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Becher, Rhoda McShane, THE EFFECTS OF PERCEPTUAL TRANSFORMAT ION
EXPERIENCES AND NUMERICAL OPERATIONAL EXPERIENCES ON NUMERICAL
CORRESPONDENCE AND EQUIVALENCE.. Journal for Research in Mathematics
Education 9: 69-74; January 1978, - - '

Abstract and comments prepared for I.M.E, by JERRY P. BECKER,
DeKalb, Illinois.

1.  Purpose A

The purpose of this study was to determine if there would be a
gignificant difference (& % .05) in thé acquisition of conservation
of number or basic mathematical and conservation-related skills by
4~ and 5-year—old children of lower socloeconomilc status,; as shown
by their performance scores on an intermediate test or a posttest
as a result of (a) treatment conditions, (b) interaction of their
level of development and treatment conditions, (c) interaction of
the sex of the subjects and treatment conditions, and (d) interaction

of level of development and sex and treatment conditions.

2, Rationale

With respect to young children's development of an understanding
of numerical correspondence and equivalence, a critical examination
of a wide variety of training reports indicates that in a majority
of successful investligations, subjects have possessed some aspects
of the conservation response (l-1 correspondence or ability to
conserve on one but not two items) prior to inclusion in the study.
In unsuccessful studies, subjects have been generally classified as
"nonconservers" without specification of developmental status, Such
non-specific classificatlion suggests to the researcher, firstly,
that children at lower stages of development (cannot establish 1-1
correspondence) were included in the samples, Secondly, although
training sesslons provided for learning to (a) establish l-1 corres-
pondence, (b) recognize equivalence of matched sets, and (c) maintain
equivalence during perceptual transformations, assessment of effec~
tiveness of training has occurred only in terms of maintenance of

equivalence during perceptual transformations. Since no examination
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has been made of effectiveness of training approaches in facilitating
learning of the other two aspetts (which are conservation subskills)
and since no previous studies have dealt with assessment of differ-
entlal effectiveness of training for preconservation children at
various stages of development, the researcher sought to leook at

these aspects In the present study.

Further, the researcher obgerves that most introductory or readi-
ness programs in mathematics emphasize noting variance in number
brought about by operations (addition and subtraction) on sets, and
they do not provide experiences emphasizing imvariance in number of
percéptually transformed equivalent sets. Since it has not been
eméirically established whether experlencing a change in quantity
through a numerical operation on a set is sufficient to induce the
related conclusion that a nonnumerical operation (spatial transfor-
mation) means no change in quantity, the need for such an assessment
appears critical--for the reason that the most widely used instruc-
tional approach for development of numerical understanding is through

standard introductory or readiness programs,

3. Research Design and Procedures

Subjects

Subjects were 144 nonconserving 4- and 5-year-old participants
of lower socioeconomic status (70 males, 74 females) in Head Start
programs, Title I prekindergarten classes, and social welfare-
supported preschools and day-care centers in Franklin County, Ohio,

Design-Procedures

Using pretest performance, the researcher classified nonconserv-
ing subjects into three levels of development with respect to conser-
vation of number and, within these levels, according to sex, An equal
number of subjects were then randomly assigned within blocks to three
treatment conditions, each using a pretest/intermediate t&sﬁ/pasttest
model: Experimental group I (EI): Perceptual transformation approach;
Experimental group 1I (EII1): Numerical operational approach; Experi-
mental group III (EIII): Control. Due to skewness of pretest data,

33 subjects were assigned to Level I, 10 to Level II, and 5 to Level



III of each treatment. So, there resulted a total of 48 subjects per
treatment, with nearly equal numbers of males and females placed at
each level, and a total of 144 subjects,

Treatment Conditions

EI __ EXI____ EIII

Levela of 1 M 16 156 16
Development with F 17 17 17
Respect to Non- —
congervation IL g g é g
‘of Number )
eer M 3 3 3
III F 2 2 2
48 48 48

Testing

A four-item modified version of the standard Piagetian conserva-
tion-of~number test was individually administered, in a fixed order,
to éash subject, Items 1 (six objects) and 2 (eight objects) were
presented to assess each subject's ability to establish sets equiva-
lent to those modeled by the tester. Items 3 and 4 (eight objects
each) vere used to evaluate the extent to which the subject was able
to maintain equivalence following perceptual transfcrmation (expan-
sion and céntfactian, respectively). Rathenberg‘é (1969) two-question,
agreement/disagreement-response format was used on each item, An
ordinal scoring system for performance scores (0-~7) was used, rather
than classifying subjects as "conservers" or "non-conservers" in order
to represent more specifically the status of all subjects with respect
to their ability to (a) set up l-~1 correspondence (0-~3), (b) establish
equivalence of matched sets (4-5), and (c) maintain equivalence during
perceptual transformations (6-7).

Instruction

Each subject in EI and EII participated in 12 group (n=4)
sessions 10-15 minutes long. Only one lesson was taught per session,
and there were three sessions per week. Lessons and iﬁstfuctinﬂal
procedures were standardized within each éxperiﬁencal treatment.
Both treatments used an interactive instructional strategy (Hough and

Duncan, 1970), and both involved subjects as active parfticipants and




manipulators of objects. A varilety of concrete materials was used
in each activity, and each lesson was presented as a new type of
"game." Eight trained instructors, blind to the experimental hypo-
thesis and randomly assigned to treatment, administered identical

treatments to each of their groups of subjects.

4. Findings
Due to attrition, complete data were collected and analyzed for

109 subjects, with aﬁpraximately equal numbers at each level and in

- each treatment (EI, 35; EII, 37; EIIL, 37).

* With respect to acquisition of number, six subjects (three
in EI and three in EIII) exhibited conservation; neither the
perceptual transformation treatment nor the ﬁuméfitai opera=-
tion treatment was effective in facilitating conservation
after 12 instructional sessions, ‘

* There wag no significant differential effectiveness exhibited
with subjects at different stages of development, nor with
each sex. Of six subjects achleving conservation, five were
boys and, as mentioned earlier, three were in EIILI,

* There were significant differences (F= 4,10, 2/91 df, p= .02)
in acquisition of subskills, but no interaction effects with
level of development or sex,

* Dunn's multiple comparison procedure was applied to six a
priorl established comparisons at the collective .05 level:

¢ Subjects in the perceptual transfeormation treatment
exhibited significantly higher (p ¢ .05, 91 df) mean scores
(4.01) than subjects in the control group (2.78) on the
posttest,

* Subjects in the perceptual transformation treatment
exhibited significantly higher (p < ,05; 91 df) mean scores
than subjects in the numerical operations treatment (3,34)
on the posttest.

¢ There were no significant differences between the numeri-

cal operation and control treatments,
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¢ There were no significant differences on the intermediate

teat among the treatments.

tn

Interpretations
The researcher states that after 12 instructional sessions,

the perceptual transformation treatment was shown to be most effec-
tive in facilitating acquisition of conservation subskills. With
regpect to facilitating acquisition of conservation of number, the
regearcher appeals to Piagetian theory to explain the failure, men-
tioning that subjects may not have been at a level of maturity to
permit intellectual shifts prerequisite for conservation; or that
experiences may not have been of the type necessary for learning to
oceur; or both. The researcher also observes that, moreover, the
lack of effectiveness of the treatments may be due more to time and
number of sessions than a result of activities employed or subject's
level of maturity.

In the pércgptuai treatment, activities placed primary emphasis
on development of the concept of "same" with respect to 1-1 corres-
pondence, vhereas in the numerical treatment, activities placed equal
emphasis on the concepts of "same," ''more," and "less," Thus, a
unified single-concept emphasis appears to be more effective in the
initial establishment of basic mathematical skills and concepts with
4~ and 5-year-old subjects of lower socloeconomic status. This may
explain the unexpected failure of the numerical treatment to facili-
tate acquisition of the mathematical and conservation-related skills,

The researcher further discusses an explanation for the greater
success of the unified single-concept emphasis of the perceptual
transformation tréatment by drawing on and integrating the research
regarding children's understanding of the relational terms used in
questioning procedures with either Pilaget's equilibration theory or
a learning theory description of the formation of response sets,
Results of previous investigations (Bedilin, 1965; Pratoomraj and
Johnson, 1966; Siegel and Goldstein, 1969) of young children's (ages
4 to 7) understanding of relational terminology indicate that although

these children seem to understand the relational terms "more' and



"less," the majority do not understand the meaning of "same." Within
Plagetian theory, this suggests that in a situation where all three
terms receive approximately equal emphasis, the children may tend to
focus on the familiar aspects of the situation (i.e,, their under-
standing of "more" and "less" meaning 'different"), They assimilate
(rather than accommodate) the unfamiliar term "same" (especially
when it is used in relation to perceptual transformations) into their
existing schemata of "different" without recognition of how the two
"differences" were brought about (i.e., operation or transformation),
In the perceptual transformation treatment, however, the consistency
of emphasis on the unfamiliar concept and terminology (''same") may
have prevented assimilation, thus resulting in disequilibrium. In
order to resolve this disequilibrium, subjects were forced to accommo-
date their thinking and thus "learn" the meaning of "same." Similarly,
from a learning theory basis, it;might be suggested that in the numer-
ical operational treatment there was a greater opportunity to respond
to changes, and therefore differences, that can be described by
familiar terminology ("more" or "less"), This established a response
set that was then generalized to unfamiliar "changes" (transforma-
tions) and corresponding terminology ("same"). Again, in the percep=
tual transformation treatment, the consistent attention to, and
emphasis on, the unfamiliar concept of "same," without the inter~
fering familiarity of responses to "more" and "less," may have pro-
vided the necessary practice in making the correct responses required
for the establishment of an appropriate response set to "same.”
Finally, the researcher comments that although it is not possible
to explain completely the differénces between the numerical and pgf-
ceptual treatments, the specific findings with respect éa lack of
effectiveness of the numerical treatment have educational importance.
It is concluded that, in view of no success in establishing an under~
standing of numerical constancy nor in facilitating development of the
basic mathematical and conservation subskills of 1~1 correspondence
and the concepts of "same" and "more" in relation to number, that a
change in the type of basic mathematical readiness experiences provided

for 4- and 5-year-old children of lower socioeconomic status appears needed,



Abstractor's Comments

The first reaction I had to the study 1s that it is tedious and
complex. However, after some study and thought, I came to view the
study as one which looks at an important aspect of mathematics learn~
ing (children's development of understanding of numerical correspon-
dence and equivalence), was well-formulated, and was carried out quite
nicely. The rationale seems plausible and seems to provide a sound
basis on which the study was conducted, and the design and procedures
were clear and straightforward. As such, the research has all the
elements of an excellent investigation,

But there are several observations and reactions that seem in
order. Not much is reported regarding the actual interaction between
instructor and subject, In studies such as this, I want to know more
about what 1s actually said to the subject and how the subject responds.
For example, does language (communication) get in the way and provide
difficulties for the subject? And how is the response or reaction of
the suﬁjéét to the Instructor to be interpreted? I would find more
information aiang these lines helpful and, perhaps, useful in explain-
ing the results, Also, a session lasting just 15 minutes strikes me
as a rather short period of time, taking into consideration that a
very young subject has to receive a communication, process it, and
prepare a response for interpretation by the instructor,

The researcher observed that the lack of effectiveness of the
two treatments may be due to time and number of instructional sessioms,
more so than to the activities employed or the children's level of
maturity, I tend to agree and am tempted by the notion that more
sessions would yield the results expected in the beginning, This
provides the basis for a follow~up study, But related to this, I
would also like to know more about the activities themselves-~a more
thorough description would have been useful.

I, with the researcher, am also tempted by the notion that the
numerical treatment is indeed a more complicated treatment from the
subject’s point of view, since it involved equal emphasis on the

concepts of "same," "more," and "less." There is more chance of
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canfusian and more understanding required of numerical treatment
subjects than perceptual treatment subjects, This difficulty could
be remedied, perhaps easily, in a follow-up study.

I am not sure I'm ready to accept the researcher's last conclu-
slon that a change in the type of basic mathematical readiness
experiences provided for 4- and 5-year-old children of lower socio-
economic status appears varranted. To begin with, is much known
about what the basic mathematical readiness experiences of such
children are? And 1if so, how are these experiences to be modified?
It would have been interesting to read the investigator's thoughts

on these questions.
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CampbrelX®, Patricia F. TEXTBO-OK PICTURES AND FIRST-GRADE CHILDREN'S
PERCEPTEON OF MATHEMATICAL, REIATIONSHIPS. Journal for Research in
Ha thedatics Educatdom 9: 368-374; November 1978.

Abstract anid comments prepared for I.M.E. by H. LAVERNE THOMAS,
State Univers ity of New Yotk €ollege at Oneonta.

1. Ruepose :
ThEs dnvestigatfon scudied the effect of pictures and illustrative

mode on the perception of mathematics textbook pictures by first-grade
chzlldrere, The reiationship between the ability to tell a story about
8 pleture of a sequence of thTee pictures and their ability to describe

the pdcture(s) by wsing a zumber sentence was also studied.

2. Ratlomle

The presence in many curxent primary mathematics texts of pictures
intended to convey nathematical concepts to students in a dynamic
fashion vas taken 23 a mot-dvation for this study, Reference is made
to prdor studdes regaxding features within pictures influencing
ch£ldzen 's inferpretations and forms of pictorial representation that
are optimal 1IN conveydng concepts. Other research quoted suggests
Very gradual developnent among young children of the ability to per-
cefve Implied motion dn static pletures, Also, ability to infer
TelatAonships among 1l1lustrated chafagtc?fs is slow to develop. These

- charactexistics are asserted to be necessary to the perception of

mathemat dcal relationships frem dynamic illustrazions,
3,  PResearch Desig:

The {Llustrative modes studied were (a) stylistic (personified
anfnals or dnanimate objects) and (b) realistic (representations of

Persoris) » Numbet sentences were represented in these modes by both

and Procedures

a gequence of thxee {Llustrations representing a dynamic situation
(Joinfng, separatizg) and a single illustration in the sequences

gentioned, Parallel Lllustratioms for five addition and five sub-
ﬁrgi;ti;oh nogber senteraces weére constructed in each mode. A set of

£five response caxds accompanied each illustrative sequence or single

23



10

picture, the set containing one card with a correct number sentence
and one card for each of four diéttagtars, These caxrds were used
for subjects in a forced-choice response mode. The second response
mode required subjects to generate a number sentence to fit the
gituation illustrated. Each subject responded to ten situations,

A factorial design was employed with number of pilctures,
illustrative mode, 4and response type as factors, Héwever, the number-
ments: five single illustrations followed by five sequences, and vice

versa., Thus 4 x 2 x 2 = 16 treatment groups result as illustrated

below:
Presentation Illustration Response
10 single '
10 sequence ) Stylistic Forced choice
5 single~5 sequence X Realistic X Generated

5 sequence-5 single

From a random sample of 96 first-grade students from two elemen-
tary schools, a ranﬁ;m aésignment was made of six students to each
treatment group. Each subject was given the treatment with immediate
testing on each item as to two outcome variables: score on a story
descrdbing the situation depicted and a number sentence score.

~ Completion Qf'theiinterview usually occurred in 15 minutes or less,

Data wéré analyzed by non-parametric methods because of concern
for normality. The Kruskal-Wallis (two-sided) and Hann—WhiEnay U
(cne-sided) tests of signifieance vere employed. Total scores (story

scores, number sentence scores) for each student were employed. |

4, Findings
No significant effects were found for illustrative mode or number

of pictures (single, sequence, or mixed) on either story response
scores or number sentence response scores (@ = .05), A significant
ef fect on number sentence response scores favoring the forced~choice
response mode was observed (p <.001).

. Post hoc analyses indicated the following:

14
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(a)

“(b)

(c)

11

Subjects responding consistently to at least 7 of the 10
similariitéms showed a significant association (Chi-square,
P'%.?Q2§)ibétwe2n story response scores and number of
plectures (sequeﬁce or single).

On the last five responses, subjects who had received five
sequences scored significantly better on story responses than
those whose entire presentation consisted of single pictures
(Mann-Vhitney U test, a = ,025, p = ,0103).

Correlations (Kendall) of number sentence scores with Key
Math test scores (given upon ehﬁefing first grade) and with
story response scores revealed correlations of ,28 and ,21

respectively.

Interpretations

(a)

(b)

()]

(d)

The complexity of "'stylistic" pictures does not hinder
abstraction of mathematical relationships. Thus "stylistic"
as vell as "realistic" pictures should be employed in primary
mathenatics textbooks.

The influence that viewing sequenced pictures has on the
&tovy response scores on éubsequent single picture illus-
trations implies that the use of sequenced illustrations
should precede single pilctures in primary textbooks,

Further research regarding the effect of number of pictures
(sequential, dynamic, to portray a particular mathematical
relationship) 1s needed.

Investigation of the relationship of the Plagetian conserva-
tiou tests of cognitive development to pilcture interpretation
skills was suggested since the investigation of relationships
with Key Math 2gores was non~productive. And, also, the
analysis of the mathematical content of the plctures employed
seems to rest on some understanding of part-whole-relation~

Ehipg '
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Abstractor's Comments

Thex research zeported 1s of such a nature as to have immediate
reRevance to the construction of primary mathematics textbooks and
otbher printed instxuctional materials. Although not specifically
nenitionead, the questions raised are generally significant to the
whe) tuinous "worksheet' or "activity" sheets employed by primary
teachers of mathematics, Generally, this study provides some useful
informatc{on Lm chese directions.

However, a number of questions need to be raised regarding the
Tesmeaxch repoxterd, Some of these are probably created by the brevity
of tl{é, report arad the abstractor acknowledges that the researcher was
opeara £iz:g cander considerable restraint in this regard,

At was not clear from the report how the sequencing of addition
an@ swbtriction instances was handled, Were there five additions
fol logded by five susbtraction instances? In particular, how was this
fendled for the "wixed" presentations of five single and five
Sseguerices of Ehree plctures? With respect to the presentation of
the: fAve ckrolces ire the foxced cholce response mede, what is meant
By dalancimg the order of presentation ¢f choices across the 10
Begiepices! Were they balamced randomly or systematically? 1Is "10
sequenices” the proper refexent? Xs not "10 items" the proper
xeferent? Almo, was the scoring procedure for number sentence
j:e’ggmziaéfa a tight/wrong process (it appears that it was) in beth
modes? Wihgt weas the scoring procedure for the story responses?

Perbays more s ignificantly, the study suffers from t};e lack of
Aasrong rytiomle or theoretical base. In this context, the
£bs ﬂ:réict::nr sugzge sts that a rationale based upon mweaning could pro~
vide gupport and add powver in analyzing the results of the study,
For exanple, Chexe seemed o be an underlying assumption that
*stwlgstAc" {Llustratdons would be less meaningful and hence would
pe degs wel 1 reported in terms of both story and number sentence
responsesx, This vas mot the case. In the abstractor®s view this
L5 &n expec ted result since both illustrative modes appear stylistic
—~~the persoms poxrtrayed hawing little 1f any more "personality' than
che personl fled animals or objects, What 1a "weal" to a child?

18
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Also, from the illustrations seen, the complexity of the "stylistic"
1llustrations is no greater than that of the '"realistic' ones.

On the other hand, the improved story responses on single pic-
tures following viewing sequences would seem to indicate a higher
level of meaning for such sequences which was transferred to or
projected upon the following single picture illustrations. That
this effect did not carry over teo number sSentence response scores
is a little surprisiﬂg.' However, recent work by Greeno, Mayer,
and others would suggest that if the task were different, the effect
" of a different level or type of meaning in the situation would te
reflected in differential perfornance, For example, generating a
number sentence to fit an illustration is a higher oxder activity
than selecting a response to fit it. Was there such a diffetrential
effect in evidence when contrastimg sequential illustrations with
gingle pictures?

Another level where meaning would seem to be involved is the
story response requested for each illustration, A high story
response score should indicate a high level of meaning which would
be reflected in higher number sentence scores. That this did not
occur may indicate no effect of meaning, an effent that was "washed
out" in the design since everyone gave a story rasponse-~this being
the critical factor rather than the particular response, or an
effect not tested by the number semntence task,

It would be interesting to see a follow-up study which addressed
these issues directly in the design; for example, effect of story
response required or no story response required on numbe® sentence
scores, as well as an interactive effect of sequential vs, single
plctures vis-a-vis forced choice vs. generative response number

sentence tasks,
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Coward, P. ¥. ELECTRONIC CALCULATOKS IN FURTHER EDUCATION. Mathematics
Teaching 82: 26-28; March 1978, ) ’

Abstract and commemts prepared for I,M.E. by ZALMAN USISKIN,
University of Chicago. -

1. Purpose

. The styudy attempted to gather "quantitative evidence of studenmts'
performance with calculators,” Because attitudes and arithmetic achieve~
ment were felt to affect each other, the'stﬂdy involved both of these

variables.

2,  Rationale

The pocket calculator is perhaps the most Eignifiéaﬂt change in
the learning environment in the mathematics classroom in recemt years.
It affects both the engineer and the consumer. Yet the extent to
which calculator use enables a student to pursue his [or her] studies

with greater efficacy is not known.

3. Research Design and Procedures

Two different samples were used. For the achlevement study, the
sample consisted of 414 students attending Doncaster College of Tech~
nology, including school children and part-tiume students, It was
assumed that .these students are generally typical of the student
population of the ﬂaunéry (England) as a whole. TFor the attitude
gtudy, the sample consisted of twenty staff members and thirty-twe
students.

For the achievement study, a test of forty arithmetic items
taken from engineering, business, ind other sources was prépared.
"There was a general trend of complexity from simple addition through
percentages, powers and Pythagoras to the solution of a quadratic
equation. It is emphasized however that no item required anything
of the student other than arithmetic manipulatdion.'" This test was
given twice to each student with a one-week interval between admin-
istrations. On the first aduinistration, no calculators were allowed,




-
[T

Before the second administration, each student was allowed up té one
hour's practice with an SR-10 calculator. Twenty-four statements were
offered on the attitude quéstimﬁﬂaife,iaiﬁh subjects responding by
expressing agreement or disagreement on a five-~point scale. Written
comments could be appended to the questionnaire,

Neither sample was random. Students in the achievement study
sample were given the tests in their classes and the researcher "sought
to make it as representative as possible by including students in a
wide range of courses and disciplines, of both sexes and of all appro-
priate ages." The students in the attitude study were not volunteers
but were selected in twos or threes "'from various classes."

In achlevement, the percentage of improvement for each student
and mean scores for the pre-test and post-test groups were calculated.
These scores were analyzed also for common course subgroups of the
original sample. Analysis showed weak internal consistency of the
items on the questionnaire, so reporting of attitudes was limited to

the written comments,

The pretest achievement scores had a mesn of 16.28 and a standard
deviation of 8.05. TFor the posttest, the mean was 27,19 and the stan-
dard deviation was 6,25. Subgroup nean scores improved from 16.5
percent to 128.6 percent, with many groups showing over 99 percent
imprevement.

It was noted that many could not complete half of the pretest
within the allotted hour, while that time was sufficient for all on
the posttest. '

Written comments on the questionnaire included (among others)
that use of calculators allowed more time to be spent upon principles,
gave students more confidence, increased interest, lessened fatigue,
forced greater understanding of accuracy, and lessened the use of

mental arithmetic.

13




16

5. Interpretations
The main conclusions were (1) "the use of a calculator does improve
students' arithmetic performance. Further, the improvement is substan-
tial and the statistical significance is very high; (2) the less able
students show proportionately about twice the improvement of the more
able." The investigator felt that the second conclusion was particu-
larly significant, in that this betterment of performance would help
the student psychologically in terms of his [or her] further educationm,.
The increase of interest referred to by many on the questionnaire
could be attributed to interest in the calculator itself or to the
subject matter. Interest in the calculator itself may simply be due
to the powerful visual stimulation caused by the illuminated and
changing display. |
Whether less use of mental arithmetic was good or bad was felt
to be related to fundamental philosophical questions regarding the
aims of education.

Abstractor's Comments

The regért of this study is sketchy and brief; it could fit on
five pages of I.M.E. 'Missing are many aspects crucial to an intelli-
gent consideration of the results, For example, what were the items
on the test? It is difficult to imagine a problem invoiving the
Pythagorean theorem which requires nothing of the student other than
arithmetic manipulaticon, How many studanté were in each of the sub-
groups of the sample? Who were the faculty members used for the
questiénnaire? Was it faculty or student comments which the investi-
gator chose to relate in his report? What were the items on the
questionnaire? Who prepared the items on either instrument and why
wasn't a standardized instrumént used?

Even a more complate report would not have corrected the major
shortcomings in the study itself. The first concerns the research
design. The investigator noted that a student could not have "memor-
ized forty examples for a week, having worked them once under test
conditions, ..." Yet a student could easily have remembered general

20
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shortening the amount of time needed for items on the posttest. This
could have been ;ﬂrfegted by randomly dividing the sample into four
groups whiéh took tests under the conditions W-WO (with calculators
the first time, without the second), W-W, WO-WO, and WO-W, or by
simply changing the test,

A second shortcoming concerns the length of time given to do the
problems., Ostensibly the study was one of efficacy, i.e., to what
extent does the calculator help a student with arithmetic calcula-
tions? Yet it is reported that '"many ... scarcely completed one-
half of 1t [the pretest]."” Thus, although the overall mean score
improved froum 16,28 to 27.19, 1t is pnot clear what impravemént)(if
lany) there was in the percentage of correct answers among all those
that were attempted. So it is possible that speed of calculation,
and not the extent to which the calculator allowed the student to
concentrate on strategy, was being measured.

Finally, it is not clear that there was suitable rationale for
undertaking this study. The year in which this study was undertaken
is not given, but we may guess that it 'was a recent study, done after
many comparison studies of performance with and without calculators.
The investigator makes no reference to related studies, vet there
are presently many such studies, some of which are more carefully
done and could have shed light on the general questions about which

the investigator was curlous,

21



18

Doblin, Stephen A. MAPP: A MATHEMATICS PLACEMENT PROGRAM. Educational
and Psychological Measurement 38: 831-833; Fall 1978, '

. Abstract and comments prepared for I.M.E. by JOHN R. KOLB,
North Carolina State University.

1. Purpose
The investigator developed a computerized system that utilizes ten

welghted scores or characteristics of each entering college freshman at
the University of Southern Mississippi (USM) and recommends their place-

ment in a mathematics course,

2. Rationale

Placement of an Eﬁtéting student in a mathematics course at USM
had previously been based solely upon the student's American College
Testing Program (ACT) examinatién score and an interview with a faculty
advisor. N@nemathématics;majars were ‘advised by faculty from the
departments in which they were majoring or by admissions counselors.
As a result, many students were advised by individuals who had little
knowledge of the content of the wathematics courses or the preparation
they require. Students were frequently placed in courses for which
they were underprepared or in courses that seriously duplicated their
existing knowledge. Thus, an effort was made to develop a placement

procedure that would correct some of these deficiencies.

3. Research Design and Procedures

~The criteria established for a new placement program were: (a)
to consider factors other than the ACT score that may in fact be
better predictors of success in mathematics; (b) to include a
locally-developed algebra/trigonometry placement test; (c) to con=
centrate solely upon placement in calculus I and lower-level courses;
(d) to recommend only one specific course; (e) to invite dialog
between the student and a faculty advisor; and (f) to ?133& consis~
tently a student in a mathematics course in which he or she has a

reasonable chance of success.
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The product that was constructed to meet the criteria above 1s
called the Mathematics Placement Program (MAPP). It consists of two
COBOL programs: one that descrambles information from an optilcal
acanner tape and the second that uses blographical data and test
scores to recommend a mathematics course. Recommendation of the
mathematics course is based upon the following weighted factors:

1. Score on algebra placement test

2., Score on trigonometry placement test

3. Mathewmatics ACT Score

4. Composite ACT Score

5. Number of years of high school algebra taken

6. Number of years since high school graduation

7. Mathematics grade-point average in high school !
8. Registration or lack of registration in a mathematics

course during the previous term
9. Identification of high school attended
10. College at USM in which enrolled,
MAPP has been used since the summer of 1975, All freshmen enter-
ing USM take the placement test and provide all the required informa-
tion on a standard optical scanner form. The MAPP computer program

grades the placement test and, using the information i::favidéd; prints
out a recommended mathematics course which 1s given to the student.
4- Findiﬂ E

. Data are reparted only for those students who registered for a
riathematics course in the Fall Quarter following the summer in which
they participated in MAPP. Successful placement was defined as earn-
ing a grade of A, B, or C in the course in which the student was
advised to enroll. Excluding incompletes, continuing students, and
withdrawals, 242 individuals were monitored over a three-year period
of which 88 percent were reported to be successfully placed as defined

above,
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5. Interpretations
The success rate was felt to be relatively high and the MAPP was

described as adequately serving the purposes for which it was intended.
Efforts would be continued to monitor results and update the factors,

weights, and test questions.

Abstractor's Comments

This is a developmental study in which a specif fic produce is con-

structed to speclfications to fulfill a local need. The need identi-
fied here, that of improved placement, is a common one and so the
developmental procedures followed are of interest as well as the
effectiveness of the product itself. ,

No information is given on how MAPP was actually developed. There
is no indication given of what pool of factors were originally consi-—
dered or on what basis factors were selected or rejected to arrive at
the final ten. In addition, no description is provided concerning the
statistical techniques employed in the computer programs to weigh the
factors and combine them to produce a recommended mathematics course.
Thus, any person who may need information about the methodology of this
study would have to communicate with the investigator, for the report
contains no description of the developmental procedutres,

A second consideration in a developmental study is the effective-
ness of the product. Here data are lacking. We are told that 88
percent of those students who enreolled in the recommended course
achleved an A, B, or C. This may represent a good achievement record
for those students but it may not be an appropriate measure of the
success of the placement program. How many of the students making
A's, B's or C's made them because they were placed in a course at a
lower level than they should have been? How many of the withdrawals
and incompletes (who were left out of the data) were a result of thé
placement program? All of these would represent placement eXrors
that could lower the 88 percent figure. How does the success rate
of MAPP compare to that under the former placement program?

Clearly, this article reports an endeavor that was.neVEf intended

as resgearch but was a reasoned response to a perplexing problem that
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resulted in a new product (two computer programs) and a new placement
procedure (MAPP). The users arelsatisfied that it is an improvement
over previous practice based upon thelr experience with it and they
are reporting their results as an aid to others who may wish to

follow a similar course.
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Eghel, Yohaman and Klein, Zev. THE EFFECTS OF INTEGRATION AND OPEN
EDUCATION ON MATHEMATICS ACHIEVEMENT IN THE EARLY PRIMARY GRADES IN
ISRAEL, American Educational Research Jourmal 15: 319-323; Spring
1978. '

Abstract and comments prepared for I.M.E, by JAMES E, BIERDEN,
Ehode Island College.

The purpose of this study was to examine the effects of both
classroom integration and a version of open classroom procedures on

the mathematics achievement of first- and second-grade pupils.

2, Raﬁianalg ‘
The study was part of a longltudinal investigation of both the
effects of integration of lower- and middle-class students and the
effects of open classroom practices on the achievement of elementary
school children in Jerusalem, Israel. An earlier report of the pro-
jeet had indicated the following: S
(a) Lower-class children, who were integrated into classroons
with a majority of middle-class children, achieved at é
significantly higher level at the end of first and second

3

grade than similar lower-class children in homogeneous
lower-class classrooms,

(b) The effect of an open classroom intervention was most pro-
nounced at the end of the second grade. Lawataclass
children in integrated classrooms utilizing the special
program were similar to their middle~class peers in achleve-
ment, Lower-class children in iﬂtegéated classrooms with
no special intervention performed at a lower level,

(c) The achievement of middLEEQJasé children in integrated
classrooms was not negatively affected,

The present study was an attempt to Iinvestigate more specifically

both the stability and the components of these effects.
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3. Research Design and Procedures

The first- and second-grade classrooms used as the experimental
group in this study had been organized in the form of "activity-
oriented classes." The &efiﬂing characteristics of these classrooms
were measured by an observation schedule developed by the authors.

The characteristics observed were similar to those reported in studies
of U,S. and British open classrooms, It was found that the "activity-
oriented classes" differed from more traditional classrooms in class-
room management characteristics, pupil involvement, and affective
dimensions.

For the purpose of the study, all children were designated as
either lower-class (LC) or middle class (MC). This division was made
along the lines of parent education and cultural background. Schools
with 40 percent to 60 percent MC children were classified as inte-
grated schools; schools with a lower percentage were classified as
homogeneous. Control schools were matched on the following dimen-
siong: percentage of LC children in the classroom, socio-ecounomic
status of parents, academic level, school reputation in the community,
and religious or non-religious classification of the school. The
study sémple involved 1,143 children from eight schools, four exper-
imental and four control, THE control groups did not include homo-
geneous, MC schools with open education programs or homogeneous, LC
schools without the program, Suiltable data from such schools were
not avallable at the time of the study. ,

The. mathematics tests contained items both on arithmetic skills
and more abstract basic mathematical operations. Reading comprehen-
sion tests were also administered, but a ceiling effect precluded
analysis of the variability. The study was conducted in the Spring
of 1972 when the project had been under way for three years.

4. Findings
The effects of type of school and grade level were examined

separately for LC and MC children. A 3x2 analysis of variance
indicated the following significant effects for LC children:
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type of school F (2,347) = 24,59, p<.,001

grade F (1,347) = 21.64, p<.001

type x grade F (2,347) - 7.32, p<.001
The interaction effect 1s accounted for by the increasing gaps in
achievement among students in the three types of schools at the
second-grade level.

Analysis of MC scores found a significant effect of type of
school: F (2,733) = 14,92, p<.001, This effect was accounted for
by the lower achievement of pupils in the homogeneous traditional
schools. The interaction between type of school and grade level

was not significant: F (2,733) = 2,49,

5. Interpretations
The data suggest that integration had a positive impact on the

achievement of LC children, while the open classroom seemed to be
differentially effective, depending on classroom social setting,
The nature of the interaction remains unclear, The authors caution
against generalizing the results baéause of the specific meanings

given to the terms "integratign" and "open class+ =" in this study.

Abstractor's Comments

The abstractor's reactions to this study are ambivalent at best.
On the one hand there is prailse for this type of research for both
educational and social reasons. On the other hand, the method of
reporting the study raises a number of questions which dilute its
findings.

There is a definite need for the type of action research des-
cribed in the study. The authors call it a "natural experiment,”
because the program studied arose in response to a particular set of
educational and socio~political conditions rather than as a vehicle
for research. It 1s often the case that programs which begin in this
way are not subjected to the close scrutiny and analysis given by”
well-designzd educational research. In the absence of such research
and evaluation, these programs fall back on subjective arguments for

their continuation or demise. The abstractor has seen examples of both,




Dﬂé of the dangers of action research is thaé all of the pieces ~—
of a complete experimental design may not be in place for the inves;' ?
tigator. In this study, the lack of sufficient types of schools for
the control groups and the imprecision associated with the variables
"integration" and "open classroom" were recognized and acknowledged
by the two researchers. However, even in these situations educators
can use such research to help them understand what is happening in
their programs and to give them data for making decisions about
future program directions.

The social implications of the study also commend it. The concept
of integrated schools has taken on a rather narrow definition in the
United States. This study, since it takes place in Israel where there
 are different soclological factors in the make-up of school popula—-
tions, serves to expand the issues surrounding the relationships
between integration and achlievement,

Having praised the study for what it tries to do and for the
important issues it addresses, the abstractor still feels the need
to criticize the lack of information givén by the researchers. The
apparent positive impact of integration on the achilevement of lower-
class children is based on the results of mathematics achievement
tests, Since these tests were so crucial to the results of the
study, there should have been more discussion of the instruments
themselves, .

The description of the tests is given in one sentence;: ''The
mathematics tests contained items centering both on arithmetic skills
and the more abstract mathematical operations." In the absence of
any more information, the following questions can be raised:

1, Since this study involved children from various socio-

economic gréups, was there any cultural bias in the tests?

2, Did the open classroom effect have any bearing on test

performance: i.e., were the testing procedures the same
for both experimental and control groups?

3. Would the results have been different 1f subtests of
arithmetic skills and abstranct operations had been

analyzed separately?



4, Since this was a longitudinal study, to what extent does
the test-retest effect enter into the results?
Investigations of relationships among academic achievement,
classroom procedures and social groupings continue to be an important
facet of educational research., The present study could have contri-
buted more to our understanding of these relationships if more care
had been taken in reporting both the design of the study and its

resgults.
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Ethelberg-Laursen, J. ELECTRONIC CALCULATORS AND ARITHMETIC: TWO
INVESTIGATIONS. AN EXPERIMENT IN DANISH SCHOOLS. Mathematics Teaching
82: 24-25; March 1978.

Abstract and comments prepared for I.M.E. by EDWARD C. BEARDSLEE,
Seattle Pacific University, Washington.

1. Purpose

The intent of this study was to determine if calculators could be
used with eight-year-old students to teach addition, subtraction, and

multiplication.

2. Rationale

The researcher had used calculators with children aged 13 and older,
but he was interested in whether the calculator could be used in the
primary classes with eight-year-olds where multiplication is introduced.
Also, since many teachers had used the calculator with older children,
the researcher was interested in what effect the calculator would have on

introducing concepts to children.

3. Research Dsign and Procedures

Six different schools were used in the study. Four classes of eight-
year-olds were selected for the experimental group, one doing traditional
arithmetic and three doing “méde:n mathematics", and a similar four
classes acted as a control group. Six other classes formed a second
control group.

All classes were given a test on 100 number facts (addition, sﬁbtrac;
tion, and multiplication) in June 1975. In the new school year, the four
experimental classes began using their calculators. The control classes
were asked not to use calculators in their lessons. The teachers of the
experimental classes were asked to use the machines as an aid on equal
terms with other teaching materijals, for checking addition and subtraction,
and for solving problems using "eviiryday' realistic numbers that were
otherwise unmanageable. Multiplication was taught as repeated addition;
the multiplication key was not used until later.

Each teacher decided how much use to make of the machines. At the

end of the year, all classes were tested on sddition, subtraction, and
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multiplication, both mechanically and in problem solving, without using

calculatozs.

4. Findings

The dnvestigator reports the number of mistakes made by ranges
(e.g., 0-3 errors, 4-9 errors, 10 or more errors). He also reports the
average time in minutes for taking the test and the number of pupils
who did not attempt a stated number of questions. No statistical analy-

ses were performed.

5. Interpretations

mental group performed nc worse than the control group; hence this is
an answer to those critics of calculators who maintain, without evidence,
that standards in arithmetic will fail if calculators are used. He also
stated: "For me there is no doubt about the place of calculators in

teaching."

Abstraétor's Comments

This investigation is not an experimental research study; to critique
it as such would consume more pages than were used in the original report.
As was noted, no statistics were used to analyze data, the experimental
treatment was haphazard, and the investigator based his conclusions on
observing raw data and his feelings. Hence, this study should not be
used in the body of research literature which will be used to support (or
refute) the use of calculators in instruction.

However, this investigatlon appears to have been done by a classroom
teacher, using existing tests. More investigations of this type would be

useful provided they adhered to accepted educational research practices.
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Haylock, Derek W. AN INVESTIGATION INTO THE RELATIONSHIP BETWEEN
DIVERGENT THINKING IN NON-MATHEMATICAL AND MATHEMATICAL SITUATIONS.
Mathematics in School 7: 25; March 1978,

Abstract and comments prepared for I.M.E. by RICHARD LESH,
Northwestern University.

1. Purpose
This study attempted "to relate the notions of fluency, flexibility
and originality to pupils' responses in open-ended mathematical situa-
tions." In particular, it attempted to find support for the following
equation:
MATHEMATICAL
GENERAL SKILL AND _ MATHEMATICAL

CREATIVITY '  KNOWLEDGE = CREATIVITY

2. Rationale
General creativity tests, evaluating students for fluency, flexi-
biiity, and originality,

are now well established instruments in the educational
psychologist's toolbox. Linked with these tests is the
notion that divergent thinking plays a large part in an
individual's creativity. Although mathematics is most
naturally associated with convergent thinking . . . a

nimber of authors . . . are now finding a place for
"creativity" within their objectives for mathematics teaching.

")

Research Design and Procedures

A totdl of 136 pupils aged 14-15, with a comprehensive ability range
excluding those of lowest ability, were given a series of five tests
designed to investigate the relationship between divergent production in
non-mathematical and mathematical situations.

Tests 1 and 2 were selected from the Minnesota batte%y of Tests of
Creative Thinking. In Test 1, pupils were required to list the most
unusual, interesting, and clever ideas they could think of for using tin
cans.’ In Test 2, they had to sketch as many objects as possible which-
contained a circle as a main part. Both tests were scored for fluency
(number of appropriate responses), flexibility (number of different cate-
gories of response used), and originality (a score obtained by féﬁarding

a response according to 1ts infrequency).
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Test 3 was a multiple-choice mathematics attainment test deéignéd
to sort out those pupils who "knew enough mathematics' to make a reason-
able attempt at the mathematical creativity tests.

Tests 4 and 5 were two open-ended tests of divergent thinking, one

flexibility, and originality in a way similar to Tests 1 and 2. The
geometry test required the pupil to make as many statenents as possible
about a designated line segment in a drawing. The arithmetic test asked
the pupil to make the number "8" in as many different and interesting ways
as possible (some examples for "9" were given in the question). Marking
of this test presented some problems. Clear repetitions of the same idea
were discounted even for calculating a fluency score. For flexibility in
this context, pupils must dig into their mathematical experiences and
select a wide range of different ideas. Many pupils produced only "a mass
of complicated sums with the answer '8'". Others made use of number bases,
logarithms, zero, negative numbers, fractions, decimals, trigonometry, and

exponents; 35 such concepts were used and rewarded for originality.

4. Findings _
The two "general creativity" tests gave moderately high correlations

between themselves: 0.45 for fluency, 0.44 for flexibility, and 0.49 for
originality, all significant at the 1% level. Similarly, the two "mathe-
matical creativity' tests gave moderately high correlations between them-
selves: 0,50 for fluency, Gg57:fgr flexibility, and 0.43 for originality.
Scores first for Tests 1 and 2 and then for Tests 3 and 4 were combined
to-give general creativicy scores for fluency, flexibility, and originality.
Test 3 was then used to sort out the students who knew enough mathematics
and demonstrated sufficient mastery of skills to make a reasonable range
of answers possible in the open-ended tests. Fifty-two pupils scored full
or nearly full marks on this test, but their scores for mathematical
creativity ranged across as much as three standard deviations. For the .
52 pupils, the correlations between general and mathematical creativity
were near zero: 0.08 for fluency, 0.06 for flexibility, and 0.06 for
originality,

34



31

5. Interpretations
Haylock noted that the correlations between the tests "were high

enough to suggest that there was 'something there' that these two tests
were measuring, even if it is somewhat presumptuous to label it 'mathe-
matical creativity.'" '

He concluded that

Creativity within mathematics then would appear to be a
specific ability; success in open-ended situations in mathe-
matics, measured by fluency, flexibility and originality
scores, cannot be attributed to a simple combination of
success in general divergent thinking tasks plus sufficient
mathematical skills and knowledge. . . . If we are to make
the fostering of creativity one of our goals in mathematics
teaching, we need to be clear about what we mean by this
term, try to understand better how creativity functions
within mathematics, how this is related to other intellectual
factors, and seek to develop ways of assessing and rewarding
mathematical creativity in our classrooms.

Abstractor's Comments

Haylock's study was concisely reported, clearly written, and well
designed, and it addressed an interesting issue. Incidentally, it was
also based on an M.Ed. dissertation at the Centre for Science Education,
Chelsea. Very commendable!

Paychological descriptions of people have for a long time centered
around the premise that people have tralts, personality traits and cogni-
tive traits, that endure and that are manifest in all situations. This
notion is currently under strong attack, particularly in personality
theory. Haylock's study furnishes a rather strong argument calling for a
reassessment of the kind of content-independent abilities and processes
that have dominated research on problem solving and concept formation.

It is common to meet unusually intelligent and highly educated
people who claim to lack a "mathematical mind". The presumption is that,
regardless of a person's stock of prerequisite knowledge and prior train-
ing, there are certain underlying abilities that are unique and specific
to mathematics, and that people who lack these abilities (eQen though
they may perform outstandingly in other areas of thought) may be restricted
in their ability to reason mathematically. On the other hand, the exis-
tence of cognitive abilities that are unique and specific to mathematics
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and not simply attributable to "lack of knowledge concerning prerequisite
facts" is by no means universally accepted among psychologists, mathema~
ticlans, or educators. l

Although a number of studies have claimed to furnish evidence that
abllity in mathematics is distinct from general intelligence, the influence
of non-ability factors like "motivation and interest", "prior training
or practice in specific content aveas", and "lack of specific bits of
information or specific prerequisite skills" has wusually been ignored.
. For example, Gagné‘s research (1970) suggests that, after differences in
prerequisite knowledge have been factored out, mathematical abilities may
be nothing more than specific manifestations of general intelligence.

Several mathematicians (e.g., Poincare, Hadamard, Kolmogorov) and
psychologists (e.g., Krutetskii, Binet, Revesz) have argued convincingly
for the uniqueness of mathematical abilities. Nonetheless, these indivi-
duals have been careful to distinguish between ordinary "school" ability
and independent, creative mathematical ability. For example, Kolmogorov
(cited in Krutetskii, 1976) stated that "ordinary, average human abilities
are quite sufficient for mastering--with good guidance or good books . . .--
the mathematics that is taught in secondary school" (p. 4). Krutetskii
vrites, "Anyone can become an ordinary mathematician; (but) one must be
born an outstanding, talented mathematician" (1976, p. 361).

In spite of the above claims, it is quite obvious that people who are
good problem solvers or who are creative in one context (or in one type
of situation, or in one discipline) may be average or below average in
another. Research like Haylock's supports the notion that people may

well form severe personae for different situations--family, peer groups,

school. The student's personality may be different at different times,

in different situations, in different mental and psychological states,

as a function of his or her particular agenda at the moment. Cognitive
performance may be moved upward and downward by load factors in the indi-
vidual and in the situations--e.g., noise, emotionality, distraction,
confusion, shyness, anxiety. So, students fluctuate in their apparent
ability depending upon the time and place. More research is clearly needed
in this area, and Haylock's study is a clear first step toward a more

sophisticated discussion of mathematical processes and abilities,
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Hiebert, James and Tonnessen, Lowell H. DEVELOPMENT OF THE FRACTION
CONCEPT IN TWO PHYSICAL CONTEXTS: AN EXPLORATORY INVESTIGATION.
Journal for Research in Mathematics Education 9: 374-378; November
1978. - -

Abstract and comments prepared for I.M.E. by A. EDWARD UPRICHARD,
University of South Florida.

1. Purpose
The present study investigated young children's initial under-

standing of the part-whole fraction concept within physical fePtesgnﬁ
tations of continuous quantity (length and area) and discrete quantity
(set/subset) . The purpose of this study was to replicate and extend
the work of Piaget, Inhelder, and Szeminska (1960) to determine if
Piaget's part-whole interpretation for the continuous cases of length

and area apply equally well to the discrete quantity case,

2. Rationale

Piaget et al, suggest that children's understanding of part-whole
and part-part relationships (length and area) proceeds through several
stages and 1s gulded by an "anticipatory scheme" which provides the
child with the ability to recognize beforehand the relationships
required in a subdivision problem. The scheme is first operational
in situations requiring only one dichotomy (halves), then extended to
successive dichotomies (fourths, eighths), and finally transferred to
situations involving thirds, fifths, and sixths.

Plaget et al. provide a conceptual analysis of fraction (contin-
uous quantity) to accompany the above described developmental progres—
sion of the fraction idea. The seven subconcepts of the analysis
(that are suggested to be logically and psychologically interrelated
to form a single mental construct) can be defined as the realization
that (a) the whole is divisible, potentially composed of separable
elements, (b) a fraction implies a determinate number of parts, (c)
the subdivision must be exhaustive, (d) there is a fixed relation
between the number of parts and the number of divisions, (e) theparts
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have a nesting or hierarchical character, (f) the whole is conserved
under subdivision, and (g) all pafts must be equal.

'If Plaget's conceptual analysis of continuous quantity tasks
(length and area) could be extended to the discrete quantity task

(set/subset), its usefulness for instruction would increase,

3. Research Design and Procedures

Nine children, ages 5 years 4 months to 8 years 0 months, were
each administered three tasks: an area task, a length task, and a
set/subset task. The tasks required the child to divide a quantity
equally among a number of stuffed animals seated around a table so
that the quantity was completely used up, The area task used a
circular clay '"'pie," the length task used a pilece of licorice, and
the set/subset task used penny candy (four times as many candies as
animals). All tasks for a particular child dealt with the same
fractional number, but the fractions between children were varied.
Two children received tasks dealing with halves, three children
received thirds, three children recelved fourths, and one child
received fifths. The individual interview sessions were videotaped
to facilitate a detailed analysis of responses. For purposes of
replication and comparison, the task formats and protocols in this

study followed closely those employed by Plaget et al.

4. Findings and Interpretations
Within-subject information suggested that the three physical
representations of fraction produced tasks of differing difficulty.

The set~-subset discrete case was easier than the continuous cases

of length and area. Complete and immedlate solutions to continuous

quantity tasks require vell-developed anticipatory schemes; children

can solve discrete tasks (set/subset) without treating the set as a

whole, Also, the set/subset tasks were immediately solvable on the

basis of number strategies (counting); length and area tasks were not.
Between-subject information was used to generate results péttainé

ing to the developmental sequence in understanding fractional numbers.
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In thg area repregentations, halves and fourths were successfully con-
structed by some cﬁildren, but thirds were not. With length represen=
tations the level of difficulty corresponded to the number of parts
(halves, thirds, fourths, fifths); successive dichotomy was not used
to subdivide length. All the set/subset representations were solved
with equal success regardless of fractional numbers.

The third set of results concerns the adequacy of Piaget et al.'s
conceptual analysis of fraction. The rssults from this pilot study
suggest that the analysis 1s only appropriate for continuous quantity
representations. Thus, the problem nf identifying one set of eriteria
that define a complete part-whole fraction concept across all physical

representations remains,

Abstractor's Comments

The authors used a clinical approach (structured interview) to
study an interesting problem: children's understanding of the frac-
tion concept (continuous and discrete cases). The investigation was
designed to be exploratory in nature rather than to confirm or negate
specific hypotheses. 1In a clinical investigation of this type the
significance or worth of the results relate directly to the tasks or
protocols used. Hence, the issues I raise with respect to the pre-~
sent Investigation focus on the tasks comprising the structured over-
view,

It's my belief that the number of tasks administered per inter-
view In this investigation was mot sufficient. For example, a child
received only three tasks per interview with each task involving the
same fractional number. I would suggest that at least nine tasks
ghould have been used: three area, three length, and three set/subset,
Within each type (i.e.,, area), the tasks should have focused on halves,
fourths, and thirds or fifths. This arrangement (protocol) would have
generated more interesting data for the within-subject analysis.
Further, a sample of parallel Easks on the pictorial or iconic level
ﬁaﬂld’haéé been included in the interview protocol. It would have

been interesting to observe if the counting strategy used by children
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in the set/subset tasks involving manipulatives was effective on the
pletorial level. I suspect that on a pictorial level a child might
be forced tﬁ think of the set as a whole beforehand (a la Piaget) in
order to subdivide it.

In sum, the present Investigation focused on a significant prob-
lem, and 1t was carefully implemented and reported: however, the
design could have been improved with minor changes. The changes
(see above) would have allowed the researchers a more in-depth
examination of the construct and may have yielded better insights

for future work.
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Meyer, Ruth Ann. MATHEMATICAL PROBLEM-SOLVING PERFORMANCE AND INTELLEC-
TUAL ABILITIES OF FOURTH-GRADE CHILDREN. Journal for Research in Mathe-
matics Education 9: 334-348; November 1978.

Abstract and comments prepared for I.M.E. by JAMES H. VANCE,
University of Victoria.

The purpose of the investigation was to identify a structure of
" intellectual abilities related to mathematical problem-solving perfor-

mance,

2, Bgtiggglg

The investigation grew out of an earlier study of concept attain-
ment abilities (CAA) at the Wisconsin Research and Development Center
for Cognitive Learning., In that project, which investigated relation-
ships between cognitive abilities and concept learning in four school
subjects, factor analysis was used to identify cognitive abilities
underlying several batteries of reference tests,

Factor-analytic procedures have been employed in a variety of
The cumulative results of the research suggested to the investigator
the existence of a somewhat stable structure of intellectual abilities.
This study was designed to explore relationships between intellectual
abilities and mathematical problem-solving performance, an aspect which

had received little previous attention,

3. Research Design and Procedures
Twenty tests were administered to 179 fourth-grade children from

three states. All subjects had been studying from the same mathema-
tics textbook.

Nineteen of the measures were reference tests for intellectual
abilities selected from the CAA battery. At least two tests were
included for each of seven hypothesized intellectual abilities:
Verbal, Induction, Numerical, Word Fluency, Memory, Perceptual Speed,

and Simple Visualization.
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The other instrument was the Romberg-Wearne mathematical problem
solving test which consists of niﬁeteen "superitems' each containing
a comprehension question, an application question, and a problem
SQLVing question. The test ylelds separate scores for comprehension,
application, and problem solving.

' Means, standard deviations, and reliability estimates were
obtained for each of the nineteen reference tests and the three parts
of the problem solving test, Factor analysis was used on the inter-

correlation matrix of the 22 variables.

4,

Interpretation yielded six comparable common factors identified
as: Verbal; Induction of classes employlng symbolic content; Numeri-
cal; Perceptual Speed; Induction employing verbal semantic, pictorial !
semantic, or figural content; and Mathematics.

Means, standard deviations, Hovt reliability estimates, and inter-
correlations for the three parts of the nineteen-item problem solving
test were as follows: Intercorrelations

Standard Compre- Appli-
Subtest Means Deviation Reliability hension cation

Comprehension 13.52 2,41 .48
Application 9,72  3.33 .69 .68
Problem Solving 3.47 2.40 .59 .48 .60

5. Interpretations
; The study suggested that intellectual structures contain a speci=

fic Mathematics ability along with Verbal, Induction or Reasoning (two),
Numerical, and Perceptual Speed abilities. The six factors resemble the

seven hypothesized factors, but there are differences. The General
Mathematics factor which emerged was determined by the Comprehension,
Application, Problem-Solving, and Mathematics Computation tests, and

it resembled factors identified by previous researchers as Arithmetie

or Mathematical Reasoning. Further examination of the data suggested

that there may be some relationship between problem solving and Numer~
ical ability, and that applications are slightly related to Verbal ability.
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In regard to problem-solving performance, the study iﬂdicateég
that prerequisite skills and concepts are related to some of the
variance in prablemlseiving, but mastery of these skills and con-

cepts does not guarantee success in problem solving.,

Abstractor’s Comments

One of two main conclusions drawn by the investigator was that
intellectual structures contain a Mathematics ability. Such an abil-
ity had not been hypothesized for the study, but given the tests used
the result might well have been anticipated. This féctar-was deter=-
mined by four tests—~the three parts of the Romberg-Wearne test and
the Computational Skills test (also constructed by Romberg). One
might have expected that these four measures wa%ld have high corre-
latiqns, even more so perhaps since Romberg was the senior author of
the textbook used by the subjects, Similarly, the tentative conclu~-
sions that problem solving in Mathematics appears to be related to
numerical ability and applications to verbal ability are not start-
ling. '

Since this was a study on mathematical problem solving--a topic
of major importance to classroom teachers as well as to researchers
--the instrument used to measure this ability is of particular
interest. A sample test item included in the report helps the
reader understand how problem solving is defined for the study and
to think about possible implications for the classroom, The problem—
solving question for one of the superitems is as follows:

In another parking lot, trucks are parked. Each truck

takes the space of 3 cars., There are 12 trucks in the

parking lot, and it 1s completely full, If there were

4 rows in the parking lot, how many cars could be parked

in each row?

This highly verbal "problem" requires two steps and two differ-
ent operations for its solution. The mean for the test was 3,14
(out of 19), confirming that this type of question 1s very difficult
for most fourth graders. The investigator acknawledgéd this fact
and also the low reliability of the test (.59) in discussing limita-

tions of the study.
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!

of prerequisite skills and concepts in success in prablem snlving.
Again the concluslon that these are important but not sufficient
might have been prédicted particularly when one looks at the sample
item, The comprehension question was a IrueiFalae question, and the
application question was a one~step prgblsﬁ using the two numbers in
the stem. _

In summary, in studies of felatianshi@s between mathematical
problem-solving performance and intellectual abilities, one might
ask:

end oan the particular

s R = = . - 2 e F A at o mamssTEa dan
T R e

(1} To wnat extent will the zesul
teats used?
~ (2) What new information and implications might be expected
from the results regarding furthering problem-solving
skills of students? |
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Nelson, L. D. and Kieren, T. E. CHILDREN'S -BEHAVIOR IN SOLVING SPATIAL
PROBLEMS. Alberta Journal of Educational Research 23: 22-30; March
1977. S

Abstract and comments prepared for I.M,E. by MARY MONTGOMERY LINDQUIST,
National College of Education,

1.

Purpose
The purpose of this study was to observe the behavior of three-
to eight-year-olds while solving spatial problems that involved folding

two-dimensional networks into three-dimensional forms,

2. Rationale

Despite the fact that problem solving is a primary aim of mathe-
problem-solving behaviors. This study i1s one of a series of cross-
sectional and longitudinal studies (Nelson and Sawada, 1975) that

address this concern.

3. Research Design and Procedures

Sixty subjects, 10 from each age three to eight, were selected
from 200 volunteers. Each subject was interviewed, video-taped, and
then his or her behavior analyzed on the following tasks:

(1) Cube. Each child was shown aEPiéxiglasﬁVélcra cube, and was
shown how to disassemble it. After the child had mastered disassem-
bling‘and feassemhling the cube, he or she was shown, one at a time,
8ix two~dimensional patterns, The child was asked to predict whether
each pattern could be folded into a cube and then permitted to fold.
The first four patterns could be folded into a cube and the last two
patterns could not be folded, In the case of the two patterns the
child was asked to rearrange the squares so the pattern could be folded
into a cube,

(2) Tetrahedron, Tasks similar to those of the cube utilizing
two different triangular patterns, one foldable and one not foldable,

were presented.
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(3) Dodecahedron. Each child was given a dodecahedron and asked

to disassemble and reassemble it,

4. Findings
(1) Cube. Most children could assemble the cube and had developed

a systematic procedure for folding, Older children used more productive
?rﬁseduresi Fifty percent of the children refused to predict; the per-
centage of correct predictions increased with age. After finding that
one pattern was unfoldable, more children were able to predict the next
pattern was unfoldable.

(2) Tetrahedron, This was a more difficult task than the cube-~-
more children had difficulty putting one together, very few would make
any predictions, and only 20 percent could modify the unfoldable pattern
so that it would be foldable.

(3) Dodecahedron., This task was more age—dependent; 8 of the 15

children who could assemble it were elght-year-olds.

5. Interpretatioms

The following four conclusions were generated from the research,
but the research was exploratory im nature and was not designed to test
these conclusions: i

(a) The geometric problems pcsed for this sample, especially those
involving the cube, seemed to be appropriate for children aged three to

eight, The children were able to gain appropriate physical experience

and "solve the problem" by constructing the desired model.
(b) The younger children, particularly, did not seem to gain
mathematico-logical experienc~ from the problems., They were less able

to cope with unfoldable shapes than were older children (eight-year-
olds), Although most children were good builders, the younger children
tended to use less efficient folding procedures, probably indicating a
lesser or different use of analysis,

(c) A majority of the children in this sample, including nearly
half of the older children (seven- and eight-year-olds), indicated a
lack of operational control over the problems in that they refused to

predict the foldability of the various layouts. This willingness and
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accuracy of prediction changed somewhat with age. The eight~year-olds
seemed most nearly in control afedifficult situations, e.g., unfold-
able cube layouts and the dodecahedron problem.

(d) The noncube problems presented perceptual and conceptual
problems to many students, Part of this probably was due to lack of
familiarity with the noncube objects. However, iﬁabi%%ty to work with
nonrectilinear lines seemed a major cause of prcblems;

Besides these four conclusions, several comments about the
research were made, including that it is possible to observe and
classify problem-solving behaviors, these behaviors seem to be age

related, and realistic problems can be created for young children,

Abstractor's Comments

Many important questions were posed in the series of studies to
which this belongs. Without examining the series, it is difficult to
Judge how much this particular study contributed to the whole.

It is good to see exploratory, observational studiés being
reported. However, if more exploratory work was done in a pilot
phase, then a somewhat more systematic observational study could
be reported. For example, if the investigatérs had previously deter-
mined that young children could handle the materials and were motivated
by the tasks, then they could have examined more systematically the lay-
out presentations. What would have happened if an unfoldable layout
was presented earlier in the sequence? o

The four conclusions drawn, albeit not proved, follow logically
from the observations., One is only surprised that they were not 1
expected in advance, As I read the concluding section, I was struck
~with the dual interests of the investigators--observing problem-solving
behaviors and developing curriculum. Of course, the two interests are
not mutually exclusive and both need research, However, it is my opin-
ion that this interaction of interests may have prevented the research
from shedding more light on the problem-solving behaviors. At this
point they needed to be separated and then, later, brought together,
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Prigge, Glenn R. THE DIFFERENTIAL EFFECTS OF THE USE OF MANIPULATIVE
AIDS ON THE LEARNING OF GEOMETRIC CONCEPTS BY ELEMENTARY SCHOOL CHILDREN.
;ggggal,fhr Research in Mathematics Education 9: 361-~367; November 1978.

Abstract and comments prepared for I.M.E. by STEPHEN S. WILLOUGHBY,
New York Uaiversity.

1. Purpose

The purpose of this study was to determine which of three instruc-

tional settings (no manipulative aids, two-dimensional wanipulative aids,
or thiee-dimensional manipulative aids) is most effective in teaching
geonmetry to students in the third grade. The question was repeated for
high ability and for low ability children as identified by the Iowa Test
of Basic Skills (ITBS).

2, Rationale N
Although there is considerable evidence supporting the use of mani-
pulative aids in teaching geometry, the question of which aids are most

effective is unanswered.

3. Research Design and Procedures

a. Treatments. There were three treatment groups: W using no mani-
pulative aids, M using two-dimensional manipulative aids, and R
using three-dimensional manipulative aids. The experimenter
prepared special 56-page programmed instructional units for the
three groups. The unit lasted for ten days, 60 minutes each day.

b. Sample and Analysis. One hundred forty-six (146) subjects from
two suburban schools (66 from one, 80 from the other) were iden-

tified as high, middle, or low ability by their ITBS scores and

randomly assigned to the three treatment groups. Analysis of
variance was used to test for significant differences among
means. Bonferroni t-statistics were used to ealculaté simul-
taneous confidence intervals for established propositions. The
two achools were treated separately.

c. Evaluation Instrument. Parallel forms of a geometry test created

by the experimenter were administered on the 1llth, 2lst, and 31lst

days.
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4. Findings
Twenty-seven (27) propositions were tested.in each school. Of
these, there were 12 that produced statistically significant results,

all favoring R (three-dimensional aids) over W (no aids) or M (two-
dimensional ailds). There were no statistically significant differences
for the high ability levels, but five involving the low ability groups.

5. Interpretations

Since all psstﬁtfeatﬁent measures favored treatment R (though not
all were statistically significant) '"the claim that children are better
able té learn geometric concepts when geometric solids are included in
the presentation is supported." Also, the 'research supports the use
of solids for low ability students.”" The research did not support or
refute claims for use of two-dimensional aids or for any aids with higher

ability students.

Abstractor's Comments
The questions asked in this study are good questions, and there is

room for more research that asks and attempts to answer such questions,
In particular, the idea that three-dimensional aids might be more useful
in teaching concepts about plane geometry than two-dimensional aids is
a creative and interesting suggestion. To consider the possibility that
different kinds of children might learn more effectively in different
kinds of settings 1s often overlooked in our desire to collect statistical
evidence supporting some special method. The author is commended for
not doing so. ' .
However, the very small number of subjects in each cell must be
‘remarked upon. The basis of our statistical techniques is that popula-
tions are normally distributed and samples are chosen randomly. These
assumptions may be violated with relatively little damage if the sample
is very large and the population very large with respect to the sample.
This was not the case here, and the results are therefore possibly
suspect,
Ability level would seem to be a less important variable in deter-
mining which children would succeed with each technique than other possi-
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‘ble variables. It would be interesting to consider some of the other
possibilities. Beyond this, the reader is certainly left to wonder
what "high ability" means when told that "because of the variability
of the ITBS scores each school had different ranges for high, middle,
and low." Obviously, the terms are only relative to the schools in
question, and may not pertain to other settings at all.

Using programmed text material to teach the subject is a very good
way to avoild the problem of teacher variables, but may limit the
generality of the results unless we expect other groups of third graders
to be taught in the same way. Incidentally, the number of teachers and
teacher aides in the classes was held constant (presumably there vas
one of each, although that is not specified). Again, there is some
question about the generality of the results.

In summary, the questions asked are good, the data appear to
support the use of three-dimensional aids, but this reader finds the very
sophisticated statistical techniques somewhat superfluousin light of the
small ze;l sizes and'rééammends care in generalizing the results in

light of the special circumatances.
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Sherman, Julla and Fennema, Elizabeth. THE STUDY OF MATHEMATICS BY
HIGH SCHOOL GIRLS AND BOYS: RELATED VARIABLES. American Educational
Research Journal 14: 159-168; Spring 1977. :

Abstract and comments prepared for I.M.E. by RUTH ANN MEYER, Western
Michigan University.

1. Purpose
The purpose of this study was to determine the relationships

between important affective, cognitive, and other variables and the

decision to enroll in further mathematics classes.

2. Rationale »
Although many studies have investigated sex-related differences

in mathematics achievement, little attention has been given in the

analyses of the results of these studies to the fact that fewer females

than males elect to continue the study of mathematies during their late

high school and post high school education. Since time spent in mathe-

‘watics classes clearly affects performance on both mathematics achieve-

ment and aptitude tests, this situation must be considered seriously.

3. Research Design and Procedures ,
Data were collected from students in grades 9~12 on three cognitive

variables (mathematics achievement, verbal ability, and spatial visuali-
zation) and eight affective variables (Attitude toward Success in
Mathematics, Stereotyping of Mathematics as a Male Domain, Perceived
Attitude of Mother, Father, and Teacher towards one as a 1eainer of
mathematics, Effective Motivation in Mathematics, Confidence in Learning
Mathematics, and Usefulness of Mathematics), In addition, all students
were asked to indicate whether or not théy intended to enroll ino a
mathematics course the next shcool year or whether they were undecided.
§ince intent measures indicated that almost all ninth-grade students
were planning to enroll in tenth-~grade mathematics and because few girls
wvere studying twelfth-grade mathematics, the ninth and twelfth grades

were eliminated from further analysis.
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Two mathematics achievement groups (those who scored above the
median of the distribution of the mathematics achievement scores and
those who scored below the median) and two intent groups (those who
intended to take mathematics next year and those who did not or were
undecided). The number of males and females in each achievement gtoup
who intended/did not intend to take mathematics next year was determined.

Chi squares for each achievement group were calculated from the
frequency data. ANOVAs (2 sexes, 2 grades, 2 mathematics achievement
levels, 2 intents) were performed ¢a all variables. Analyses of
covariance (2 sexes, 2 grades, 2 intents) were performed also on all

affective variables using the three cognitive variables as covariates.

The chi squares showed that, in general, more boys than girls
intended to continue to study mathematics. The only exception was that
there was no significant difference between the number of eleventh-grade
boys and girls in the top mathematics level in intent to continue in
mathematics. 7

Students in the top hslf-af their class in mathematics achievement
scored significantly higher on all variables. The only sex-related
differences found were for verbal ability (girls higher) and Math as a
Male Domain (boys more stereotyped). All variables, with the exception
of Math as a Male Domain, differentiated between students' planning and
not planning to continue their study of mathematics. The grade by level
for Confidence, intent by level for Attitude for Success, and a quadruple
interaction for Effectance Motivation were the only interactioms which
were significant. The analyses of covariance confirmed the ANOVA
results for the two achievement levels, but fauﬁd sex-related differences
for Effectance Motivation (in favor of girls) and Math as a Male Domain
(in favor of boys).

5. Interpretations
The frequency data indicated that more males than females intended

to take mathematics the following year. The study also suggested that
male and female groups "equated" on intent to study mathematics and
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mathematics achievement or on the cognitive variables,_verbal ability,
spatial visualization, and mathematics achievement, differed little in
the attitudes relevant to mathematics. The one important exception

was Math as Male Domain. The inveétigatgrs commented that perhaps the
girls of this study, who live in a community in which the women's
movement receives much publicity, may overtly agree that mathematics

is appropriate for women, but when it came to selecting advanced courses
they behaved in a sterotypic way. However, when the female and male
groups were not "equated", that is, when cognitive factors and intent

to study mathematics were not controlled (Fennema and Sherman, 1977),
the girls had less confidence in their ability to learn mathematics,
less expectation that mathematics would be useful to them, and perceived
their fathers and mothers as less positive to them as learners of
mathematics than did boys.

Previous research, the findings of this study, and that of Fennema
and Sherman (1977) encouraged the investigators to make the following
recommendations:

1. Programs designed t¢ increase femélé participation in mathematics
should consider factors such as confidence, usefulness, and
perceived expectations of significant others.

2. While studying the mathematics performances of males and females,
investigators should either control for mathematics bazkgraund‘
and attitudes or refrain from drawing conclusions which suggest
that differences can be attributed to the sex of the subjects.

Some of the impact of this study is already evident. The study's
results are quoted as rationale for proposed research projects. Many
state and national agencies are attempting to replicate the findings of
Sherman and Fennema. Variables such as perceptions of the usefulness of
mathematics, the influence of significant others, sterotyping of mathe-
matice as & male domain, mathematics anxiety, and self-confidence as a
learner of mathematics are being investigated as possible predictors of

females' continued enrollment in mathematics classes.
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Althbugh this well-organized study has influenced many similar
research projects, there may be some question about its generaliza-
bility. The subjects were pooled over four high schools each located
in a somevhat different socioeconomic community (Fennema and Sherman,
1977). It is doubtful that the same number of girls in each school
intended to continue studying mathematics.,

Nevertheless, the statistical procedures were appropriate and
accurate. The authors noted the hazards of using multiple univariate
ANOVAs on somewhat interrelated variables. The analysis of covariance
provided necessary ccnfifﬁagian results. This was particularly true
for the Effectance Motivation because of its quadruple ANOVA interaction.

In summary, this and other studies by Fennema and Sherman will
continue to contribute to mathematics education until factors signi-
ficantly related to mathematics "drop-out" are found. Identification
of these factors that inhibit young women from pursuing mathematics
courses will permit aducators to plan intervention studies which will

attempt to eliminate these barriers.

Reference
Fennema, E. and Sherman, J. Sex-related Differences in Mathematics
Achievement. American Educational Research Journal 14: 51-71; -
Winter 1977. - R T s mmmem e e e
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Trent, John H. NEED FOR IN-SERVICE AND PRE-SERVICE METRIC EDU CATION.
School Science and Mathematics 78: &45~52; Janwary 1978,

Abgtract and comments prepared for I.M,E. by ROBER! M, T0ID,
Virginia Polytechniec Institute and State University,

i. Purpose
The purpose of this study vas to determine (a) the current 1975

knowledge about the metric system possessed by Nevada teachers and (b)
whether or not there was a need for im-service workshops for those

teachers.

2, Rationale

The ability of teachers to lead stuléEﬂts into a netrde worxld
depends in part on their knowledge of the mogt used measurementc
system., Thus, a survey to ascertain the level of knowledge or the

need for training is appropriate for any state or localdty,

3. Research Design and Procedures

The questionnaire., A tvo—part questlomnaire was used:

(1) "Need for Metric Workshop'® consis ting of nine queestions,
one of wvhich contained two parts; i.e,,

"7, 1If a federally funded in-service course 4n me trdc
education were offered by the University of Nevada,
Reno, would you atterd d1t7
A, If 1t were in your county;

B, If Lt were offered on the University of Nevada,
Reno campus, "

(2) "Knowledge of Metric System" consdsting of seven ques-
tions relating to mass, length, volune, pre fixes ,
tempexature and the meaning of 'MRS* and 'ST'.

The sample included L35 rural elgmgﬂtary school

teachers. 145 elementgw teachexs from large population areas, 103
elementary teachers from medium populatiom areas, 64 Juniox high
school teachers, and 75 high school teachers, An adddtional sample



of preservice teachers included 44 enrolled in an elementary mathe-
matics methods course and 18 enrolled in a secondary mathematics
methods course. (These numbera are inferred from the number of
responses recorded in each category.)

"In order to obtain the desired information, two questionnaires
wvere gent to a random sample of in-service elementary and secondary
teachers in Nevada, These same questionnaires were also administered
to both elementary and secondary (pre-service) methods students at
the University of Nevada, Reno."

Statistical Treatment, Frequencles and percent responding for

each answer choice were summarized for (a) Elementary Teachers (rurai,
large, medium population); (b) junior high school teachers; (c) high
school teachers; (d) elementary and secondary mathematics methods
students. Omissions were ignored in calculating the percentage;
thus, 100 péréént represented 131 rural elementary teachers on one
question and 119 on another question,

Comparisons were made across levels (e,g., rural vs, large popu-
lation) using chi-squared values.

4,  Findings

L

Chi-squared values were significant for 16 of the 17 frequency
distributions. The reported significance level (8ign Level = 4) on
page 47 1s obviously a misprint. For the "Need for Metric Worlkshop"
questionnaire the author reports:

‘(a) In rural and metropolitan counties (medium and large popula~
tions) most elementary teachers had not had a college course
in the metric system.

(b) Most of the elementary teachers participating in this survey
did not feel qualified to teach an arithmetic or science
courge in which the metric system was taught or used,

(c) Rural counties indicated students were inadequately pre=
pared in the metric system.

(d) Rural and metropolitan elementary teachers agreed they would
attend an in-service metric workshop if offered in their

county,
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(e) A majority of both rural and metropolitan elementary teachers
did not feel adequate guidelines, course outlines, and mater-
ials were available to them for teaching the metric system
in their classroom,

For the "Knowledge of Metric System" questionnaire the author reports:

(a) Even though teachers from metropolitan areas did somewhat
better, there was no significant difference between the rural
and metropolitan county elementary teachers in their knowledge
and ability on the questions related to meters, kilograms, and
liters.

(b) Most of the rural and merrcpolitan county elementary teachers
were unable to respond correctly to the questions related to
Celsius temperature and the meaning of MKS and SI.

A comparison between responses made by teachers at different levels
indicated:

(a) Most elementary teachers had not taken a college course in
the metric system, However, a majority of both the junior
high and senior high teachers had taken such a course.

(b) In comparison to junior and secondary teachers, most elemen-
tary teachers felt less qualified to teach the metric system,

(c¢) Elementary teachers were more aware that the Nevada State
Textbook Commission had recommended that all textbooks
adopted after January 1, 1976, have the metric system as
the primary system of measurement,

(d) A majority of teachers on all levels (elementary, junior high
end high school) felt that students were inadequately pre-
pared in the metric system,

(e) Approximately 80 percent of the elementary teachers felt
there were no adequate guidelines, course outlines, and
materials on the metric system available to them to adequately
teach their students the metric system, whereas only 40 per~
cent of the junior high and high school teachers believed
that there were no sufficient guidelines, course outlines,

and materials available to thenm,
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(£)

(b)

(c)

Over 85 percent of Nevada teachers would attend an in-service
metric workshop if held in their county. However, only about
half of the teachers said they would attend 2 metric workshop

if held on the University of Nevada, Reno campus,

3f data at various levels showed:

Most of the elementary teacherz respended correctly to quas-

tions related to meters, kilograms and liters, The majority
of the secondary and junior high teachers responded correctly
to these same questions related to meters, kilograms, and
liters,

On the question related to Celsius temperature, 76,4 percent
of the elementary teachers responded incorrectly, as compared
to 50 percent of the secondary and junior high teachers.

The majority of elementary, junior high, and senior high school
teachers responded incorrectly to questions related to SI and
MKS, . These differences strengthen the Ecncluéign that elemen-
taryvteachérs of Nevada need in-service metric workshops. In
addition, they show that there is some need for an in-service

metric workshop for junior high and secondary teachers.

Interpretations

The author drew the following inferences:

(a)

(b

(e)

"There 18 a need for In-service workshops on the metric system
by both rural and metropolitan Cmedium and large population)
elementary teachers of Nevada, as almost all teachers indicated
they would attend an in-service metric workshop if offered in
their home county¥” (p. 48),

"There 18 a need for 1m-service workshops for Nevada elemen~
tary teachers from both rural and metropolitan counties, even
though the teachers from the metropolitan areas showed a some-
what greatcer knowledge ¢f the metric system" (p. 50),

"While there 1s definitely a need for in-service metric work-
shops for elementary tgaghéfs in Wevada, the neéd Iis not nearly

as great at the junior and senior high school levels” (p, 51),
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(d) "Each sample group was unable to respond to the questfons on
SI and MKS and were therefore unable to think in "metric
terms,"

(e) "There is a need for metric workshops for secondary math

wethods students, and for junior high and secondary teachers

¢f Nevada; however, this need is probably not as great as the

need for in-service metric workshops for the elementary

teachers of Nevada and elementary math methods students,.,"

Abstractor's Comments

This is an example of data collection that establishes a '"need" for
something, in this case in-servite metric workshops, No hypotheses were
stated,

Two distinct populations were used: (1) University of Nevada
students enrolled in elementary or secondary mathematics methods
courses and (2) a random sample of in-service teachers in Nevada, The
reader may reasonably assume 100 percent response from the first group,
but there is no indication of the number of teachers randomly selected
nor of the randomness of the sample which actually responded, To
generalize from the respondents to all the teachers in the random
sample or to all teachers of Nevada may not be valid, If the number
selected and the number responding (and their distributions had been
provided, a reader could make his or her own decision about generaliz-
ing.

Any test of metric knowledge involves choosing items to sample that
knowledge., I think that using two of seven items to test "metric terms"
is inappropriate, especiaily éhéﬂ one is "What does MKS stand for?" and
the other 4s "What does SI stand for?" One might have learned the
metric system's base units, prefixes, and practical applications with-
out ever needing the symbols SI and MKS. Those two questions, for me,
are about as iipartsnt as whether to spell metre with an 're' or 'er',

The author reported chi~square values without noting his expected
frequencies., His conclusions suggest he made more than ﬂné%E@mpafisan

(rural versus metropolitan and also elementary versus secondary
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teachers), but his single chi-squared values do not indicate which com-
parisons were gignifdicant.

The comments I have made do not mean the conclusions of the study
are incorrect. More than 400 teachers answered the questionnaires and
the knowledge results are similar to a non-random, voluntary testing
conducted in Virginia at about the same time (Todd and Weber, 1977),

The fact that teachers are willing to attend a metric workshop im
their own county but less willing to travel long distances for a metric
workshop 1s no surprise: many teachers feel they should learn more

3 sarhine ¥ - 3§ 4 LT ssd ablaes L ssss == e d A=A e . - E
abﬂﬂt téséhi}!g tha matric Systen, but ;;}iv;ly have oot decided it r5 O

overvhelming importance,
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Uprichard, Edward A. and Phillips, E. Ray, AN INTRACONCEPT ANALYSIS
OF RATIONAL NUMBER ADDITION: A VALIDATION STUDY. Journal for Regearch
in Mathematics Education 8: 7-16; January 1977.

Abstract and comments prepared for I.M.E. by THOMAS E. KIEREN,
-University of Alberta,

"The purposes of the study were (1) to develop a learning hierarchy
for rational numbers using the intraconcept analysis technique and (2)
e test the validity of the hypothesized hierarchy using the Walibesser

method and pattern analysis" (p. 7).

2. Ratiomale

The study 1s one of many dn the field of hierarchy development and
analysis., It 1s related to the work of Gagné and Paradise (1971),
Callahan and Robinson (1973), Walbesser (i978), and Rimoldi and Grib
(1960), among many others. The study has an epistemological facet in
that it attempts to use a conceptual structure of additiéﬂ of frac-
tions to develop a hierarchy. It has a related measurement-empirical
facet using two methods for validating the hierarchy to generate
instructional hypotheses.

3. Resgearch Design and Procedures

a. Epistemological

"The addition of rationals in fraction form was analyzed
using an intraconcept analysis technique" (p. 8), Addition
of rationals 1s treated completely from a formal symbolic
algorithm viewpoint. Using a traditional concept of rational
, number addition, two levels of tasks were used, like and
\\ unlike denominators., Within levels, classes based on the
\Prime, composite relationships between denominators were used.
ﬁpr example, composite denominators were assumed to be easier
Eé@n prime denominators within the like demominator level,
Thé\mgst difficult setting was hypothesized to be unlike

denoiiinators, both composite but not multiples of one another.
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Hence, in the initial hypothesized item hierarchy, 3/4+ 3/6
= _____was hypothesized as the most difficult item,

Within each denominator class, a hypothesized order of
difficulty was developed based not on the addends, but on the
character of the sum, These final "sum levels"” ranged from
"proper fractions in simplest form without renaming" to
"improper fraction renamed to mixed numeral in simplest form,
two renamings." These levels also give rigse to the item
cited above as bedng most difficult. For each sum category
within a ciass, two mixed numeral tasks were generated,

The intraconcept procedure yielded 89 specific tasks.
For testing purposes these were reduced to 45 tasks includ~
ing all existing sum categories within classes, with a

sampling of mixed numeral items within eclasgses,

A 45-item test was administered to 251 subjects in
grades 4 through 8, with the bulk in grades 5 and 6., Elim-
inating subjects who passed or failed all items left the
results from 200 subjecte for hierarchy analysis.

Responses for each transfer in the hierarchy (pair-wise
a vs b where a <b) were subjected to the Wallbesser and
pattern analyses. The former is based on the study of 2x2
contingency tables and three ratios are computed for the
palr-wise ltem contingencies noted above:

N (pass, pass)
N (pass, pass) + N (pass, Fail)

conasiztency:

N (pass, pass)
N (pass, pass) + N (fail, pass)

adequacy:

o . . N (pass, pass) )
completeness: N (pass, pass) TN (fail, fail)

Values of .85, .70, and .50 were used to test each hierarchical

transfer.
Under patterns analysis, an index of agreement was com-
puted between each subject's performance and the hypothesized

sequence, using the rationale that if tasks were truly
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hierarchical, then once a learner failed at a level, fail-
ure would occur at all succeeding levels.
The various analyses were carried ocut using the total

test and a sub-test not containing mixed numeral 1tems,

4, Findings
a. Reliability
The test as a whole proved reliable (KR~20 = ,98)

b. Wallbesser Analysis

The consistency ratio met criterion on 35 of 44 compari-
sons, the adequacy ratio on 43 of 44, and the completeness
ratio on 27 of 44, with the former two being more critical
for hierarchy testing. A considerable improvement was noted
with the elimination of wmixed numeral items,

e. Rattern Analysis

The final hypothesized ordering of subordinate tasks

yielded an index of agreement of ,70 for whick no statisti-

cal test of significance 1s available. An improvement of
this index to .75 was noted with the elimination of mixed
numeral items.

An item difficulty sequence proved somewhat different
from the hypothesized sequence with a preponderance of mixed
numeral items proving to be relatively difficult.

5. Interpretations

The interpretations of the data were mainly in the form of
instructional hypotheses. It wag nateﬁ that these hypotheses could
not have arisen from logical-epistemological analysis alone. Some
of Ehése hypotheses are!

a, Like denominator tasks should be taught before unlike tasks.

b. The sum category hierarchy should obtain in instruction

within like denominators with the unusual reversal that a
mixed numeral in simplest form with one renaming precedes

a proper fraction in simplest form in one renaming,
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¢. Sequencing unlike denominator tasks is difficult and not
settled by the empirical results of this study, but a
possible pattern emerged.

d. Tasks Involving mixed numerals should not be introduced

early in the development of rational number addition skilis,

Abstractor's Comments

The study, particularly the analysis and its results, were clearly"
presented with very useful tables. The development of the index of
agreement in pattern analysis 1s an exception to this elarity. The
study also was carefully tied to related literature.

The sample is not adequately described. While this may not be
critical to the Walbesser analysis, it would seem that the pattern
analysis might be greatly affected by choice of sample and its exper-
ience. This is particularly true since the concept was comnstrued to
have a specific formal algorithmic meaning.

Given the particular epistemological position, the analysis used
appeared appropriate., It is unfortunate that there was no further
probing into the meaning of the concept for the subjects invglved; It
is also interesting that a mathematical processing model of the
behaviour was not considered,

The derived instructional hypotheses are a reflection of the
particular epistemological view, One very interesting finding is
the difficulty caused by ‘t>th mixed numerals for the subjects and
by unlike denominator tasks for the researcher, Both findings suggest
that a further analysis of the meaning of the task and the reasons for
a partiiular regponse to a task by a subject are in order,

The study suggests that epistemological analysis i3 useful in
developing teaching sequences in mathematics. Yet the authors did
very little of this, Their analysis assumed that rational numbers
(at least under addition) are symbols to be manipulated according to
formal algorithms, Within this assumption theilr analysis makes sense.
Yet, 1f addition means putting two quantities together to yileld a new
quantity then their analysis does not obtain. For example, a child
who thinks of 1 1/2 and 3/4 as measures can easily conceptualize the
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sum as 2 1/4. This reviewer interviewed an eight=year-old who had
no instruction in fractions who said, "Well, 1/2 takes you up to 2
and then there is a quarter more." This same child found 3/4 + 3/6
impossible because he did not know what 3/6 meant. Once he was shown
a pleture of 3/6 he said, "Oh, I see, 3/6 1is 1like 1/2," and went on
to give a correct result for 3/4 + 3/6,

The digression above is central to the criticism of this research
from an epistemological point of view. Addition of rationals has two

meanings. One is related to vector addition, and performance is

] than samanemb AfF =
A= EH‘!‘EEEE = e
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clozsaly related to the partisular Lnowladss ¢
number of the child, Thus a child who sees a rational number as a
quantity 1s not confounded by mixed numerals and can add 2 1/4 + 3 1/2
in the same sense as 3 + 2, It is certainly true that addition is
related to equivalence, While equivalence underlies some of the hier-
archy decisions in this study, the researchers do not seem to take
into account different kinds of knowledge of equivalence, A child
who sees 1/2 as 1/4 + 1/4 and hence easily adds 3/4 + 1/2 (and 3/4

+ 3/6 once he sees the connection) is using a very different notion

of equivalence than a child who responds 3/4 + 1/2 = 6/8 + 4/8 = 10/8
= 1 2/8=11/4 or 3/4 + 1/2 = 3/4 + 2/4 = 5/4 = 1 1/4,

Because the researchers chose a very limited view of raticnal
numbers (an unfortunately popular view which might be well reflected
in thelr results here), their theoretical hierarchy is easily left
open to justifled eriticlam., The hierarchy is based on symbols and
algorithms rather than mathematical and cognitive structures.

| Studies such as this need to have a sound epistemological basis
from vhich to work. Otherwise the concluding instructional hypothe~
ses will be founded on a weak empirical base. Further, such studies
need to make use of clinical evidence to help interpret the statisti-
cal analyses, A different epistemological stance and an added
clinical dimension would hopefully generate more valid instructional
hypotheses based on a sounder view of rational numbers as numbers
(and not symbols) and of the role the developing concept of equiva=

lence plays in addition,
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MATHEMATICS EDUCATION RESEARCH STUDIES REPORTED IN JOURNALS AS INDEXED BY
CURRENT INDEX TO JOURNALS IN EDUCATION
January - February 1979

EJ 186 258 Schofield, Hilary L.; Start, K. B, Mathematics Atti-
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EJ 186 272 Howell, Kenneth W, Using Peers in Drill-Type Instruction,
Journal of Experimental Education, v46 n3, pp52-6, Spring 1978,

EJ 186 "04 MeclLeod, Terry M.; Crump, W. Donald, The Relationship of
VisuasPEtiai Skills and Verbal Ability to Learning Disabili-

ties in Mathematics. Journal of Learning Disabilities, vil
n4, pp237-41, April 1978.

EJ 187 246 Rahle, Jane Butler. A-~T Instruction: A Perspective and
A Prediction. American Biology Teacher, v40 nl, ppl7-20,42,
January 1978, '

EJ 187 260 Nicholson, A. R. Mathematics and Language. Mathematics
in School, v6 n5, pp32-4, November 1977. B

EJ 187 363 Suydam, Marilyn N.; Weaver, J, F. Research on Mathe-~
matics Education Reported in 1977, Journal for Research in
Mathematics Education, v9 n4, pp242~318 July 1978,

EJ 187 384 Johnson, Janice K.; Howe, Ann C. The Use of Cognitive
Conflict to Promote Conservation Acquisition. Jourmal of
Research in Science Teaching, v15 n4, pp239-47, July 1978.

EJ 187 932 Nevill, Dorothy D.; And Others. A Comparison of Student
Ratings of Teaching Assistants and Faculty Members, American

Educational Research Jourmal, v15 nl, pp25-37, Winter 1978,

EJ 187 944 Norton, James R. A Team-Learning Approach to Inter-
mediate Algebra at the Community College Level: A Pilot
Study., Educational Research Quarterly, v3 nl, ppl9-26,
Spring 1978.

EJ 187 945 Zimmermann, Michael J.; Sassenrath, Julius M. Improve-
ment in Arithmetic and Reading and Discovery Learning in
Mathematics (SEED). Educational Research Quarterly, v3 nl,
pp27-33, Spring 1978. ' )

EJ 188 145 Ruthven, Kenneth, The Disciplines Thesis and the
Curriculum: A Case Study. British Journal of Educational
Studies, v26 n2, ppl63-76, June 1978,

EJ 188 213 Cummings, Judith, Math Method Deducts Rote and Adds to
Pupils' Scores. New York Times, ppl, June 9, 1978,
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Berzonsky, Michael D, Formal Reasoning in Adolescence:

An Alternative View. Adolescence, v13 n50, pp279-90, Summer

771

1978.

Chandler, Harry N, Confusion Confounded: A Teacher
Tries to Use Research Results to Teach Math., Journal of
Learning Disabilities, vll n6, pp361-9, June/July 1978,

916

King, -Estelle H. College Mathematics: Open vs, Lecture.
Improving College and University Teaching, v26 nl, pp50-1,

Winter 1978,

088

Michaels, James W. Closing the Sex Gap in Math

Performance by Altering Reward and Task Structures.

Educational Technology, v18 né, pp22-5, June 1978.

550

558

584

Hitch, Graham J, The Role of Short-term Working Memory
in Mental Arithmetic. Cognitive Psychology, v10 n3, pp302-
23, July 1978, )

Pascarella, Ernest T. Interactive Effects of Prior
Mathematics Preparation and Level of Support in College
Calculus. American Educational Research Journal, v15 n2,
pp275-85, Spring 1978. - )

Rakow, Ernest A.; And Others, Assessing School and
Program Effectiveness: Estimating Teacher Level Effects,
Journal of Educational Measurement, v15 nl, ppl5-21,

604

634

Spring 1978,

James, Michael A, ;.Xnief, Lotus M. Interaction of
General, Fluid, and Crystallized Ability and Instruction in
Sixth-Grade Mathematics. Journal of Educational Psychology,
v70 n3, pp319-23, June 1978. T

Erlich, Oded; Shavelson, Richs:d J, The Search for
Correlations Between Measures of Teacher Behavior and
Student Achievement: Measurement Problem, Conceptualization
Problem, or Both? Journal of Educational Measurement, v15
n2, pp77-89, Summer 1978. o ' )
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MATHEMATICS EDUCATION RESEARCH STUDIES REPORTED IN RESOURCES IN EDUCATION

January = March 1979

ED 158 214 Garwood, 8. Gray; Greenberg, Roy. A Longitudinal Investi-

ED

ED

ED

ED

ED

158

158

158

159

159

159

159

159

159

159

159

gation of Self-Concept and Cognitive Performance Changes in
Young Adaleseents 44p, MF and HC available from EDRS,

374 Shann, Mary H. Assessing Accountability for Basic Skill
Development in the Adoption of a New Curriculum, 25p, MF

and HC available from EDRS.

758 Research and Development Interpretation Service. Final
Regnft; Eentral Midwestern Regional Educational Lab., Inc.,
St. Louis, Missouri. 66p. MF and HC available from EDRS,

887 Williams, Doris K. Correlations Between and Within the
Apgar Test, PrEaKindergarﬁen Assessment and Kindergarten
Perfermanze 52p, MF and HC available from EDRS.

019 Damarin, Suzanne K. A Combinational Model for the Inter-
pretation and Use of Prapasiticns in the Context of Elémemtary
Mathematics 1lp. MF and HC available from EDRS,

021 Van Den Berg, D. J. The Training of Mathematics Teachers
in the Republic of South Afrlca and in Some Western Cnuntrlas.
377@. MF avallable from EDRS, HC not available from EDRS,

036 Brown, John Seely; Burten, Richard R. Diagnostic Models
for Procedural Bugs in Basic Mothematics Skills, 66p. MF and
HC available from EDRS.

J40 Osborne:, Alan R,, Ed. Investigations in Mathematics
Education, Vol. 11, No, 1. 72p. MF and HC available from

EDRS.

050 Brown, Kemnneth H. Developing and Implementing a Mathe-
matics Articulation Program at the Elementarv/Middle ‘School

Levels in the Newark School District. 80p. MF and HC avail-
able from EDRS.

051 Causey, Matthew; Underhill, Robert G. An Empirically
Derived Hierarchy of Intraconcept Relationships: Rational
Numbef Multipligatiaﬂ. 22p. MF and HC available from EDRS.

055 Analysis of Supplemental Background Questions on Home-
work and TV, Education Commission of the States, Denver,
Coln. National Assessment of Educational Pragréss, Tp.

MF and HC available from EDRS.

056 Good, Thomas L. The Missouri Mathematics Effectiveness
Project: A Program of Naturalistic and Experimental Research,
31p. MF and HC available from EDRS.
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062 Lesh, Richard, Ed, ; Mierkiewicz, Diane, Ed. Recent

- Research Gnncemi_i the JDeveLopment of Spatdal amd Geo~
metric ancg;ﬁs 336p, MF and HC available f rom EDRS,

073 Allen, Russell H.; Chambers, Domald L. A Com arzdson
of the Mathematfcs Acbievanerst of Males and Females,
Bulletin qu 9194, 19. MF and HC available from EDRS.

082 Dockweiler, Clarence J, Using Systems of Refererce
with Spatial CancEpts- __Their Developnent from 5th (rade

to College Age. 22p, MF awa;LlaElé from EIRS, HC pot awail-

able from EDRS.

201 Shaycoft, Mardon F, Project TALENT: A shoxt History
of a L~-0-—n~-g Project (amd) Technical é}pand:{ﬂéa 460y,
MF and HC available from EDRS,

277 ESEA Title I Programs that Work. South Carolina State
Dept. of Education, Columbia, Office of Federal Programs,
43p. MF and HC available from EDRS,

495 Stewart, Linda G, Taylor, Doma B, Early Enterwention
Training Program for Counselorss Vomen and Math. 22p, MF
and HC available fxrom EDRS. '

790 Wiilétt, Edward J, "R & D'""~and the "Three R's";
Incentivas for School Distficts" Resedrch amd DEI?#_E_EEEJ
Ez_:penditures to Promte Ilncreased Tr@ductig:ity Ogcasigﬂal
* Paper 11, 34p, MF and HC available from EDRS.

i

8§73 Programs for Neplected and Deliﬂﬂuiﬁ.t Chilldren . ESEA
Title I, P.L. 89-750, 1976. DNew York State Unfversdity
System, Albaﬂy; 20p. MF and HC avaflable from EIRS,

224 Brooks, Rick, The Relatdonshdp Between Pfa et dan. Cogni-
tive Deveiaprﬂent and Cerebral Cognitive Asym 3=
MF and HC available from EDRS.

322 Hackbert, Peter H, The Adult Indian Education Needs
Assessment Pfajgct _Overview, 24p, MF and HC available
from EDRS.

Anglysis of the Applicant Record Cards Subnitted to the
1960 Summer Institutes for Cglleg& and Sa;onéafj Teachers
and Elementary School Pefsamgl and the 196D-§6;L Academdc
Year Ingtitutes for Se:anda;y Teachers. 4659. MF ava-ilable
.from EDRS. HC not avadlable From EDRS.

338

339 Sumnary of the Applicant Record Cards Schmitted to the
Fiscal Year 1961 Na tioral Scieuce Fnufndatinn InStitutes,
_Conferences and Research P: Pazticipanion Prograns . 35p. Mf
and HC available from EDRS.
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ED 160 340 Summary of the Applicant Record Cards Submitted to the
Summer 1962 and School Year 1962-63 Natianal Science Faundsh
tian Institutes, Conferences and Research Participatiun
Prngrams, 40p. MF and HC available from EDRS.

ED 160 341 Summary of the Applicant Record Cards Submitted to the

Suﬁmer 1963 and School Year 1963-64 National Science Founda-
, Conferences and Research Partlﬁipatign )
'MF and HC available from EDRS,

/

ED 160 344 Williams, Julian A. Developing and Implementing Elemen-~
tary Math Management' A Cooperative Improvement System.
169p. MF and HC available from EDRS,

ED 160 368 ALECSO's Activities in the Field of Science and Tech-
nology of the Arab States (1974-1977)., 37p, MF availsable
from EDRS. HC not available from EDRS.

ED 160 391 Metrics, The Measure of Your Future: ¥waluatisn Report,
1977. 76p, MF available from EDRS. HC not availahle from
EDRS.

ED 160 403 Fox, Lynn H.; And Others., Women and Mathematics:

Research Perspectives for Change, NIE Paperz in Education
and Work, Number Eight. 217p, MF and HC available from
EDRS. .

ED 160 411 Remick, Helen; Miller, Kathy. Participation Rates in
High School Mathematics and Science Courses, 10p. MF and

HC avaiiable from EDRS.

ED 160 445 FEﬂﬂema, Elizabeth., Sex-related Differences in Mathe-
matics Achievement: Myths, Realities and Related Factors.
33p. MF and HC available from EDRS.

ED 160 446 Schonberger, Ann K. Are Mathematics Problems A Problem

for Women and Girls? Paper Presented at the Annual Meeting
of the National Council of Teachers of Mathematics (San
Diego, California, April 1978). 2lp. MF and HC available
from EDRS,

ED 160 447 -~ Kissler, Gary D,; And Others, The Effects of Student

Calculator Use Upon Measures of Numerical Apt;tude and
Business statistics. 16p. MF available from EDRS. HC

not available from EDRS.

ED 160 547 McCabe, Jean S. Characteristics of Classroom Environ-
ments and Their Relationship to Cognitive Development. 55p.
MF available from EDRS. HC not available from EDRS.

ED 160 556 Evaluation of the Chelmsford Title I Program "Project
Independence,"” 1977-1978. 38p. MF available from EDRS,

HC not available from EDRS.
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ED 160 637 Filby, NikolaN.; Dishaw, MarilynM. Coustruct Validation
of Group-Administered Achievement Tests Thraugh Individual
Tegting; BTES, Eeginning}Teachér Evaluatiau Stuéy. Techﬂical
Note Series. Technical Note I11~4, Phase III-A, 129p,
MF and HC available from EDRS, ) -

ED 160 638 Cahen, Leonard S. Report of 'D" TEStiﬂg_(Phasé I1I-B),
BTES. Beginning Teacher Evaluation Study. Technical Note
Series. Technical Note III-3. l4p. MF and HC available
from EDRS. : : ' :

ED 160 639 Fisher, Charles W.; And Others. Selected Findings from
Phase III-B. BTES. Beginndng Teacher Evaluation Study.
Supplement, Preliminary Version. 172p. MF and HC available

ED 160 654 Rossmiller, Richard A, Input~Output Relationships In
IGE Schools, Report from the Project on Studies of Adminis-

tration and nganizatian for Instruction, Technical Report
Ne, 451. 119p. MF and HC available from EDRS,

ED 161 233 Stephens, Beth; And Others. Cognitive Remediation of
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