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. An Anhouncement . . R4 ) . . ca

« +

¥

. ' I3
TEACHING STATISTICS IN SCHOOLS' THROUGHOUT THE WORLD ‘
Ed. V. Barnetf ¥ ,

a new publication, of the 3
INTERNAT IONAL STATISTICAL INSTITUTE . .
(pp VI, 250, 1982) n

The volume presents a review of the exact nature of statistical education
in approximately 20 different countries. ‘For each country (or group of
countr;es) considered, an individual with firsgdhand experience of the
prevailing circumstances has presented a pegﬁonél description of the pres-
ent situation, of the way in which it has developed and of possible future
prOSpeéts. The countries covered are from both developed and developing
countries. e ) . .

The general structure of schoolieducation in each country is dutlined in
order to clarify understanding of the details of the provisions made for

teaching statistics. The outline includes  information on types of schools,: r 4
the pupils they cater for, principles of administration of the educatiomnal
system, methods of teacher training, patterns for examinations, prospects / .
for curriculum reform, etc. The 16 chapters consider statistical education
in: : ., A
4 ! o R R
England and Wales, New Zealand
Federal Republic of Germany . Developing Countries (Nigeria)
France t ganda and other East African
Hungary _ Q\Scates
¢ Italy Sudan ,
Sweden " South Africa |, X
United States and Capada . Argentina. !
Australia Malaysia
' \ ) . Japan .

1
The volume is intended to be of service not only to those involyed in
teaching ﬁtatiétics as a'separafé discipline within schools, but also to
those teachers and educators who are involved with teaching statistics
as part of other disciplines: biology, chemistry, mathematics, physics,:
N the social sciences, for example. T

-

‘Orders: for the Volume should b% directed to:
) The Intérnational Statistical Institute Y
428 Prinses Beatrixlaan .
“~ P. 0. Box 950 ‘
' 2270 AZ VOORBURG
Netherlands

The price of the'volume is US $10 or UK£LS6.
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An editorial comment . . . . '

R On'Choosing Research Methods: The Pendulum Problem
o R < ‘

"

' v - Douglas B. McLeod
) . San Diego State Univefsity

>

In the not—too-distan& past, researchers in mathematics education would
-typically conceptualize their research problems in the context of a tradi-.
tional experimental study. They would probably gather data bn two or more
groups of students and analyze the data using traditional statistical |
methods. o «

Today a researcher in mathematics education is more likely to think "o
about the solution to a research problem in quite different terms. Now the
focus could be on whether to use clinical interviews, teaching experiments,
case studies, or some'other non—experimental approach. The popularity of
these alternative methodologies (referred to here as ''clinical methods") 1is
a healthy sign, 4nd I welcome it. Researchers need not and should not
restrict themselves to the yse ,of traditional experimental methods. But I
am gow becoming concerned that the penqiiam may swing too far, and that
researchers may avoid using traditional éxperimental methods even when they
are appropriate. . ‘ k '

We have seen this pendulum‘swing before. In the early part of this
century, concerns éver the weaknesses of introspective methods were followed -
by.the dominance’ of behaviorist ideas and statistical techniques. But now
researchers focus their concerns‘on the'weaknesses of traditional statistical

\\methods, and remember little but the strengths of clinical research.

The research literature, q{ course, includeS'a number of useful articles
that discuss both the strengths agﬁ weaknesses of clinical methods. See, r e
for example, the books and articles by Ginsburg, Simon and others (e gy,
Swanson, Schwartz, Ginsburg, and Kossan, 1981; Ericsson and Simon, 1980). '

This kind of careful analysis is very helpful for choosing ‘the best research
methods for a particular problem. But.my concern is with the tendency that
I find among some ofd;yr leaders to recommend clinical methods regardless

3

the research problem,

of the requirements'




The pressure to use clinical methods was particularly obvious to me .
, back in the days when the federal government had some funds to support
research in mathematics education. Reviewers of proposals frequentiy made
suggestions that would increase the use‘bﬁ’clinical hethods. For example,
some reviewers could be counted on_ to recommend that a .study of early number )
concepts using quantitative methods with 100 students should be changed to
a teaching'e§periment withy six subjects, or to suggest that'a proposal to
analyze statistical data on teacher effectiveness should‘be recast into a
small_number of case studies. It was ndt clear to me that such changes

’

would have improved these proposals, since quantitative methods seemed

[ -~

quité approgriate for the proposer's needs. ¢ . : ) ‘
Somet ¥mes the pfessure to use clinical methods came from inside the

I3

government, as well as from outs1de. In a 1981 request for proposals (RFP),

for example, a. government agency asked researchers .to submit proposals to

"investigate the lgarning of secondary school mathematics, especially algebra,

. and geometry. These proposals were to focus on difficulties that minority

students had with these courses. Researchers were instruct;d to search for
patterns of differences in how majority and minority students learn mathe-
matics. ) - h ) '

, Prom my peint of‘view, this RFP had ver;'worthy goals and dealt with
an important prleem. But the next set of requirements of the RFP made me
ancomfortable: Every proposgl needed .to use clinical methods. The project
should use no more than twelve subjects. Data would be mostly qualitative

in nature. ‘ . ©

Such~methodological estrictions struck me as both unusual and unfor-
tunate. To require the use of clinical methods seemed inappropriate for at
least some aspects of the probiem that was being addressed especially
since tge study was supposed to have patterms of individual differences as
one of its major concerns. I doubt that one can develop a convincing pattern
of individual differences with a limit of twelve/jhbjects.

The RFP continued by noting that ¢uantitative data could also be used
fér certain purposes, such as for judgin\.inter-rater agreement and family
size. When an RFP has to specify that such quantitative data are still
allowable, then the pendulum has swung too far in favor of qualitative and

-

clinical methods.

I
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Although this exaéple is taken from a goVernment do€ument, tﬁe‘ideaé in'
the &P reélect the liews of a number of :l:hfluential leaders in mathematics ,
education. And given their influence, who can predict what this swing of
the pendulum will bring us next? /Can we expect for example, that general ‘ >
courses on fresearch methods will disappear from graduate schools, to be '
replaced by new courses which focus only on clinical methods7 In the days
‘ when traditional experimental methods dominated our field, those methods
were essentlally all that was taught. That was certainly an unfortunate b
situation. ﬁut now that clinical methods are more fashionable, should we
teach graduate stldents only clinical methods?
The anewer, of course, is no. Students need to know that there are a
variety of research methods from which they can choose,‘depending on the ‘

requirements of the research problem. As the NCTM volume. on' Research in

Mathematics Education (éhumway, 1980) inddicates, the first step of any _ 2
,4“} regsearch project should be to define the problem. Then one chooses tbe
' most appropriate set of research methods, keeping in mind that each method
has its strengthé and weaknesses. For another discussion of these and
related ideas, see Lester and Kerr (1979). )
So there is no réason to restrict oneself to a single research method
and certainly no Justification for teaching}only the one that happens to

be most fashionable. ,Instead, researchers need to choose from a wide ) -

range of methods. The important point is to match the problem and the

methods, making the decisions om the basis of the facts, not the_fads, of

the moment.
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_An announcement . . ED V, BARNETT . « + « o =

An editorial” comment . . . DOUGLAS B. MCLEOD . , '

4
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Beady, Charles H., Jr.; Slavin, Robert E.; and Fennessey, Gail M. ALTERNA-
TIVE STUDENT EVALUATION STRUCTURES AND A FOCUSED SCHEDULE OF INSTRUCTION IN *
AN INNER ‘€ITY JUNIOR HIGH- SCHOOL. Journal of- Educational Psychologz, 73:
518-523; August 1982.

R

Abstxacp/and comments prepared for I.M.E. by ROBERTA L. DEES , .‘ ~
Purdue Ufiiversity_ Calumet, Hammond. , *
. , . . . . .
1. Pulrpose ' .
The study : ’

examined the effects of a particular model of
direct instruction, focused instruction (FI), N
and two alternative student evaluation structures, - o
individual learning expectatidns (ILE) and ’
relative standing+(RS) on studen s' mathematics |
achievement and attitudes. (p. 's1 ) ; ) %

! » - -

2. Rationale

In earlier work discussed at some length, one of the authers had found

positive results with focused instruction (FI) and with the evaluation

Peward system referred to as 'individual learning éxpectations" (ILE).

Focused instruction is described as a highly structured schedule of teaching,

followed by worksheet work, and then by assessment. Slavin ‘(1980b) had

found this teaching method to have "a strong -effect on student achievement"

(p 519); the age level and content area are not mentioned. .

. Further, the FI méthod resembles other 'direct instructional strategies
that have been found to improve student achievemeént (Good and Grouws, 1979;
Anderson, Evertson, and Brophy, 1979)" (p. 519). Slavin:theréfore used
focused instruction in a later study (1980a) of the effecés J? reward pro-
cedures on language arts achievement The reqa&d consisted of recognition o
in a weekly class newsletter bassed on students improvement over their
own_ previods scores. Since the control group did 'not receive any newsletter,
"it is possible that the observed effect’ were due to provision of weekly

’ recognition, not to the improvement scorewsystem per se" (p. 519). The
present study was designed so that the separate effects of focused instruc-

, tion and the rewgrd-for-improvement system could be assessed.

- . 1

\J
3. ‘Research Design and Procedures

Subjects were 307 students in 10 seventh-grade mathematics classes in )

-

{ A




" .
an inner-city junior high school The sample was approrimately 487 black
. and 44% white; other categories were not included in the analyses. The
study was conducted for’ kl weeks. 'Two vplunteer teachers each taught five
classes which were randomiy assigned ‘to one of three treatments.
Two treatments consisted of focused instruction, but with different
reward procedures, the third was a control. 1In focused instruction with
. individual learning expectations (FI-ILE), students followed a regular
cycle of -teaching, worksheets, quiz; the number of periods used for each was
determined hy the teachers After the quiz, students received a score on
the quiz and were also awarded points according to their improv:;enf/o;er
their. basé scores, Cert!ficates were distributed to those sever/ students
in each class making the greatest number of points and/or having perfect
papers. After every two quizzes, students' base scores werge recalculated.
In focused instruction with relative standing (FI-RS), the same
instruction method was used. After each quiz, certificates were given to
the seven h{ghest scoring-students In each class. o, Y
The control group g \

studied the same skills as those studied in the .
two focused instruction groups, but did not .
» ‘follow the same schedule of activities. Students
were given percemtage scores on whatever quizzes -
or tests they. took and received only traditional
. grades, not certificates. (p. 520) oL .

.

Students' re&ﬁrds contained their scores on the Iowa Test of Bastc

Skills, given by the school system. The mathematics subscore (ITBS) “was

’

used as pretest. The posttest was ,/

a specially constructed test covering opErations
with whole numbers, fractions, and decimals, to
which students in all 10 classes had been exposed..
(p. 520) . s

.Seven attitude scales were also administered before and after the study.
4 ?

4. Findings . ,

Saa

The authers report meanssaﬁé*gﬁmndard deviatlons for the ITRS and the

m

posttest by treatment group and by race within each group. ““¢There seems to

be an error»in the FI-ILE means, Since the figures given are: | Blatk 52.69;
White, 51.95, and Total, 55.50.) ‘

P

o




&n analysis of covariance for treatment effects on achievement, with

ITBS scores as covariate, showed a significant treatment effect ¢tp < .01
in the three-way comparison. The ‘similar two-way analysis comparing,FI-IiE
and FI-RS showed no sfgnificant difference in posttest means. ‘However, the
two~way comparison-of FI-ILE + FI-RS versustthg eontrol group shows a sigi
nificant effect (p < .01):‘ Higher adjusted means (marginally significant)
were feund for black'students than for‘white in the three-way analysis and
in the FI-ILE versus FI-RS comparisons. However, treatmént'bylrace‘inter-
actions did not reach significance levels.. No significant differences on

a

the attitude scales were reported. i ’ .

8
5. Interpretations

Ihe authors expected that studentj in the FI-ILE treatment group would
exceed the other two groups in achievement and in favorable attitudes, and
_that both the FI groups would similarly exceed the control group. Both FI Qi
groups dld exceed the control group on the achievément measurey but there

was no signifzhant difference between the two FI groups. This suggests

. <
that the focused instruction model, which inc1uded the awarding of certifi-

cates, had more impact on achievement than Ehe basis on which the certifi- ,

cates were awarded. ‘ N~\\Kg ' ,
N

The authors suggest possible reasons for this outcdge, which contrasts

o -

(p. 522), the difference in thé’frequency of feedback in"the two™

}id ‘exceed the FI-Ré groups (non—significantixyh“a~
ik

focused sch>€u1e of teaching, worksheet work, and quiz o
o s e prov*/L'further support for the utitity of direct R
instructiocyl strategies in which regular activities,

frequent fé--back and emphasis on coverage play a

major pars. (p. 523)

The authors sa:%ghat validation of this method in an inner city junior,
a

high. school is impo@ ng. It is further suggested that the reward- for—

Ll
-

improvement systemfférits further study. . '




_ " Abstractor's Comments ,

" The,first group of questions concerns information not available in the

+

report: N

What was the nature of the worksheets?
‘ What:did the individual quiz iook like? 1In one place it is‘described‘
as "a written, sumbative quiz rather than verbal responses or worksheet
answers" (p. 520). Whatvdoes this mean?- - . ' '
Of what did the "specially constructed" posttest consist? Was, it :

similar to the six quizzes, or more like the ITBS? - . ~

"~ What was the mathematical content being taught? Was it from a standard
textbodk series? Were concepts being taught, or only 'operations with whole.
numbers, fractions, and decimals™ (p. 520)?: e
If the control group, "did nnt foliow the same schedule of activities" -

% »
(p. 5207, then what did they do? . “ ‘-

-

The next group of questions and comments indicate reservations I have -

~

gbout the study and/or the philosophy behind it: A

"Since the same teachers taught some control classes as well as some B
FI classes, how was contamination avoide3” That is, what prevented the
teachers usﬁng‘some of the materials/methods with the control classes? On
the other hand; in the\FI classes, material ?worksheets.and quizzes) ' was
prepared by the researchers, making preparation for these classes quite
simple for the teacHers. We are given no information about the instruction
. in the control eiasses. Perhaps they received no instruction at all.

What do the authors think the treacher*s.expectations were of the FI

classes versus the control classes? ¥ . . -
- N e

Do the authors think the certificates T%aily should make any difference?
Consider this fact: ‘ i : ro ‘

T - While the ILE points and certificatbs\were emphasized
as indications of week~to-week improdements or decre-
ments in performance, students still Teceived indi-
vidual grades based on their actual gpnadjusted) per—
formance relative to other students,‘not on their ILE
scores. (p. 520) ~

7

Could the result, that there was no significant difference between FI-ILE
and FI-RS, be due to the fact that students eitler

1) saw immediately that the certificatég had no effect on what was

qritten in theaalmighty grade book (anh therefore it wade no




-

~>

. . difference on what basis they were éwarded), or
. : 1

*2) learned and improved their scores because of intrinsic rewards

(not nee&ing_M&M's)? ' , .

” -

. ) /
- What other measures of ach;evement did .the teachers us in their evalu-

-

ations for final grades? What might be predicted abéﬁt,the retention of
these students at a later date? I;lthis just anétﬂer exdmple of ''teaching
’ ’yhe test”? . o 4
. How can wefbe sure’that any of ‘the groups understand the uanrlyingl

concepts of our number system, of fractions, and of decimals? #

Does, the FI method transfer? That is, does it provide for~learning

~ 3
-~

hoy to learn mathematics in the absence of the worksheets?
Junior high school students certainly need instfuction, structure,
‘ and~feedback. However, in junior high schools throughout the country (inner
city schools inlparticula;);_worksheets seem to abound already. 1 worry
. about this cut-and-dried system, this fodu;ed instruction. Persons desper-
ately trying to raise théir qchools' achievement scores may grasp at this

straw. If they do, when will their students ever get to see a film, take

-~
a field trip, have an argument, go an experiment, or solve a problem?
3 ' References ‘ ,
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Bednarz, Nadine and Janvier, Bernadette. " THE 'UNDERSTANDING OF NUMERATION
IN PRIMARY SCHOOL. Eduqational Studies in Mathematics 13: 33~57; Feb-

_ruary 1982. T ) -
- PP * B ) L .
‘AbStract and comments prepared by GLEN BLUME,, ‘
The University of Iowa. . '
t t . »~ K
1. Purpose . . »
- . \ .o ’

The purpose of the study was te clarify the motion of ndmgrétion and
what is meant by understanding numeration, to develop'a framework for ‘eval-
uvating the uﬁderstanding of numeration and for teaching numération, and to

identify children's difficulties with numeration and the strategies they

. use on mumeration items.

2. * Rationale

fhe authors charaéterize numeration as enéompassing more than counting
and identification of place value. Numeration is a process &hich consists
of "moving from the number ‘(associated with a given collection) to the

representation of that number" (p. 34). This process requires skills that

enable one to move among three states: the collection itself, the collec-
tiop reorganized into groupings, and the representation of number‘associated
with the co}le;tion. Some .of these skills are: to make groupings, to ’
funmake' éroupings, to make groupings of groqpings, to code (move from
grbup;ngs to representation), to decode, and to d%igpygr the rule of group-

/fng.

&

A

3. Research Design and Procedures

»

From March_through June of 1979, first, third, and fourth graders (40,
75, and 45, respestively) from three schools (underprivileged, middle~-class,

and upper-class) were.individuélly interviewed. First graders were giveri

14 tasks and third and fourth graders were given 12 tasks., Follow-up inter-
views in groups of two or three students used six tasks and were given to
42 third graders and 36 fourth graders. ’

The framework used to classify the tasks had three dimensions: degree
of complexity, context, and ''the representation rélated to a rule of group-

ing" (p. 36). Task complexity was easy, average, or difficult; an illustra-
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ti;e average complexity item ‘had "three skills involved and a coutse of’ ' ‘
interplay between two states" (p. 38). Tasks were classified in one of two
contéxts. Use of conventional symbols or everyday situations such as those
dealing with money ddfined the familiar context, and contexts such as
‘candies, rolls of candies, and bags of rolls constituted an unfamiliar con~

relation between the representation and the rule of grouping in ,

S , . ~ 4 . * . ° .
_~describing the tasks and 1llustrates for each grade level where the majority - .
of the tasks were concentrated,
The authors present a partial analysis of the. results from six: tasks ~

the following

,numeration addressed by the task (3) the task's classification according
S - to Figure 1, and (4) the percentages of third and fourth graders who exhi-
bited certain strateg1es and difficulties on the task.

(2

\ 4. Findings
. Task 1. Using six tags coﬁtaining the digits 0-5, students were asked
to use all tags to make as large a number as possiblé and to
\ . . compare their number to one_.formed by the interviewer

This item addressed the importance Ehetchild placed on the position of
a digit in a written number and was classiﬁied as familiar, easy, and con- fww\\
ventional. Sixty-three percent (84%) of the third graders (fourth graders)

were successful om this task. The main difficulties were in working with
f

+  numherse¢greater than 10000 and with placement of the zero. ~.

) Task 2. By repeatedly tossing a die-and using or omitting the
’ digit produced, students were asked to construct a three
digit number greater than 423.

This item addressed the role the child attributed to position when
) ’ wIitin;’numbers and was classified as familiar, average and conventional.
"'Good understanding ‘of numeration' (p. 43) was exhibited by only 10% (80/)
of the subjects in grade three (four); an example of this was recognitidn
that a 5 in the hundreds position was sufficient. Although'less than 20% .
of the students in each grade accepted all digits and wrpte them (in order)

to form their number, 407 (237%) of the third graders (foufth) attempted to

»




construct a number in which each’'digit was greater than.the corresponding

digit in the given number.

Task 3. -Given 20 tags containing entries such as '2 ones', "ll ones’,
'45 tens', or '5 hundreds', students were to use the tags to
guess a number greatdr than 402 and less than 513 that had
Been selected by the interviewer. Students were told whether
the interviewer's number was bigger or smaller than each
successive guess. Children also were presented variods sub-
sets of the tags and again asked to perform the task and
write the number. v

This item attempted to demonstrate the meaning»children attached to the @
words hundreds, tens, and ones and was classified as familiar,; difficult;
and conventional. Only 27% of the third graderg and 44% of the fourth . '
.graders gave a meaning to ones; tens, and hundridg in terms of groupings.

‘Qver a third of the students worked exclusively with the digits, psying no

attention to the words,‘and 30% (21%) of the students in grade three (four)
related ones, tens, and hundreds to order in writing rather than to grouping.®

Task 4. Students were shown & picture of four individual candies,
three rolls of candies, and two bags of rolls, a second
picture of those that were given away (1 bag, 7 rolls, and 8
candies), and were asked to draw a picture of what was left.

. r* This item was classified as unfamiliar,-average, and.disguised, and .
addressed "what meaning (if any) children give to borrowing in subtraction"
(p. 48) and whether children see groupings or groupings of groupings with _
_this representation. Many students, [60% (32%) in grade three (four)l}, made X
no inquiry into the numbefr of candies per roll or the number .of rolls per o
bag, and only 30% (61%) sf the students exhibited understanding (associated

a number to the grouping or mentally 'unmade' the grouping).

Task 5. Students were asked to find the answer to 234 - 178 =

This task was' intended to address the meaning attrinnted to borrowing
in conventional symbolism and A0 determine transfer from Task 4, and was
classified as familiar, average, and -conventional. Only 4% (10%) of the
third graders (fourth) gave meaning to the borrowingMin terms of groupings,
although 117 (35%) of the third graders (fourth) verbally differentiated

* between the borrowing of tens and hundreds.

Task 6. _.After being shown a pack containing 10 candies, students were
shown a picture of 5 rolls of candies, 6 candies, and 1 bag
of rolls and asked whether someone buying 15 packs would have
enough to give someone the eandy shown in the picture. A

) second presentation used 15 packs with 9 in each pack.
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. This item determined whether students perceived groupings of éroupings
and was classified as unfamiliar, average,‘and disguised. At most 50%Z (78%)
of the’ third graders (fourth) showed understahding of numeration on this
itamf;LOnly 7% (10%) of the students made a direct comparisen between the

lsetsmﬁ objects, and 68% of the fourth graders used computations.

f . .

5. Inte;pretations ' .

The authors concluded that/children attribute meaning to hundreds, tens,
and.ones more in terms of order or position than in terms of groupings, and
that they see numbers not as entities, but as "symbols placed side by side"
(p. 545. The authors also concluded that the bofrowing procedure is not
transfered from conventional symbolism to other forms of repfesenfation and
is rarely linked to the idea of egchanging. The main difficulities exhibited
were Ehose with zero, wérkingswith groupings of groupings or with two group-
ings siﬁyltaneously, and unmaking groupings and handling the exchange.in o

'borrpwing. The authors found that fourth gra?ers made more systematic.use

of computation, and their answers were more consistent than those of third - .

. ”

graders. . ’ .

-
Ther.authors state, "One of the major outcomes of our analysis was the

digcovery of a striking similarity between the processes involved in nuym- .,

eration gnd in measure" (p. 55). They contend that their research reveals '-

. elements %hich characterize understanding of numeration and that their

I

fﬁ framework could be used for teaching and evaluation.of numberation.- The

?9' difficulties linked with different modes of representation are part of a

4  larger question” of «xrepresentation in mathematics.
. ' \ ' ’ ' . : '
\

Y

Abstractor s Comments

t\
The authors.are to” be commended for their attempts to characterize .

aspects of numeration (indivtdual skills that contribute to understanding
numeration), for their d;scription of children's procedures and errors on
specific numeration tasks, and for their suggestions concerning teaching

emphases for numerJtion: My comments will -focus op aspects of these three

-

areas.

-

. , _ )
The authors' theoretical framework characterizing numeration as a

) rgpresentation process is a worthwhile first step toward specifying in




detail what an acceptable understanding of numeration should entail. From
this ‘framework tasks wereﬂcfassified according to complexity, familiarity hd
. of context, and type'or representation, but it was not apparent that thete
was a direct link between these task categories'and the three states and-
associated skills. For example, classifiration of task complexity as eaey.
average, or difficult reveale much less about the task, than a classification
which might specify precisely those skills r combinations of skills demanded

by the task. What skill was lacking in a child whn could solve ar 'average"

Va .
task .but not a "difficult" one? Also, I was not able easily to relate the
~ objective of the first task, determining the importance a child places on the.
(i\ position of a digit in a written number, to any of the skills associated

: with the numeration prncess (making groupings, moving from groupings to
‘ symbols, etc.). h
.Some of the interview tasks were particularly interesting in their
approach to assessing aspects of numeration, and the authors' descriptions
of responses on each item seemed to '"capture the essence" of their’eubjects'
respomnses. Howgyer, no mention das made as to whether an a priori coding
scheme was developed for récording students' xesponses. Also; the number of
- interviewers was not specified; if eeveral weke(used, a measure of inter- -
rater agreement would have. added ‘credibility to the authors’ classificatiens
of student responses. ° :

]

The authors report that children in grades three. and four can use

v

computation and conventional merals, but have difficulty transferring
p * their knowledge to situations ~sing other forms 6f- representation and
% difficulty attaching meaning to conventional symbo&s and computat;onal
procédures. Since results wer} reported for only a subset of the'fasks
used, I was tempted to speculaée about the full range’ of results. Is.it
possible that fifst graders exhibit fewer such difficultie;lbecause the9.

rely more heavily on counting and manipulating sets.of objects than on
symbolic procedures? Do older subjects perform poorly because,they dcg't
know how to manipulate the roupings or weren't taught to do so, or because

. they simply interpret the tgsk ag being one that can be solved using com-

_putation? The authors' promise df a report on the full range of tasks and

grade levels was welcome; an interesting iqclusion would be ,some descrip-

tion of individual subjects' performance across$ all tasks in addition to

“
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the group data ow each task.g ] , ’
I agree with the quthors' suggested teaching emphases -- instruction in
&he computational .algorithms should b#based on linking the symbolic pro-
- cedures to grouping and exchanging, children should be giyen the opportunity
" to work with a variety of representatfonal modes, and measurement can serve
<+ as the basis for developing representatioh processes. It was not clear to
. me, however, at the task framework used for the interviews necessarily
could serve as a‘hasis for teaching numeration and ensuring that students
understood numeratyion. 1 viewed the tasks somewhat as isolated tasks which
pointed out difficulties with some aspects dffnqgeration rather than as a '
coherent framework for defining what constitutes understanding of numeration
or varying degrees thereof. This was especially true of those instances in
which the authors defined Gnderstanding by listing behaviors which described
lack of ‘understanding. As more data and additional refinements of'the
authors' framework for numeration become available, our knowledge about
children's conceptualizations of numeration will be enhanced.

[
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co Concentration of Tasks by Grades .
® ' L 2N -
IS . ‘ ‘
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Carry, L. Ray; and Others. -PSYCHOLOGY OF EQUATION SOLVING: AN INFOR-
MATION PROCESSING STUDY. Final Technical Report. ‘August: Univ-
ersity of Texas, Department of Curriculum and Instruction, 1979.
ERIC: ED 186 243,
Abstract and comments prepared for I.M.E. by ROBERT B. ASHLOCK .
RTS Graduate School of Education, Jackson, Mississippi. -~ ‘

1. Purpose and Rationale .

2

The authors believe that.what is learned in schdol mathematics
differs sharply.from the outcomes desired by educators whe tend to or-
ganize instruction in terms of the logical network of mathematical con-

. ceptualization they themselves posses. Therefore, the authors have |,
attempted to describe how colliege students actually go about solving
algebraic equations. In" so doing they attempted,z”evaluate and extend

recent work in the'psychology of skill. ”™ ‘

.
. 4

“- ' b ' 4
2, Research Design and Procedures

Data were collected from two groups of university students. One
groué of 15 students expected to be good solvers of elementary aléebra
' equat%ons was selected from a populatiig of engineering and mathematics
education students. The other group, th many poor solvers, was an
unselected sample of 19 volunteers fron an\}ntrbductory psychology . :
course.
Through pilot testing an instrument’ was developed containing seven
pairs .of equations,'each pair designed to probe for specific errors.
The problems were given to subjects in the first of two sessions. For
the second session, seuen‘triples of equations simipar to those used ‘
during the first sessign were prepared. Studentsain the'unselected
group were given equetions related to those on which they had made

errors at the first session. Also, four pairs of more gomplex equations

were administered to skilled sol¥ers. An instrument for screening the
-

Y )
more proficient, fluent solvers on the basis of speed and accuracy was .

administered.

.
-

, Students were video;téped as they individually attempted to solve

the equations. For part of the equations they were asked to try to
describe their prbblem-related thoughts while they worked. For other

— e o e o e e e




equations the°y were asked to explairr the’ soluﬂmn pr.’bcess as if they -
were' assisting someone who needed h@lp with homew&rk Written work
and spoken comments were retained Qﬁ,hapalyéis, then the’ comments were
keyed to the written work with the help of the video recordings. ’
To organize the’ data, the authors used an artificial model of the
solution process based on the work of Bundy (1975). When interpreting
data they Tooked for three kindsﬁaé\conclusions relevant to education.
First they tried to identify the.difficulties students had, and to guess
/the mechanism that produced those difficulties. Second, by comparing
the work of successful and unsuccessful solvers they sought to identify '(;
4) ideas that might help make more solvers successful. And third, they '
tried to identify ;hat must actually be learned by the student of equation ’

solving. . + ” - }
3. Findings ‘ B . .

The authors found very different thoughts and acts,Reven among
successful students,-than they believed should logically be expected.
Few college students perceived algebra as generalized arithmetic. The
authors found students mixing non-insightful and insightful ways of
equation solving, and in some specific cases observed what understanding
does and does not do. o

" The strategies‘used by solvers were recorded and ,the errors of non-
solvers analyzed, primarily in terms of the Bundy strategy. It appeared ’
that solvers need at least two strategies, one for linear and one for

quadratic equations, with a means- of selecting the apprbpriate one,

The Bundy model was used as a framework for tabulating errors in |
the study. Errors exhibited were tentatively tabulated in three cate-
gories: operator errors, applicability errors, and execution errors.
Operator errors examined include various deletions,.tranSpositions, -
recombinations, cross multiplitations, splitting an equation with frac-
tions, reciprocals, divisions by zero, splitting quadratic equations,
squaré roots, exeraneougkroots, arithmetic error, and opetator gaps.

A shift in prevalence of error tybes was observed as accuracy
. increased with execution errors relatively more frequent and operator

errors lEss frequent. Some errors tended to occur consistently for

AY
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given students. Many errors seemed to be consistent with the student's
statement of what should be done, suggesting that his or her knowledge
was faulty rather than the exécution. Errors were systematic in form°
few were random distortions of correct performance.

The Bundy model was found to be limited in that subjects do not ,
simply solwe' they also explore, evaluate, and check. Therefore the
comments and activities that surrousded solving itself. were considered.
Evidences of hierarchial organization were noted, as were some charac~-
teristics of erroneous operators. It was inferred that operators are ))

¥ not units of knowledge that either are known,or'unknown as suggested .
< in the Bundy model. Rather, students monitored the Srogress of their
.solutions, making evaluations of the states they reached, often back-

tracking. Both local and global checking methods were observed.. Some

0

are hot, beyond appeal to authority. &

.

4. ' Interpretations ; ' .

The authors noted that the three types of errors observed require
different preventive or remedial measures.. Operator errors seem to
reflect incorrect or incomplete knowledge, and applicability errors
usually involve mishandling’of parentheses. However, execution errors
did not cluster as did the others, possibly because they are a trade-
off of speed and accuracy in relation to other tasks.

Furthermore, operators seem to have structure, and students may

/

have only partial knowledge of the parts of that structure. For example, ’

part of the knowledge of adding and multiplying seems to be that they

accumulate things, while subtraction and division both take away things.’

Such partial knowledge can determine the form and occurrence of errors.

Students need to know that they wFll form misconceptions and make

It appears that strategic knowledge is§:ot as simple as the Bundy model.
errors\deSpite their best efforts, and that fhere are specific actions
they can take to deal with these’'difficulties. For example, poor
solvers will be helped if’ they can see checking as a way of evaluating-
their knowledge ‘rather than their answers. Although one can do algebra
without understanding it, meaning is important because of the specific

role it can play¥in allowing the validity of operators to be tested.

.
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Clements, M. M. CARELESS ERRORS MADE BY SIXTH%GR%DE CHILDREN ON WRITTEN
_MATHEMATICAL TASKS. Journal for Research in Mathgmatics Education 13: 136- °
144; March 1982. AT T i
. 7

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

Cou

3+

1. - Purpose ' ' ) ) : .
’ Children's errors on a set of written mathematical tasks were investi-
gated to determipe the relationship of‘careless errors . to total mathematical
errors. Also, some associations'are gought between personality and cogni-
tive characteristcs of the students and the tendenc%ﬁto make careless errors.
22 ' Rationale : o %
The author contends that "while there is a larée and growing literature '
on process skills errors, and especially on errors due to the application
of inappropriate or faulty arithmetic processes..., ihe literature on care-
less errors is relatively sparse" (p. 136). While somg investigators have
suggested thaf most, if not all, errors are iéstematicrprodess errors, the

ss errors and process errors

[

worj/of other researchers suggests that care

occyr wilth about the same frequency.

.
- -

3.  Research Design and Procedures . L.

(gweéty—six male and 24 female sixth gfaders attending an international
e school in Lae, Papua ‘New Guinea,,participated in the Stgdy. Kagan's
cognitive style test, Matching Familiar Figures (MFF), was administered
individually to each student in the' sample. The errors and response
time on the MFF were used to identify students‘as~impul$ive or reflective.
One week later four paper-and-pencil tests were'givén.to the students on

. two successive days in a ‘group setting. The tests were: . o 4
* a) Arithmetic ComPetency Test (ACT). A 251item test ié&p

lving com-
putational exercises with whole numbers, fractions -and decimals

b) Mathematics Language Test (MLT). A 17-item test assessing under—
standing of comparative terms like more or less in worded problems.

c) Mathematics Confidence Test (MCT). A 25-item test of word problems

@and calculations with an associated five—point Likert response

- - . 3
e N
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scale where students were required to report their degree of con-

fidence in the answers they constructed for each test item.

d)" Monash Assessment of Mathematical Performance Test (MAMP). A 36~

item test of numeration, geometry, and logic that was adum¥nistered

7

y to all students twice, once on each of the group—testing days.
. ' In-addition to the time to respond and errors on the MFF, and the .
“scores on the four achievement tests, two more variables were defined. 2 One &
variable was called total time and it consisted of the time to the nearegg&(i
minute each student ne&ddd “to. comptite £he ACT, theMLT, -and the MAMP (firs{: . i
administration only). The othey-derived variable wasg 'called misglaced f&F e
confidence. Whenever students missed a question on the MCT, but indicated )
on the associated Likert scale that they were certain of their answers being*!.,
correct, they received a misplaced confidence score of 2. A score of 1 . N
was given for an incorrect answer for which studentd thought-their answers .
were correct (but not certain). All other cases were scored a 0 on mis-
placed confidence. About one week following the group testing, the author
interviewed the subjects individually using. a technique the .,author identi-
fies as the newman interview technique.
The ‘author used the double administration‘nf the. MAMP tests as the

source of ‘data for careless errors. Errors were defined in this st.dy as
careless: - . s et )
a) 1if on a givaf item 4 .wrong answer\appeared on one administration

of the MAMP but a céqrect answer,appeatedAon the other adminis-

o

. .

tration, and . e,
ansvers during the interview,

b) if when presented the two origina
ct answer without assistance from

probing did not indicate that

the student obtained the cor

the interviewer‘and provided fur

the student was uncertain which answer was correct. -
. ‘ j Al - N
N~ : oY ‘./ . “‘ -t P . .
‘ 4., Findings . . . . \ p .

Ex¥rors. Ccnsidering both administrations of the MAMP, therxe were.903 '

+

incorrect responses out of a possible 3600.

- Double errors (incorrect response both times) totaled 638 of-which 76%
were stable double errors. (Same incorrect responsé both times.)

- Single errors totaled 265 of which 190 were judged to be careless using
the definition applieq in this study. Of the careless errors, 122 (64%)

25 -\,
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occurred the first time and 68 (36%) occurred on the second administration
of the MAMP, __ -

Relation of Errors to Mathematical Performance. \

- The number,of careless errors and double errors correlated negatively with
better performance on the ACT, MLT,; and the MCT, but correlated positively
with misplaced confidence and total time.

- The proportion of careless errors to total errors correlated positively
with better performance on the ACT, MLT, and MCT and negatively with
misplaced confidence and total time. —

Relation of Errors to ImpulsiviAZ Seventeen of the subjects were

identified as impulsive and 12 were classified as reflective from theiry
performance on the MFF test. , N \
- Impulsive students tended to make a greater number of careless and

double errors than reflective students, but not significantly more.
-~ The proportion of careless errors was nearly the same for both groups.
- The mean time taken by a student to select a pidture in kagan's MFF

test correlated negatively (but not significantiz different from zero) -

with total time in tfle first MAMP, ACT, and MLT.

5. Interpretations

Students who are mathematicallp weak and who .are confident of their
answers when they shouldn't be tend to make more careless errors and even
more systematic errors. .Students who take less time on mathematical tasks
and~who are generally confident'about their answers make fewer process
errors but only marginally fewer careless errors.

When the ratio of careless errors is considered, a different pattern .
'emerges. Students who are mathematically competent, vho are faster
workers, who have confidence.in their results, and who do not misplace
their confidence tend to have a gréQté? ratio of careless e;rors to total , ,
errors than do "slower, less confident and mathematically weaket students" :
(p 161). . - . ' ‘
, JImpulsivity-reflectivity as measured by the MFF ddes not indicate a

dimension that 1s highly related to careleSQ‘Frrqrs -or proportiom: of

careless errors. In fact, students who were identified as impulsive from

the MFF were not impulsive on mathematicgl tasks. Similarly, students
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identified as reflective from the: MFF were not reflective on mathematicél

tasks.

-

s
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Abstractor's Comments

k]

The author describes this study as "exploratory" involving "rather blunt
statisfical tools." With this I agree. The results are primarily in
terms of §imple correlations and need to be considered with. great care.
However, it is an interesting study that is well worth examining with the
view toward further investigation. - o

The main results"of this study are not inconsistent with what one would
intuitivgly expeét. The more errors, careless and otherwise, students make
on one type of mathematical task, the more errors they tend to make on other
types of mathematical tasks (while no correlations‘between the various mathe-
matics ach&évement tests are reportéd, one suspects a large positive corre—'x
}ation among them.) tMoreover, more able students mhthematically wh6 are
confident of their answers make fewer careless errors and fewer systematic
erroxs.

_ The use of fhe.broportion of carelesg‘errors as a dependent variable- !§
can be misleadiﬁg. It was found that students who were able on the mathe~
matics aéhievement téétg, who worked quickly, and who were confident of
theixr agswers tended to make a higher proportion of careless errors. This .
sééﬁé contradigtory to the last statemént in the previous paragrqgh, yet
it is not.contfadictqry, only an artifact of the use of the ratio of careless
erroxs as a dePeﬁdent measure. Clearly the more able students made fewer
careless errors than:tﬁeir less abieocohorts and also made fewer systematic
errors in relation to'their careless errors. Thus, the greater p;oportion
of careless errors is prtmarilx due to a smaller number of systematic '
exrors 4nd not due to a large number of careless errors. :

Some of the‘relationsbips uncovered in“the study may have been less

predictable at the outset. One may have expected more careless errors

from individuals clagsified as impulsive, yet this was not found. Indivi-

duals classified as impulsive did tend toward more double errors than re-

flective subjects, though not enough for statistical significance. In fact,
the rélationships uncovered between double errors and other variables seemed

to be much stronger than for careless errors. For example, both mathematical

a
- .
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confidence and total time were both signifieantly related to the number
of 4oub1e errors ( 0.59-and 0.50 respectively). Most of these strong
relationships probably occur becauge of the basic finding that process
errors in the form of double erroxs were three amd one-half times more
prevalent than careless errors. ' / ' .o
The author raises the question, "What are careless errors?"” Despige
a careful operatiouai definition, no attempt is made to discuss this
question. From the review of the literature in this.report, children's
errors seem to fall into two eategories: a) errors due to faulty processes
.or inappropriate applications of proeess skills and b) careless errors.
Yet, -in this study we find four empirical categories of errors: a) stable
double errors, b) unstable double errors, c) single careless errors, and
d) single non-careless errors. Are .all errors other than sihple careless
errors to be considered systematic process errors? The author does not
say, nor does Ke discuss two of the four types. ,While we are given an
operational definition for careless errors we are not given a rationale
4 for why this definition should be considered the test for whether an u
error is careless. Frdm the operational definition of careless errors
used in the study one infers that the author means that a careless error
is characterized by a) sporatic occurrence s opposed to cgonsistent ‘
appearance, b) ready identification as incorrect by the student and
corrected without teacher assistance, and c¢) steadfast belief by the
student in the correctness of the answer in the face of teacher probings.

. 4
Yet must a careless error be sporatic in occurrence? : Particularly, must

L

it occur only once in two trials?-
' The Newman interview technique is referred to often in this report
~and plays an integral role in the identification of careless' errors. No
, C description is given of this technique and the only reference is to an_
article in an Australian publication. Some capsule description of this
interviewing technique would 'have been helpful to the reader who has no
access to the cited publication. ‘
The author asserts that his interest in knowing the nature, extent,
and causes of careless errors stems from a desire to find effective means
to eradicate them. An interesting bit of data in the etuizisuggests tbat

perhaps a way has been found to eradicate careless errors thout under-

o o | : E}l X.
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standing their cause or natﬁre. Clements reports that on the fifst‘admin-

istration of the MAMP, 122 careless errors occurred while on the second

administration only 68 careless errors occurred. One might hypothesize
_that if the MAMP continued to be admihisiered, the number of careless

-~ ”

errors .would continue to decrease, thus moving toward the eradication
of,cafeless érrors. Meanwhile, the nﬁmber of non-tareless errors did not
decrease nearly as mpzhl From the first to the second administration, the
number of errors decreased by about 80, of which 54 were carefess:éfrors
and the remaining 26 were scattered among the other three categories.
Clgar}y, errors classified as careless in this study were more affected

by a repeat administration of the MAMP than were errors considered to be

7 »

process errors. ) R
_If one considers the repeated administration of the MAMP as an

‘example of repetitive'practice or drill, we see that drill improves

performance with respéct to careless e;rofs much more than it does for

process errors. Thus, drill or repetitive practice might be hypothe-

sized to reduce careless errors and increase proficiency. Also,vwe 1

’

~

may expect that drill or repetitive practice would not serve to reduce

errors in process skills.

. -
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Hieber;, James; Carpenter, Thomas P.; and Moser, James M. " COGNITIVE DEVEL-
OPMENT AND CHILDREN'S SOLUTELONS TO VERBAL ARITHMETIC PROBLEMS. Journal for

* Research in Mathematics Education 13: 83-9§ March 1982.

) .

o
.

Abstract\ and comments<prepared for I.M.E. by DOUGLAS R. M. EDGE,
Universitly .of British Columbia, Vancouver.

1. Purpose ‘L,,;/ ' . ) ' Cot

The purpose of this study was to investigate £he relatibnship between P
"general cognitive developmental abilities" (p. 83) as measured by an infor- -
mation processing capacity and three Piagetian tasks (number conservation,
class ‘inclusion, and transitive reasoning), and performance of first-grade
’ children on verbal addition and subtraction problems .

2. Rationale ? o

The authors argued that a logical analysis.of simple arithmetic prob-
lems suggests that certain "basic cognitive abilities may be needed to
interpret and solve them correctly" (p. 853). lThey examined each of -the,
three Piagetian tasks and the information processing variaPle in terms of
their relation to addition and subtraction, simple problem solving , They
noted that the supporting empirical evidence for the logical»analysis was
either inconclusive, contradictory, or, with regard to information/process—
ing capacity and arithmetic problem solving, sparce They concluded that.
it was not clear that any of these cognitive variables was in fact needed
for successful performance or "whether the relationships are simply the .
result of a global common factor, such. ag general intelligence" (p. §5).
The study was an'attempt'to,clarify these amgiguities:' . P

N - . .

3. Research Design and Procedures . ‘ .

The 149 first-grade children interviewed in,this study were drawn from
three elementary schools in middle-class neighborhoods in Madison, Wisconsin.
For their instructional program, the schools used a modified version of

DevelopingAM/Ehematical Processes (Romberg et al., 1974). As the students

were tested in January, they had received several lessons on solving dif-

- ferent arithmetic problems where modelling the situation with objects was a
; - , v

recormended solution strategy. -




IN .

Each child received two forms of a standard protocol for number conser-
vation, class inclusion, and length transitivity tasks. Although the child- '
ren were asking to provide examinations for. their answers, the responses
were scored as d&ther correct or - incorrect resulting in scores of 0, 1, or
2 for each of the Piagetlan reasoning abilities. The backward digit span
task used to measure information processing capacity consisted of 10 two-
digit, 10 three-digit, and 10 four-digit trials. Performance was scored
in such a way that foridata.analysis purposes four levels of backward digit

"

span were establishedP resulting in scores of O, 1, 2; or 3.
Six verbal addition and subtraction problems, "each drawn from cate-
gpries representing,dlfferent semantic strgctures” (p. 87), were selected
for the'study. The problem types used were:  Join (addition), Separate
(subtraction), Combine (subtraction), Combine (addition) Compare (suztrac-
. tion), and Join (subtraction). Each child was presented with a total of
24 problems --— each'of the six problem types was presented under four, con-
ditions. The conditiops resultéd‘from crossing.the variable number size
with availability of physical'objects to’help solve the problem.
The data were obtained by interyiewing each child individually over
three fifteen-minute sessions. The first interview consisted of the 12

smaller number problems, the second the 12“}&rger number problems, and the

third the cognitive ability tasks. ) T
. As each of the siy problem types was treated separately, summing across
the four problems of each type resulted in a score of 0 to A4 for each sub- '
ject on each problem type. Hence, each subject, classified into a devel-
_-opmental level for each-cognitive ability, b<: a score of 0-4 for each

{

problem type. @ A

Based on -the children's explapations, the authors identified a variety
of solution stfategies. For addition. counting all, counting on from the
first (Smaller) number, counting on from the larger number, known fact, and
derived fact. For subtraﬁiion. separating grom, separating to, adding on,

matching, counting down frpm, counting down to, counting up from given,

known fact, and derived fabt. It was suggested that the last three stratf'

g -

egies in the list for addition and the last five for subtraction were more

advanced than the figst str@tegles.




for’ solving the problem

4. Findings ' AN . i

Although no cogniti ability seemed to be an abselute prerequisite

g%ethe children who had developed a particuiar ability .
had higher mean scores than those who did not.

Resulting from a multinariate analysis ofﬁvariance for each cognitive
variable across all problem types to check between group differences in v
overall performance, only class inclusion and backward diéit span "sorted
children into developmental groups that différed significantly in their r
arithmetic performance when all six problem types were considered simulta-

neously" (p. 90).

Six multiple regressions, one for each prcblem type, were run to examine

» the possibility. that some combination of the cognitive variables may best
. ’rQEE;iii performance on the arithmetic tasks. The amount of variation in
i ) performance on the problems éxplained by the regression models has st

ranging from .07 for the Compare (subtraction) problems to .23 for thie Com-
bine (subtraction) problems, with the single best prediction for fivefof
the six problem types being the information processing variable (backward
digit span). Number conservation, the best predictor in the redaining case,
(was included in three other eqﬁations as the second variable. ,

The accuracy scores data were also analyzed to focus on the conditions

under which the problems‘were solved (number size crossed with presence of:

. physical objects). As in the original analysis no cognitive variable was

prerequisite for solving at least some of the problems under any givén co
dition. All cognitive variables (except transitivity) sorted children int
significantly different groups when bhysical objects were avaiIable. Number
conservation and backward digit span, however, were the only discrininating
variables when the physical objects were not available. Regarding .the number
size condition, although all variables had significant discriminating power
on the small number problems, only backward digit span did on the large
number problems The st which resulted from thHe stepwise multiple regres-
sion analyses were signifidantly different from zero for each of the fépr
dets and ranged from .11 (large number problems) to .24 (small number prob-
lems).' Backward digit span was entered first in all four regression models.
E?om an examination of the solution strategies used by the children,

both fpr addition and subtraction, no cognitive ability was prerequisite .

L4

|7
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. for acquiring any particﬁlar strategy. However, the low developmental
children used the appropriate strategies less often than the more advanced
- * groups. Finally, as{ﬁg the forward stepwise multiple regression procedure
to establish the relative contribution of each cognitive variable in pre- ;
dicting the use of advanced strategies resulted in the following regression
model, significant at the .0l level and accounting for 17% of the variation.
y = 3.37 + 3 59 (backWard digit span) +

1.98 (transitive reasoning)

¢
[

, S. Interpretations

“

* Although the results indicated that children who had developed a par-
ticular cognitive ability performed better on all types of problems and -
under all conditions, twe features of the results suggest it -would be unwise
to use the cognitive variables as readiness indicators in the classroom.
First, the regression analyses showed that only 107 to 20% of the variance
in performance could be accounted for‘sn the aritﬁmeeic scores and in the
use of advanced strategies. Second, no one of the cognitive abilities
appeared to be prerequisite for solving any of the arithmetic problems. .,

One explanation offered for this lack of a strong xelationship betwezﬁ
the cognitive abilities and arithmetic performance is related to the validity
of the tasks. Are thestasks a valid measure of the cognitive constructs
in question? A second exXplanation suggested that perhaps the processes
that the children use to solve arithmetic problems are not directly captured
by the Piagetian tasks. ,.

Finally, it was noted that as information processing capacity was
most consistently related* to arithmetic performance, and as ekamining ne&
children's mathematical behavior from this perspective is a relatively new

approach, further research in this area, i's Tecommended.

bl L)
t

A )

‘Abstractor's Comments

- ‘ s

» This study is noteworthy and exemplary for several reasons. It helps
place recent and current research on early arithmetic concepts in some

% perspective. It suggests how seeming inconsistencies in the literature

could be accounted for in that a particular construct may be statistically

significant even though it may explain as little as 10% to 20% of the
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N variance of the measure. Some ;ﬁgldren may be able Fo.sqlve certain examples
or problems simply due. to the preéence of some other factors or capability.
Further, the study in its own righf makes a relevant contribution to the
growing body of knowledge in this area. )

The study was very thoroughly done. The rationale was-clear. The

" design.was appropriate. _The use of the statistical analyses along with‘th%
analyﬁis of the solutiofastrategies was effective and helpful.

The article was well writteot‘-zll essential information was provided
thus facilitating replication. Extraneous information was avoided. Descrip-
tions of protoecols were complete. Decisions requiring justiflcation were
defended (for example, the use of backward digit span as a.measure of infor=-

. mation processing capacity). ‘ - =

Although a few questions could be asked, such as 'What effect did the

several lessons on solving certain arithmetiéd problems prior to the time

. of‘testing have on the outcome?', I would suggest that these are of a minor

nature and do fiot detract from the overall high quality of the stddy.
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-Ibarra, Cheryl Gibbons and Lindvall, C. Mauritz. FACTORS ASSOCIATED WITH

THE ABILITY OF KINDERGARTEN CHILDREN TO SOLVE SIMPLE ARITHMETIC STORY PROBLEMS
Journal of Educational Redearch 75: 145-155; January/February 1982.

° ’1:
Abstract and comments prepared for I.M.E. by AARON D. BUCHANAN,
Southwest Regional Laboratbry, Los Alamitqg:

.

1. Purpose ,‘: . _ -
The main ques;igns in the stdﬁy were these: & '
Are é kindergarten students ‘able ‘to solve simple story problems
in q:igtion and subtraction if they are spown or provided with sqme-
thing they can manipulate?
Is the presence of some manipulative aid‘ﬁore important for some
o ' kinds of problems than others? ' \ (__ )/ -
2, - Raiionéle /
‘A lot of previdus re;earch has shown in one way or another that students
salve S:Bry probléms by building some kind of model. For problems involving
the standard dpefations'of arithmetic, this usually means the use of some
simple counting model- involving sézs. Presumably, students are aided in this */
process when their instruction includes such things as teacher demonstrations' ’
involving actual ébjects or pictures of objects grouped according to the T
important details given in the story problem. For very young students, eSpe—/
“ ¢ially those in kindergarten, the issue is an important one because their
first experiences with number sengenceg and simple'gomputation involve some ¢

kind of simple story used by the teacher as illustration. Some children may

be ready to proceéd with work on addition and subtraction «combinations (e7g.,' oy
addition facts.to 5) and the number sentences usad to represent them. Others v
may need a’lot more preliminary helphto coﬁprehehd what the words mean in the
simple stories that teacliers uée to represent diffferent addition and subtrac-

L]

tion combinations.

3. Research Design and Procedures !

One-hundred-thirteen kindergarten students were tested individually on .
30 different kinds of simple story problems involving\simple addition and
s

subtraction combinations. Ostensibly, these students had not yet had any
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/formai instruction in either of these arithmetic operations. Each story

problem represented one of five different degrees of concreteness deter- A

mined by the kind of aids students were provided for counting and manipu-
lation of objects: .

’ |
Cl) reading of the story only (no aids available) \\

CZ) reading of story plus’ manipulatives availabIe to children
C3) reading of story and examiner shows the sets described
i ]
C4) reading of story and a three-panel sequence of pictgres,.depicting

; the actions, is shown to the child
C5) reading of story and examiner shows the sets and actionms described

/
Each story problem also represented one of six different levels of dif-

ficulty, depending on the kind of number sentence that the story was supposed .

L -

~

to répresent. These included:

'Pl) a+b= where sets described in the story were transformed
("I have “apples. You give me more apples. How many apples
do I have altogether?'") ‘

" P2) a+ b= ' where sets described in the story were static ("You
‘have fish. I have fish. How many fish do we have altogether?")

f P3) a~-b = where sets represent a '"take away" transformation ("I
have flowers. I give you of my flowers. How many flowers do

I have left?")’

P4) a+ __ = c where sets described in the story were transformed

("You have buttons. I give you some more buttons. Now you have
buttons. How many buttons did.I give you?") .

P5) a + *= ¢ where sets described in the story were static ("I made
snowmen. You made some snowmen' Together we made ‘snownpen.
+ How many snowmen did you make?")

>
¢

P6) a - '= ¢ ("You have toy houses. 1 take some of them from

you. Now you only have toy houses left. How many toy houses did
I take?") » .

Students were selected from five different schools representing five
different communities. During the study, each student was asked to solve
N R

each of the 30 different problems. Results were based on the proportion of

students answering each story problem correctly; L.

3y T

A s

-
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4, Findings . - . _ L o

i Overall, student performance on story problems went up dramatically as

the mode for presentation went up in its degree of concretene’ss. ‘On the aver-

age, problems presented in mode Cl were answered correctly by.’ about }OZ of the

students; problems presented with some intermediate degree.of concreteness

(modes C2 - C4) were answered correctly by 407% to 45%; while problems preseﬂted\

in mode C5, where students were basically shown how to find the answer by '

physically combining or separating sets, were an3wered correctly by about 75%.
"Missing addend" 'problems (types P3 - P6) were generally harder for

students to solve than regular problems (types Pl - P3), where students are

_ converging on the results of the problem s action rather than trying to deter-

mine what happened at some intermediate point. There was a significant inter-
action betweep the mode of presentation and the type of problem that students
were asked to solve. However, most of this interaction occurred with problem
&ype-P3, a basic problem in "take away",subtraction, that students were gener-

ally unable to solve unless it was demonstrated to them (mode C5).

5. Interpretation

authors' interpretation was that most kindergarten students must be
ready‘to egin to work with simple number sentences for addition and subtrac-
tion factsl, because the students in their study could comprehend basic addi-
tion and s btraction story ,problems when they were given enough aid with

concrete materials. On the other hand, kindergarten students are apparently

a lot less ready to begin to wonk on number séntences with missing addends,

many of them simply can't come up ‘with a solution even when they' re shown

how to.get it. ° . B}

‘
-~

' . N
{l .
~
- Lo . 3

Abstrdctor's Comments .

The results of this‘study shoys that some kind‘of illustration or con-
crete aid is necessary for students to be able\to make much sense out S%V\
their first experiences with addition and subtraction. This shouldn't be too
surprising, but it does negd to be said. Young. ‘Iildren generally need- to
have,things demonstrated for them in pretty complete detail, at least the
first time or two, and I don't think many kindergarten teachers would seriously

try to introduce addition and subtraction of whole numbers by simply reading

: , : 40 - '
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a story prohlem. However, some of them might be inclined to simply show sets .
.cf objects or, even more.likely, to use static pictures, and the results of
this study clearly show that it won't work. |

“ 1 am concerned about two things in the study, and:I think many readers
might be aiso. First,  the report on the study.doesn't\say enough about the
five different -modes of presentation. The descriptions of Cl1 through C5 that

've included in this abstract were taken verbatim fromsthe journal report.
BuX experience with these kinds of verbal tasks suggests that ysu really need
to have the problems stated exactly as they were presented ta_students in
order to interpret results., Lots of times, types of problems ‘that seem to be

out the same are really quite different when you see exactly how the task
was stated to students. A seemingly subtle change in a Word or phrase often
results in two problems or tasks that are completely different in terms of’ .
what young students know and know how to do. Second, I m concerned by how
frequently the authors refer to readiness in gheir interpretation of the
\results. I would be nore cantious in generaliziang about what students are‘
ready ‘or not ready to learn based on their perfornance on a single problenm.
(Recall that each problem in the study represents what would be the beginning
of a fairly large piece of instruction in the classroom.) For ethple, 35% '
of the students could not solve problem type Pl, where one set fs being added
to another one, in mode C5, where they were essentially being shown how to
do it step by'step. . Does this means that they aren't ready yet to begin
instructian on basic addition? I Suspect not. So far as we know,,they've
only had one chance. (Recall that Students in this study were not supposed

“*

to have had previous formal instructi0n on addition a_’,subtraction.) Maybe,
-t
if you demonstrated the process of combining one set with another two.or three A

more times, most of the students who missed it the first time would do: a lot

« Detter. And I suspect this is what most kindergarten teachers do.

~Y
~




Abstract and comments prepared for IL.M.E. by J. PHILIP SMITH, _ s.'
‘Southern Connecticut State College. 7 : ! {hg
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l. Purpose ! . o

and performance in'mathematics?

.generally perceived. as masculine ones -~ e.g., mathematics. Yet, when

1
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Leder, Gilah C. MATHEMATICS ACHIEVEMENT AND FEAR OF SUCCESS. Journal forp
Research in Mathematics Education }3: 124-135; March 1982. Co

-

The purpose of the study was ‘to address four questions: (L) Axe th‘
sex d%fferences in mathematics performance? ) Are there differences ih ”:éit"
the proportions of boys and girls planning to cqntinue with mathematics? ‘??q
(3) Is there a relationship between FS (fear of success) and expressed ' &”\\'

mathematics course-taking intention? (4) Isathere a relationship between:%S,/

Kl . .. V'
» : A
a7

T A gr6wing body of research is concerned with sex differences in perfor-

2. Rationaie

mance and participation in mathematies. Although over ;he last decade a U '& %ﬁt
number of studies have focused on Horner's (1968) comstruct of the motive
to avoid success, or fear of success, the present study grew out oq an
apparent contradiction in Horner's original work. Hormer postulated that

FS should be most evident in females who had successfully competed at tasks

Homer's high FS students were compared with her low FS ones, tﬁe great
majority of the former were humanities majors, whereas more than half of the .
latter were majoring in the sciences,and mathematics.

3. Research Design and Procedures-

The sample consisted of 258 boys and 233 girls from 20 classes in 11
randomly selected coeducational schools of greater Melbourne, Australia.
A total of 155 subjects were in Grade 7, 245 were in Grade 10, and 89 were
in Grade 11. All of the Grade 10 and 11 students were taking faster-track,
nonterminal mathematics classes. ) _ ‘
~ Parallel forms of TRIM (Tests of Reasoning in Mathematics), constructed
by the Australian Council for Educational Research, were administered to the

students. Additiona) data regarding the eleventh graders were obtained 15
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months later when they sat for a statewide mathematics achievement examin-

ation. An investigator~administered FS measure was given to all students:
they were asked to write’ brief stories in response to three verbal cues
describing a pérson of the same sex as the respondent. Scoéés on this
measure can range from -6=to 24. Finally, all Grade 10 and 11 students
were asked to compl@te a questionnaire inquiring about their future educa-

tional plans and about which subjects they inténded to study the following

year. V/P y

4., Findings '
" The mean TRIM scores of boys was significantly higher (p < .05) than

that of girls at the Grade 7 and the Grade 10 levels. At the eleventh-
grade level, no significant TRIM score differences existed.

In both Grades 10 and 11, proportionately more boys than girls intended
to, take two more mathematics courses. (In Grade 10 the respective percent-
;ges were 29 and 20; in Grade 11 they were 35 and 19.) At both grade levels,

proportionately more girls than boys planned to continue in school and yet

take no more mathematics. (In Grade 10 the respective percentages were 17
A\W and 2; in Grade 11 they were 22 and 14.) When the Grade 10 and 11 students ™

were divided into thirds on their TRIM scores and the high and low groups
examined, the data sho&, in general, similar results. For the high TRIM
group, however,  the gap between boys and girls planning to take no more
mathematics has narrowed to within a percentage point. )

Does a relationship exist between FS and expressed mathematics course
intention? Only data for the high TRIM 8roups are reported. Among students
planning to take one or two more courses, girls had mean FS scorés a point
or two higher than boys. Among those few high TRIM stu?enté planning to .,
continue without taking more mathematics, boys had a mean FS score of 6.23;
girls, a mean FS score of 5.00. The highest méan FS score reported for boys
was 7.50,'acﬁieved by four stddents in thel"inténding to leave school" cat-
egory.

Correlations between FS and TRIM scores show increasing correlations
with grade level for boys, with r = 0.08 'at Grade 7, (.18 at Grade 10 and

.22 at Grade 11. (The last two r's are significant at the .05 level ) -

15&::i'girls, the analogous data are r =',50 at Grade 7, 0.20 at Grade 10, and

13
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0.22 at Grade 11. (The first two r's are significant with p < .00l and
P < .05, respectively.) Data for the high TRIM groups shows mean FS
iné}easing by gradé igvel.?or boys and decreasing by grade level fgz-girls.
Finally, strong positive correlations existed for both bdys and girls
when eleventh-grade TRIM scores were compared with mathematics scores on
the statewide examination held in the twelfth»gradzf/ There was little cor-
relation bet&een FS scores and scores on the statewide examination for ﬁoys.
‘For girls, there was a high positive correlation between FS and examination
scores for those taking the exams for the applied maths or the pure &chs )
courses (the statistics were .88 and .64, respectively, both significant at
the .05 level), but not for those girls who had elected the softer optian of

\

general maths.

5. . Interpretations.

The autﬁzr observes that the téﬁdenéy of females to take fewer mathe-
matics courses after the ninth or tenth grades is continuing, and is all the
more striking given that, in this study, proportionately ,as many girls as
boys planned.to undértake postsecondary education. iEEE} suggests the exist-
ence of a more complex relationship between FS and grade level for girls:
than boys: It is hypothesized (after Hoffman, 1974) that for boys, the
observed increase in FS with grade level may be a by-product 6f concerns
growing out of an ever-increasing heed to make career decisions. For girls,
a similar-increase in FS is nof evident -- confounded, perhaps, by the tend-
ency of high FS females to abanaon higher~level mathematics. Leder suggests
that for high TRIM groups in the sample FS is associated, for bﬁgh’boyg and
girls; with choosing a le;s traditional path -- higher mathematics for girls,
and qropping out or taking n¢ mathematics for boys.

In view of the high FS dhores of those girls who subsequently took the
Ewelfth—grade applied or pure maths courses, Leder concludes, "...it appears
that for girls high FS is more likely to be associated with performing well
in a. traditional male field and not a type of post hoc rationélization for
opting out of serious competition in that—field" (p. 133). On the other
hand, in view of the female FS data and the grade~by-grade drop in the FS
scores of' high TRIM girls, the author observes that ",..it appears that
girls who perform well in mathematics are more likely to B; high in F$ and

4

.-
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yet that, for some, high FS tends to be incompatible with continued high

performance in mathematic{' (p. 133).

Abstractor s Comments

Although Leder's study breaks no new ground and contains few surprises,
it does provide data from another country in an area of research currently
of strong interest in the United ‘States. The FS variable is puzzliqg in
many respects, but it revolves around an important problem.in mathematics
education and probably deserves continued attention from researchers

The article will not be particularly helpful to those unacquainted with
the FS construct. Becduse of replication difficulties, Horner s construct .
has been questioned, and researchers do not agree, even in broad terms, oh
the meaning or existence of FS. The brief discussion of the FS instrument
used in the present study will not help in understandiné what FS is. Some
ication of the FS scoring procedure would aid in eyaluating the importance
e data, which generally show a one~ or two-point difference in mean FS
f scores range from ~6 to 24, how does a score of 6 compare with
a score 7? 1Is this an important (as opposed to significant) difference'
in "fear" levels? ‘

One wonders‘whether the procedures of administering the various instru-
ments might have affected the results of the study. Was TRIM administered
just before the FS measure? Just after? No such procedurél details are
provided. Student selecxionécriteria were also unclear. The schools in~
volved were chosen randomly. Did the population consist of all students at
the appropriate gradevlevels in those schools? Leder suggests that some .
schools were reluctant to let certain students -- particularly eleventh
graders -- participate, but the possible effects of such actions is diffi-
cult to assess. ' ’ ’

The data are nicely displayed and relatively easy to follow, although

significance tests were not available in all cases and the type of correla-

tions is'not specified. Also, as the author observes, the n's are very low -

(5 or fewer) in certain of the categories, and a number of conclusions must
be tempered by this fact.
Despite a number- of such fla;s, the study raises some interesting and

potentially significant questions; certainly far more questions are raised

(e



~ . .
than resolved. It appears-that the FS ‘construct is related to mafhematics
performance and participa;ion, but just what is being measured under the ES
label is unclear. Is FS some type of hybrid composed of ultimately iden- . 'i}
tifiable "apples" and "oranges"? If we grant the legitimacy of FS, we
sﬁould, based on Leder's conclusions, expect it to affect the performance
of males‘in tradis}qnally female domains. Does it?

Another important qﬁestion revolves around the interaction of age and
FS. Why did Horner (1968) find‘Fhat a-majority of those females low in
anxiety were enrolled i; science/mathematics areas? Do those students who
do not leave non-traditional areas "come to terms" with FS over time? *(There
are, afteg all, two ways to overcome a fear of water: avoid it or learn
how to swim.) If sucP is the case, we would expect consist?ntly different
results at the secondary and the post=secondary levels.

R Finally, the intractable matter of individual d%fferences comes to the
fore. If both females who discontinue theif mathematicg studies and those
who do continue are high in FS, then what, if anything, does FS fell us
about performance and partiéipation in mathematics? Surely other variables,

at least, must come into play heSe.
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Schoen, Harold‘fl; Friesen, Charles D.; Jarrett, Joscelyn A.; and Urbaﬁsch,

Tonya D. INSTRUCTION IN ESTIMATING SOLUTIONS OF WHOLE NUMBER COMPUTATION.
4 Journal for Research in Mathematics Edutation 12: 163~178; May 1981.

Abstract and comments prepared for I.M.E. By ROBERT E. REYS,

—~——"University of Missouri-Columbia. !

.

l._ Purpose

Two related studies are reported. Their purpose was to éxamipe "the

effects of several methods anqd modes of teaching estimation in whole number

computatibn" (p. 175).

‘ 2. Rationale : . 9
The need for teaching computational estimation skills is receiving wide-
spread acceptance. Although several methods dnd activities for teaching
estimation have been proposed, there is a very limited research base to sup-
port or repute their effectiveness.

-~

3. Research Design and Procedures: Study 1

~Study 1 involved two average ability fourth grades of 21 students each.

Researchers developed detailed teacher directions and student worksheets
fgr‘five 45-minute estimation lessons. Ths lessons focused ongestimating
products with one—, two-,.and three~-digit factors. One group received the
estimation instruction while the other group did a unit on multiplication
of two-digit numbers. After one week these grodfs interchanged treatments.
Three equivalent forms of the following gésts were used during different.
phases of the study for all students (see Figure 1): .
" Mental Computation (MC) -- consisted.of 10 multiple-choice items involv-
ing products of one-, two-, and three-digit factors. L )
9 Estimatjon Test (ET) — consisted of 10 multiple—choice estimation
‘ problems. The stem of each problem was read to students who were
asked to choose the best answer. .
Problem Solving (PS) -- consisted of 8 multiple-chogce work problems
fequifingAétudents to estiqgte answers:involving addition or multi-

‘plication of two or more numbers.

Equivalent forms of this test were given to selected students:

N




Estimation Interview‘(EI) -- given to the begtrﬁive estimators as de-
termined by their ET score. Later it was given to these same students
as well as the five students showing éhe greatest gain on the EP.

\

In addition, this test was given after the treatment: - PO

Estimation Process Test kEP) -- designed to gain insight into the proc- ;’
esses used after the treatment waépkompleted. It contained 6 open-

ended prbblems involving one-, two-, and ‘three-digit factors.

Day 4 Day 7 Day 13

MC1 MC2 MC3
ET1 ET2 ET3 ‘
PSl PS2 Ps3
EIll EX2 EI3
EP1 EP2 ' T -

Figure 1. Overview of Tests and
Assessment Schedule

\ All instruction materials énd testing instruments were field tested.
An ANOVA, follo;ed by Fishers' Method of least squares where aﬁbropriate,
was done on‘lhe MC, ET, and PS. The data from the EP were categorized and |
a chi square test was done to analyze process change. The data gained from

EI were descriptively presented.

3.‘ Research Design and Procedures: Study 2

Study 2 involved six equivalent groups (3 fifth- and 3 sixth-grade
groups) totaling 100 students. A stratified sampling based ‘on composite
ITBS scores was uséd to assign’students to tﬁgatments‘which were completed
in five copsecqtive days. . N

The three treatment groups were defined as follows:
- ]

Tl — students'completéd two computer-assisted lessons on exact com-
putation of sums involving two- and three-digit addends; two similar
Q\ ’ " lessons with multiplication involving one-, two-, and three-digit

factors; and a review lesson combining addition and multiplication
problems. Each lesson controlled the time per quiestion with the

total lesson requiring 10-15 minutes each.

T2 -- students completed similar lessons as Tl except that the practice

items involved estimation rather than exact computationy .

-
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‘- T3 -~ students completed five rounding and estimatingalessons built
upon the instructional treatment used in Study 1. Students dsed
calculators and completed tﬂe researcher-designed w0rksheets. .
The total‘instructional time for each treatment was about the same.
A total of eight short tests were used:
Test 1 —- contained 12 items and was similar to ET in Study 1, .except
that it included addition as well as ﬁﬁﬁtiplication. (Retention) -
- Test 2 =- contained 5 items and was similar to PS in Stuldy 1.  (Reten- .
tion) °
Test 3 —- contained 12 items and was similar to MC .in Study 1, except
it included addition as well as multiplication,
Test 4 — contained 12 items and required the roqnding of addends or
‘ factors to obtain a result. ' )
t Test 5 —— contained 5 items and required stdﬁent to pick the number
~ sentence closes&.to a solution of the given word problem.
Tegt 6 — contained 12 exact computation items in an oten-ended format.
3 (Retention) “
Test 7 —- contained 12 word probleES»with an open-ended response format.
Test 8 — contained 6 items and was similar to EP in Study l,’exceﬁt |
P only products were included. (Retention)
All of these tests (total test time was 35 minutes) ®vere given on the day
immediately following completion'of the treatment. Three weeks later the
retention teste were given. ' . ‘
A MANOVA, followed by Fisher t tests were appropriate, was done on all
tests except Test 8. The results from Test 8 wete handled eimilarly to .

the procedure described earlier in Study 1 for the EP.

4., Findings \\\\ . .
The results in both studies were consistent and suggested the following
conclusions: T
1. “All meth;ds of teaching estimation are effective as measured by

— immediate estimation posttests. ' B
2. This effect was still evident after 1 week Yin Study .1) and 3

weeks (in Study 2).

3., There is no evidence that any of the treatments transferred, to, or

*
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interfered with, exact computation.skills (speeded or unspeeded),
. or that computation drill affected gstimation skills,

i 4. There is some evidence that meaningful estimation instruction, but
not drill only, transfered to estimation in verbal problems. On
fhe other hand, thefe is no evidence that estimation instruction
transfered to problem-solving skill. '

S. After estimation instruction most students did adopt the valid

estimationAstrafegies they had been taught" (p. 176). .

R 5. Interpretations -

- This research demonstrates that whole number estimation can be taught
in a mannes,which influences both/strategies used and performance reached in
a week. There was also significant evidence of retention of both estimation

strategies and skills for at least 3 wéeks. ‘ ’

There was no gvidené; that instruction in estimation either improved or
interfered with traditional paper/pencil computational skills. In fact,
students taught estimatiod could estimate befter and compute as well as a
group which spent the same dmount of time on estimation aléne. This suggests
that some instruction on estimation could be substituted fof‘;omputational

drill without any adverse affect on computational skills.

-

A

Abstractor's Comments

The authsrs of these studies addressed a very difficult and timely
ﬁopic. In so doing they had to do some pioneering work to construct specific
instructional materials for the trgatmedk, as well as’ different measures of
computational estimation. In 'regard to the latter, it is to their credit
that a number of different dependent measures were used in this reséarch:
Thése érovide a balance and insightful look at_treatment effects. In par- .
ticular, the provisions for interviewing some “students to examine their
estimation processes deserves a special pat on the back. This was a dif-
ficult segment to develop and orchestrate, yet a very necessary considera-
tion when’assessing the instructional impact on studenﬁs' thinking. The
attempts to controi time on several of the tests is also worth special com-
mendation.. Such time limitat{ons.strengthgn the validity of the data

reported. The inclusion of two separate studies within a single article is
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somewhat unique. Although this article is a bit more difficult to digest

(and abstract), this approach with tandem studies strengthens the research

and fhould be encouraged in more studies. Overall this is an exceilent

research study which deserves careful reading by fesearchers‘as well as

classroom teachers. N

7 ‘Having said this, I will now raise several questions regarding these

stﬁdies: v '. ~

1. What'is computational estimation? There was no mention~of any
orientation for students and/or teachers. Perhaps it was included
in each treatment, or maybe it was handled in the testing direc-
tions. My experience suggests that the "mental set of estimatién"
held by students varies greatly and may be far different from our
own., Yet how students perceive estimaﬁgon'égd their tolerance for
error will greatly influence their solution approaéh and answers.
This issue may have been addressed with the treatment, but it

Lis not cigar from the discussion that it was considered.

2, The scope\ggﬂéhe study was narrow. The exclusive focus on adding",
and multiplyin\ whole numbers of the size reported is questionable.
It would se not only appropriate but essential to have extended
the strategies used to larger numbers. This would seem to fit
naturally within the instructional treatments and would help
students better appreciate the power of the estimation strategies

being developed.

3. The duration of the treatment and indeed the entire study was short.

/

In particular, the case for retention would be much more convinc-
ing if more than 3 weeks had elapsed betwe®n the end of the treat-

- ment and the retention test. In fact, Studytil rovidé& only a
one-week interval. -

b The researchers relied very heavily on multiple-choicé questions

to assess estimagion skills. Yet some research has reported very )

different estimation techniques are used in multiple choice items

than in open-ended questions. The use of several difgﬁrent

measures including individual'interyiews syggests that the re-

searchers are sensitive to these differendes, but it was never

acknowledged or mentioned in the report. * -

c
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‘Siegel, Alexander W.; Goldsmith, Lynn T.; add Madson, Camilla R. SKILL IN

ESTIMATION PROBLEMS OF EXTENT AND NUMEROSITY. Journal for Research in
Mathematics Education 13: 211-232; May 1982.

R

Abstract and comments prepared for I.M.E. by CHARLES E. LAMB,
The University of Texas at Austin.

1. Purpose )
| The study was done in order to "(a) assess developmental differences’in
children's estimation skills by collectiﬁg normative data on their perform-__
ance; on a variety of problems, (b) assess the validity of a proposed model
of estimation on the basis of the children's performance, an& (c) suggest
fication of the model, that is, specify problem diﬁensions\that‘could

guide further research."

2. Rationale .
~The background section of the article points to the fact that the skill®
of estimation is an important factor in mathematical meashiement activities
as well as useful in everyday'life. In darlier woris (Siegel and Zacharias,
1979), a competence médel‘of thé estimation process had been developed.
The proposed model concentrated on two important processes in estimation:
benchmark estimation and de7bmposition/récomposition. The proposed model
was based on a rational task analysis (a la Gagné€).
Note: Benchmark ed@imation involves the use of a known‘%tandard. For
?xample, a piece of notebook paper is about the length of a foot ruler.
Decomposition/recomposition involves the bréaking up of the to-be-estimated’

object into workable pieces and then recombining the separate estimates.

The present study used "one dimensional'' problems involving linear extent

(length and height) and numerosity. There were six types of problems.

They were: / ] .
{1) Benchmark extent; Q T

.(2) Fractional benchmark-extent; -y

(3) Regular decomposition-extent (RDC-E);

(4) Regular decomposition-numerosity (RDC-N); .

(5) Irregular decomposition-extent (IDC-E); =

(6) Irregulér decomBosition—numerosity (IDC-N). Y

/
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3. Research Design and Procedures

Twenty children,_lo of each sex, f;oT/éach of the grades 2-8, took part
in the study. To provide data relative to mature perfotrmance on the problems,
a group of ten adulté Qas tested. '_

A broad sample of children was questioned to determine}tOpics of high.
interest to them. Topics picked most often were animals, tﬁings to read, fogd,
and sports. Interview tasks were designed around these topic areas.

Y For each of the content areas, six problems were designed, one for each
. of the problem types. Children wére tested indiyidually bi'one_or two
experimenters. Children were asked to "think outloud" as they worked.
Each interview lasted approximately 40 minutés. Sessions were recorded
and transcribed for anélysis. Adults were tested in’a modified paper-and--

* pencil format.

4.  Findings . ¢
The results were reported in sections.

(2) Reasonableness and Accuracy

I

&

i The criteria for reasonablenesé\was set at plus or minus an order
of magnitude, of ;he actual value. Accuracy was defined as an gstimate that
was within 50% of the actual value. For benchmark and RDC problems, the
percentage of unreasonable estimates (UE's) was very low. There were a lot
more UE's given on the IDC problems. Children gave accurate estimation
(AE's) to more benchmark problems than to RDC problems and more to RpC
problems than to IDC problems. Children found'fractional benchmarks harder
than benchmark problems. For RDC problems, extent problems were easier .
than numerosity tasks. For IDC problems, extent and numerosity tgsks were

‘ equally trying for the subjects. In general, adults performed as well or
better than did ;hildren.

(b) Strategies and Performance

A taxonomy of 10 strategies w;s devised from a sampiing of ptoto~ |
cols. They were: J ‘

(1) Don't know;

(2) Guess; N

(3) Eyeball;
(4) Range;
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b4

(5) -Benchmark comparisonj
¢(6) Benchmark;

- R
(7) Fractional benchmark; g \ _
¢/ (8) Multiple benchmark; - . * .
N N (9) Pgeudo-composition; and :

"<(10) Decomposition/recomposition.
Children's'strategies for solution were compared to the accuracy of
‘their estimates. ¢ .
In general, benchmark strategiee uere used the majority of the_
‘time on benchmark proolems. Children made AE's more for bencumhrk than for
fractional benchmark problems. IDC problems were harder for k%ds than the . ) "
RDC problems. The DC strategy was used less on IDC than on Rﬁc_prob;emsf

Adults' performagce on RDC and IDC patterns reflected a similar pattern., ~* *

5. Interpretation -

In general, the results of the testing coﬁf;rm the‘predictions of the

proposed hierarchically-ordered model. Revisions in the model.were desirable
to achieve a better fit of appropriate strategy to accurate eseimates. A ¢

new, revised model miéht also allow for the diversity of children's per-

formance. The authors preseht a revised model. '

Note: In the interest of space; the diagrams of the original and revised

models are not presented. ' ,
¢ <o -

Abstractor s Comments

»

(1) Model building and revisdon are important processes -in the study of
mathematics behavior. .

(2 The'reoort is extremely thofough and well—wr;ttir. .’T?

(3) The authors have left the interested researcher with many ideas to
build on: Their revised model is genetral, enough to be used for time,
volume, and other areas of measurement. ¢

(4) It may be posq’ble to combine their results with other measurement

work to provide instructional suggestions in the area of measurement .
(5) Their distinction between approximation (19 x 21 is about 400) -and

estimation (there aré about 80,000 people in the EtaQEuEl‘appears to
. , — .

be a useful one.




(6) A personal note: I have abstracted several articles for IME This has

certainly been one of the most pleasurable. This 1is, due to my own
personal interests in the measurement behavior of children and the

. thorough manner in which the adihors conducted and reported their work
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Smith, Lehi T. and Haley, 'J. M. INSERVICE EDUCATION: TEACHER RESPONSE AND |
p STUDENT ACHIEVEMENT. School Science and Mathematics 81: 189-194; March 1981.

Abstract and comments prepared for I.M.E. by ROBERT C. CLARK,
Florida State University, Tallahasse.

1. Purpose

The authors' objective was to "evaluate a successful inservice program
/ for teachers of elementary mathematics" (p. 190) on the effectiveness of cer-

tain program characteristics and student achievement.

2. 'Rationale

)
Inservice education has received increased attention as 4 result of

reduced teacher turnover, increased need for technical knowledge, and the
limitations of preservice  education programs. Although there is a lack of ///
agreeﬁéht as to the characteristics of effective inservice, the authors

o ddentify four factors‘common to successful programs:

1. "“collaborative planning by university faculties and local
school personnel,

2. teacher leadership,

3. relevance of the program to actual classroom activities, and

4, convenient location of the inservice classes. (p. 189)

~

3. Research Design and Procedures

During the»1977-78 school year, administratq;ghfrom eight Phoenix-area
elementary school districts and two university faculty members selected
District Resource Leaders (DRLs) from the elementary school faculties. The
DRLs and administrators surveyed teachers' inservice needs and formuiated
programs to meet these needs. 1In the summer of 1977 and 1978, the two uni-
versity faculty members worked with the DRLs.to prepare inservice programs -
to be conducted during the31978—79 academic year.

Approximately 800 volunteer teachers participated in the program, with
each district Planning and scheduliné its own classes. Although programs
differed from one district to another, the following goals were common to
most of.the programs: '

. 1. increasing teacher's undefstanding of district minimum com-
petency standards,
2. sharing of teaching strategies between teachers,

(Ot
New
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3. introducing classroom teachers to interegting applications
of mathematics, and
\\/ 4. providing in-class opportunity to construct games and
activities appropriate for giving computational drill (p. 190).

Evaluation instruments consisted of a questiomnaire for teachers partic-
ipating in the program ‘and the Stanford Achievement Test: Math Battery,
Intermediate Level I for fifth-grade students in the participating districts.
All participating teachers completed the questionnaire, which covered attitudes
on the quality of the inservice program, changes it attitudes toward mathe-—
matics, and changes in teaching style or method. §t§nf5rd Achievement
Test was administered to all fifth-grade students in the participating dis-
tricts at the beginning and end of the school year. Fifth-grade students
of teachers involved in the inservice program (n = 198$ were considered the
experimental group, while‘comparable classes of teachers not invblved in the
program (n = 219) made up the control group. Analysis of covariance was used

to control for initial differences iﬁ mathematics achievement. .

»

4. Findings
The completed evdluation forms of 127 teacher participants indicated

changes in understanding the attitude toward mathematics. Seventy-five per-
cent of the teachers completing the evaluation indicated changes in teaching
methods, while eighty percent rated the inservice program as "Excéllgnt" or
"Good". .A' chi-square test showed no statistical significance in variance
over grade levels, supporting homogeneity with'respéct to teacher gra&e level.
The analysis of covariance on the Stanford Achievement Test $cores
gndicated statistical siéﬁificance favoring the expegiment;l group of fifth-
grade students in the Math Computation and Math Application sections. No
statistical difference was fough\\§\the Math Concepts section of ;ﬁe test.

)

5. Interpretations .

The authors found that teacher response to the inservice program and
student achievement supported the program design factors selected. The authors
recomménd the program as a successful model for the inservice training of b
elemqptary teachers and the efficient use of university faculty.

-

Abstractor's Comments

4

The paper reports on an evaluation study of an inservice program. The

N
oY

~




evaluation study paradigm is an appropriate way to study the effects of such
an inservice program. With this study the authors have added evidence in
support of the acceptability and efficiency of an inservice training design
previously supported primarily by intuitionm.

There are several limitations to this study. First, decisions on pro-
gram effectiveness were based on the opinions of a small group of partici-
pants. It is difficult to extend the results of the attitude survey to all
elementary mathematics teachers when the study was limited to volunteer par-

. ticipants. ‘'The fact that less than sixteen percent of the program partici-~
pantﬁacompleted the questionnaire makes the findings less credible. Par- -
ticipants who had negative attitudes toward the program could have had a
number of reasons for not completing the questionnaire. .

Second, the handling of student achievement measures leaves a number

- of concerns. The analysis of covariance was used inappropriately as ther®
were no experimentaf hypotheses, no prior selection of acceptable limits to
type I and type II errors, and no choice of a practical effect size. Since
these conditions were not met, no practical significance may be attached to
the statistical significance shown. It should also be noted that analysis
of covariance was used to control only initial differences in mathematics
achievement of the two groups of students. This control does not extehd to

— initial differences in teaching skills of the two groups of teachers. There
is every reason to pelieve that the characteristics of teachers who would
~volunteer for such a program could account for the measured student differ-
ences had there been no inservice program.

Third, in using an experimental research technique to "sanctify" the
differences in an evaluation study the authors lost sight of the most impoyﬁ

R tant aspects of the situa:}pn. Effective use of the evaluation'paradigm
demands a description of ... how the programs in ‘'experimental' and 'control'
situations actually differ from one another' (Chapters ;hd Jones, 1973).

That teachers reported a change in their behavior is not sufficient7 What °
evidence is there that new teaching skills were_developed and that these
skills were used ‘in the classroom? The authors provide no evidence that
the inservice program had any effect on classroom activities.

A fourth limitation of the study is that the goals of the program
iRdicate a heavy emphasis on computational procedures. There can be no doubt

that a significant portion of the student population needs to improve such

P
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[

S
skilz%, but the study makes no attempt to identify which students demonstrated
thes

gains. Gains in scores of students Wwith adeqﬁate computational skills
are of questionable value. further, the emphasis on comput?tional skills ‘
may also account for positive teacher attitudes toward the grogram. Tﬂe
teacher- attitude results may.not be extended to inservice programs which
emphasize a more comprehensi?e view of student learning.

Finally, it should hot be assumed that the resdlts of the study be
extended to inservice programs which use delivery systems that differ signif-
icantly from those described. The findings which support the success of the

repor:ed'program do not demonstrate failings of other delivery systems.

‘

)
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Whitaker, Donald R, MATHEMATICAL PROBLEM SOLVING PERFORMANCE' AS RELATED TO

~ STUDENT AND' TEACHER ATTITUDES. School Science and Mathematics 82: 217-224;
‘ March 1982. .

Abstract and comments prepared for I.M.E. by CAROL NOVILLIS LARSON,
University of Arizona. .

i / -
1. Purpose «

Al

The author states: "The purpose of this study was to investigate the

mathematicdl problem solving attitudes of fourth grade students and teachers
as related to mathematical problem solving performances of the students”" (p.

.

217). Five questions were investigated related to this purpose. - .
P

2. Rationale .

‘Low positive correlations ﬁave been regg:fed between student and teacher
attitudes toward mathematics arfd student achievement. Researchers have used .
single, global measures of attitude toward mathematics, but Aiken (1970) has
suggested that attitudes may vary towarq different aspects of mathematics,

such as‘compufetion and problem solving.

3. Research Design and Procedures
Subjects: The subjects cons d of fifteen fourth-grade mathematics

classes selected non-randomly from six Wisconsin schools. The classes were

utilizing the mathematics program eveloping Mathematical Processess (DMP).

Instrumerits: Three instrument were used in the study. The Mathematical
i Problem Solving Test consists of 22 three-part items, with each item testjing
comprehension, application, and problem solving§ The Student Mathematicel\
Problem Solving Attitude Scale i$ a 36-item scale with a modified Likert
format. The Teacher Mathematical Problem Solving Attitude Scale is a 40-item
scale with a modified Likert format. Thirty-one of the items focus on the

" teachers' attitudes toward problem solving and nine on their attitudes toward

teaching various problem-solving skills and processes. Both attitude scales

were developed using a procedure similar to the one used in developing the

NLéMA attitude scales.

Procedures: The three instruments were administered twice with an inter-

vening "treatment" period of 12 weeks. In describing the treatment, the
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author states: . : ) ) -

The treatment was not rigidly controlled ... (and) consisted
of instruction.in the regular sequence of DMP topics for
fourth grade, with the restriction that teachers select at
least one topic from the problem solving strand of the DMP
program. (p. 220).
Analysis: In an effort to answetr questions of cause and effect between
iﬁ teacher attitudes and student attitudes, and between teacher attitudes and
students' problem-solving performance, the researcher used a quasi-
experimental design called cross-lagged panel correlation. This design uses

time as a third variable.

4. Findings
The results of'student and teacher responses to thg three instruments ,
are reported, but it is not stated whether the results are from the testing
at Time l, at Time 2, or the .two pooled together. The fourth-grade students
and teachers were judged to have favorable attitudes toward mathematical
problem solving. -
The mean scores on the three parts of the Mathematical Problem Solving
Test were: Comprehension, 15.52; Application, 9.99; and Problem Solving,
3.27. The possible range of scores on each part of éhe test is 0 - 22,
T%e four cross-lagged panel correlations were significant. They are:
1. The three correlations between student perfk;mances on each part
. of the problem-solving test at Time 1 and teéchef attitude at Time
2 were significantly more positive than the c@rresponding three
correl:?ions between teacher attitude at TimezT‘and student perform-
ance on each of the three parts of the problgm-solving test at
Time 2. All correlations were negative: -0.25 to —-0.7
2, The correlation between teacher attitude at Time 1 and student
attitude at Time 2 (0.13) is significantly more positive than the
correlation between teacher attitude at Time 2 and student attitude

at Time 1 (~0.37).

v

5. Interpretations

Students in an activity-oriented setting possess favorable attitudes

ERIC  ° H
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-
toward mathematical problem solving. Even though this was not a random sample,
the author claims that the generalizability of tﬁese findings is strengthened
by the,lafge number of students tested. All teachers in thé study indicated
positive attitudes toward mathematical problem solving, but since there were
only 15 participating tescﬁers, no generalization was made. ’

Fourth-grade students performed well on the comprehension and application
parts of the Mathematical Problen Solving Test. ''However, results suggest
that stueents may not perform as well on multi-step prgbiems whose solutions
or methods of solution are not immediately obvious" (p.223).

The author calls for a replication of the study based on the‘results
that student performance had a greater effect on teacher attitude than teacher
attitude had on student performance. '

w“ . -
Abstractor's Comments

An interesting aspeﬁg of-this study is the use of cross-lagged panel
correlations to show cause and effect relationships between the variables
investiéated This research design, discussed by Campbell and Stanley (1963),
appears to be used approprﬁately in this study. Campbell and- Stanley claim
that repeated testing is not a serious weakness in this design' unless an
interaction or testing effect specific to but one of the variables were
plausible" (p. 69). The author in the discussion section reiterates his
findings from the cross-lagged panel correlations and claims it is valuable
information. This abstractor would like to have seen these findings dfsy
cussed in greater length, specifically those related to teacher attitudes and
student performance. Also, the negative correlations between teacher attitude
and student performance should be addressed since '"low, positive correlations"”
(p. 217) are more normal.

It was worth reading this study to discover the three instrumenes desééibed.
Two technical reports cited in’ the paper appeax to descfibe in depth the
development of these instruments. Perhaps the most valuable part of this
study was the instrument development. From the author's brief characteriza-
tion, it appears\that further study of these two technical reports would be
wortliwhile. : !

A major problem with this article is that it lacked critical information.

In the procedure section, two testing periods of twelve weeks apart are
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described. Yet in the section on hnalyses and findings only one set of data

\\\is discussed. It is impossible to tell if the data describei is from testing
at Time 1, at Time 2, or the two pooled together. Not only should this.have
been clearly stated, but the means and standard deviations of the data from
both testing periods should have been presented. These data woulq not only
have provided a clear description of the sample at the two testing times, but
would also have provided the reader with needed information¥for understanding
the results of the various correlations presengéd.

In addition, the-treatﬁgnt does not seem to be a treatment at all. The
regular curriculum was taught "with the restriction that teachers select at
least one topic from ‘the problem solving strand of the DMP program" (p. 220).
Was the treatment shpposed to interact in some way with the variables being
studied? Given the laék of a éontrol group, no'commoﬁ treatment in problem
solving across clasQes, and the additional fact that no mention is ever made
of the "treatment" in other than the procedure section, the answer would -
seem to be "no"™. Since fthere really wasn't any treatment except to continue
Feaching’the regular>pro ram, it_is hard to know why the pretest was giyen
‘the fourth month of the year. It would be logical. to expect that the greatest
%ppact of one of the variables on another would be more likely to occur during
the first 12 weeks of the school year rather than the second 12 weeks.

It is difficult to evaluate the study given the problems in the written
report:

i. the results %elected to be included are incomplete, and

2. there is an inadequate‘discussion of the findings, the purpoée and

impact®of the treatment, and needed research in addition to repli-

cation.
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