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ABSTRACT

This study examines the relationship between
children's procedural and conceptual understanding of mathematics and
their accuracy in reporting and interpreting geography text material
containing mathematical information. It was hypothesized that (1)
children's misconceptions or lack of experience with particular
matht satical content areas vould be associated with inaccurate
interpretations of geograpny content; and (2) that mathematical
competence would not necessarily be appiied to reasoning about
mathematically related geographical concepts. Sixty-four children, 16
in each of grades 3-6, were interviewed abrut related topics in
mathematics and geography to test these hypotheses. Preliminary data
analysis focusing on the correlational relationship between xnowledge
of mathematics and the attainment and application of geographical
concepts tended to be consistent with expectations. First, there
seemed to be a positive relationship between overall matnématics and
gecgraphy performzsnce. However, the data indicate that mathematically
inaccurate children had lower accuracy sceres on some but not all
geographical information as compared to children who were accurate in
their mathematical concepts .and procedures. This suggested that the
positive correlation between mathematics and geographical knowledge
scores was not necessarily a function <f matnematicélly competent
children applying their knowledge to geographical contexts. There may
have been a common non-mathematical component re ited to performance
in both areas that affected some contexts but not others. Appended
ar~» examples of mathematical misconceptions and associated ’
geograp™ical knowledge for grades 3-5. (KR)
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ABSTRACT

:
Dr. Rochelle G. Kaplan
> William Paterson College
i New Jersey
r

Th- Role of Mathematical Xnowledge in Children’s Understanding of
- Geographical Concepts

and conceptual understanding of mathematics and their accuracy in
reporting and interpreting geography text material containing
mathematical information. It was hypothesized that a)children’s
misconceptions or lack of experience with particular mathematical
content areas would be assoc1ated with inaccurats interpretations of
geography content and that b)mathematical competence would not

; necessarily be applied to reasoning about matbematlcally related

3 geographical concepts. Sixty-four children, 16 in each of grades 3 -

- 6 were interviewed about related topics in mathematics and gesography

]
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F\ Tais study examines the relationship between children’s procedural
|

to test these hypothesses.
Preliminary data analysis focusing on the correlational relationship
hetween knowledge of mathematics and the attainment. and application of .
| geographical concepts tends to be consistent with expectations. .
F First, there seems to be a positive relationship between overall
- mathematics and geography performance. However, the data indicate
[ that mathematically inaccurate children have lower accuracy scores on -
: some but not all geographical information as compared to children who
 are accurate in their mathematical concepts and procedures. This
| suggests that the positive correlation between mathematics and
geographical knowledge scores is not necessarily a function of
»  mathematically competent children applying their knowledge to
geodraphical contexts. Rather, there may be a common non-mathematical
component related to performance in both areas that affects some
contexts but not others. A three-part-knowledge model is being
developed to explain these findings.
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Backaround _

In recent years there has been increasing concern about Americans’
geographical illiteracy (Daniels, 1988; National Geograghic Socisty,
1988; Solorzano, 1985). No doubt we have all heard rsports of

students and ‘adults who were unable to identify the United States on a

map of the world or who could not name the states that bordered on the

Pacific Ocean. At the most obvious level, we might assume-that the
main reason for this geugraphical illiteracy is that Americans simply
do not spend very much time studying geograpay in elamentary or .
secondary schools. Currently there are moves underway to correct this
deficiency and in fact within the next year or two many states will be
mandating the inclusion of some kind of “global" curricular course asx
a requirement for high school graduation.

There is, however, another wey to view the problem of seographical
illiteracy. That way is t; attribute the difficulty, not to the
amoupt of time spent on geodgraphical content, but to the
appropriateness of the geographical content students are expected to
learn. This view grows out of a developmental perspective of
education in which emphasis is placed on the fact that students’
construct different personal meanings from the same objective content
depending upon the knowledge and understanding they bring to a task
(Piaget, 1828). Appropriateness in a geographical context then means
that the learner hss developed the necessary cognitive framework into
which the geographical material will fit. If there is a mismatch
between the information provided and the student’s ability to
interpret that information in the manner intended by the curriculum

davelopers, that information may be misunderstood and remembered

inaccurately. A sensible interpretation of the matsriel, therefors,
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swigeiras hhaé the student be familiar with and have an sccurate and
flexible understanding of the non-gecgraphical concépts, i.e, concepts
from other academic disciplines, that are embedded in the geography -
content. One factor contributing to the problem of geograpical
illiteracy, then, may be that ed&ééégrs have failed to view thse
acquisition of geographical concepts in the qontext of students’
existing knowledge of other academic fields (Adler, 1989; Blaut &
Stea, 1871; Downs, Liben, & Daggs, 1988).
Purpose of the Study

This study is concerned with the relationship of a particular
academic content area, that of mathematics, to students’ lszarning and. %
understanding of geography. An informal survey. of g€eography .
curricular materials supports the contertion that knowledge of
mathematical concepts and procedures seems to be a critical variable
in developing an appreciation of many geographical idsas. It
indicates that many geographical concepts, indeed, presuppose ;
knowledds of particular mathematics concepts. For example, a
discussion about the use of map scales and distances between cities on
a map presupposes a knowledde of ratioc and proportional relationships,
knowledge of different units of measurement, and an ability to
transpose units from one scale to units in another scéle. If these
non-deographical mathematics concepts have not yet been developed or
bave been developed but contain some basic misconceptions, students’
!recall of the geographical material may be inaccurate or, at best,
remembered by rote. Moreover, students’ interpretations and ability

to apply the material to new contexts will be limited by their lack of

a suitable framework for organizing and making sense of the

geographical information. In the long run, then, lasting knowledde of
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geographical concepts will fail to emerge.
Hveotheges ’

This study examihed‘the relgtionship petween chiIdrén’s procedural
and conceptual undazrstanding of mathematics and their accuracy in
reporting and interpreting gecgraphy text material containing
mathematical inférmation. It was hypothesized that:

a)children’s misconceptions or lack of experience with mathematical
content areas would be associated with inaccurate interpretations of _
geography content .

b)particular types of mathematical compeéenco would be more
strongly associated with particular types of knowledge in geography
tﬁan others .

c)mathematical knowledge would not necessarily be applied to
reasoning about mathematicall:y related gecgraphical concepts (i.e.,
students with mathematical skills might not apply them in a
geographical context (Bryant, 1985)).
Methods and Procedures

Subjects were students in a middle cless public suburban school
district in northern New Jersey. In all, 18 students in each of
grades 3 - 8 were selected from the participating schools. Within
grade and sex, these subjscts were haphazardly chosen from among the
possible 201 students whose parents signed consent forms to allow
their children to participate in the study. The data have not yet
beén completely analyzed and the results reported here ure based on
responses of 42 of the 64 subjects. These subjects were 8 boys and 8
g€irls from each of grades 3 and 4 and 5 boys and 5 girls from grade 5.

Initially several sets of textbooks and supplementary materials in

geography were reviewed for the selection of tasks to be used for the

S N N R S




-5~

interview protoco.s. After review, the invest{gator selected excerpts
of mathematically loaded sarjsles from the geography textbooks used in

the schools of the participating district (Loftin & Ainsley, 1988).

Math items were adapted from the district’s math text series (Eicholz, -

O’Daffer, & Fleenor, 1989) and particular items were selected to match
the mathematical content of the geography items. Based on these
selections, interview protocols were developed for each of the grades.

Phile the specific task content vaéied from grade to grade, the
general format of the interviews was the same for all subjécts. In
the first part of the procedure studcnts were asked to read two short
excerpts from a grads-level geography text. One contained content
dealing with knowledge of maps and the other was related to
informetion about the population, ciimate, or industry of a given
geographical area. For each excerpt students were asked a)factual
information questions based on the content, b)interpretive questions
that went beyond the given information in the text and that required
the application of some mathematical knowledge, c)definition questions
about some mathematically loaded terms used in the text, and d)concept
extension questions in which the same concepts described in the text
needed to be applied to an analogous situation.

In the second part of the procedure students were asked a)to work
out computationsal oxamples for each mathematical concept embedded in
the geography text, b)to demonstrate their understanding of the
computational procedures and numsrational system, c)to solve word
problems involving the application of the same computational
procedures, d)to construct the sclution to a measurement problem
related to a concept raised in the geography text, and e)to interprst

a graph problem comparable to the material in the text, but in a

-X
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non~-geogr::shical context.

Each student was individually interviewed out:side the classroom for

TPTIERTAV NN

] approximﬁtely one hour and within each grade all students were asked
- the same core questions. Clinical interviewing procedures were also

utilized, however, to clarify students’ responses and identify

A PR A T

misconceptions in their reasoning.. All interviews were videotcved.
(Another aspect of the project is that some of the vidootapes will be
edited for use in teacher preparation orograms, )

Besults: Scorind Procedures |

; Within both the geography and mathematics tasks, subjects wére

: evaluated on accuracy of answers and/or procedurss used‘gs well as on’
misconceptions expressed. '

An accuracy score of 0, 1, or 2 was obtained for each item and total
scores were obtained for all items in each domain and for subsections
of items within each domain. The geography subsections consisted of
factual questions, questions requiring interpretation or application
of text material, and definitions of mathematically loaded
geographical terms from the text material. The mathematics
subsections consisted of computation examples, questions measuring
understanding of concepts or procedures used, questions requiring
applications of understanding and computational knowledge toc a problem
situation, and questions involving the ability to read graphs. In
general, the criteria for accuracy scores were that (0) indicated a

completely wrong response, (1) indicated a partially correct response

or a completely correct response obtained after some prompting, and

(2) indicated a fully accurate response offered spontaneocusly. -
Maximum scores for catsgories by grade can be found in Table 1.

Misconceptions were identifed within specific content areas of the
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Task

Overall math
Computation
Underscanding
Applications

Graphs

Overall geography
Geography facts
Interpretation

Definitions

Third
Max  Mean
52 28.9
14 8.5
18 8.3
8 4.2
12 6.9
42 24.5
12 9.8
18 8.8
12 5.9

Grade
Fourth
Max  Mean
68 40.4
16 12.8
20 10.8
14 5.9
18 10. 1
e2 40.4
24 20.1
24 13.5
14 8.9

Fifth

Max

10
18
14
18

60
20
28

Mean

28.
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33.
15.
11.
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mathematics interview protocols. Based on an evaluation of subjects’
errors in tﬁe mathematics prototcol, _hey were identified and grouped
as having or not having particular mathematical misconceptions. |
Because interview protocols were designed to assess parallel
mathematical concepts in geodgraphy and mathematics contexts, it was
not difficult to identify particular mathematical misconceptions and
then match them to items utilizing the same kind of knowledge in a
geographical context. Matching geographical content areas and the
content of mathematical misconceptions for each grade are listed in
Table 2.

Each subject’s score on the particular geography questions related -
to the mathematics involved was then ‘obtained and partial group
geography means were calculated for subjects previously categorized as
having or not having mathematical misconceptions. Example of the
kinds of misconceptions and matching gaographical items can be found
in the Appendix.

Besults: Analvsis and Discussion

Sign tests were performed ¢% each grade to determine whether
students scored systematically higher or lower on either the geography
or mathematics tasks. The results indicated that there was no
consistent directional differonce between the scores, although more
students had higher geography than math accuracy scores (z third drade
= .25; 2z fourth grade = 1.60; z fifth grade = 1.58).

Further analyses of the data focused on the correlational
relationship between accuracy in the knowledge and use of mathematical
contents and accuracy in the attainment and application of
geographical concepts within each grade level. Correlations,

utilizing the Pearson product moment correlation pProcedure, were

10




Table 2
Content of Mathematica®! Misconceptions and Related Geodgraphical Content by
Grade
Third grade Fourth grade Fifth grade
bonteqt of Related Geographical Content
Mathematical
Misconceptions
Numeration Population Population Population
{place value, information information information
relative magnituds,
Latitude/longitude
nedative integers)
Subtraction Map scale Map scale
{computation, + Population Populaton
place value) information information
Multiplication Map scale Map scale
{representation,
computation)
Division Map scale Population
{representation, information
computation)
Fractions Map scale Populacion j
{concraste form, Population information :
symbol concepnt, information
addition)
Measurement Map scale Map scalse
{(area, Population
perimeter, inforration
proportion)
Graph Reading Population Population Population
(.ine graph, information information information

circle graph,

Latitude/longitude
bar graph, drids,
nuneration)
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obtained for overa.l accuracy scores between domains, for every
possible pairing of subsections between domains, and for pairings

between domains of overall accuracy scores and subsection scores.

The data analysed so far and reported on hére were consistent with
two of the three original expectations. First, it was hypothesized
that children’s misconceptions or lack cof experience‘with mathematical
content areas would be associated with inaccurate interpretapions of
geography content. This hypothes.s was confirmed. As reported in
Table 3, the data analysis indicated that there was a significant
positive correlation between overall performance on the mathematics
aﬁd geography items at all grades (r grade 3 = .78, p < .01; r grade 4
= .78, p< .01; r grade 5 = .88, p < .0l). It also indicated that the
relationship between accuracy in overall geographical and mathematical
performance tended to increase from third to fifth grade both in
overall geography accuracy and within each of the geography subsection
areas. In particular, the magnitude of the relationship between
mathenatics accuracy and being able to define mathematically loaded
geographical terms seemed to increase with grade (r grade 3 = .57, p <
.05; r grade 4 = .55, p < .05; r grade 5 = .95, p < .05).

These findings suggest that as children go up in the elementary
grades, the role of mathematical reasoning and skill become
increasingdly important in students’ knowleddge of geography. Whether
the knowledge of mathematics concepts and procedures is necessary for
lsarning some kinds of geographical contents or whether some comuon
thinking or studying skill is needed for learning in both areas in not

clear from these data.

Second it was hypothesized that particular types of mathematical

iz
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2 Table 3

:E ' Caorrelations Between Ove Pmunthﬂmmgs_ﬁm 4 Geodrapky Tagks

= Accuracy

; Grade

E' Task Third Fourth Fifth

% |

| Overall geography . T8%x% . 78%x . 88%x%
Geographical facts . 85%x% CTl%kx . T9%%k
Interpretation of facts .78%x . T6%x% - . 82%%
Definition of terms LITR . 5'5* . 95%x%

¥ p < .05, Xk p < .01. i




competence would be more strongl, associated with particular types of

knowledge in geography than others. This hypothesis was also

confirmed. Tables 4, 5, 6, and 7 indicate the correlations obtained
betwaeen all possible geography snd mathematics subsection pairs,
_These findings indicate tha% although correlations within grades
tended ¢o be significant between most pairs, they were stronger
between some : pes of questions than for others and varied somewhat
from grade to grade.

Computational skill, for example, (See Table 4) appears to be

relatively stable and significantly correlated tc accuracy in recall

and recognition of geofraphical facts at all grades, dropping only

slightly at grade 4 (r grade 3 = .72, B < .01; r grade 4 = B < .01; r.

grade 5 = .73, p < .01). However, computational skill seemed to have
increasing importance in students’ ability to ipterpret geographical
information and understand definitions of geographica. terms as grade
increased from third to fifth (r grade 3 = .88, p < .01; r grade 4 =
.61, p < .05; r grade 5 = .85 p < .01). This sugdests that as
children go up in the elementary grades and increasinly abstract
concepts become involved in computation, an appreciation of these
concepts facilitates interpreting mathematically related gzographical
material,

Table 5 indicates a marked increase in the magnitude of
correlations from third to fifth grade between accuracy in
understanding concepts and procedures of mathematics and all measures
of geographical knowledde. The greatest increase, however, occurred
between third to fourth grade (overall geography r grade 3 = .44, p <
.05; r grade 4 = .72, p < .01; r grade 5 = .81, p < .01}.

Interestingly, for third graders, little or no relationship was found
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E ~ Table 4 - :
Cerﬂlatigns,ﬂgixﬁzn_Aeennacx_an_ﬁhﬁ_uaghﬁmatizs;ﬁgmnunntign_ﬁnhagaﬁign;and~ff
(‘Pm ) . - LS "‘J
Grade » oo
, Task ’ Third Fourth Fifth
ﬁ Overall geography . 83%x - T0%x - T3k ‘{
% Geographical facts . T2%% . 85%x% . 73%x% "
Interpretation of facts - .86%x .81% . S5%%

Definition of terms .30 .81x% .77k

*p < .,05. ¥ p < ,01,
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Table 3
Correlakjons Between Accuracy of Understanding of Mathematical Concepts op
Procedures and ceocuracy on Geodravhy Tasks

Grade \
Task Third Fourth Fifth
Overall gecgraphy . 44x 72Kk . B1%%
Geographical facts .30 . 60% . T3%x%
Interpretation of facts .4G% . T3%x% . 88%
Definition of terms .25 .51 . 91l%x
X p < .05, % p < ,01,
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between understanding cdncepts and—;;gzgahres of mathematics ;nd
geographical knowledge (r overall = .44,-p < ,05; r facts = .30; r
interpretation = .48, g < ..05; r definitions = p25): Tﬁis finding is
consistent with the overall finding’that mathematical comgetehce .
;becomes increasingly important in understanding zeogfaphical concepts
as children get older. It alsc suggests that éoncepgual understanding
of mathematics plays a generally less important role in the earl&
grades than it does in later grades. ,

Table 6 sugdests that the ability to apply mathematical knowledge to
vroblem situations while generally related t6 accuracy on geogfgphy
tasks (overall r grade 3 = .83 p < .01; r grade 4 = .84, p < .01; r
grade 5 = .78, p ,< .01), may vary in relative importance in its
usefulness for particular geographic activities in different grades.
For example, 1t is least related to accuracy in interpréting facts at
third grade (r = .44, p <.05) and most rela£ed'to it at fourth grade
(r = .87, p < .01)., In general, though, these findings indicate that
students who are able to problem solve in mathematics are likely So
use similar strategies for problem solving in other subject areas.

Table 7 suggests the interesting notion that the ability to read
graphs may be largely unrelated to performance on geography tasks
until fifth grade at which time it is related to factual knowledge,
interpretation of facts, and definition of terms: For third and
fourth graders graph reading seems completely unrelated to mastery of
geographical facts and the interpretation Jf these facts (r third
grade = .40 & .25; r fourth grade = .30 & .28). These findings, of
course, may be a f&nction of the partiular contents c¢hosen from th?

text material at each grade level, Specifically, for fourth graders

and to a lesser extent for third graders, graph reading may not have

17
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: Task Third Fourth Fifth
3 Overall geography . 83%x% . 84%x% . 78%%

Geographical facts . 368% . B0%x . T3%%
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Definition of terms . 86% . 46% . 86%%

*xp < .05, % p < .01,

:
:
: 2
( N
' :
! :v
| ‘
: “‘
. ‘!
.- g
, ‘
‘ :

$
¥




T ’ ' -17~

. - e e

Table 7
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Grads o
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Task Third Fourth Fifth

Ovérall deography . T2%x%x .28 . 90%kx :
Gsographical facts .40 .30 . 88%x
Intercretation of facts .25 .28 . 79%x

: Definition of terms . 7T3%x%x . .17 . 90%x%x -4

X p < .05, *k p < ,01.
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Leen necessary f{-r an understanding of éﬁe geodraphy text material
used, In these grades students may have relied more on reading the
text than on interpreting the graph to get information about the
gecgraphical concepts in question. Conversely, the fifth grad;rs’
questions may have dealt more directly with graphs rather oﬁan text.
Nevertheless, it may be the case that interpreting graphs becomes a
more complex matter as children go up in the elementary grades, and so
differences in s ability become increasingly important in learning
about other academic concepts involving graphs.

The third hypothesis was that mathematical knowledge would not
necessarily be applied to reasoning about mathematically velated
geographical concepts. This hypothesis was only somewhat confirmed by
the aata correlating accuracy on math and geography tasks. In
examining the few low and nonsignificant correlations in Tables 4 ~ 7,
we can see that competence in mathematics areas is not alwvays related
to success in geographical tasks. We see this.particularly in third
graders whose understanding of mathematics concepts and procedures,
(such as numeration and place value, knowledde of graph reading) was
not always accompanied by success in using these skills in a.
geographical context. In general, however, the students who were
successful in math were alsoc successful in geography.

This hypothesis was also examined in another way, by looking at
students mathematical misconceptions. If the hypothesis was to be
confirmed, students with specific math misconceptions .should not
necessarily have lower scores on mathematically parallel geography
tasks than students without misconceptions. Rather the students
without misconceptions might fail to apply their knowledge

appropriately in a different context and so not do any tetter in

20
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geography than the students who ha&e math misconceptions.

Although these analyses have not yet bsen completsd, the data
suggest that children with strong and accurate mathematical
conceptions, contrary to expectations, are able to apply their
understanding to the geography context. Similarly, students’
misconceptions also appear to color their reasoning about geography
text material. An illustration of the analysis done on the
relationship between particular mathematical misconceptions and
performance on parallel geography tasks from each grade level is shown
in Table 8. T-tests were utilized to compare the difference between
the mean mathematically parallel geography scores of the two groups.

In third grade mathematical misconceptions were identified in
répresenting the operation of multiplication in terms of concrete sets
and in terms of addition. Students who exhibited these misconceptions
were put in one group (n = 5) and those who did not were put in
another group (n = 11). For each of these groups a mean geography
score using items about map scales was computed (misconception group
mean = §.68; non-misconception group mean = $.18) and found to be
significantly different (t, df 14 = 2.37).

In fourth grade mathematical misconceptions were identified as
confusions about what multiplication and area measurement actually
represent beyond the execution of rote procedures. Again students
were grouped according to who had and did not have misconceptions and
for each of these groups a mean geography score using items about
population density and land area was computed. The mean geography
score of the yroup having mathematical misconceptions in area and
multiplication concepts (n = 8) was 5.25 while that of the group

without misconceptions (n = 8) was 8.13 (t df 14 = 2.32, p. < .05).

ot




Table 8
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Comparison. of Mean Parallel ~Geodraphy Scores of Students With and Withoyt

Sﬁéﬂiisz.ﬁathzmﬁml.ﬁimmmp&ims

Mean Score

Grade Students without Students with t-test
misconecsptions misconceptions

Third grade g9.18 8.80 2.97%x

(multiplication)

Fourth grade 8.13 5,25 2.32%

(area/multiplication)

Fifth grade 6.80 3. 40 2.54%

(fractions)

*p < .05, % p < ,01,
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Similarly in fi:-h grade, students were grouped as having

matgématicnl misconceptions about the representation of and oper;tions
with fractional numbers. In geography, group mean scores were based
on items related to population statistics involving the fractions in.
circle draphs of immigrants coming from partiqplar places in relation
to the total number of immigrants. The students with basic
misconceptions in math (n = 5) had a parallel geography score of 3.4
while the s*udents who did not have these misconceptions about
fractions (n = 5) had a significantly higher geography mean of 6.8 (t
df 8 = 2.54, p < .05).

Other parallel content questions will be examined in all grades and
the final data will include all the concept comparisons indicated in
Table 2. Thevfindings thus far suggest that mathématical
misconceptions can interfere with the understanding ;nd learning of
ma*hematically related geographical material snd that children who
have accurate conceptions of the mathematics material were able to
apply their knowledge to the geographical context. The third
hypothesis of this study, therefore, was not confirmed. In
particular, knowledge of the meaniﬁg of multiplication se<ms necessary
for an accurate understanding of map scale relationships; knowledge
about area measurement seems necessary for understanding population
density; and understanding of fraction numbers seems necessary for a
sensible interpretation of circle dgraph representations of population
statistics.

Summary and Conelusions ‘

-Overall the findings of this study suggest that suéggss in

mathematically related geography is strongly associated with

children’s knowledge of mathematics concepts and procedures and that




this relationship tends to increase as children go up in the
elementary gradss. This,'howevef, does not necessarily imply that
mathematically related geographical confent is acquired soclely as a.
function of applying mathematical knowledge to geographical contexts,
Rather, in some contexts there may be a common non-mathematical
component related to performance in both areas.

For example, students who are facile at tuning into relevant

information aund selecting important facts from incidental ones, may be

at an advantage for learning both mathematical and geographical
content. Moreover, having a reliable memory would be an asset for
acquiring both procedural techniques and number facts in mathematics
as well as for retaining the verbal content of geography text material
even if its meaning is not clear. Similarly, students who appoach
geography text as a reading comprehension task, may be able to
avcurately repeat mathematically connected geography information as
long as it does not require any actual mathematical activity.

The data, however, did suggest that children who are competent in
grade-level mathematics will tend to successfully appl& their
knowledge to another domain, that of geography, while children who are
not competent in grade level mathematics may be at a disadvantage for
learning geodgraphical content. The results of this study, indicating
that children’s level of knowledge in one area can affect the
acquisition of knowledge in another area, therefore, could be
significant for educational practices.

First they add to our general understanding that children’s existing
knowleddge base can interact with school curricular content and remind
us that there are a variety of ways in which students can interprat

“objective" content. Second, by extending our knowledge about how
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concepts from one domain can apply to another, this study demontrates
that effective instruction must take into account the fact that
academic subject areas often overlap with one another. Teaching in
one content area, therefore, implies that instruction should precede

or be accompanied by instruction in a conceptually related area.
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APPENDiX

ﬁxamples of Mathematical Misconceptions ard Associated Geographical
Knowledge for Grades Three, Four, and Five

A)In third grade children were asked to answer several different types of -
questions involving the concept or procedures fof multiplication. For ;
example, they were asked to draw a picture to represent 4 x 7, to draw a
rectangle that was two times higher and two times wider than .an original
rectangle that was 2 units high and 4 units wide, and to express some
single digit multiplication examples as addition. Misconceptions included:

a) representing 4 x 7 as: 00O
) x

A LA S e ARG ECR v i

ococoGo
0000

b)indicating that a figure that was two times higher and wider than‘;
a 2 x 4 rectangle was 4 x 6 because 2 + 2 = 4 and 4 + 2 =86 ’

EIIRGRTL TN
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c)saying that 3 x 15 was the sane as 3 + 15

.The parallel geography questions involved text material about using a map . {
scale. Students were asked to read a few paragraphs about the meaning of
"drawing to scale” and shown a map of a playground that was drawn on a
scale of one inch to 10 feet. They had to answer some question about
distances in the real playground based on this scale.

MO R T Y

B)At fourth grade, students were grouped according to the presencs or
absence of mathematical misconceptions involving area measurement and
multiplication-division concepts. These concepts wére parallel to
geographic text material dealing with larid area and population. demsity. In
the mathematics interview, children were :asked to-find the area of a -
rectangle drawn on centimeter squared paper and to draw a shape that had an
area of 15 square Units. They were also asked to carry out some written
muliplication, express it as addition, compute a division example and prove
the answer was correct. Some common misconceptions included: o

ajconfusing the concept and procedure for finding area with that for ]
findi. 3 perimeter as in constructing: a--shape with an area of 15 by drawing
a square with each side measuring 15

b)expressing 8 x 20 as equivalent to 8 + 20

c)solving a division example by using the process of multiplication
The parallel geography content included answering questions about a
passage that reported on the populations, land areas, and relative

population densities of New Jersmy and Alaska.

C)On the fifth grade math interview children were asked questions about
the value of fraction symbols ("Which number ‘is larger, 3/5 or 3/8%"},
about how to operate sensibly with fraction symbols ("How much is 2/3 of a
8-pack of soda?"), and about how to interprst graphic representations of
fractions ("If you added up all the fractions in this circle, how much
would you get?"). Among the most common misconceptions was a tendency for
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some students to t:2at each part of the written fraction number as a whole

ater. For example, when asked sbout the relative value of 3/5 and 3/8,
uny children responded that 3/8 was larger because the 3’s were the same
but the 8 was larger than the 5. Similarly, when asked to figure out how
many cans were in 2/3 of a 6-pack of soda, some students trieg to use some
kind of whole number operation on the 2 and 3 in 2/3, such as 2 + 3 is §5,
so the answer is 5. In a similar way, some students added the numerators
and then added the denominators of the fractional parts of a circle in
order to determine the total of all the fractions in that circle.

Analogously, on the geography interview, the children were asked to uss
the population information obtained from text, a bar draph and related
fractions in circle graphs to determine some facts about immigration
patterns from Europe to the United States over several decades (“In which
decade did the most immigrants come?" "What fraction of all European
immigrants in the 1860’s were from Northern and Western Eurcpe?" "Were
there more immigrants from Northern and Western Europe coming to the United
States in the 1860’s or between 1900 nd 19099"}. To complete the task
accurately it was necessary to understand that the circles as a whole
represented all the European immigrants and that the fractional parts of
the circle represented a fractional part of that whole. Most critical to
understanding was the idea that the fractional part did not represent any
particular number of immigrants, but could be assigned a value if used in
combination with the information in the bar graphs. :
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