DOCOMENT RESONE

BED 201-492 . ' SE 034 826

AUTHOR Suydam, Marilyn N., Ed.: Kasten, Margaret L., Ei.

TITLE Investigations in Mathematics Education, vsl. 14, No.
2.

INSTITOTION ERIC Clearinghouse for Science, Mathematics, and

Environmental Education, Columbus, Ohio.; Ohio State
Oniv., Columbus. Center for Science and Mathematics

Education.
PUOB DATE 81
NOTE 72p.

AVAILABLE FROM Information Reference Center (ERIC/IRC), The Ohid
- State UOniv., 1200 Chambers Rd., 3ri Floor, Columbus,
OH 43212 (subscription $6.00, $1.75 single copy).

EDRS PRICE MF01/PC03 Plus Postage.

DESCRIPTORS *Abstracts; Rdvanced Placement: Advance Organizers:
Basic Skills:; *Calculators: *Cognitive Processes:
*Computer Assisted Instruction: Educational Research:
Elementary Secondary Education: Mathematics Anxiatys
*Mathematics Education:; Mathematics Instruction;
Problem Solving: Sex Differences

IDENTIFIERS *Mathematics Education Research

ABSTRACT

) Twelve research reports related t> mathematics
education are abstracted and analyzed. Three of the reports deal with
aspects of learning theory, three with topics in eathematics
instruction (fractions, problem solving, and application ,
orientation), two with aspects of computer assisted instruztion, znd
one each with advanced placement, Calculators, mathematics anxiety,
and sex differences. Research related to mathematics educaticn which
was reported in CIJE and RIE between October anad December 1980 is
listed. (MP) :

%k Rk kk gk ******t****************t******M****************t*t****#’-t Rk g ek

* Reproductions supplied by EDRS are the best that can be marie *

* from the original document. . %
FERRERREEEEERERR R KRR KR RREERR K KRR AR R Rk R Rk KRR AR KRR KKK KR KLk kR KRk




U S DEPARTMENT OF HEALTH.
EOUCATION & WELFARE
NATIONAL INSTITUTE OF

EDUCATICN

THtS DOCUMENT HAS BEEN REPRO-
OUCEOD EXACTLY AS RECEIVED FROM
THE PERSON CR ORGANIZATION ORIGIN.
ATING IT POINTS OF VIEW OR OPINIONS
STLTED DO NOT NECESSARILY REPRE.
SENT OFFICIAL NATIONAL INSTITUTE OF INVESTIGATIONS IN MATHEMATICS EDUCATION

EDUCATION POSITION OR POL ICY

QN |
o~
=t
K e | Editor Advisory Board
o
d Marilyn N. Suydam . Joe Dan Austin
P The Ohio State University Rice University
b
v Edward M. Carroll
New York University
Jane D. Gawronski
San Diego County
- Department of Education
Lars C. Jansson
Associate Editor University of Manitoba
Margaret L. Kasten Thomas E. Kieren
Ohio Department of Education University of Alberta
Published quarterly by
The Center for Science and Mathematics Education
The Ohio State University
1945 North High Street
Columbus, Ohioc 43210
’ ®
With the cooperation of the Clea—inghouse for Science, Mathematics
and Environmental Education
S .
e Volume 14, Number-2 - ioring 1981
3o
®
< Subscription Price: $6.00 per year. 3imgle Copy Price: $1.75
cO Add 50¢ for Canadiar mailings and $1.00 fgr foreign mailings.
Ly
2

2




‘s | T

INVESTIGATIONS IN MATHEMATICS EDUESTION

Spring 1981
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Alfe=man, D. L.; Winton, S. S.; and Braswell, J. S. ASSCESSING BASIC ARITH-
METHC SKILLS AND UNDERSTANDING ACROSS CURRICULA: COMPUTER-ASSISTED INSTRUC-
TIGK AND COMPENSATORY EDUCATION. Journal of Children's Mathematical Behavior

Absr—act prepared for I.M.E. by JOHN G. HARVEY,

Unime=rsity of Wisconsin-Madison.

Comments prepared for I.M.E. by JOHN G. HARVEY and by JAMES E. BIERDEN,
Rhofe Island College.

1. Purpose

The study reported is a part of a larger investigation of the effective-
ness of computer-assisted instruction (CAI) in compénsatory education
(Ragosta, Jamison, & Holland, 1978). Specifically, the study -examined (a)
the .extent to which di¥ferences in mathematical achievement on paper-and-
pencil tests could be attributed to familiarity with the notational conven-
tioms of the CAI materials, (b) the frequency of several kinds of errors on
curriculum-specific test items, and (c) students' abilities™ to apply selected

mathematical concepts in nontraditional test contexts.

-

2. Rationaie _

When the application of an instructional technique or the use of curric-
mlum materials results in improved student achievement, it may be appropriate
To examine more closely the treatment effects. In this case, the instruc-
Tional technique was CAI, and the curriculum materials were those marketed
by the Computer Curriculum Corporation (Suppes, Searle, Kanz, & Clinton, 1975).
These computer curriculum materi- - allow students to engage in extensive
drill-and-practice of skills i mzthenatics, reading, and language arts.
Preliminary evaluation results Su.:-sted that these materials improve student
achievement in mathematics (Hollana et al., 1978). Thus, this study was ini-
tiated to determine if these effects result from improved student learning
or resﬁlt because students become proficient in taking tests or only exhibit

learning of the content of exercises presented by the materials.

3. Research Design and Procedures

Subjects

A sample of 251 fifth-grade students in four urban elementary schools

had previously been randomly assigned to one of three treatments: 20 minutes

of CAI mathematics instru-=tion daily (N - 83) (CAI-M); 10 minutes each of
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CAI ﬁéthematics and reading/language arts instruction daily (N = 86) (CiI-M/
R/L); and 20 minutes of CAI reading/language arts instruction daily (N = BZ)
(CAI-R/L). These students were the sample fer this study when investigatring
differences in achievement amd the frequency of errors. To investigate stu-
dents' abilities to apply coxrepts, a sample of 24 students was drawn fror
each of the CAI-M and CAI-R/L treatment groups; the students iz these samples
were matched on their classroom teacher, mathemztics achievemest before the
start of treatment (measured by the Iowa Test of Basic Skills), the total
amount of time spent using the computer-based materials, and, where possiie,
sex. i

The subjects in the comtrol group were 176 fifth-grade students enrolled
in schools which did not provide access to computer-assisted mathematics or
reading/language arts instruction. The number of schools and the setting
(i.e., urban, suburban, rural) of the control subjects' schools was not des-
cribed.
Treatments

During both the fourth- and fifth-grade years; the students in the CAI
treatment groups had used computer-based drill-and-practice programs. Cur-
riculum-specific and standardized achievement test (California Test of Basic
Skills, Form S) scores revealed that students who had been exposed to the CAI
materials had statistically significantly higher posttest scores than did stu-
dents not exposed to those materials.

Study Measures

A curriculum-specific test used in the larger investigation mentioned
earlier was revised to eliminate formats and conventions Peculiar to the com-
puter; however, ten items were presented in both their original and revised
formats. These ten items had shown treatment effects in previous years and
contained unusual notational conventions (e.g., 3 X 5 instead of 3 x 3).
 The two forms of the test used in this study contained all 20 of the ftems:
if an item appeared on one form of the test'in its original format first and
its revised format later, them on the other form of the test, the itemr ap-
peared first in its revised format and later in its original format. This
test was administered to all of the subjects.

Seven tasks were developed for the individual interviews administered

to the 24 pairs of students chosen from the CAI-M and CAI—E/L treatmenT groups.



These tasie= deal: «irh muirSz Zz=rinn basic facts (6 items), place value (4
items), symirls for =xithmee—— operations (22 items), subtractior with re-
grouping (% ltems), w@cte—¥= _ amiToncrete represemtations of wmi=inlicatiom
and divisiom (3 Ztews), 1Z= «.ssociative and distribmtive propexti=s (6 items),
and number T:me —epm=sewf=rwx,ns of fractions (5 items). These t==&s were ad-
ministered —=Sng -z Tor— @=ipsed to insure that ta=iks were pre==mred am T .

tions =sked == = uniTorrm =¥

4. Findin=
Notational DifFerenres
The scor== of —he A" -¥ “<Teartment group were compared to the zcomres o=

the CAI-R/L treatmert grocc :=i“to those of the comrrol group om the I pairs
of items presswred #m “ot = romputer-based and comwentional format. ©n seven
of the 10 pat=s of ix?ema, —= IAT-M treatment group mean achievemerr—was
higher than t==t of t.w= CAZ=R/T students on both items in those pii=s: mean
achievement To= the (GK=M r—e=rment group was higher than that of —xe CAI-R/L
treatment on ome compurer—-basef item and one. other convéntionally—formatted
item. .

On eight "pairs -:f items che mean achievement of the CAI-M t—eatment group
was higher =Z=m=~wthar &f the ~omtrol group on both items in that-pair; the
CAI-M trear=e=wc growy had a xisher mean achievement than did the——ontrol group
on one addi=zcnal cumgmter-based item and one conventionally-formatted item.
The differesr=ssbetssmen the CAT=M and CAI-R/L groups and the CAE=* and control
groups werez. .nerzlTly, smaller on the conventionally-formatted <rems than on
the compute-lgared cems.

Error Analess
The nmmse—and kind of errors made by students in the treatmmet groups

and the cont—o. zroup were about the same and had about the same =~2ndard
deviations. Ths-students in the CAI-M treatment group omitted fewser items
on ;;he test thac id students in any of the other groups; this grorx> had the
highest correct z&sponse mean score.

Interview Dat=

The interwview data mean scores are consisteat across the two T—eatment
conditions (CAT-M and CAI-R/L), but vary considerably across tasks. These

data "fail to convey the behavior of children while performing the interview



tasks." As a result, the study remort contains a discussion of that behamier

as well.

5. Interpretations

Notational Differences _

Conventional phr=simg of the —msr items led to = decrease in the percme——
age of correct =espamses=by the CAT=M tfmsatment group. These students im—m=
CAI-M group stil’ msawre—ined an adwezrtamswrover both the CAI-R/L and controi
groups who had w ar=e=s to the matimme—zs computer materials. Thus, the
positive treatmmer =Tects generalize wporoblems stated in conventional form.

Error Analysis

The respomess < © students in the CAF=M treatment group showed the same
pattern and fxwmmrem - of errors as diZ ~imse of students in the CAI-R/L and
control groups Bepense the CAI-M treacment group omitted fewer items, it
seemed that emmosure'to the computer me“shematics materials improved these 4
students' tes=—eakinz proficiency. T - s, the drill-and-practice provided may
not have remeded stoedents' weaknesset in understanding mathematics, but it
did appear tcumake .ZSem more adépt :amu efficient in answering questions.

Interview Res===s

Students== both the CAI-M and B=I-R/L treatmer_ﬁ: groups seemed to view
numbers and omerarions as abstract emtities and to have few meaningful arith-
metic represerations. These results=do not call the computer materials into
question, but challenge a fundamental assumption of drill-and-practice ap-

proaches: Students bring to the experience some understanding of the exercise
topics. Thus, these results seem to be a strong argucent for closer integra-
tion of classroom teaching with drill-and-practice materials and a careful
analysis of the prerequisites children should have to et maximum benefit

from drill-and-practice materials.

Abstractor's Comments (1)

This was a study of very limited scope. It does not aEt:empt to answer
many important questions, including "Do the CAI treatments improve learning?"
and "If the CAI treatments improve learning, is this improvement as good as,
or better than, that caused by other vizile instructional techniques?" Hope-

fully, the major research project mentioned in the study reported will try

-
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To answer these and other questions. The results of this stu may indicate
that students can respond to mathematics problems when those macHiems are
preseﬁted in a more conventional formzr. And it does seem to==how that drill-
and-practice computer—based materials may not reduca the kind @ frequency
of errors and that these materials probably will not help stuiemwss to learn
with meaning. However, the abstractor cannot be sure these comrZusions are
valid for the followimg reasons.
Sample

How alike were the treatment subjects and the control suifjects? Vere
all of the students in identical or very similar compensatory pmograms ex-—
cept for the computer treatments? Were the control subjects siso students
in urban elementary schools? Had the treatment groups and the control group
had similar:mathematics experiences prior to the beginning oF tise computer-
-based treatments?
Treatménts

The computer-based experiences do not comprise the entire treatments
applied to any group, including the control group. What were the other parts
of these treatments? Did all of the schools use the same textbooks, expect
students to achieve the same objectives, manage instruction_in the same way,
and apply the same instructional teckmiques in the same way, at the same
time. and for the same periods of time?
Measures

Exactly what paper-and-pencil test was given to the CAT-M, CAI-M/R/L,
CAI-R/L, and control groups? Did it comsist of the 10 pairs of items, or
were these items embedded in a larger instrument? Were the items presented
to the students exactly as shown in the table? (If so, then many students
may not have been familiar with the "conventional formz:.) How like the
notation in the textbooks used by the subjects was the notation of the ron-

ventionally-formatted items? How long did students have to complete the

paper—and—-pencil test and the interview: were the tests speed or power
tests? When were the tests administered in relation to the teaching of the
skills and concepts tested? The "other errors" category seems very large
(about 15% of the responses). Why wasn't a greater effort made to categorize

these errors?

Q & f}
ERIC
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Results

Why were data gathee=c -a the CAI-M/R/L and never used? Why was there
no within-group pre-/posst=== comparison of students in the treatment groups?

The abstractor has —ee=rved the Computer Curriculum Corporation mater-
ials in use in a large wrimr school system at levels ranging from Grade 4
to Grade 10, and has talked with teachers, principals, aides, and district
administrators about thexr Each of the groups talked with seemed to feel
that the computer-base& materials help students learn mathematics. The
abstractor urges the inwestigators to continue study of the materials and to
pursue that study more carefully and in greater depth.

John G. Harvey

-References
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Abstractor's Comments (2)

For a variety of reasons, the research reported in this article has a
great deal to say about the methods used to teach mathematics in our schools.
In particular, the authors should be applauded for their demonstration of
the importance of developing childrens' thinking strategies along with their
ability to find answers. Although test formats? students' errors, and inter-
views are not new topics for mathematics education research, their combina-
tion in this study pcovides additional useful insights.

Befare commenting on positive aspects of the study, this author would
like to call attention to two issues which detract somewhat from the research.
The first has to do with the study itself. The authors report that their
work "drew on" and "exterded" the data from a larger study. However, it was
not clear, at least to this author, if any of the data from the previous

study were used and reported. This author assumes that some test results
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were taken from the original study and that the interview results were new.
However, in the absence of explicit statements to this effect, it became dif-
ficult to understand the setting of the research. For example, if revised
tests were used, were they administered to the same students? This is not
clear from the report, causing difficulty in interpreting and evaluating the
results.

This author has commented beﬁore on the use of secondary analysis of
primary data as a useful research methodology.1 In using data banks for sec-
ondary analysis, researchers always face the problem that the data were
created for purposes different from their own. At the very least, the re-
porting of secondary analyses should include specific indications of the
distinctions between primary data and secoudary analysis. The present study
could have been more careful in this regard.

A second, more general comment concerns the question of the availability
of important research in mathematics education. For both the present study
and the Lankford study (which will be cited later in this paper), this author
knew of their existence only because of circumstances not available to the
vast majority of people involved in mathematics education om a day-to-day
basis. This criticism is not meant to degrade the present study, but to
point up the need for broader dissemination of research results in formats
that are accessible and understandable to mathematics education "practitioners".

From the practitioner's point of view, this study makes important con-
tributions. Being more involved with preservice and in-service éducation
than in research, this author tends to place a great deal of weight on what
such a study says for the classroom teacher. A general éonclusion of impor-
tance to teachers -- out of many that could be drawn from the study -- in-
volves the use of notation. Results from the part of the study dealing with
format changes give some clues regarding the use of a variety of notations.
These results show that changes in symbols, however slight they may be to
teachers, can have a negative impact on students. As a simple example, it
is easy for a teacher to write-% = 20 on the chalkboard one day and then
type N/5=20 on a worksheet or test the next day. The study shows the confu-
sion which this can cause in students’ minds. Another example of notational
problems, taken  from the section of the report dealing with interviews, deals

with differences between reading ordinary prese vs. reading mathematical

ERIC o 11
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notation. Since children are taught to read from left to right, it is not
surprising that the study finds confusion about the equivalence of "603 3 27"
(left-to-right orientation) and *'27J603 " (right-to-left orientation). As

a third example, also concerning.thg equivalence of numerical expressions,
the study reports student difficulties acrcss treatment groups in the task
of classifying numerical exprecsions according to their equivalence with the
target statement 3/4. These three examples, as well as many more in the
study, lead to‘the conclusion that a teacher should not move between equiva-
lent notations —- for whatever reason —— unless there is assuraance of stu-—
dent familiarity, if not understanding.

The study is also to be commended for the general insights offered in
error analysis and interview techniques. As mentioned earlier, results from
studies of this type deserve wider dissemination. One method of dissemina-—
tion‘is through teacher;training materials. An example of the use of error
analyses in preservice teacher education can be found in the materials pPre-
pared by the Mathematics-Methods Program at Indiana Unive:sity.z'The study
of computation strategies by Lankford3 pPresents -a very good model, as well
as important results, of the use of student interviews.

The authors of the present study devote most of their "Summary and Con-
clusions” to a discussion of drill and practice. Since much of their data
and results deal with a curriculum which includes these treatments, it is
certainly appropriate that they do so. This author would like to support
their conclusion that any curriculum which includes drill and practice nust
also include classroom teaching designed to develop understanding of funda-
mental ccncepts, as well a. analysis and assessment of prerequisite knowledge.

James E. Bierden

Notes

1. Bierden, James E. Abstract of "Cognitive Results Based on Different
Ages of Entry to School: A Comparative Study.” 1In Imvestigations in
Mathematics Education, Vol. 8, No. 4, Autumn 1975, pp. 1-3.

2. There are many units in this series which use error analysis. One ex-
ample is LeBlanc, John F. et al. Addition and Subtraction. Reading,
Massachusetts: Addison-Wesley Publishing Company, 1976.

3. Lankford, Francis G., Jr. Some Computational Strategies of Szventh
Grade Pupils. Charlottesville, Virgiwia: The University of Virginia,
1972. Office of Education Project Number 2-C-013. ERIC: ED 069 496.
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Larson, Carol Novillis. LOCATING PROPER FRACTIONS ON NUMBER LINES: EFFECT
OF LENGTH AND EQUIVALENCE. School Science and Mathematics 80: 423-428;
May-June 1980.

Abstract and comments prepared for I.M.E. by ROBERT D. BECHTEL,
Purdue University Calumet.

/

1. Purpose

The two-fold purpose was to investigate seventh-grade students' ability
to: (1) "issociate a proper fraction with a point on a number line when the
number line (segment) is of length o~e and of length two'; and (2) "associate
a proper fraction whose denominator is b with a point on a number line, when
the number of line segments into which each unit segment has been separated

(partitioned) equals b and 2b."

2. Rationale

The investigator cites articles whick report that students encounter
difficulties when a number line model is used to represent fractional numbers.
Problems of scaling (ideﬁtifying the unit) and problems of representing frac-
tional numbers when equivalent fractions are used were referenced. In the
investigation under review four types of items, described in the next section
of this abstract, were used to test the students on secale variation and equiv-

alent fraction location.

3. Research Design and Procedures

The effect of scaling and representation of fractional numbers named

by lowest terms fractions (L.T.F.) were mezsured by a 16-item multipleychOiée -
test. All fractions used named numbers less than 1; i.e., so-called proper
fractions. The st?dent's task was to associate a fraction %-with
a point on a number line (segment). The four types of items were:
L1 Length of number line was 1, é-was a L.T.F., and marks on the
number line showed b segments in the partition of a unit.
L2 Same as L1, except the length of the number line was 2, not 1.
EL} Length of number line was 1, 2 yas a L.T.F., and marks on the
number line showed 2b segments in the partition of a unit.

EL2 Same as ELl, except the length of the number line was 2, not 1.

13




Four items of each type made up each of the four subtests in the 16-item
instrument. The numbers %3 %3 %; and %-were used in each subtest. According
to the investigator, "the sample consisted of 382 seventh grade students,
approximately half of the seventh grade students in a predominantly middle

class junior high school."”

4. Findings

The 2 x 2 repeated measures ANOVA performed on the students' scores on
the four subtests indicated that students did significantly better on number
lines with length 1 than on those with leagth 2, and did significantly bet-
ter if the number of segments in the partition of a unit matched the denomi-
nator of the fraction. Also, the means of the Ll and L2 scores exceeded
both of the means of the ELl1 and EL2 scores. (Means: L1, 2.67; L2, 2.32;
EL1, 1.62; EL2, 1.51) |

5. Interpretations

The investigator states that the results of this research "raises the

question: Are we using teaching strategies, sequences, and activities that
foster concept formation, or isolated rule formation?" Another quote: "the
results of this study seem to indicate that some students do not have a flex-
ible concept of equivalent fractions." Equivalent fractions, part-whole

. a_axece a_a=d .
models, part-of-a-set models, the b - b x ¢ and b~ b s d algorithms, as well

as number line models are common topics in the elementary school curriculum.
Do they lead students to a well-developed concept of equivalent fractions?

Evidently not, according to this investigator.

Abstractor's Comments

First, consider a few comments about the test items. Was the student
subtly misled by the test items into assuming each model showed a unit?
Note that only fractional numbers less than 1 were used in the instrument.
If fractional numbers greater than 1 had also been used, then students might
have been alerted to search for the unit. (The term proper fraction itself
suggests an unwarranted and unnatural stress on fractional numbers less. than
1. The term proper fraction should be banned from the mathematics curriculum.)

Also, units of varying length were shown in the examples of the journal
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article. On page 424 we find

X
and EL, . 1
X

Was this also true of the test materials? Use of a common unit for all items
seems preferable to the above situation. Another concern is the investiga-
tor's use of lowest terms fractions only. Again, this might mislead the stu-
dent to consider "lowest terms fractions only”. The inclusion of a few frac-
tions such as %-and T% might have produced different results.

Second, the number line model is really a sophisticated ruler model.
If a ruler were shown instead of a segment (or ray), would a student sense

the scaling more readily? Thus, one could replace

e ;

The above comments can be viewed as suggestions which.might be incorporated
in further research.

The reviewer has the nagging feeling that altering the test items would
not have significantly improved the results on student achievement. The in—
vestigator was not comfortable with this achievement. Students did not dem—
onstrate mastery of the concept of equivalent fractions. Other studieé, in-
cluding NAEP, supbort this reaction of the investigator. In this study under
review, emphasis was given to thé number line model. Unit objects (an exten—
sion of the part-whole model) and unit sets can also be used to model frac-
tional numbers greater thanm 1. Serious-examination of all modeiing of frac-
tional numbers, starting at the beginning stages in the development of frac-
tional number concepts, is needed. The study reviewed in this article shows

that the development of fractional number concepts is non-trivial.
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Mayer, Richard E. CAN ADVANCE ORGANIZERS INELUENCE MEANINGFUL LEARNING?
Review of Educational Research 49: 371-383; Summer 1979.

Abstract and comments prepared for I.M.E. by RICHARD J. SHUMWAY,
The Ohio State University. }

1. Purpose
To identify limitations of the review by Barnes and Clawson (1975), to

present theories of the effects of advance organizers on internal cognitive

processes, and to test the theories.

2. Rationale

The Barnes and Clawson review concluded "Advance organizers, as presently
constructed, do not facilitate learning." Mayer deems the review limited by
three difficulties: (1) inadequate statement of the to-be-tested theory,
(2) inadequate analysis of learning outcomes, and (3) inadequate experimental
control. Mayer identifies four theories to be tested: Reception, a one-
stage model which predicts that, if a test measures content from the instruc-
tional material, presenting an advance organizer before, after, or not at
all should have no difference; Addition, a two-stage model predicting that
more is learned if anchoring concepts are available and more is learned if
an advance organizer is presented before learning than after or not at all;
Assimilation Encoding, a three-stage model predicting that giving the organ-
izer before learning will facilitate possessing relevant knowledge in long-

term memory and transferring anchoring kmowledge from long-term memory to
working memory; and Retrieval, which predicts that no difference will be
found between advance organizers given before or after learning, since both
can use the organizer as a retrieval aid during testing. Nine tests of

these models are described.

3. Research Design and Procedures

Nine experiments or "tests" are described. The experiments are reported
elsewhere and involve advance organizers for computer programming (Tests 1, 2,
3, 4, 5), binomial probability (Test 6), base 3 (Test 7), one-way connections
(Test 8), and six—term linear ordering (Test 9). Each is discussed as a test

of the four theories (Reception, Addition, Assimilation, Encoding, and
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Retrieval). Each involved some factor of comparison between subjects given

an advance organizer before or after learming.

4. Findings
The results p:ovide fairly consistent support for the predictions of

Assimilation Encoding regarding the effects of advance organizers on the out-

comes of learning. "Advance organizers, when used in appropriate situations

and when evaluated adequately, do appear to influence the outcome of learning."

5. Interpretations

The Barnes and Clawson review asked: "Do advance organizers facilitate
learning?" Mayer claims to have asked: "What is learned when advance organ—
izers are used and under what circumstances?" Mayer claims that, had he re-
stricted himself to the first question, little would have been found. "Organ—
izers seem to have their strongest positive effects not on measures of reten-

tion, but rather on measures of transfer." Five characteristics of advance

organizers are presented and four checklist questions are proposed for judging

potentially effective organizers. Mayer suggests topics in mathematics and

science as most likely to be influenced by organizers.

Abstractor's Comments
I find not very remarkable the discovery that the one-stage Reception
model described by Mayer is n.c adequate to account for learning effects.

Is is not well-known that memory is enhanced by any tactic which gives meaning,
nonsense or not, to éymbols to be memorized? I believe Mayer has made the
Reception model a strawman. Modern associative theories are not one-stage.

I also have trouble understanding why the Retrieval Theory would pre-
dict that the time at which the advance organizer was presented would hawve
no impact on the-organizer‘s effectiveness. Does Retrieval Theory assume a
commutativity of labeling-learning vs. learming-labeling? There are no argu-
ments given to support this interpretation, yet it is the basis for the re-
jection of Retrieval Theory as explaining advance—-organizer effects.

The most useful discussions center about the remaining theories (Addi-
tion and Assimilation Encoding) and their relationship to the effect of trans-—

fer. I.am worried that the tests of transfer may simply be tests of the content

17 :
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of the advance oréanizer. For example, in Mayer (1977b) the task was counting
in base 3 using letters (w, d, r, dw, dd, dr, dww, ..., rww). The organizer
was a list converting the letters to mumbers (digits) w=0, d=1, r=2). Now,

if the transfer task is to count further than the memory task using letters,
or to perform simple addition with the letters, are we actually surprised

that prior practice making the conversions to numbers would facilitate this
transfer? Is it really still transfer? Isn't it simply applying prior know-
ledge about numbers, facilitated by the practice of the learning. task (prac-
tice only available to those giving the converting list first)?

It seems to me there are two errors we can make. One would be to dis-
miss the work because laboratory experiments have ﬁothing to do with mathe-
matics. The other would be to note an apparent difficulty which common
teaching experience regarding base 3 reveals and dismiss the work as a triv-
ial result. No experiments are ﬁithout alternative expianations and Mayer's
efforts to test learning models facilitates greatly the ability to suggest
alternatives. This is a laudable effort to examine éonceptual frameworks -
for advance organizers and should be rewarded with careful study._and further
work. h

As a footnote to Mayer's call for work in mathematics and science,
there'is an excellent work in advance-organizer research using meta-analysis
which should be "must" reading for those interested in advance organizers
and/or meta—analysis techniques (Kozlow and White, 1979). The paper is excel-

lent follow-up to Mayer's work.

References

Kozlow, M. J. and White, A. L. A meta-anatwsis of selected advance organizer
research reports from 1968-1977. Paper presented at the Annual Meeting
of ‘the National Associatiom for Research in Science Teaching, Atlanta,
Georgia, March 21-23, 1S79.



15

McLeod, Douglas B. and Briggs, John T. INTERACTIONS OF FIELD INDEPENDENCE
AND GENERAL REASONING WITH INDUCTIVE INSTRUCTION IN MATHIMATICS. Journal
for Research in Mathematics Education 11: 94-103; March 1980.

Abstract and'comments prepared for I.M.E. by JERRY P. BECKER,
Southern Illinois University.

1. Purpose

The researchers investigated two questions suggested by previous ATI
research: (1) Can the interaction of field independence with the level of
instructional guidance in mathematics be extended to the sequence of instruc-—
tion? (2) Will an interaction with general reasoning occur with treatments

that differ only in the use of an inductive sequence of instruction?

2. Rationale )

Following their own earlier research and that of others, the rasearchers
discussed how differences between field-dependent and field-dependent learners
appear to be related to some aspects of discovery learning. In particular,
it 1s conjectured that since other research suggests field independence to
interact with amount of guidance, it therefcre may be related to inductive
and deductive teaching (Witkin, Moore, Goodenough, and Cox, 1977; YMcLeod,
Carpenter, McCormack, and Skvarcius, 1978). Similarly, interpretations were
made of earlier research by Eastman and Carry (1975) which seem to suggest
interaction due to a reiationship between general reasoning and inductive
and deductive teaching approaches. Thus, the researchers set out here to
explore the existence of ATI's betwéen aptitude variables (field independence
and general reasoniﬁg) and treatment variables (inductive and deducﬁive in-
structional approaches). In setting the context, the researchers also dis—
cussed the authoritative writings of Cronbach and Snow (1977) and Glaser

(1972).

3. Research Design and Procedures - .

.Subjects were upper-division university students in a preservice mathe-
matics course for elementary teachers: 33 subjects were randomly assigned
to each treatment group (inductive and deductive). Subject matter was con—

cerned with reflexive, symmetric, and tramsitive properties of equivalence
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relations. The same content, presented in a programmed format, appeared in
each treatment, and physical manipulative learning materials were used to
introduce concepts.

The Hidden Figures Test (HFT), somewhat modified, was used to measure
field independence and the Necessary Arithmetic Operations Test (NAO) was
used to measure general reasoning. Two post-treatment measures were devised:
immediate achievement and transfer. The first assessed understanding of con-
cepts presented in the treatments; the latter included no items that had been
taught in the treatments.

Data were gathered over a span of five 75-minute class periods. as fol-
lows: period 1 - HFT was administered; period 2 (five days later) - subjects
worked through the treatment to which they were previously assigned (as a
function of HFT scores) and also completed the achievement test; period 3
(two days later) - transfer test was administered; period & (four weeks
later) - achievement and transfer measures were readministered as recention
tests; period 5 (several weeks later) - NAO test was administered. Subjects
were given 60 minutes to complete their assigned treatment. Between days
during which data were gathered, subjects engaged in normal course activity.

Data were analyzed using multiple regression techniques, separately
using the four dependent variables: immediate achievement test (IA), trans-
fer test (TT), achievement-retention test (AR), and transfer-retention test
(TR). Each dependent variable was checked for am interaction with each of
the two aptitudes: if an interaction was found, the regions of significance
were determined; if no interaction was uncovered, then data were analyzed

further, exploring whether any treatment differences existed.

4, Findings : -
Significant, disordinal interactions were found between HFT and treat-

ment on TT, and between NAO and treatment on both IA and TR. Further anal-
ysis showed that interactions with NAO can be attributed to NAO alone. On
the TT, the interaction with HFT was significant, and the interaction with
NAO was nearly significact. Eurther analysis showed that the interaction
with the sum of the two predictors was not stronger than with either pre-
dictor separately, while the interaction with their difference was quite
strong; the reason given was that the interactions with HFT and NAO were

in opposite directions.

'8%)
D
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The Jobmson-Neyman technique was applied to each interaction wsdng one
predictor vargizhle: regions of significance (.05, were determined = r bmth
interactions imvolving NAO. In each case subjects in the deductive .- -

=~
£
-

ment scored significantly higher when their scores were 19 or more
the subjects had scores in this range). For the interaction involw. T,
no subject fell in the region of significance (at the .05 level). . >wing
the suggestions of Cronbach and Snow (1977), the researchers did an analysis
using confidence intervals which shed further light on "regions of signifi-

cance" as information that could be used in making placement decisions.

5. Interpreﬁatious

Among the researchers' interpretations of the results are the following
(pp. 101-102): (1) inductive/deductive instructional approaches do not -seem
to interact strongly with field independence (HFT), but do with general
reasoning @MP; (2) absence of interaction with HFT may be due to the highly
structured sm#nre of the learning treatments; (3) fesults in th¥s study do
not seem to .swpport Cronbach and Snow's (1977) hypothesis that most ATI's
come from gemeral abiTity (see p. 102 for more on this); (4) foTlowing
Carroll (197%5), the researcher pointed out that "NAO uses cogmitive processes
in an 'execumtive' in order to retrieve algorithms and perforn serial opera-
tions" (p. 102). Thus, they observe, perhaps subjects who are adept at
carrying out serial operations zre at a disadvantage by the nonserial char-

acteristic of an imductive approach to instruction.

Abstractor's Comments "

This is an interestimg ATT study carried out in good fashion, and the
researchers hicely-zalate::heir-stndy'aﬁd findings to the work of other re-
searchers. There are a few reactions I have:

(1) while the researchers give a description of the content in the

treatments, no examples are given of the treatment materials — a
few 'frames' of the programmed materials would help to give readers
2 better 'feel' for the study; similarly for the posttests.

(2) Bo explanation is given of why NAO was administered after subjects
completed the treatments. In such a situation, ién't there risk
that performance on NAO will be influenced gy subjects first

21
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working through the programs? If so, this would seem to run con-
trary to use of NAO as a predictor <wariable in the research and
in placement decisions of subjects to treatmemt. '
It might be useful for the reader to have ar indication of which
correlations hetween HFT, NAO, IA, TT, AI, and TR were significant,
if any.

The researchers found no significant HFT x treatment interaction
for three of the four dependent variables. One wonders whether
this might be attributed to the short duration of the treatments
(60 minutes). I wonder whether ATI researchers can ever hope to
make significant progress unless treatments of longer duration are
used; further, longer treatments might help to make our research

more generalizable to classroom situations than now seems possible.
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Menis, Yoseph; Snyder, Mitchel; and Ren-Kovah, Ezra. IMPROVING ACHIEVEMENT
IN ALGEBRA BY MEANS OF THE COMPUTER. Educational Technology 20: 19-22;
Angust 1980. ‘

Abstract and comments prepared for I.M.E. by J. ERED WEAVER,
The University of Wisconsin-Madison.

1. Purpose
The objectives of the authors' project (supported by the Ford Foundation)

were: "(1l) to improve the attitudes toward mathematics and the natural sci-
ences among high school pupils who had received low grades in these subjects;

and (2) to improve tueir grades in these subjects."

2. Rationale

It is contended that many high school students do poorly in mathematics
and report having a "mental block" against mathematics "because mathematics
is the most abstract of all the subjects taught in high school." Hence, "It
is necessary to adapt the method of teaching to the psychological maturity
of the pupil. It is necessary to teach an abstract subject only on the level
of abstract thinking that the pupil has reached. It has been found that only
14 percent of pupils in grade ten in Israel . . . and in England . . . have
reached the stage of later formal operatioms of Piaget and are capabi¥e of
abstract thinking." The authors believed "that working with a camputer will
make mathematics more interesting as well as help the pupil to understand
' the abstract concepts in mathematics better than ke or she would by .doing

exercises by hand."

3. Research Design and Procedures

"The experiment took place during a period of three years: 1975-1977.
The participants in the experiment were tenth grade algebra pupils who had
low grades in mathematics at the end of the ninth grade. They spent about
half an hour a week at the terminal doing exercises in algebra under the sup-
ervision of the algebra teacher. These pupils were compared with all the
rest of the tenth grade pupiis." '

In 1975 there were 77 "experimental" and 52 "other" pupils.

In 1976 there were 21 "experimental” and 131 "other" pupils.

23
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In 1977 there were 48 "experimental"™ and 73 "other" pupils.

The following quotations from the journal article indicate the general
nature and flavor of the experimental treatment:

"The mathematics teachers in the participating classes submitted to us
the curriculum for tenth grade algebra, listing in detail the topics to be
covered, week by week. Hundreds of drill exercises on each topic were writ-
ten by the teacher and the field coordinator. .

"During the first year of the research . . . eight booklets were writ-
ten for the pupils. Each booklet cbntained ten lessons and hundreds of
exercises in algebra. These were two kinds of exercises:

"exercises in using the computer as a desk calé;iator. These enabled
the pupil to use the computer to do arithmetic calculations in later lessons;
and

"dcill exercises in the material learned in the classroom. These en—
abled the pupil to solve many more homework problems than he or she could
have by hand." ' .

The mathematics curriculum was changed at the end of the first year
and another booklet was written in which "each lesson begins with a solved
exercise followed by many drill exercises." -

How were the'bookleté used? "The teacher assigned the pupil several
exercises in each lesson. The number of exercises and the degree of dif-
ficulty were determined by the teacher based on his or her appraisal of
the pupil's ability. The pupil sat at the terminal.and typed in the lesson
number. The computer typed back an enumerated list of possible answers and
then typed the exercises, one by one. 1In reply to each exercise, the pupil
was to type tggﬂnumber of the answer that seemed to him or her to be correct.
If it was correct, the computer typed 'right.' Otherwise, the computer
typed 'try again' and the pupil had two more opportunities before the compu-
ter told him or her the correct answer. At the end of the session, the pupil
brought his or her paper to the teacher who then decided whether or not the
pupil needed further drill in that lesson." |

In the booklet used at the beginning of the second year "there was an
added feature. At the beginning of each lesson was an exercise worked out
step by step, prompted by the computer. The lesson was designed to ensure

that the pupil understood the method for solving exercises of that type in

the lesson."

24
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(No further information of any consequence concerniag "treatments" is
included in the report.)

The authors briefly discuss 'the programming language" (APL), "training
and teachers," and "technical considerations" (pertaining to the use of IBM
2740 interactive terminals with a 370/168 computer). 1In regard to the "meas-
uring instruments" used, they state:

"To measure the extent to which the method affected achievement in mathe—
matics, the marks in mathematics at the end of the ninth grade and at the
end of the tenth grade were recorded. '

"To measure the change in attitudes, a questionnaire was designed. It
contained 40 statements, and the pupil had to indicate the extent of his or
her agreement or disagreement with each on a scale of 1-5. (In 1975, we used
a scale of 1-7 but then saw that it was too fine for the pupils. 1In order
to combine the results of that year with those of the folloving years, we

telescoped the 1-7 scale as follows: 1, 2+1, 32, 43, 5%, 6, 7+5.)"

4. Findings

"The changes within each group were measured using the paired-compari-
sons t-test on the 'before' and 'after' mathematics grades and the answers
to the questions on the questionnaire. The groups were compared with each
other using the t-test for two. independent samples on the differences."

The following table was presented, apparently covering all three years

of the project,.and represents the full extent of such data presented in the.

report:
Changes in Achievement
Experimental Rest of the
Group N=146 Pupils N=256
Average Grade at End of Ninth Grade ' 5.3 7.4
Average Grade at End of Tenth Grade 5.8 ' 7.3
Average Change +0.5 -0.1
P-Value for Significance of Change .001 .31

The authors contend that from the preceding table "it can be seen that the
better mathematics students did not improve their grades on the average dur-

ing the tenth grade, whereas the weaker students, who participated in the
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project, did improve on the average. Not all of theﬁ received a passing
grade (6.0), yet many more passed than would have otherwise. The difference
between the average change in the experimental group and the average changé
among the other pupils is significant at the .02 level."

It also was reported that: ' '

"Both groups liked mathematics less (on the average) at the end of tenth
grade than at the beginning of tenth grade. But, the drop was much less sig-
nificant in the experimental group.

‘"This result is in concordance with the hypothesis that pupils who use
the computer in conjunction with learning mathematics will have a more posi-
tive (or less negative) attitude toward mathematics."

"The experimental group liked physics significantly less at the end of
the year than at the begiﬁning of the year. On the other hand, there was no
change among the rest of the pupils.”

"This result might indicate that the influence of using the computer in
learning mathematics is restricted to the attitude toward mathematics and
does not extend to other related subjects.” '

The following observation pertained to students' feeling about whether
"computer studies" would "contribute" to their "ability" inl"mathematics and
the natural sciences": 4 -

"There was no significant change among the pupils in the experimental
group, while there was a significant drop in the average of the others.

"This result is also in concordance with the hypothesis of the research,
as well as with the results of the mathematics grades, where the experimental

group improved and the others did not.™

5. Interpretations

"It is our opinion that properly used the computer can be harnessed as

an aid in raising the standards of weaker pupils in many subjects.”

Abstractor's Ccmments

Tae instructional psychology implicit in the report took me back 45
years' to the beginning of my own teaching which was domihated by an S-R bond

Thorndikian psychology of learning.
I quoted rather than paraphrased much material from the research report
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simply to avoid the possibility of being misinterpreted in what was said.

The paucity of information included in this report of a three-year
investigation makes it utterly impossible for me to react to or comment upon
the investigation with any assurance regarding the validity of such reactions
or comments. Therefore, I stand mute,--even in the face of statements in
which "more positive" in essence means "less negative,"--and remain in ignor-

ance regarding tne computer's influence upon achievement in algebra.
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Mezynski, Karen and Stanley, Julian C. ADVANCED PLACEMENT ORIENTED CALCULUS
FOR HIGH SCHOOL STUDENTS. Journal for Research in Mathematics Education 11:
347-355; November 1980. :

Abstract and comments prepared for I.M.E. by KENNETH E. VOS,
College of St. Catherine. '

1. Purpose

A description is given of two supplementary calculus classes sponsored
by the Study of Mathematically Precocious Youth (SMPY) at Johns Hopkins Uni-
versity during 1974-~75 and 1975-76. This research article compared two dif-
ferent fast-paced calculus classes and reported their success in the Advanced

Placement (AP) examination in level BC calculus.

2. Rationale

Students within the two fast-paced calculus classes were concurrently
enrolled in a high school calculus course. The involvement in SMPY was an
additional means to maximize their performance on the AP examination in
level BC calculus. .

The -rationale for attendance in the SMPY pProject was threefold:

1) to improve séores on the AP examination,

2) to provide exposure to a greater breadth and depth of calculus

topics

3) to provide an intellectual challenge.

Various references were listed which describe some of the other fast-paced

classes in the SMPY project.

3. Research Design and Procedures

The two classes involved in this study were identified by academic
year —— Class I was held during the 1974-75 academic year and Cléss II was
held during the 1975-76 academic year. Both classes met for at least 2
hours each Saturday for 30 weeks. The two classes were taught by the.same
college mathematics instructor.

During the two different academic years, Classes I and II were identi-
cal in course structure and goals: however, the two classes differed in age,

high school grade, means of selectioi:, and previous mathematics training.

28
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Class I:

-beginning enrollment: 15, all male

—-ending enrollment: 13

—-attended previous fast-paced mathematics instruction: 11
-mean age: 14.9 yeafs

-most were 10th graders

-no specific procedure stated for selection

-majority enrolled in previous SMPY courses

Class II:

-beginning enrollment: 23; 18 males, 5 females
—ending enrollment: 12; 10 males, 2 females

—attended previous fast-paced mathematics instruction: 2

' -mean age: 16.7 years (calculated from data)

The

-most were 12th graders _
-selection requirements based on SAT or PSAT scores for mathematical
and verbal sections

following tests were administered to the calculus classes:

Class I: Forms A and B of the Educational Testing Service's Coopera-

tive Mathematics Tests in Calculus (CMIC)

AP examination in level BC calculus

Class II: Form B of CMTC

AP examination in level BC calculus

Findings

For

For

Class I:

—on Form A of the CMIC, all 13 students scored above the 99th per-
centile of the national college norms

—on Form B of the CMIC, 1l students scored above the 99th percentile,
1 scored at the 98th percentile, and 1 scored at the 94th perceﬁ-
tile of the national college norms

-on the AP examination level BC, 9 students received the highest
.grade of 5, 3 students received a grade of 4 and 1 student received
a grade of 3

Class II:

-on Form B of the CMTC, 9 students scored above the 99th percentile,

29
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2 students scored at the 98th percentile, and 1 student scored
at the 92nd percentile of the national college norms

—-on the AP examination level BC, 4 students received the highest
grade of 5, 4 students received a grade of 4, 3 students received

a grade of 3, and 1 student received a grade of 2

5. Interpretations

A comparison of the scores of these two classes was made with the scores
of other gifted mathematics students who did not take these specific classes
and the scores of the students who enrolled in the classes but later dropped
out. All the students involved in the comparison were enrolled in high school
calculus courses.

The scores from the AP examination level BC calculus of a set of stu-
dents enrolled in a high school calculus class were compared to the scores
of Classes I and II. Class I definitely was superior to Class II and the
high school class. "For Class I, the mean AP gr;de was 4.62, with standard
deviation 0.65. Class II's mean grade was 3.92, and the standard deviaﬁion
was 1.00. The mean grade for the high school class was 3.39, with standard
deviation 0.96. A one-way analysis of variance determined a significant dif-
ference among the means: F(2,35) = 15.60 (p < .01)." The supplementary in-
struction did improve the scores especially for Class I. In general, the
supplementary instruction possibly raised the AP scores by one or more grades;
that is, moving a 3 grade to a 4 grade. Students in both classes received
higher AP scores than high school students without the supplementary instruc—
tion.

0f the two students who dropped Class I, one took the BC level test
and scored a 3 and the other student took the AB level test and scored a 3.
Of the 11 students who dropped Class II, six took the BC level test and
scored a 4, one took the AB level test and scored a 4, three did not take
either test, and ocne student could not be contacted.

A list of six general guidelines for establishing supplemental calculus

classes was included.

Abstractor's Comments

The authors of this article should be commended for offering the mathe-
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matics education profession another piece to the jigsaw puzzle~--teaching

the talented mathematics student. Their list of six guidelines for estab-
lishing supplemental calculus classes should be valuable to school districts
of<£fdjézﬁ§"Eﬁ&fémpiatihgwéﬁchra prégram. The guidelines included student
selection ideas, the role of a concurrent high school calculus course, class
size, instructor characteristics, homework and attendance, and textbook se-
lection.

Unfortunately, I believe the article has been published in an inappro—
priate‘jOurnal—-a research journal. The majority of the article was informa-
tive for applying the guidelines, but the purpose of the study did not di-
rectly relate to the'gﬁidelines. It should te noted that the six guidelines
were only a small portion of the total article.

This abstractor's bias would rate this research study a grade of 2 (on
a scale of 1-low to 5-high where a 2 means "possibly qualified"). The study
probably was not planned as a "research" study but rather as part of an eval-
uation plan of a project. This is evident in the lack of carefully controlled
variables such as the reasons for students dropping the classes, response or
lack of response by potential Class II students, student selectivn process,
comparison group, and testing procedures.

I am reluctant to delineate a laundry list of concerns related to the
research design, control of variables, testing procedures and interpretatiocn
of the results. The reluctance is not because the list would be short but
rather it would be counterproductive. As stated before, the article was
published in an inappropriate journal. With slight revisions of the article
it should have beer published in a journzl which has a more general avdience

of classroom teachers.
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Olson, Alton T. and Gillingham, D. Elaine. SYSTEMATIC DESENSITIZATION OF
MATHEMATICS ANXIETY AMONG PRESERVICE ELEMENTARY TEACHERS. Alberta Journal
of Educational Research 26: 120-127; June 1980.

Abstract and comments prepared for I.M.E. by MAKY Cm;SCHATZ and ELIZABETH
FENNEMA, University of Wisconsin-Madison.

1. Purpose
The primary purpose of this study was to investigate the hypothesis

that giving systematic desensitization therapy to preservice elementary

school teachers, who had high mathematics anxiety, would reduce their anxiety.
Secondary puxposes included investigations into the relationship between at-
titudes and an.iety toward mathematics and the effects of systematic desensi-
tization on this rclationship; the relationship between introversion-extraver—
sion and anxiety; and the status of mathematics anxiety as a stable trzit or

as a transitory state.

2. Rationale

Systematic desensitization has been shown to be an effective technique
for reducing a variety of fears. In systematic desensitization, deep muscle
relaxation .is used to help the subject break the association of anxiety with
a particular stimulus and build an association of relaxation with the stimulus.
In this study, this technique was applied to the mathematics anxiety of pre-

service elementary teachers.

3. Research Design and Procedures

At the beginning of the school term, 141 students in an_elementary edu-

cation mathematics methods course were given the Mathematics Anxiety Rating
Scale (MARS). Fifty-one of these students were identified as being in the
high-anxious group. Of these, 24 volunteered to accept the systematic desen-
sitization therapy treatment and were randomly assigned to two treatment
groups (A and B). The high-anxious non-volunteers made up group C, and group
D consisted of the mid/low-anxious students.

Iq the first stage of the experiment, all groups were pretested using
four instruments: (1) the MARS, (2) the Aiken Attitude Scales, (3) the
State-Trait Anxiety Inventory (STAI), and (4) the Eysenck Personality
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Inventory (EPI). In the second stage, group A received the therapy treatment.
The treétment lasted three weeks, after which groups A and B were given the
MARS and the Aiken Attitude Scales. In the third stage of the experiment,
group B was giver the three-week therapy treatment, after which groups A and
B were again given the MARS and the Aiken Attitude Scale. 1In the fourth and

final stage, all four groups were given these two instruments.

4. Findings

(2) The data from stage two of the experiment (in which group A received
treatment and group B was a control group) were analyzed using a two-way
ANOVA with repeated measures on the MARS as one of the factors and the groups
as the other factor. This yielded a statistically significant difference in
the repeated measures and also showed an interaction between the repeated
measures and the group factor.

(b) The mean scores on the MARS from the first and last stage of the
experiment for all four groups were also analyzed using a two-way ANOVA.
1iiis analysis revealed a statistically significant reduction in mean scores
for all groups except groub D.

(c)' The scores on the MARS were also anélyzed for group A and group B
separately, over allvfour experimental stages. A multivariate analysis was
used, and it was found that group A's post-therapy MARS scores were signifi-
cantly lower than the pre-therapy MARS scores. No such statistically signif-
icant differences were found for group B.

{(d) From the testing done in the first stage of the experiment on all
four groups, the investigators reported means, standard deviations, and cor-
relations between the MARS, EPI, and STAI instruments. The correlations of
the MARS with the neuroticism and extraversion subscales of the EPI and the
state and trait subscales of the STAI were .425, -.087, .412, and .540. All
but the second were significantly different from zero.

(e) The Aiken Attitude Scales were analyzed the same way as the MARS
scores were analyzed; no significant differences were found.

5. Interpretations

The researchers concluded that "systematic desensitization as a thera-

peutic procedure to alleviate mathematics anxiezy was successfully demonstrated"

Q ' 'é;:;
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(p. 125). They noted also that "attitude toward mathematics is not an
isolable phenomenon. It seems to be related to a more globally defined
notion of anxiety" (p. 126). They point out that one limitation of their
study is the inability to separate the effect of the therapy from the effect

of the therapist.

Abstractor's Comments

This study addresses the problem of mathematics anxiety, which is a
growing area of concern in mathematics education. Mathematics anxiety often
leads to mathematics avoidance, which in turn leads to a curtailment of career
options. Mathematics anxiety has received much attentiop in the lay press.
It is time now for mathematics education researchers to apply their knowledge
and efforts to finding some solutions to the problem of mathematics anxiety.
Although the investigators have chosen an important area, some questions need
to be raised concerning several aspects of their study.

1. First, there are some problems with the description of the sample.
It sounds at first (p. 121) as if all groups were taken from the elementary
mathematics methods class. Howeper, later in the article (p. 125) group C
is singled out as being enrolled in an elementary mathematics methods class,
as if the other groups were not. Some clarification of this is needed.

Another problem concerns the size of the sample. The authors note that
the size of each group decreases ovgf time due to class attrition. While
this is clear; it is not clear why there is a difference in sample size

from Table 1 to Table 3. Table 1 shows that at the first test occasion,

......

there were only 125 subjects. No explanation‘is given for the discrepancy.
Also, although the overall sample size (125) is adequate, the number of sub—
jects in the treatment group is actually quite small. Group A started with
11 and ended with 8 subjects, and group B started with 13 and ended with only
7 subjects. The analyses and conclusions based on this small a sample are
inappropriate. )

A third problem related to the sample is that the "high-anxious group"
is not clearly defined. It is only described as the students who scored
"highest" on the MARS. This loose definition implies that the high-anxious

"cutoff" of one sample would not nécessarily be the high-anxious "cutoff" of
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another sample. A definition that is sample-dependent weakens the generali-
2zability of the study.

A final probiem with the sample is that those who received the therapy
treatment were Qolunteers. This again hurts the generalizability of the study.

2. The procedure that was used in the study also calls for some comment.
Groups A and B bcth consisted of high-anxious students and both groups
received the desensitization therapy. The authors point out that group B was
treated three weeks after group A. There is again no explanation given as to
why the investigators felt it was important to have this time lag.

Only a general description of systematic desensitization therapy was
given. A more detailed description of the exact nature of the treatment in
this experiment was needed. Also, no mention was made of who the therapist
was. Since the investigators c;ncluded that the effect of the therapist may
have been a confounding factor, it would have been helpful to have had more
information about the therapist.

3. More‘'information should have been given about the instruments used.

The scoring on the MARS, EfI, and STAI is not explained at all, so reporting
means on these instruments is not helpful. Also, no explanation is given as
to why the investigators felt the Aiken Attitude Scales were appropriate.
It is entirely plausible that mathematics anxicty is not at all related to
the "value of mathematics," so use of that subscale especially needs to be
justified. Furthermore, the validity of the Aiken Attitude Scales for this
study is not reported. |

4. The data and analyses were reported incompletely. For example,
rather than report means in both tabular form and paragraph form, the authors
could have reported ther: just oace, and then included th: ANOVA tables. Als.,
data from the Aiken Attitude Scales was not included at all.

‘ 5. The first and major conclusion that the investigators made is that
"systematic desensitization as a therafeutic procedure to alleviate mathe-
matics anxiety was successfully demonstrated." However, this seems to be

true only of group A and not of group B. No statistically significant dif-
ference was found in the pre- and post—tre;tment scores of group B. Therefore,
having one group where a difference was detected and another group where one
was not, does-not seem to be grounds to claim that the treatment was successful.

6. There are several very important questions which the investigators
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did not address at all. First, one important consideration is: how long~
lasting are the effects of this treatment? Does one need to undergo therapy
every six months? Also, how much is the anxiety reduced? 1Is it reduced
substantially so that it is no longer an impediment to one's achievement?
Or is it only reduced a statistically significant amount?

Related to this last point is the fact that this study did not look at
mathematics achievement at all. It would have been interesting to have had
pre- and post-treatment measures of achievement.

Lastly, we must consider how practical it would be to use this therapy
technique on a large scale. Can.it be done in a large group, or is it an
individual therapy? Who can serve as a therapist? Can classroom teachers

be trained to recognize and treat the anxiety of their students?
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Pereira-Mendoza, Lionel. THE EFFECT OF TEACEING HEURISTICS ON THE ABILITY

OF GRADE TEN STUDENTS TO SOLVE NOVEL MATHEMATICAL PROBLEMS. Journal of
Educational Research 73: 139~144; January/February 1980.

Abstract prepared for I.M.E. by GERALD A. GOLDIN,
Northern Illinois University

Comments prepared for I.M.E. by GERALD A. GOLDIN and by FRANK K. LESTER, JR.,
Indiana University.

1. Purpose

This study was designed to invéstigate whether students can be taught
. to apply the heuristic processes of "examination of cases" and "analogy"
to non-routine mathematical problems. The effects 6f teaching heuristics
only, heuristics combined with mathematical content, and content only were
compared. The mathematical context of instruction was also varied, and tl=

effects compared of teaching in algebraic, geometric, and neutral contexts.

2. Rationale

| Inspired by George Polya, a growing number of researchers have employed
instructional procedures based on mathematical problem—solving heuristics.
Such procedures are consonant with often-expressed objectives for education.
The preponderance of research evidence suggests that the teaching of heuris-
tic processes does improve the problem-sol&ing performance of students.

This study seeks to contribute by examining for a relatively larger number
of subjects the use of previously taught heuristic brocesses in novel test

situations.

3. Research Design and Procedures

The study was based on 3x3 factorial design. An "instructional objec-

tive" factor was described by the codes: H (heuristics only),'HC (heuris~
tics with content), and C (content only). A "vehicle of instruction" factor
was described by the codes: A (algebraic,” G (geometric), and N (neutral).
Nine self-instructional booklets of parallel form were developed, corres-
ponding to the nine possible combinations. Each booklet discussed three
topics, with three days devcted to each topic and a final day for review.
Corresponding topics in the booklets were of identical mathematical struc-

ture, but embedded in A, G, or N contexts. For example, the A topic
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""Mappings" corresponded to the G topic "Flips and Turns" and the N topic
"Tiling." The H and HC booklets contained material showing how "systematic
examination of cases" or "analogy" could be used in exploring the possibili~
ties, while the C booklet merely listed possibilities. In addition, H and
HC booklets contained pages describing the use of these heuristic'processes
which were omitted from the C booklet. The H booklet concentrated solely
on teaching heuristics, while the HC booklet emphasized bothﬂheuristics and
content.

An algebraic and a geometric posttest were developed. These consisted

of two questions each, posed in the format, "What can you find out about ...2"

In the algebraic posttest, two novel operations were posed in modulo 7: 'up-
one multiplication," a@b = ax(b+l), and "double addition,” a#b = 2x(a+b).

In the geometric posttest, students were provided with rules for moving on a
grid and computing distances. They were then asked, "What can you find out
about shortest routes and combining shortest routes?" Scoring was based on
use of the two heuristic processes: 0 = no evidence of either process, 1 =
examination of cases but no attempt to look for a pattern, 2 = examination

of cases and looking for a pattern, 3 = analogy only, 4 = both heuristic pro-
cesses used distinctly, and 5 = both heuristic processes ﬁsed together.

The subjects were 294 tenth-grade boys from an all-male Eastern Cana~
dian high school, randomly assigned to the nine experimental groups. Each
group was given a different self-instructional booklet, with one day's work
administered.and corrected at a time. Data were included in the study for
students who completed nine of the ten days of instruction. The posttests
‘were scored individually b& three judges, and disagreements were resolved
in meetings. All three judges agreed on 98% of the algebraic tests, and 96%
of the geometric tests; the remainder were dropped from the study. Data for
subjects who took only one posttest were also d&scarded. .

Additional subjer.ts were randomly eliminated to achieve an equal number
(21) in each cell, for a total of 189 subjects. Data for these subjects
were reported descriptively in separate tables for the algebraic and geomet-
ric posttests. For purposes of statistical analysis, subjects were scored 0O
if no heuristic process was used, and 1 if any heuristic process was used ‘
(previously 1, 2, 3, 4, or 5). Means and standard deviations for each cell’

wvere tabulated. Parallel analyses of variance for the two posttests were
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carried out to test several null hypotheses. using the a posteriori Scheffe

procedure, and the overall F~ratios tabulated.

4. Findings
On the algebraic posttest, a substantial number of students used “exam-

ination of cases" (18 were scored 1 or 2), a substantial number used "analogy"
(14 were scored 3), and a substantial number used both procésses (40 wefe
scored 4 or 5). On the geometric posttest ﬁany more students used "examina-
tion of cases" (89 were scored 1l or 2), virtually no one used "analogy" (1
wﬁs scored 3), and very few used both processes (0 were scored 4, while 9
were scored 5). o

When means were computed using scores of 0 05"1, it turned out that-gn -
both posttests, for each "vehiclé of instf&étion,".ﬁean (H) > mean (HC) >
(C), with the one exception that for the geometric posttest, mean (H-G) =
mean (HC-G) > mean (C~G).

At the .05 level of significance, there were no significant effects due
to the "vehicle of instruction"” variable (A, G, or N). The scores of the H
subjects were significantly higher than those of the C subjects on both post-
tests. The scores of the HC subjects were significantly higher than those
of the C subjects on the geometric posttest, but not on the algebraic post-.
test. The scores of the H subjects were significantly higher than those of
the HC subjects on the algebraic posttest, but not on the geometric posttest.

No significant interaction effects were found.

5. Interpretations

The author concludes that at least one heuristic process, "examination
of cases,” can be taught so that it is applied in unfamiliar algebraic and
geometric test situations. 'Teaching heuristics alone appears to be more ef-
fective than in combination with contant. The students' ability to apply
heuristic processes is independent of the mathematical context (A, G, or N)
used to teach heuristics.

A number of limitations of the study are noted: the use of an all-male
sample, the use of self-instructional booklets, the liwmited selection of math—
ematical topics, and the fact that only two heuristic processes were taught.

It is also noted that the nature of the posttests is crucial to.the ability
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of the students to apply the heuristi. processes; the non-use of the "analogy"
process on the geometric posttest may hava been due to the test questions

rather than to inadequacies of learning during the treatment phase.

Abstractor's Comments (1)

This study is ambitious in its effort to measure the effects of teaching
heuristics to large numbers of students. Other studies have employed fewer
subjects in order to be able to examine individual problem-solving protocols
(Schoenfeld, 1979a).

The use of self-instructional booklets minimizes effects which may be
attributable to particular teachers. No sample activities are included in
this paper, so it is not possible tofjudge the degree to which parallelism
was achieved in the booklets. The descriptions of "heuristics only,"

"heuristics with content,” and "content only" are vague. Apparently the H
booklets make some reference to mathematical content in illustrating the use
of heuristic processes, but to a lesser degree tlL.n the HC booklets. The
reader is given only subject titles to illusﬁrate the classification of
topics as "algebraic,” "geometric," or "neutral." Personally I would have
called the topic "Tiling" a G topic rather than an N topic, judging from its
title. There was no discussion of validation procedures for the booklets.

The pencil-and-paper posttests do not contain "problems" in the usual
sense, since there are no well-defined goals specified. They are instead
open-ended discovery activities. The question of associating heuristic pro-

. cesses with the intrinsic structure of problem-solving activities has been
raised by several authors (Harik, 1979; McClintock, 1979; Schoenfeld, 1979b).
Apparently nu pilot test was conducted in this study to determine the appro-
priateness of the posttest ac;ivities for measuring use of the heuristic
processes in question. Thus it is later noted that the geometric posttest
may have been inappropriate for eliciting the use of "analogy." This post-
test was not fully described in the paper.

There is considerable evidence that the process of problem-solving is
sensitive to small changes in thé way questions are worded (Caldwell & Goldin,
1979; Goldin & Caldwell, 1979). 1t is possible that the students who received
H instruction showed increased use of heuristics over HC and C students be-

.

cause they understood the question, "What can you find out about ...2" in
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the more precise form, ''Use trial-and-error to find out about ...". Perhaps
if the latter directions had been given, all students would have shown sub-
stantial use of heuristics, independent of the ten days of instruction.

This point is made because the posttests were scored for evidence of use of
heuristic processes, but not necessarily for successful use. The H students
certainly showed increased actual use of the heuristic processes in some
situations, but not necessarily an increased ability to use them. This more .
limited interpretation of the experimental findings makes it more plausible
that the H students scored higher than the HC students, and qualifies the
author's conclusion that it is more effective to teach heuristics alone than
in combination with specific content.

The scéring of the posttests may have understated the use of heuristics,
since it was based on students' written work exclusively. 'No criteria are
given'for the scoring--while a committee of three reached agreement, no infor-
mation is provided concerning their basis for agreement. Without this infor-
mation, it would not be possible to replicate the study.

In interpreting the findings on the algebraic posttest, it would have
been helpful to know whether the students had prior instruction in modular
arithmetic in their school programs, or whether the "modulo 7' part of the
operation was also new to them.

In reporting the data, there was no reason to eliminate subjects in
order to equalize cell numbers in the descriptive tables. These tables,
showing scores of 0, 1, 2, 3, 4, or 5 on each of the two posttests, are of
greater interest than the later tests of statistical significance, and should
have included all the raw data.

To sum up, this study is a worthwhile undertaking which leave many gaps

and unanswered questions in the published paper.
Gerald A. Goldin
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Abstractor's CAﬁments (2)

How to incorporate problem-solving instruction into the school mathe-
matics curriculum is an extremely important issue in contemporary problem-
solving research. For this reason alone Pereira-Mendoza's research merits
serious attention. In particular, the purpose of his study was to determine
if problem-solving heuristics should be taught separately from or in conjunc-
tion with standard mathematics content. He has identified an especially
timely problem to study in view of the current concern that problem-solving
play a more prominent role in mathematics instruction at every level. Unfor-
tunately, the study has serious design limitations and the descriptions of
the instructional treatments are very inadequate. In addition, I think the
implications suggested by the author are largely unwarranted. For these
reasons alone it is impossible to draw any confident conclusions except to
suggest that students become better able to use particular heuristics if the
students have been trained in the use of those heuristics--clearly, a rather
obvious observation.

Rega:ding the problems with the research design, three points concern
me. First, three instructional treatment groups were considered: H - treat-
ment designed to teach heuristics only; HC - treatment.designed to combine
instruction in heuristics with the teaching of mathematics content; and
C - treatment designed to teach mathematics content only (no instruction in
the use of heuristics). These three groups constituted the instructional
treatment factor of a two-factor research design. The second factor, instruc-—
tional vehicle, included three approaches to presenting content (viz., alge-

braic (A), geometric (G), and neutral (N)). Thus, when these two-factors
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were crossed nine experimental groups resulted: H-A, H-G, H-N, HC-A, HC-G,
HC-N, C-A, C-G, and C-N. It is difficult for me to see how groups H-A, H-G,
and H-N can be legitimately considered as concentrating "... solely on
teaching heuristics" (p. 140). At the szme time, the three HC groups sup-—
posedly were taught both heuris;ics and content but exactly what content was
taught in these groups which was not taught in the H groups is not at all
clear. The point is, then, that I am concerned that the H groups and HC
groups were not clearly different. For example, the author states "... in
providing solutions to the problems under Topic 1 and Topic 2, the H and HC
booklets contained explanations of how the different permytations, seating
plans, or arrangements could be obtained by using a systematic examination
of cases" (p. 140). Surely, if this statement accurately reflects what
actually took place, both groups were taught "content." A second, but re-
lated, point is that the algebraic, geometric, and neutral "vehicles" were
not purely what they purported to be. For example, the geometric approach
appeared to involve a substantial amount of algebra.

My third point of concern lies with the underlying assumption the author
makes about the H and HC treatments. On the basis of the reéﬁlt that sub-
jects in treatment H did significantly better than treatment HC subjects on
the algebraic posttest, Pereira-Mendoza claims that "... it appears to be
more effective to teach heuristics alone than to teach them in combination
with the teaching of specific content" (p. 144). However, since ten days
were allotted for each of these treétments, it seems reasonable to suggest

.that treatment H subjects did better than treatment HC subjects simply be-
~cause more time was spent on teaching heuristics in the H treatment than in
the HC treatment. An alternative conclusion could be that students learn
the use of certain heuristics better when X amount of time is given to heur-
istics instruction than when less than X amount of time is given to such
instruction. )

The lack of clear descriptions of the instructional treatment booklets
is an equally serious shortcoming. One difficulty caused by this vagueness
is that it is impossibie to determine how closely related the "novel" prob-
lems comprising the two posttests'gre to the treatment problems. It seems
to me that if the posttest problems were like the treatment problems, the

finding that the heuristic groups did better than the "content' group is far
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from surprising. That is, it is possible that the deck was stacked in favor
of the heuristics groups simply because subjects in those two groups had
solved problems during instruction that were similar to the test problems.
Of course, this may not be the case, but there is no way to know with cer-
tainty by reading the report of the research.

There are two final areas of concern to me. These concerns involve the
"grading scheme" for the posttests and the conceptualization of the study.
Student performance was judged on the basis of their written work only.
Conseqqently only those students who showed énough work on their papers to
allow judges to assign scores (a 0-5 scale was used) were included in the
data analysis. Although the author realized that this scheme did not allow
the use of ANOVA or similar techniques, I wonder if he also recognized the
other inherent limitations in his grading scheme. For example, most problem—
solving researchers recognize the inadequacy of quantitative data to measure
mental processes. Also, the 0-5 scale seems somewhat arbitrary (e.g., why
did a subject receive a score of 3 if he or she used analogy only, but a
score of 2 if he or she examined cases and looked for a pattern?).

Finally, I believe that instruction-related problem-solving research
should not attempt to control the teaéher variable as Pereira-Mendoza has
done in this study. Problem-solving instruction research is most valuable
when the teacher is regarded as an essential factor, not eliminated from
consideration.

An important problem was addressed by this study but, due to several
flaws in the design and conduct of the research, very little light is shed
on a possible solution to the problem. I caution all mathematics educators
against using the results of this study to support particular‘instructional

practices.
Frank K. Lester, Jr.
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Swafford, Jane O. SEX DIFFERENCES IN FIRST~YEAR ALGEBRA. Journal for
Research in Mathematics Education 11:. 335-346; November 1980.

Abstract and comments prepared for I.M.E. by ROSS TAYLOR,
Minneapolis Public Schools.

1. Purpose
The purpose of this study was to determine whether female and male stu-

dents with comparable mathematics backgrounds will have comparable achieve-
ment patterns in the first-year algebra course. In particular, the study
investigated changes in achievement, attitude, and applied problem-solving

skills that occur during the course.

2. Ratiénale

The literature of the '60s and early '70s indicated that sex-related dif-
ferences in mathematics achievement first began to appear during early adoles-
cence and tended to increase as students progressed through high school. More
recently, these differences have been attributed to highef pérticipation by
males in high school mathematics courses. The first-year algebra course is
" crucial because it is generally the first elective course in a college-pre-
paratory sequence. Four studies on sex differences iﬁ first-year algebra
have shown no male superiority. However, three of-these were conducted prior
to World War II. This study investigated sex-related differences in algebra
in the late 1970s in 17 schools throughout the country.

3. Research Design and Procedures

Subjects , 4

The subjects were 329 female and 294 male students enrolled in a tradi-
tional first-year algebra course during the 1976-77 academié year in 17

schools selected across the country on the basis of geographic and community
size distribution. The study used data from the control group in the eval-
uation of a set of experimental first-year algebra materials with an applica-
tions orientation; In each school there were two control groups, both
taught by the same teacher.
Achievement

Entering mathematics preparation was assessed with the Mathematics

Computation Subtest of ihe Stanford Achievement Test: Advanced Battery,
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Form A (1973). Algebra achievement was assessed with the Educational Testing
Service (ETS) Cooperative Mathematics Test, Algebra I, Form A (1962). oOnly .
data from students who took both tests was included in the analysis. An anal-
ysis of variance was performed on each test with sex and school used as
sources of variance. Individual t tests were conducted for each school by
sex. '
Attitude

Affective items were drawn from attitude instruments developed for the
project. In the fall 19 Likert-type items and one multiple-choice item were
used. The usefulness of mathematics was addressed by nine items in the fall
and spring, four of which were modified in the spring to read "algebra" in-
"stead of "mathematics"; in addition, four new items focusing specifically on
algebra were included in the spring. The enjoyment of mathematics was ad~
dressed by nine items in the fall and seven in the spring, of which two
were repeated, three were modified and two were new. Mathematics as a male
~domain was addressed by one item in the fall and repeated in the spring.

Data were analyzed by item across schools by sex. Likert~type items
were assigned values from 1 to 5 and differences between mean scores were
analyzed with t tests. For multiple-choice items, the statistic chi squareé
was used. For the eight Likert-type repeated items, changes in attitude were
analyzed by means of a t test on paired data. Differences in mean change
scores from fall to spring by sex were analyzed with t tests. .

Consumer problem-solving skills

A pretest and posttest of consumer objectives was devéloped and admin-~
istered in the project. Analysis was made of the twenty-one items for which
both fall and spring data were available. In the spring, there were two test
forms, each of which was administered in half the schools. The chi squared
statistic was used to test for each item whether the number ofrcorrect and
incorrect responses differed significantly by sex in fall and in spring and
whether within each group the number changed significantly from fall to

spring.

4. Findings
Achievement .

No sex-related achievement differences were found either at the begin-
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ning of the year or at the end of the first-year algebra course. There was
a wide variability in mean achievement levels among the 17 schools which was
‘reflected in significant school effects on both tests. There was no signifi-
cant sex X school interaction. Individual t tests conducted in each school
by sex yielded significant differences (p < 0.65) in one school on the arith-
metic test and in another on the algebra test, both favoring females.
Attitude

In the fall, the only item that showed a significant difference by sex
was the one that stated that mathematics is more for boys than girls, with
more boys than girls agreeing. This significant difference was sustained in
the spring. Also, in the spring, significantly more boys than girls indicated
that algebra is cbnfusing to them and also that they enjoy working word prob-
lems. The percentages of girls and boys planning to take another mathematics
course increased from 65.87% to 83.6% and from.69.9% to 82.1., respectively,
from fall to spring. Responses on the seven modified items showed no signifi-
cant difference by sex in either fall or spring. However, scores declined
significantly on six of the items for females and on five for males.
Consumer Test Data .

In the fall, of 21 items, males performed significantly better on four

items and females on one item. In the spring, males performed significantly
better on eight items and females on none. From fall-to spring, significant
gains were made by males on eight items and by females on just four of these

same items.

5. Interpretations

Achievement Differences

It seems that females fare as well as, and in some instances better
than, males in first-year algebra.

Attitude Differences -

In the fall, there were no significant differences between males and fe-
males wich'respect to their attitudes about the enjoyment and usefulness of
mathematics. Both groups showed a slight decline in attitudes from fall to
spring. In both fall and spring, males stereotyped mathematics as a male
domain at a higher level than did females. This finding agreed with a study

by Fennema and Sherman reported in 1978. 1In the spring, males were favored
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on two items, not repeated from the fall, which referred to the enjoyment of
mathematics. This was in contrast to previous studies which indicated sex-
related differences with respect to usefulness, but not to liking of
mathematics.

Consumer Test Differences

On consumer items, males performed somewhat better taan females in the
fall and showed more improvement during the year. Eight of the ten items
significantly favoring males were multi-step problems. This difference is
consistent with data from both NAEP studies. For the subjects in this study,
these differences cannot be explained in terms of differential course taking,
differential achievement in arithmetic or algebra, or sex bias in the items.

Recommendations

Overall comparability of males and females in achievement and attitude
after their first-year course in algebra is reassuring. AHowevér, the higher
achievement of males on consumer items is a cause for concern. Further re-
search is needed to identify the underlying causes and potential remedies
for these differences, particuiarly with respect to multi-step applied

problems.

Abstractor's Comments

This study makes a wvaluable contribﬁtion to the growing body of know-

ledge about sex-related differences in achievement in high school mathematics.
The study appears to have been carefull} designed and well executed. It con-—
firmed the results of ﬁrevious studies that have consistently shown.no male
euperiority in achievement ia first-year algebrg. On the other hand, it
confifmed sex-related differences on consumer items that had previously been
identified in NAEP studies. This study clearly points to the need for more
information about sex-related differences in solving multi-step applied
problems. . -

The most reassuring finding of the study was the marked increase from
fall to spring in the number of students who planned to take a succeeding
mathematics course (increases of approximately 18% for girls and 12% for
boys). Similar studies for succeeding courses could provide valuable infor-
mation about possible differentiated course-taking and achievement.

The idea of using data from control groups of another study to produc
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these findings is an excellent one. The wide variability of mean achieve-
ment from school to school leads one to believe that more information could
be gained from the data. For example, do geography or community size account
for some of these differences? Are the achievement patterns by geographical
region and community size similar to the patterns found in the NAEP studies?
This information could be useful on a national scale to target efforts to
produce desired increases in achievement.

A reader of the report of this study might like some additional informa-
tion on the distribution of the 17 schoois by geography and by community
size. Apparently the requirement of two algebra classes for each teacher
eliminated small rural schools from the study. .Furthermore, no information
is given about the grade levels and agec of the students. Can we assume
that nearly all of the boys and girls were ninth graders or at least that
there was no difference in age level and grade level patterns between the
boys and girls in the study? Some information about the administration of
the instruments used in the study would have been helpful. It does not ap-
pear that the investigators could have personally administered the instru-
ments in 17 schools scattered throughout the country. Then what provisions
were made to insure uniform administration procedures?

In general, the data from the study were clearly presented in tabﬁlar
form. However, Tablc 3 could have been clarified to indicate whether higher
scores indicated greater agreement or disagreement with the specific items
from the opinion survey. Nevertheless, on the whole the report appears to
" be a clear presentation of a carefully conducted study that provided useful

information on an important topic.
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Swafford, Jane O. and Kepner, Henry S. THE EVALUATION OF AN APPLICATION-
ORIENTED FIRST-YEAR ALGEBRA PROGRAM. Journal for Research in Mathematics
Education 11: 190-201; May 1980.

Abstract and comments prepared for I.M.E. by WILLIAM M. FITZGERALD,
Michigan State University.

1. Purpose

In 1974, the National Science Foundation funded a First Year Algebra

Development Project directed by Zalman Usiskin of the University of Chicago.

A set of materials entitled Algebra Through Applications resulted.

During the 1976-77 school year, the NSF sponsored a field evaluation

of those materials in which the goals were:

a) to evaluate the materials in typical classrooms in schools represen-—
tative of a broad spectrum of the nation's schools,

b) to evaluate the extent to which students using the materials under-
stand the concepts considered unique to these materials (as well as
the concepts considered standard in first-year algebra) when compared
to other first-year algebra students,

c) to evaluate the. extent to which student attitudes about the enjoy-
ment and usefulness of mathematics are affected through the use of
these materials,

'd) to evaluate the extent to which an application approach helps in
solving real-life problems,

e) to evaluate the appropriateness of the reading level of the materi-
als, and '

f) to determine the difficulties, if any, of implementing the experi-

mental materials in the school curriculum. (p. 190)

2. Rationale

In these materials, the usual skills and concepts are developed
through applications and models rather than from the field pro-
perties. The traditional skills associated with first-year al-
gebra are presented, with the exception of the factoring of
polynomials, fractional expressions and simplification, and ar-
tificial word problems. In their place, greater attention is
given to operations, linear expressions, sentence solving, and
problems arising from real situations. Elementary notations
from probability and statistics are integrated into the course.
(p. 190)
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3. Research Design and Procedures

"Iwenty scheols throughout the U.S. were selected from volunteer schools
to provide a balance among locations and community types." Each school sub-
mitted the names of two equally capable teachers, one of whom was selected
at random to be the experimental teacher. - 'The resulting two groups of teach-
ers were comparable in terms of education, experience, age, and sex distribu-—

tion." Each teacher was assigned two algebra classes; students were randomly

’assigned to the four classes in each school. 1In all, 2,455 students partici-

pated. .

The experimental classes used the materials provided free by the project.
Except for a teacher's guide, no guidance or in-service was provided for the
experimental teachers. Each control teacher used the "usual™ algebra materi-’
als. ’

Four tests were administered by the teachers in Fall 1976: the Mathe-
matics Computation Subtes: of the Stanford Achievement Test; the ETS Coopera-
tive Mathematics Test: salgebra I; a project-developed 25-item Opinion Survey;
5" a project—developed 28-item Consumer Test. In Spring 1977, four tests
were also administered: the ETS Cooperative Mathematics Test: Algebra I;

a project-developed First-Yéar Algebra Test; a modified Opinion Survey; and
a shortened Consumer Test.

The First-Year Algebra Test was developed to measure achievement on
objectives of the traditional course and the experimental materials not meas-—
ured by the ETS test. Reliability estimates (Kuder-Richardson Formula 21)
for the 33-item test were 0.79 for the experimental group and 0.77 for the
control group.

The Consumer Test involved selected consumer problem—-solving skills;
the problems could be solved without algebra. The Fall test contained 28
items; the Spring test contained 21 items, allocated to two 10-minute tests,
each administered in half the schools.

"The Opinion Survey was deveioped to monitor changes in attitudes rela-
tive to the enjoyment, usefulness, and feedback from students on éheir text-
books.” The Fall form contained 24 Likert-type items and 1 multiple-choice
item. Sixteen of these items were on the Spring form, with 7 modified to
read "algebra” instead of "mathematics”; 9 new items were added.

Data were used from 17 schools, which included 679 students in -experi-—

o1
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mental classes and 611 students in control classes. A matched pair t-statis-
tic was computed for each of the 17 matched pairs for the four achievement
measures. Then, because of the wide variation among schools, a separate t-
test analysis was undertaken for each of the 17 schools.
Further analysis was undertaken looking for significant differences be-
" tween the experimentzal and control group on an item-by-item basis for both
c¢he spring ETS Test and the F.Y.A.T.
The attitude data were analyzed by a t-test for the Likert-type items
" and a chi-square statistic for the multiple-choice items. A chi-square
statistic was also used to analyze the consumer test data; Readability was
measured with two readability formulas, teacher judgment, and an information-

content-level formula.

4. Findings

No significant difference2s were found between the two treatment groups
on any of the four achievement measures when the 17 pairs of classes were
matched. When the treatment groups were matched with schools, nine control
groups were significantly higher on the spring ETS test and, nine experimental
groups were significantly higher on the F.Y.A.T. '

In the item-by-item analysis, the control group was significantly higher
on 16 of 40 items on the ETS Test while the experimental group was signifi-
cantly higher on 13 of 33 items and significantly lower on 3 of 33 items on
the F.Y.A.T. _ )

Eight items from the attitude data were significantly different, favor-
ing the experimental group in five cases and the control group in three cases.
Over the school year the attitude of the students decline za 9 of 15 items
for the experimental group and on 7 of 15 items for the control group.

In the consumer test data, the experimental group was higher in 1 of 21
items in the fall and in 2 of 21 items in the spring. Over the school year
the experimental group gained on 13 items while the control group gained on
10 items.

I@gre were no significant differences in the readability of the experi-

mental materials and two widely used first-year algebra texts.

’
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5. Interpretations

"These data suggest that the experimental materials can be used
successfully in a variety of school settings." (p. 198)

The control group performed significantly better on some tradi-
tional algebra skills also included in the experimental materials;
"thus, there is an apparent weakness in the experimental materials
in...the development of traditional algebraic skills." (p. 198)

"The experimental group performed significantly better on items
measuring concepts unique to the experimental materials. Since
many teachers...either failed to reach or omitted some of the
topics unique to the materials, the performance of the experi-
mental group speaks well of the effectiveness of the integra-
tion of applications and probability throughout the experimental
textbook." (p. 198)

Attitude

"Perhaps algebra is viewed as less important in everyday life,
less interesting, and harder to learn than mathematics in gen-
eral. .It would seem that the study of algebra, whether through
an applications apprcach or not, does not enhance the students'
view of the value of mathematics for the real world." (p. 199)

Support is noted "for the integration of applications into each
lesson is more effective than their isolation in separate les-
sons"and''the development of algebra out of real-world problems "
(p. 199)

Transfer to Applied Problem Solving

"The study provides evidence that consumer problem-solving skills
would be improved with wider attention to real-life applications
...[and that] such skills should be explicitly taught." (p. 199)

Textbook Readability

"The data do not indicate that the reading in the experimental ma-
terials should be reduced or 51mp11f1ed." (p. 199)

Implementability ' _

*...the experimental materials can be used effectively in many sit-
uations.” (p. 200)

Evaluation of Experimental Materials

"Field evaluations of experimental materials should include reason-
able inservice or other logistic support for the experimental
teachers to assure that the content is presented accurately and
in the spirit in which it was developed. At the same time, eval-
uation techniques need to be refined in order to assure that the
support for the experimental group balances, rather than outweighs,
tradition.™ (p. 201) .
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Abstractor's Comments

What ycu have just read is an abstract of an abstract because the
aftiele Feviewed in J.R.M.E. is greatly reduced from the Report of the Eval-
uation of "Algebra Through Applications™ available through ERIC -(Document
Number ED 110 336). '

Most of the interpretations in this abstract are direct quotes, but
represent much less than the entire interpretation and are therefore some-
what misrepresentative.

The description of the study is extremely well written and describes
the specifics of the evaluation very well. -Many details had to be omitted
due to space constraints. This abstractor had the opportunity to get a few
fleeting glances of this evaluation as it was taking place and was impressed
with the high degree of professional effort expended in the project. One
can have a great amount of confidence in the statistical tests, techniques,
and procedures which-wére used.

My abstractor gudelines appeaf to provide considerable license to intro-
duce personal bias and feeble reminiscences. My feeling after reading the
report in detail is that we still have not learned to ask the right questions
in evaluating curriculum development projects. '

In 1959 when I was an SMSG junior high school tryout teacher and new
graduate student, my mentor and I requested some modest funds to compare the
effects of SMSG materials to standard junior high school texts. When we
approached Ed Begle about the request he stated.that SMSG was really more in- -
terested in improving curriculum than in evaluating it. I thought, how naive!
He gave us the money and we didn't find out anything. .

By the time Ed died, he and I had switched positions.

A project such as Algebra Through Applications is funded because some—

oﬁe has an idea for improfing the curriculum in some significant way. If we
learned anything from SMSG, it was that the teacher is key and new printed
materials can't ‘be expected to have many observable effects. To attempt to
evaluate these materials without intensive inservice for the teachers (as
the authors pointed out) and using time-worn statistical models (éppropriate

for agriculture) is to do a disservice to the original creative idea.:

34




51

Threadgill-Sowder, Judith A. and Juilfs, Patricia A. MANIPULATIVE VERSUS

SYMBOLIC APPROACHES TO TEACHING LOGICAL CONNECTIVES IN JUNIOR HIGH SCHOOL:
AN APTITUDE X TREATMENT INTERACTION STUDY. Journal for Research in Mathe-
matics Education 11: 367-374; November 1980.

Abstract and comments prepared for I.M.E. by BOYD HOLTAN and MARY ELLEN
KOMOROWSKI, West Virginia University.

1. Purpose

To examine interactive effects between mathematical achievement and ma-

nipulative versus symbolic instruction with junior high school students.

2. Rationale

It is commonly assumed that a concrete or manipulative approach to in-
struction in mathematics is generally superior teo a nonmanipulative, abstract
approach. However, as grade level increases,. the number of studies supporting
a manipulative approach decreases and the results are inconclusive at the
junior high school level. One suspects that for at least some students a
concrete manipulative approach may be more productive and that an interactive
effect may exist. Junior high school students who are lower achievefs in
mathematics may have a greater need for concrete materials, while high-
achieving students may be learning well with a symbolic approach. An attri-
bute-treatment-interaction study was conducted to investigate the relation-

ship.

3. Research Design and Procedures

The subjects were 147 seventh-grade junior high school students. The
students were randomly assigned to one of two treatment groups and a con-
trol group. The two instructional treatments used a new topic for the stu-
dents, logical connectives (conjunction, disjunction, and negation). One
of the treatments used a manipulative format with color—cheé cards and at-
tribute ‘blocks while the other treatment was symbolic, with workbooks and
paper-and-pencil exercises on the same topic content. The third or control
group studied a different topic, traversability of networks.

The treatments continued for-three 40-minute periods but included 25
minutes of testing in the third period. To ensure consistency in presenta-

tion and time of instruction, the two treatments were videotaped.
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The criterion measures were a 25-question multiple-choice achievement
posttest and a 20-item transfer test. The aptitude measures were the 48-
item Mathematics Concepts Test and the 32-item Mathematics Problem Solving
Test from the Canadian Test of Basic Skills. The aptitude measures were com-
pleted about one month before the treatments.

The treatment effectiveness was tested by using one-way analysis of var-
iance on the achievement and transfer posttest scores of the three groups
(two treatments and control). Interaction effects were investigated by using
A-T regression analysis of the scores of the two treatment groups on the
achievement and retention posttest and the results of the mathematics con-

cepts and problem—-solving tests as aptitude measures.

4. Findings

The ANOVA indicated significant differences between treatment and con-—
trol group means for both the achievement (F (2;144) = 31.66, p < .01) and
transfer (F (2,144) = 11.85, p < .05) test scores. The control means were
significantly lower than the manipulative treatment and symbolic treatment
group means. However, manipulative and symbolic group achievement means did
not differ significantly for either the achievement or transfer criterion
measures.

A signifiéant interaction was found between Mathematics Concepts scores
and treatment effects (F (1,93) = 5.25, p = .024). Regression equations for
each treatment group were calculated and plotted. The intersection of the
lines was within the range of scores and the interaction was interpreted as

disordinal (see Figure 1).
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Figure 1. Interaction of Mathematics Concepls test with achievement posttest.
(p. 371)

A similar interaction was found between Mathematics Problem Solving
scores and treatment effects (F (1,93) = 5.69, p = .019) (see Figure 2).
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Figurc 2. Interaction-of Mathematics Problem Solving test with achievement posttest.
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No significant interactions were found when transfer posttast scores

were regressed on the aptitude measure.

5. Interpretations

The ANOVA results of no significant difference between manipulative and
symbolic group means was expected. The difference of these two group means
frem the control group means indicate that the instructional treatments did
provide a learning experience. .

Results of the regression interaction analysis show that achievement in
mathematics can significantly interact with manipulative and symbolic modes
of instruction. Students receiving low scores on the Mathematics Concepts
and Mathematical Problem Solving aptitude tests received higher scores on
the achievement posttest when instruction included manipulative materials,
while students with high concept and problem-solving scores found the sym-
bolic approach more beneficial. The first half supports common assumptions
about manipulatives for lower aptitude students, but the second half was
unexpected. The researchers hypothesized that the more able students were
accustomed to and could process symbolic instruction effectively, and pos-—-
sibly manipulatives were distracting to them.

The lack of interaction with treatments and transfer criterion measure

was thought to be due to the type of test items in the transfer test. -

Abstractor's Comments

Researchers are increasingly reporting studies which support aptitude-
treatment-interaction findings, and this study adds to that body of infor-
mation. Cronbach and Snow described this area of research as "wandering
among the foothills" of A-T-I knowledge, so the information is welcomed.

The results found for the use of manipulatives with lower ability stu-
dents are congruent to the notion that for unsuccessful students an alter-
nate approach is helpful. Since the higher ability students may have usually
benn successful previously with symbolic instruction, the finding of the
success of this'method for them should not be unexpected. The success of
the more able students may also be related to the concept of '"crystallized"
ability and its relation to previous learning that has been investigated in

earlier A-T-I studies.
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The study had a sufficient number of subjects and used a novel instruc-
tion treatment topic that produced achievement. Like many A-T-I studies, it
had a rather short treatment time -- 3 periods of 40 minutes with 25 minutes
of the last period for testing. The effect of the time on the study results
is not known since the relationship of treatment time and A-T-1 is not well
known.

This study has provided additional reéearch information on attempts to
uncover A-T-I effects that many teachers believe tolexist. Hopefully, suf-
ficient information will eventually be obtained to be of help in instruc-

tional theory development.
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Wheatley, Charlotte L. CALCULATOR USE AND PROBLEM—SOLVING PERFORMANCE.
Journal for Research in Mathematics Education 11: 323-334; November 1980.

Abstract and comments prepared for I.M.E. by WALTER SZETELA
University of British Columbia.

1. Purpose

The purpose of this study was to compare problem-solving performance of
elementary school pupils using calculators with that of pupils not using cal-
culators with respect to: (a) range of problem-solving processes used,

(b) number of computational errors, and (c) number of problems solved.

2. Rationale ‘

The author cites studies in which differences in tests of concepts,
reasoning, and problem solving favored calculator groups. It is asserted
that in problem solving, when pupils must perform lengthy computations, de-
velopment of effective problem-solving heuristics may be inhibited. Thus,
by removing the computational barrier, calculators may facilitate problem
solving. The author also cites Suydam, who in her 1976 NSF report observes
that "all of the research about calculator effects on problem solving had
the common element that the cslculator was an adjunct to units on problem

solving - it was not incorporated into a specific problem-solving strategy.:’

3. Research Design and Procedures

Subjects were all 46 sixth graders in an elementary school in a mid-
western university town. Percentiles on the Iowa Test of Basic Skills were
"above average." Percentiles ranged from 33 to 99, with 56% above the 90th
percentile. Pupils wefe "randomlfvassigned by the principal to one of two
classes at the beginning of the school year." Both the calculator and non-
calculator groups studied a unit on operations with decimal fractions "with
emphasis on application.” 1In both classes techniques of problem-solving
were taught as part of the daily schedule. Each day both groups discussed _
one or more problems including different strategies possible. Among the 14
techniques of solving problems taught were: make a list, look for patteras,
make a reasonabie estimate, draw a picture, write mathematical sentences,

check work, retrace steps. One teacher taught both groups for 6 weeks. The
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same problems were done in both groups. The calculator group did assignments
as well as classwork using calculators.

After six weeks each child was interviewed and given five problems to
solve. Stafed criteria for the problems were (a) appropriate difficulty
level; (b) solvability in more than one way possible; (c) computation, usu-~
ally multiplication or divisién, required. The problems had been developed
over a one-and-one-half year period, including careful analysis of problems
from a pilot study. The interviewer followed a fixed protocol for presenta-
tions and questioning. Interviews were tape-recorded. A second person made
notes to aid interpretation of protocols. Processes used by subjects were
identified from the interview transcripts. A checklist coding system modeled
after Days (1978) and Kilpatrick (1968) was used to tally 10 selected pro-
cesses to be analyzed such as guessing, estimating, checking, etc. Measures
were also taken for computational errors, total time each student worked on
problems, and a "production score." On a given problem, a production score
of 1 was given if the only error was in computation. Following is an example
from the set of five problems:

12 sacks of corn and 15 sacks of beans weigh 2835 pounds.
Each sack weighs the same. Each sack of corn weighs 130
pounds. What is the weight of each sack of beans?

4. Findings

On the 10 processes used in problem solving which were analyzed, the
calculator group used a total of 152 compared to 104 for the noncalculator
group. The difference was significant (t = 4.11, p < .01). The calculator

group made fewer computational errors (12 compared to 31, t = 2.17, p < .J1).

Differences on production scores and time-on-task were not significant.

With reference to a table of results on particular problem-solving pro-
cesses, the author states that "It should be noted that the number of bright
ideas in the calculator group was seven compared to zero for the noncalcula-
tor group.' She also notes that subjects in the calculator group estimated
more (10 to 6), and retraced their problem-solving steps more often (17 to 5).

She makes no special mention of the calculator group's predominance in using

unexpressed equations (49 to 30). For each process, the maximum possible

- score was 105 in the calculator group (21 subjects, 5 problems) and 115 in

the noncalculator group (23 subjects, 5 problems).
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5. Interpretations

The author concludes that calculators allowed the students to focus on
problem-solving approaches and that calcvlators had a positive influence
on children's problem-solving performance. Although time-on-~task for the two
groups did not differ, the interviewer reported that the calculator group
spent more time analyzing, and the noncalculator group spent more time com-
puting. From scores on the Iowa Test of Basic Skills, the author suggests
that subjects in the noncalculator group "may have had higher ability."
Evidence to support the use of calculators in problem solving is also offered
through the teacher's report that "the calculator group solved 10% more prob-
lems daily than the noncalculator group,” and that the calculator group had
more confidence, were more motivated to solve problems, and enjoyed the cal-
culator experience. Furthermore, the interview team reported that "pupils
seemed more confident using the calculator, exhibited more exploratory behav-
iors in problem solving, spent more time attacking problems and less time
computing.” The author cites as limitations of the study the use of students
of above average ability, smail sample size, short duration, and the use of

a single teacher for both groups.

Abstractor's Comments

The author is commended for undertaking a study designed to explore more
carefully advantages of calculators, instead_of using calculators simply as
"an adjunct to a2 unit on proPlem solving." This type of investigation, al-
though more difficult, has greater potential for uncovering ideas for more
effective use of calculators. Without such studies, entrenchment in a paper-
and-pencil curriculum may remain even longer. Another commendable attribute
of the study was the conduct of a pilot study which must have provided valu-
able practice and information on how pupils vocalize their thinking, and how
best to record and observe such vocalization, and must have helped in the
choice and refinement of suitable problems for the main study. Tape-recorded
protocols together with a second person taking notes would ensure greater
reliability in identification and enumeration of problem-solving processes;
The results of the study do offer some support for the hypothesis that cal-
culators facilitate problem solving among children. However, the results

were hardly dramatic, and in terms of number of problems solved, and also
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time spent on problems, calculators were not a significant factor. The re-
port itself lacks some clarity and includes some questionable claims for sup-
port of calculator use in problem solving. The reader is left wondering or
forced to make some assumptions. Following are some concerns about clarity
and questionable support:

1. It is stated that pupils were randomly assigned to calculator
and noncalculator groups at the beginning of the year by the principal. It
is then stated that the treatment took place over a périod of 6 weeks. Are
we to assume that the treatment took place at the beginning of the school
year? If so, it should have been clearly stated. If not, intervening exper-
iences before treatment would cloud the purity of the initial random assign-
ment.

2. In describing the subjects, the author gives a range of percentile
scores and the number of subjects above the 90th percentile. Such figures
can be misleading. A mean percentile for each group would be more accurately

descriptive.

3. An apparently important measure, the production score, is poorly

defined. Scoring also was unclear. Was a score of either zero or 1 given?
We can only guess. My guess is zero or 1, but the reader should not be
placed in a guessing situation.

4. If a pupil's production score on a problem was zero or 1, the matter
of partial credit becomes 2 concern. The scoring of problems as right or
wrong seems inappropriéte.

5. The calculator grpup is reported to have used more unexpressed
equations than the noncalculator group (49 to 30). If these equations are
not explicitly stated, how relisble can the enumeration and identification
of this process be? Would it not have been more appropriate to measure
expressed equations?

6. It is reported that the interviewer observed calculator subjects
doing more analyzing and less computing than noncalculator subjects. Yet the
production scores were not significantly different. It would be useful to
offer reasons or conjectures why the more productive type of activity failed
to be more fruitful in terms of actual soiutions.

7. What is classified as a bright idea? Thers were only 7 on about

200 problems attempted.
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8. In the discussion several statements are-given to support the case
for calculators for which any strong numerical basis is lacking. How reli-
able is a teacher statement that the calculator group solved 107 more prob-
lems daily than the noncalculator group, had more confidence attacking brob-
lems, were more motivated? Similarly, the.interview team's statements that
pupils using calculators "seemed to be more confident™ and "exhibited more
exploratory behaviors” may be unreliable judgments.

9. The author makes special mention of the supé}iority of the calcu-
lator group for several problem-solving processes. However, to state that
the calculator group estimated 10 times compared to 6 times for the noncal-
culator group, when each group had about 100 opportunities to estimate,
serves to suggest equality rather than difference.

The author does point out limitations of the study including the point
that the results may have been influenced by the teaching style of a single
teacher. I would contend that differences between teaching styles of two
teachers are likely to be greater than different styles in different settings
for one teacher.

The concerns noted with respect to clarity should not obscure the fact
that this study aims at breaking new ground and should be followed by similar
studies which will point the way more clearly to more productive and effi~

cient use of calculators in teaching.
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307 Orton, William R. Report of a Four Year Statewide Mathematics
Education Project. School Science and Mathematics, v80 n4, 309-16,
April 1980.

309 Bitter, Gary G. Calculator Teacher Attitudes Improved through
Inservice Education. School Science and Mathematics, v80 n4, 323-26,
April 1980.

310 Sovchik, Robert J. The Reliability of a Metric System. School
Science and Mathematics, v80 n4, 327-30, April 1980.

322 Kuchemann, Dietmar. Children's Difficulties with Single Reflec-
tions and Rotations. Mathematics in School, v9 n2, 12-13, March 1980.
327 Kuchemann, Dietmar. Children's Understanding of Integers.
Mathematics in School, v9 n2, 31-32, March 1980.

330 Higginson, William. Research: Ideas of the Seventies. Math-
ematics Teaching, n90, 5-8, March 1980..

335 Hutton, Lucreda A. Calculators: Teachers’ Attitudes and
Children's Ability. Mathematics Teaching, n90, 20-21, March 1980.

407 Evertson, Carolyn M.; And Others. Predictors of Effective

Teaching in Junior High Mathematics Classrooms. Journal for Research
in Mathematics Education, vll n3, 167-78, May 1980.

408 Kulm, Gerald; Bussmann, Hans. A Phase-Ability Model of Math-
ematics Problem Solving. Journal for Research in Mathematics Educa-
tion, vll n3, 179-89, May 1980. ’

409 Swafford, Jane 0.; Xepner, Henry Sr., Jr. The Evaluation of
an Application-Oriented First-Year Algebra Program. Journal for
Research in Mathematics Education, v1l n3, 190-2C1, May 1980.

410 Duval, Concetta M. Differential Teacher Grading Behavior
toward Female Students of Mathematics. Journal for Research in Math-
ematics Education, vll n3, 202-13, May 1980.
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411 Souviney, Randall J. Cognitive Competence and Mathematical

" Development. Journal for Research in Mathematics Education, vil n3,

215-24, May 1980.

412 McLeod, Douglas B.; Adams, Verna M. Aptitude-Treatment Inter-
action in Mathematics Instruction Using Expository and Discovery
Methods. Journal for Research in Mathematics Education, v1l n3, 225-34,
May 1980. ‘

413 Dossey, John A. Brief Reports: Concept Teaching Strategy
Length. Journal for Research in Mathematics Education, vll n3, 235—38,.
May 1980.

414 Carpenter, Thomas P.; And Others. Results of the Second NAEP
Mathematics Assessment: Secondary School. Mathematics Teacher,
v73 n5, 329-38, May 1980.

431 Vannatta, Glen D.; Hutton, Lucreda A. Arithmetic Teacher,
v27 n9, 30-31, May 1980.

597 Roberts, Dennis M. The Impact of Electronic Calculators on
Educational Performance. Review of Educational Research, v50 nl,
71-98, Spring 1980.

721 Weinstein, Marcia L. A Neuropsychological Approach to Math
Disability. New York University Education Quarterly, vll n2, 22-28,
Winter 1980.

078 Tomlinson—Keasey, C.; And Others. The Structure of Concfete
Operational Thought. Child Development, v530 n4, 1153-63, December

1979.

315 Kent, David; Hedger, Keith. Growing Tall. Educational Studies
in Mathematics, v1l n2, 137-79, May 1980.

316 Falk, Ruma; And Others. A Potential for Learning Probability
in Young Children. Educaticnal Studies in Mathematics, v1l n2,
181-204, May 1980.

-

317 Mitchelmore, Michael C. Three-Dimensional Geometrical Drawing
in Three Cultures. Educational Studies in Mathematics, vll n2,
205-16, May 1980.

318 Noelting, Gerald. The Development of Proportional Reasoning
and the Ratio Concept: Part I - Differentiation of Stages. Educa-
tional Studies in Mathematics, v1l n2, 217-53, May 1980.

383 Edwards, Timothy I.; Roberson, Clarence E., Jr. Basic Science
& Mathematics: Which Topics are Most Needed? Engineering Education,
v70 n8, 769-98, May 1980. .

445 Computers in Undergraduate Teaching Revisited. Pipeline,
v5 nl, 5-7, 1980.
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657 Plant, Anne. The Effect of Syntactic Difficulty on Children's
Ability to Solve Problems in Arithmetic. CORE, v3 n3, £4, 1979.

877 Schneier, Craig Eric; Bartol, Kathryn M. Sex Effects in Emer-
gent Leadership. Journal of Applied Psychology, v65 n3, 341-45,
June 1980.

948 Halford, Graeme S. Children's Construction of fhree—Dimen—
sional Patterns. Intermational Journal of Behavioral Development,
v3 nl, 47-60, April 1980. '

646 Clements, M. A. Ken. Analyzing Children's Errors on Written
Mathematical Tasks. Educational Studies in Mathematics, vil nl,
1-21, February 1980.

647 Bauersfeld, Heinrich. Hidden Dimensions in the So-Called
Reality of a Mathematics Classroom. Educational Studies in Mathe-
matics, vll nl, 23-41, February 1980.

€48 Burton, Leone. The Teaching of Mathematics to Young Children
Using a Problem Solving Approach. Educational Studies in Mathematics,
vll nl, 43-58, February 1980.

652 Barr, George. Graphs, Gradients and Intercepts. Mathematics
in School, v9 nl, 5~6, January 1980.

706 Cohen, Martin P.; Walsh, Margaret, Sr. The Effects of Individ-
ualized Instruction cii Learning and Retention of a Geometry Unit in
Junior High School. International Journal of Mathematical Education
in Science and Technology, vll nl, 41-44, January-March 1980.

709 Gonzalez-Leon, Eduardo. Remedial Work in Mathematics for
Students Entering Engineering Courses at Universities. Inte:national
Journal of Mathematical Education in Science and Technology, vll nl,
81-89, January-March 1980.

829 Lumb, D. Mathematics and the Less Gifted Child in the Middle
Years. Mathematics in School, v9 n3, 2-10, May 1980.

832 Barr, George. The Significance of Figures. Mathematics in

School, v9 n3, 20-24, May 1980.

833 Matthews, Julia. Five More Pages Fewer. Mathematics in
School, v9 n3, 24-25, May 1980.

934 Research Notes. Studies in Science Education, v7, 163-70, 1980.

119 Forsyth, Robert A.; Spratt, Kevin F. Measuring Problem Solving
Ability in Mathematics with Multiple-Choice Items: The Effect of
Item Format on Selected Item and Test Characteristics. Journal of
Educational Measurement, v17 nl, 31-43, Spring 1980.
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EJ 229 170 Madike, Francis U. Teacher Classroom Behavior Involved in
Microteaching and Student Achievement: A Regression Study. Journal
of Educational Psychology, v72 n2, 265~74, April 1980.
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MATHEMATICS EDUCATION RESEARCH STUDIES REPORTED IN RESOURCES IN EDUCATION
October - December 1980

ED 187 042 Beech, Martha C. Concurrent and Predictive Validity of the
Boehm Test of Basic Concepts. 24p. MFOl and PCOl available from

EDRS.

ED 187 386 Beckwith, Miriam M. Science Education in Two-Year Colleges:
Mathematics. 80p. MF01/PC04 available from EDRS.

ED 187 447 Brock-Utne, Birgit, Ed. Survey of Educational Research in
Norway 1973-74. 198p. MF01/PCO8 available from EDRS.

ED 187 448 Kristiansen, Rolf, =d. Survey of Educational Research in
Norway 1975-76. 72p. MFOl available from EDRS. PC not available
from EDRS. . : :

ED 187 536 Butzow, John W.; Yvon, Bernard R. Final Program Report of the
Environmentally Qualified Person: A Definition by Behavioural Learning
Objectives. 119p. MF01/PCO5 available from EDRS.

ED 187 539 Szabo, Michael; Kongsasana, Prasit. Metric Attitude and Achieve-
ment of Preservice Elementary Teachers as a Function of Three Instruc~—
tional Approaches.

ED 187 540 Feghali,.Issa. The Relationship between Volume Conservation
and the Learning of z Volume Algorithm for a Cuboid. 26p. MF01l/
PC02 available from EDRS.

ED 187 542 Hector, Judith H. The Effects of Calculator versus Conventional
Algorithms for Fractions on Community College Student Computation,
Understanding, and Attitude Scores. 22p. MF01/PCOl1 available from
EDRS.._.. ... , . . ) . L

ED 187 543  The Second Assessment of Mathematics; 1977-78, Released Exer-
cise Set. 366p. MFOl available from EDRS. PC not available from

EDRS.

ED 187 545 Johnson, Willis N. Perception Changes of Students Who Studied
in a Field-Centered Methods Course for Teachers of Elementary School
Mathematics and upon Completion of Student Teaching: A Follow-up Study.
18p. MFO01/PCOl available from EDRS.

ED 187 546 Dockweiler, Clarence J. Anzlysis of Cognitive and Attitudinal
Changes in the Wheeling Metric Project. l1p. MFO01/PCO1 available
from EDRS. .

ED 187 548 Durio, Helen F.; And Others. Mathematics Achievement Level
Testing as a Predictor of Academic Performance and Retention in
Engineering Students. 17p. MFO01/PCCl available from EDRS.
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551 Gaynor, Alan K. A Dynamic Model of Mathematics Curriculum
Change in an Urban Elementary School. 50p. MFOl available from

EDRS. PC not availzble from EDRS.

552 De Corte, Erik; Verschaffel, Lieven. Children's Solution
Processes in Elementary Arithmetic Problems: Analysis and Improve-

ment. Report No. 19. 42p. MFO01/PCO2 available from EDRS.

558 Farmer, Walter A.; And Others. Test Competency as Related to
Classroom Performance. 15p. MF01/PCOl available from EDRS.

562 A National Assessment of Achievement and Participation of Women
in Mathematics. Final Report. 288p. MFO01/PCl12 available from EDRS.

563 Shumway, Richard J., Ed. Research in Mathematics Educaticn.
487p. Document uot available from EDRS.

564 . Hinton, John Roger. An Analysis of Selected Cognitive Stylé
Dimensions Related to Mathematics Achievement, Aptitude, and Attitudes

of iwc-Year College Students. 269p. MFO01/PCll available from EDRS.

5% Smitli, Lyie R.; And Others. Nonstandard English and Student
Acaievenent in Mathematics. 15p. MFOl available from EDRS. PC

not available from EDRS.

577 Suydam, Marilyn N., Ed.; Kasten, Margaret L., Ed. Investiga-
tions in Mathematics Education, Vol. 13, No. 2. 71p. MFO1/PCO3-

available from EDRS.

737 Furr, Jane D. The Relationship of High School Reading and
Mathematics Achievement and Employment Experiences: Implications

for Minimal Competency Testing. 37p. MF01/PCO2 available from EDRS.

744 Slaughter, Helen B. Using the Title I Control Group Model for
Evaluation Research and Development of a Supplemental Mathematics Pro-

ject for Third and Fifth Grade Students. 20p. MFO1/PCOl available

from EDRS.

376 Shigaki, Irene S.; Wolf, Willavene. Formal Syllogistic
Reasoning of Young Gifted Children. 26p. MFOl available from EDRS.

PC not available from EDRS.

757 Smock, Charles D., Ed. Mathemagenic Activities Program: (Re-

ports on Teaching and Learning Matheématics). 393p. FMO1/PCl6 avail-
able from EDRS. :

863 Drakenberg, Margareth. -Continuity in Change in the Mental
Performance Process. 21p. MFO01/PCOl available from EDRS.

872 Proceedings of the 1979 Meeting (of the) canédian Mathematics
Education Study Group. 201p. MF01/PC0O9 available from EDRS.
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ED 188 873 Higginson, William. Language, Logic and Mathematics: Reflec-
tions on Aspecis of Education and Research. 38p. MF01/PC02 available

from EDRS.

ED 188 876 Meece, Judith L. A Theoretical Framework for Studying Students'
Course Selection in Mathematics. 18p. MFO01/PCOl1 available from EDRS.

ED 188 886 Fox, Lynn H. Women and Mathematics: The Impact of Early Inter-
vention Programs upon Course-Taking and Attitudes in High School.
Final Report. 313p. MFO1/PC13 availible from EDRS.

ED 188 887 Brush, Lorlei R. Why Women Avoid the Study of Mathematics:
A Longitudinal Study. Final Report. 48p. MF01/PC02 available from
EDRS.

ED 188 888 Boswell, Sally L.; Katz, Phyllis A. Nice Girls Don't Study
Mathematics. Final Report, December 1, 1977, through January 31,
1980. 72p. MF01/PCO3 available from EDRS.

ED 188 892 Carpenter, Thomas P.; Moser, James M. An Investigation of the
Learning of Additicn and Subtraction. 69p. MF01/PC03 available from
EDRS.

ED 188 9G3 Shelby, Madge E. Implications for Math Learning and the Dis-
advantaged Child. 37p. MF01/PC02 available from EDRS.

ED 188 906 Dougherty, Mary K. An Annotated Bibliography of the Chisanbop
Method of Finger Calculation. 16p. MFO01/PCOl available from EDRS.

ED 188 909 Meyer, Ruth Ann. A Comparison of the Intellectual Abilities of
Good and Poor Problem Solvers: An Exploratory. Study. 35p. MFO1l/
PCO2 available from EDRS.

ED 188 948 Klein, Alice; Beilin, Harry. -Young Children's-Understanding
: of Addition and Subtraction: A Contextual Analysis. 18p. MF01/PCOl
available from EDRS.

ED 189 141 Kansas Annual Evaluation Report 1977-1978. Title I E.S.E.A.
Vol. I: Projects in Local Educational Agencies/Programs for Neglected
and Delinquent Children. 79p. MFO01/PC04 available from EDRS.

ED 189 171 Sternberg, Robert J.; Gardner, Michael X. Unities in Ianductive
Reasoning. Technical Report No. 18. 66p. MF01/PCO03 available from
EDRS.

ED 189 185 Lacher, S. R.; Torgeson, Ronald M. Mathematics in North Dakota.
Summary of Performance for Eleventh Grade Mathematics Assessment, Spring,
1978. 36p. MF01/PCO2 available from EDRS.

ED 189 186 Lacher, S. R.; Torgeson, Ronald M. Mathematics in North Dakota.
Summary of Performance for Fourth and Eighth Grade Mathematics Assess—
ment, Spring, 1979. 8lp. MFO01/PC0O4 available from EDRS.
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778 . Hojnacki, Pearl C. Implementation of a Program for Gifted
Underachievers and Gifted Students with Behavior Problems in the

Primary Grades. Individual Practicum. 18lp. MFO01/PCO8 available
from EDRS.

110 Stockburger, David W. Teaching Statistical Concepts Using
Microcomputer Simulations. 32p. MFO01/PCO2 available from EDRS.

355 Conner, Totsye J. An. Investigation of the Use of Hand-Held
Calculators by Students in Elementary School. ‘Research Monograph.

No. 32. 62p. MFO01/PCO3 available from EDRS.

388 °  Meyer, Ruth A. Attitudes of Elementary Teachers Toward Mathe—

matics. 10-. MFO1l/PCOl available from EDRS.

397 Kaczala, Caroline M. A Longitudinal Study of Attitudes toward

Mathematics in 5th Through 12th Grades: Age and Sex Differences.
34p. MFO01/PC02 available in EDRS.

405  Lant, Rainer M. C. A Comparative Study of the Learning and
Understanding of a Mathematical Group Structure in Different
Representations. 466p. MFOl available from EDRS. PC not available

from EDRS.

408 Suﬁdam, Marilyn N. Intermational Calculator Review: Working
Paper on Hand-Held Calculators in Schools. 102p. MF01/PCO5 avail-

able from EDRS.

55G Schwille, John; And Others. Factors Influencing Teacher's
Decisions About What to Teach: Sociological Perspectives. Research

Series No. 62: 44p. MF01/PC02 available from EDRS.
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