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Content Effects

Abstract

Gender differences in mathematics test performance that favor
males are rarely found on tests of computation or other
mathematiral syr'sol manipulations. They appear primarily in tests
that are labeled as tests of "mathematical reasoning” and ccnsist
largely of word probiems. The content of word problem cover
stories is a possible source of gender bias. Some have suggested
that students are discouraged from solving problems for affective
reasons when the content of the problem is sex-typed for the
opposite sex; cognitive science research on the problem solving
precesses suggests that familiarity of content would ke likely %o
affect problem solving performance. To test these hypotheses, an
experiment was conducted in which underlying mathematics problems
were clothed in four different cover stories: masculine, feminine,
neutral familiar and neutral unfamiliar. No effsct of sex-typing
was found; there was an highly significant but small effect of
familiarity.- Ratings of problem characteristics were also
collected, primarily to guide and confirm the realization of the
design intentions, and a number of interesting features of the

rating results are discussed.
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Content EBffects 1

Content Bffects on Word Problem Performance:

A Possible Source of Test Bias?

Recently there has been much controversy about possible sex
bias in the SAT-Math exam, especially as it has been used as the
basis of scholarship awards (Rcsser, }989; Mew York Times, 1989).

The SAT-Math scores of young women, on the average, are lower than
those of young men, even when one attempts to take account of the
small differences in mathematics course background that still
exist. In contrast, if one takes course grades as the measure of
mathematical performance, womea and girls are found to demonstrate
ecual or better performance (Kimball, 1989) in nearly all studies.
A recent analysis by Wainer and Steinberg (1990) showed that when
men and women are matched by college mathematics course taken and
course grade received, the women are found to have had SAT-Math
scores 30-40 points lower. Therefore, the concern akout possible
sex bias in the SAT is realistic. The most obvious way in which
sex bias could arise in the construction of a mathematics test is
in the content of the stories used to present mathematics word
problems. Indeed, sex differences in mathematics test performance
are not as often found as most pecple believe, and when they are
found, it is usually in tests or subtests of mathematics word

problems (Chipman & Thomas, 1985; Chipman, 1988; Hvde, Fennema &
Lamon, 1990). The diversity and small numbers of items on the
Math SAT and similar examinations have led to inconclusive searches
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males or females (Chipman, 1988). For example, one study may
L report that females do worse on geometry items (Fennema &
: Carpenter, 1981), another that geometry items favored females or 1
14 showed no sex difference (Donlon, Hicks & Wallmark, 1980; Becker, 7
1990). It is, or at least was, true that the word problems on the
SaT-Math have tended %o have masculine content (Donlcn, 1973;
Strassberg-Rosenberg & Donlon, 1975). By now, it is evident that
post-hoc analyses of item performance will not lead to clearcut

conclusions. Direct experimental tests of the hypotheses advanced

SUP

in the debate over test bias seem to be required. K

Experimental studies of the e.fects of any typoe of problem

| content on problem solving performance are surprisingly hard to

.
ML

find. In 1988, both an ERIC search of recent literature and
) personal inquiries failed to turn up recent studies of problem {
content effects. Papers by Trible and Higgins and by Barpett, Vos
& Sowder in a 1979 ERIC publication edited by Lesh, Mierkiewicz &
Kantowski did review a number of relevant studies. Studies of

L content effects may be rare because mathematics educators have seen

content to be rather irrelevant, the goal of the problem solver

- —

being to penetrate to the mathematical structure behind the cover

story of the problem (Silver, 1879) . However, in a dissertation 4

o -y #

research project (McCarthy, 1975) a large number of word problems
that had been rated for the sex-stereotypy of their content were

presented to a large sample of male and female high school

studarts. B reanalwvals of “hr-a  dasa &2 I P .ot
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Content Effects 3

effect of sex-typed content demonstrated dramatically large effects
(Chipman, 1988). There are also a few very old studies in the
literature which provide evidence for such effects of sex-typed
content (Milton, 1958) or effects of content familiarity (Brownell
& Stretch, 1931 ). These results suggested that the content of
mathematics word problems could be a‘significant source of test
bias and inspired the present study. ‘

There are several hypotheses that one might advance about why
such effects could occur. One is the affective hypothesis that
students simply shy away from or have difficulty dealing with
subject matter that is regarded as the territory of the other sex.
(For example, in the study we are reporting here, we did have one
male student who refused to solve a problem with a beauty contest
cover story, responding to it by writing in, "Let the beauty gqueen
figure it out for herselfl") Even Lf effects of sex-typed conteat
were found, a competing major hypothesis would be that the critical
variable is actually familiarity with the content of the items,
and that students simply tend to be less familiar with content
typed for the opposite sex. Cognitive science studies (as
reviewed in Chipman, 1988; Hall, Kibler, Wenger & Truxaw, 1989) of
the processes used in solving mathematics word problems have shown
that a great deal of thinking is done with the content of the
problem, representing it, manipulating it in its own terms, and
drawing inferences about the situation that depend on knowledge of

the contexnt. Obviously, it is more difficult o draw .niarar *x»




Content Effects 4

about unfamiliar content; even if the need to draw inferences is
not at issue, it would be more difficult to maintain
representations of unfamiliar content. (As an extreme example,
Caldwell & Goldin, 1987, reported that problems verbally stated in
terms of abstract mathematical relations are more difficult than
those with concrete situations.) Consequently, one would expect
poorer performance when problems with unfamiliar content are
attempted. At the opposite extreme, very familiar problems may not
test the intended problem solving processes at all: Linn & Hyde
(1989) report the example of a male student’s simply recalling
information about sports avsrages in rasponse to a 1986 SAT item
which strongly favored male examinees. In a time-pressed testing
situation, omitting items with unfamiliar content or abandoning the
attempt to solve them as soon as difficulites arise might be a
reasonable strategic decision for an examinee. These hypotheses
and the supporting cognitive science literature are discussed at
greater length in Chipman {1988).

In order to test these hypotheses, we undertook a study
designed to explore the effects of problem content on word problem
performance, controlling for the underlying mathematics problem,

as had not been done in the McCarthy dissertation.
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PRELIMINARY RATING STUDY

in a preliminary study, a large numbec (56) of matnematics
word problems were rated by 50 (25 males; 25 females) San Diego
State University students for two characteristics: The
sex-sterectypy of the content and the personal familiarity of the
content to the individual student doing the rating. The problems
came from a variety of sources: 27 from the McCarthy dissertation
-- excluding those which really had no story, 50 from old SAT
exams -~ especially those used by the Princeton Review for
practice, 9 from other sources. This preliminary rating study had
two primary purposes: to determine whether the variables of
sex-stereotypy and personal familiarity could be adequately
separated and, secondly, to provide insight into the types of
problem content that would receive the types of ratings needed to
create the desired experimental design.

Hethod

Rating_ZXnstruments

Fifty different random orders of the 96 problems were prepared.
These were used to prepare two rating scale instruments, one of
which involved rating sex stereotypy on a 5 point scale from most
familiar to males (1) to most familiar to females (5). The other
rating scale instrument asked for a rating of the subject’s
personal familiarity with the content of the problem, again on a

5 point scale from not familiar (1) to very familiar (-.. Tre tvo
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Content Effects 6

types of ratings were counterbalanced in order in the instrument
packages prepared for the subjects.
Sub-jects_and_Procedure

Twenty-five male and 25 female San Diego State University
students participated in this experiment in order to fulfill a
requirement of the intfoductory psychology course. Thirty minutes
were allowed to complete the two sets of ratings, but most subjects
finished within 15 minutes. Two experimental sessions were
required to obtain the full number of subjects.

Results

The ratings for each problem of sex stereotypy and personal
familiarity were averaged over the male and female subjects
separately, as well as together. Examination of correlations
between the ratings established that the two variables -~
sex-stereotypy and personal familiarity -- were scmewhat separable,
although correlated. Sex stereotypy, as rated by females, had a
correlation of .53 with personal familiarity, as rated by females.
Sex stereotypy, as rated by males, had a correlatiun of -.19 with
personal familiarity, as rated by males. Males and females agreed
strongly in their stereotypy ratings (r = .94). The inclusion of
27 items from the McCarthy dissertation made it possible to
examine the stability of sex-stereotypy ratings over an elapsed
period of about 15 years and a substantial difference in subject

populations (New Jersey high school students enrolled in college
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Content Effects 7

correlation of .96 was found, even though the San Diego State
students used a more restricted range of rating values (s.d. of .64
vs. 1.24). Note that the sex-stereotyping of problem content seems
to be a notion with a very stable and coansistent social consensus.
Although it may be difficult to provide any rationale or thesry to
explain which contents are stereotyped masculine or feminine or
considered neutral, it is clear that a solid basis exists for an
empirical, operational definition of these categories in our
culture.

EFFECTS OF CONTENT OM PROBLEM SOLVING

The ratings obtained from the San Diego State studeuts were
used to guide the construction of a set of word problems for use
in the experimental study which aimed to examine the effects of
both sex-stereotypy and personal familiarity upon problem solving
performance. Items which received extreme masculine (less than
2.5) or feminine (greater than 3.5) ratings on the five point scale
were selected as starting points. We term the underlying

mazhematical strsucture of these problems seeds. Additional

problems were written in which the identical mathematical problem
was clothed in different cover stories, with the intention of
achieving a set of four items for each seed, one of which would be
rated as very masculine, one very feminine, one neutral but
familiar, one neutral and unfamiliar. Thus, the mathematical
structure remains constant under the four cover stories. Table 1

shaws ~ne sat of fovr problar, daw~loned fronp khe g iot oyt mmees
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tournament item. The text of all items used, and the ratings these
items received are available from the authors. Note that it was

the masculinity or femininity of the content of the situation

that was nan%pulated, not merely the_ names or sexes of the
characters mentionéd in problems. Although character names and
sexes and personal pronouns have oftea been used tc do analyses of
possible bias in test problems (McLarty, Noble, & Huntley, 1988),
McCacthy (1975) reported that she did pilet work which indlcated
that character names and sexes alone did not affect the rated
masculinity or femininity of problems. . No problem in the set of
96 used in the preliminary rating study was rated as both neutral
and unfamiliar so that guidance in writing items that would receive
such ratings was not available from the rating data. Often science
fiction settings or unspecified exotic cultures were used tu evoke
ratings of unfamiliarity. The majority of the neutral faemiliar
items involved school- settings.

Method

Instrumentation

Problem solving test. Sixteen seeds were used to develop an
item bank of 64 items containing matched sets of masculine,
feminine, neutral familiar, and neutral unfamiliax items. These

. . -t O -~
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Content Effects 9 g‘
tests with a balanced design in which each subject received a test .
with 16 problems, one cover story version of each underlying ’
problem, egual numkexs (4 each) of masculine, feminlas, routral
familiar and neutral unfamiliar items. The result was a set of 32 L

different tests, with the order of presentation of items randomized

-

within each test. The set of 32 tests yielding a balanced

presentation of all 64 problems became the basic unit of the

design, to be repeated for sets of male and female subjects. Thus, L

] there were 64 tests, 32 matched pairs for male and female subjects, ) '
} prepared for the first 64 subjects. To balance for the effecls of P
order of problem presentation, for the second 64 subjects, problems

9-16 of the original test became problems 1-8 of the new version.

P This entire set of 128 tests was replicated for use with tne final

128 subjects. The problems were presented in an open-ended,

show-your-work format, rather than as multiple choice exams.

This was done in order to avoid the analytic problems posed by

guessing responses, including the possibility that the guessing

behavior of male and female subjects might differ. .

Background questionnaire. A background questionnaire asked

whether the subject had successfully completed a mathematics‘ course '
in each semester of grades 9-12, asked whether the subject had
taken calculus in high school, had taken or was currently taking
calculus in college, had taken physics in high school, had taken

or was currently taking physics or enginsering in college, had ever

taken a cormputer programming course.
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Problem familiarity ratings. As in the preliminary rating

study, subjects were asked to rate the personal familiarity of the
problem situation. A seven point scale from not familiar (i) o0
very familiar (7) was used. All 64 problems were rated.
Thirty-two different random orders of presentation of the problems
were used. '

Sex-stereotypy ratings. Subjects were also asked to rate the
sex-stereotypy of the problem situations on a seven point scale
from most familiar to males (1) to most familiar to females (7).
All 64 protlems were rated. Thirty-two different random orders of
presentation of the problems were used.

Situation familiarity ratings. This rating instrument
contained descriptions of the 64 problem situations that had been
stripped of mathematics problem characteristics. Examples are
showr in Table 1. Subjects were asked to rate the perscnal
familiarity of the situations described on a seven point scale from
not familiar (1) to very familiar (7). Thirty~two different random
orders of the situation descriptions were used
Subiects

In the summer and fall of 1989, the first 128 subjects were
recruited from among SDSU students. Some were tested during a
class pericd of a summer session introductory psychology course.
Because there were too few students to complete the basic design

unit of 64, additional paid subjects were recrvited. an additional

set of 64 s:biects was rerruited in the fall fram the inkvadurary
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Content Effects 11

psycholegy subject pool. Finally, the second 128 subjects were
recruited in the spring of 1990 from the introductory psychology
subject pocl. Thus, in all there were 256 subjects, 12b females
and 128 males. There is every reason to believe that this subject
population is reasonably representative of the U.S. college student
population at large. In 1988, the mean SAT-Math score of entering
freshmen at SDSU was 486 as compared to the national average of 476
in that year, and 96% of accepted applicants tcok the SAT.
Introductory psychology is a very popular course taken by diverse
stvdents with many different major £fields. With resnect to
possible self-selection bias, subjects were recruited with an
anncuncement which described a problem solving study, without
specifically stating that the problems were mathematical.
PBrocedures

The procedures differed somewhat for the first group of 128
subjects versus the second group of 128 subjects. Subjects in the
first group of 128 were allowed 30 minutes to complete the
background guestionnaire, which was pre.ented first as a cover page
to thelr test package, and to work the 16 problems; then, they were
directed to move on to the rating tasks. These subjects received
the problem familiarity and sex-stereotypy rating instruments in
counterbalanced order. Subjects in the second group of 128 were
given the background questionnaire and situation familiarity

instrument at the teginning of the experimental session; when ail

subients bat corpletad the ratings. the problem-selvin~~ faz-pr ga=s
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distributed. Consequently, the subjects in the second group of 128
had somewhat more time to work on the problems. All experimental
sessions for all subjects lasted a total of one houx.

Results

Ratings of Sex-stereotyoy and Familiarity

These ratings had'been provided by the first 128 subjects
only. Ratings for the four classes of problems generally verified
the success of the cover story construction. Descriptive
statistics are presented in Table 2. The mean stereotypy rating

Insexrt Table 2 about here
of the problems intended to be masculine was 3.12, while the mean
rating of the problems intended to be feminine was 5.12. The mean
rating for the problems intended to be 'neutral familiar was 4.08,

almost precisely in between, while the mean for the problems

‘intended to be neutral and unfamiliar was shifted slightly in the

masculine direction, 3.78, The mean familiarity ratings were 4.50
{masculine items), 4.48 (feminine items), 4.48 (neutral familiar
items), and 3.83 (neutral unfamiliar items). So, the average
familiarity of the masculine, feminine, and neutral familiar
problems were the same, while the neutral unfamiliar problems were
indeed rated as less familiar than the other types (t = 7.42, p <

.001). BAs might be expected, masculine problams were rated das
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H
feminine problems as somewhat more personally familiar for females

v

! (M: 4.23; F: 4.76). However, as shown in Figures la and 1b, the '
two characteristics do not seem to be seriously confounded, and the ‘
b, ¢
. TrrTTTmmmmTTmmmmmmmmmmmmmmmmmmmmmmmmsom [4

masculine and feminine problems offer a strong contrast on the

variable of sex stereotypy. As in the preliminary rating study, ;
the relationships between these variables differed for males and
females. Overall sex-stereotypv ratings had a cozrelation of .42
{(p < .001) with peusonal familiarity as ratel by females, but an
insignificant negative correlation of ~-.17 with personal
familiarity as rated by males. Neutral familiar and neutral
unfamiliar items were also quite well contrasted -- see Figure lc¢
-- but not so cleanly separated as the masculine and feminine
problems. Correlations between the ratings collected in the
summer and those collected in the fall indicate that sterectypy is

a highly reliable rated characteristic (r = .99). In addition, as

in the preliminary rating study, there was excalleat agreement

betweea males and females (xr = .97 ). Personal familiarity to the
male population or to the female population (combined male and !

female familiarity ratings, sumnmer vs. fall, r = .81) is somewhat

——

less reliable and, of course, not so consistent for males and

females (r = .75) .

\
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* Problem_Solving Performance

The first issue to consider is whether the content of the cover
stories had an effect on problem solving performance. Analyzing
problem solving performance by subjects, we have a classic
split-plot design, sex‘of subject by problem cover story type.
Each individual can be regarded as getting a test made up of four
subtests, each containing 4 items of a given type. Each subject
had random subsets of the problems of each type.

Here we present the analysis for all 255 cubjects taken
together. Despite the fact that the seccornd set of 128 sabjects had
a bit more problem solving time available, their performance levels
did not differ'. Figure 2 plots the mean number correct for males

0 e O et G A g e B e e o A e Pt o e R . e i

Insert Figure 2 about here
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and females within each problem cover story type. Performance over
the four cover story types was significantly different (F = 5.03;
df = 3, 762; p < .002)?, but the difference in type accounts for
little of the total variance. Comparison of SS type to total SS
indicates that type accounts for about 2% of the variance, Sheffe
post-hoc comparisons among means indicate that neuktral unfamiliar
cover stories were significantly more difficult than the other

three combined (F = 13.9; df = 3, 256; MS error = ,752; p < .0Cl).
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Content Effects 15

This analysis also demonstratds that males performed
significantly better than females over all types combined (F =
6..8; df = 1, 254; p < .012). There was ao signiircant inieraction
between gender and ccver stories. However, simple main effects
comparisons show that males performed significantly better than
females on the masculine items ( t = 2.745, p < .05) and marginally
better on the neutral familiar items ( & = 2.00, .05 < p < .10}).
Performance by males and females on the remaining two types of
cover stories, the feminine and the neutral unfamiliar, was not
significantly different. Again, the effect is small: Comparison
of SS gender with SS total indicates that about 2% of the variance
is accounted for by gender. Note that the overaii lsve. of
performance was quite poor, averaging only 3Is correct.

Relating Probiem Difficulty to Familiarity and Stereotypy
We also explored the relationships amcng rated familizrity and

stereotypy and problem difficulty at the individual item level.

For both males (r = .59, p < .001) and females (r = .63, p < .

.001), there was a strong and highly sigrificant correlation
between the rated problem familiarity and the p values, the percent
correct. In contrast, for neither males (r = .05, n.s.) nor
females (r = .17, n.s.) was the correlation between sex-stereotypy
and the p value significant.

Given the magnitude of the familiarity effect reported in the
split-plot analysis above, this estimate of the famiiilarity efiect

seemed far too large, accounting for 41% of the variar~a (F = 4..6;
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Content Effects 16

df = 1, 62; p < .0001)°. 1In this analysis, one no longer enjoys the
benefits of the balanced design crossing cover story type with the
underlying problem structure. Although subjects were instructed
to rate the familiarity of the situation described in the problems
and not of the problems themselves, it is likely that the ratings
reflected the familiari&y of the mathematical structure of the
underlying problem. Thus, rated problem familiarity was considered
in relation to type of cover story -- masculine, feminine, neuntral

familiar, and neutral unfamiliar -- and to seed, the underlying

nmathematics problem, a categorical variable with 16 values. These
two variables were independent. Seed accounted for 51% of the
variance in rated familiarity and type accounted for 27%. When
they were supposed to be rating the familiarity of the problem
situation, subjects were responuing substantially to <the
characteristics of the underlying mathematics problem. It was fou
this reason that situation familiarity ratings were collected from
the final 128 subjects.

Corresgondingly, an analysis of variance demonstrated that the
variance in difficulty accounted for by seed was 89%; adding type
increased the variance accounted for to 90%, not a statistically
significant increase. All of the predictive power that problem
familiarity appearad to have is accounted for by its relation to

seed.
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Situation Familiarity !

The results of the situation familiaricy ratvings were scmewhat
surprising. They were much more variable than the problem
familiarity ratings, having standard deviations two to three times
as large within each of the cover story categories. In the case
of "neutral unfamiliar" problems, the situations were rated_yuch
less familiar (mean 2.19) than the corresponding problems posed 1
within these situations (mean 3.83}. & t-test indicates that this
Jdifference is highly significant (t = 7.87; df = 15, p < .001).
The correlation between situatlion familiarity and problem
familiarity was highly significant at .54 but still indicates that s
these ratings measure somewhat different characteristics. The :
separapility of sex stereotyping and familiarity was maintained
with this situation familiarity rating. The correlations between
stereotypy and situation familiarity were r = .00 for males and r
= ,36 (p < .01) for females.

Because judgments of problem familiarity seemed to be
measuring something closely related to the difficulty of the
underlying mathematics problem, it seemed possible that factoring
situation familiarity out of problem familiarity might strengthen i
the relation to difficulty. This was in fact true. The
correlation between problem familiarity and p value was .64. The

correlation between problem familiarity with situation familiarity 1

€actored out api p wvelue was .71, Ac wag kyn  far pesahlom h
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familiarity, in an analysis of variance, situation familiarity did
not provide a significant improvement in variance accounted for

over that achieved by the 16 category seed variable.

Omissions

One of the affecti&e hypotheses under consideration was that
males and females might selectively omit problems of the opposite
sex-type. Omissions were defined as problems on which the tést
sheet showed no trace of an attempt to solve the problem. Of
course, subjects of both seiues were likely to omit problems near
the end of the test. More interesting are crissionc in which the
examinee has made a deliberate choice to omit a problem and go on.
Therefore, our analyses consider only omissions prior to the
terminal string, omissions followed by at least one attempted
prodlem.

Student performance on the cover story types was examined
using a 3 factor log~linear analysis: gender (male, female) by
response (correct, incorrect, omit) by cover story type (masculine,
feminine, neutral familiar, neutral unfamiliar). The approximately
4000 subject responses were classified under these three
dimensions. All possible hierarchical models were considered. The
model of best fit includes all three main effects and the two
factor interactions of gender by response and response by type (L
= 3.36; df = 9; p = .95). The gender by respcnse interaction shows
that ralea wor~ generally mor-e 2
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the problems and that females were more likely than males to omit
problems. There were no differences in the numbers of attempted
incorrect responses. The response by type interaction shows that
the feminine items were slightly easier than expected (ie. there
were more correct responses to these items) and that the neutral
unfamiliar items were 1éss likely to be correct and more likely
than the others to be omitted.

Looking particularly at the omission data, we observed that
females made significantly more omissions than did males (z = 3.18,
p < .001). For both males and females, the masculine; feminine and
nautral familiar items were omitted about equally sften. Both
males and females were more likely to omit the neutral unfamiliar
items ( z = 3.52, p < .001). For females, but not for males, the
lower number of correct responses on the neutral unfamiliar items
seems to have been accounted for entirely by increased omissions.
Mathematics Background, Gender, and Test Performance

Because a statistically significant sex difference in
performance was observed, we examined the possibility that sex
differences in performance might be accounted for by mathematics
course background and/or other mathematics-related course
background. The background questionnaire was scored for
mathematics course background in the following way: one point was
scored for each semester of grades 9-12 in which the subject

reported having successfully completed a mathematics course; two
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Content Effects 20

having taken calculus in high school or college. Hence the maximum
possible score was 12 for a student who had taken a mathematics
course in each of the 8 high school semesters and had taken both
high scheool and college calculus. In addition, a variable
representing other mathematics-related course background was
created by scoring one.point each for each yes to the questions
about studying physics, engineering and computer programming (3
points maximam).

Complete course background data were available for 232
subjects'. The 118 males had a mean score of 7.37 with an s.d. of
2.52; the 114 females a mean score of 7.60 with an s.d. of 1.89,
Obviously, the mathematics backgrounds of the male and female
subjects were very similar.

None of the correlations between total test score and
mathematics background were significant. Regression analysis
confirmed what this suggests. Gender had a statistically
significant effect on performance {p < .02), in agreement with the
result of the split plot analysis reported above, but it was
accounting for only 2.4% of the variance in individual performance.
Adding the course background variables increased the variance
accounted for to only 2.6% and caused the regression to fall belcw
the level of statistical significance.

Discussion
We set out to explore and compare two “ypctheses concerning
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Content Effects, 21

affect problem solving performance. One was the affective
hypothesis that students might avoid or perform poorly on problems
with content sex-typed as appropriate for the opposite sex. This
hypothesis obtained no support from our results. The other
hypothesis had a more cognitive flavor, suggesting that for several
reasons one might expect.that items with unfamiliar content would
result in either omission or poorer problem solving performance.
This hypothesis was supported: students of both sexes were more
likely to omit problems of neutral but unfamiliar content and less
likaly to sclve such problems correctly. This reecult wee 0% i &7
in an experiment ir which the underlying mathematical structure of
the problems was totally controlled so that we must attribute it
to the cover stories. This effect was highly significant
statistically, but small in magnitude. There is a possibility that
the effect of the familiarity of problem content might bhecome
larger under the more stressful conditions of actual testing
associated with important consequences, such as the SAT
examinations. Omissions, apparent decisions to avoid even
attempting a problem, accounted for a large proportion of the
effect of familiarity.

Do these results have any message regarding the issue of
possible sex bias in word problem examinations? Do they explain
sex differences in performance? We did observe a sex difference
in problem solving performance in the experiments reportel here.

Ti%e the s.nzent eflail, It wae very swall bac nlynls slyue-iCaae
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statistically. The sex difference is not easily explained away by
sex differences in mathematics course background. There were none;
furthermore, the amount of mathematics background had no effect
upon problem solving performance. Obviously, trying to explain
tiny effects (the sex difference in problem-solving performance)
in terms of other tiny effects (the effect of familiarity of
problem content) is a difficult situation to be in. But in fact
that situation is characteristic of research concerned with sex
differences.

Our speculatior that the effect of familiarity might become
greater under stress can be accompanied by a speculation that chis
effect could be greater for females than for males. Above we noted
that unfamiliar problems were more often omitted. For females, it
appeared that excess omissions totally accounted for the lower
level of performance on unfamiliar problems whereas the lowar
performance by males on such problems was partially attributable
to excess omissions and partly attributable to attempted but
incorrect solutions. Becker (1990) in a study of the SAT
performance of mathematically talented youths noted that females
seemed to be more likely to omit problems. The well-documented
sex-difference in mathematics anxiety/confidence (Chipman & Wilson,
1985; Hyde, Fennema, Ryan, Frost & Hopp, 1990) mav meke females
more prone to omit problems that appear unfamiliar, especially
under the stressful influence of " highly important testing

siwdacions, On cae other naad, we note thal ClSce waz {10 Sz
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difference in performance on the neutral unfamiliar cover stories
in the present experiment, even though performance in general was
poorer with those problems. It may be that only those students
high in mathematical competeice can solve problems with such
content and that high mathematical competence is equally likely to
ke found among males or females.

Although we were not able to demonstrate it in this study, it
may well be that differences in the familiarity of item content,
most likely along with gender differences in confidence and
responses to uncertainty and time pressure, are snbezantiaily
responsible for the often observed gender differences in word
problem performance. Potentially, the validity of our speculations
about the effects of stressful genuine testing situations could be
tested by those who are in a position to manipulate the content of
actual tests like the SAT examinations. Probably, maripulating the
familiarity of neutral content items would be politically
acceptable, partially because it would also be interesting as
another approach to measuring mathematical competence. Problem
solving performance that is resistant to disruption by unfamiliar
content is certainly a goal of mathematics education.

A number of interesting findings arose in the experiments which
obtained ratings of problem familiarity and sex-stereotyping. The

most striking of these is the fact that a v.:zy rapid ratinc of
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ratings required only about 5 seconds per item! Although the

subjects were instructed to rate the familiarity of the situation

described in the problem’s cover story, our analyses indicated that
the ratings were primarily responsive to the characteristics of the
underlying mathematics problem, common to all four cover story
versions. It is an inEeresting cognitive question how such a
judgment can be made so rapidly. The result concerning the
relationship between the rapid ratings and actual problem-solving
performance does not necessarily imply that the subjects are
analyzing the mathematical structure of the problem in so brief a
time. Other research directed at determining whether students can
notice and make use of the similarity of structure of successively
presented mathematics problems (Reed, 1987, 1988) suggests that
they are not performing such an analysis. It could be that
students recognize and respond to stereotypic problem gestalts,
like river current problems (cf. Hinsley, Hayes, & Simon, 1977;
Mayer, 1981), but the process of writing digfe:ent cover stories
made the problems much less stereotyped. A plausible hypothesis
is that the complex relationships involved in a difficult multi-
step word problem are reflected in the syntactic complexity of the
language required to express them. Determining the nature of this
judgement precess would require further research.

The result does suggest the possibility that ratings of

problem familiarity might be an effective, low-cost method by which

tact develere-s <c:mld do preliminary soregning ~f inees I
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l aaaanis 4

difficulty. There is also a possibility that this techniquz could

be used to screen for items that might be prone to display large

A g

sex or other group differences in problem solving performance. As
+ a very preliminary check of this possibility, we examined the
familiarity ratings of the sports average item which Loewen, Rosser
& Katzman (1988) reported to have shown a very large sex difference
in performance. Would the rating data have spotted the problematic
. nature of this item? It seems so. This item received a personal )
familliarity rating of 5.08 from malss and 4.42 from females. This 4
f difference of .66 is huge in relation to a mean difference of .C7.
(This item also received one of the most extreme ratings for
masculine stereotypy, along with a couple of other sports-related 3
items.)} Items which prove to show very large gender differences
. seem to be idiosyncratic and difficult for test constructors to

identify a priori; it would be valuable to have a quick screening

method to eliminate them. We leave the further investigation of
the potential of this screening method to those with a specific
interest in its practical application.

Another interesting result in the familiarity ratings was the

great difference in variance of the two types of familiarity

R ratings. In retrospect, we believe that the much smaller

variability of the problem familiarity ratings is due to the fact

that all items had in common the familiar component of being

L

confronted with a mathematics word problem. This recult and our 4
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interpretation of it are reminiscent of Tversky’s (1977) theory
about the determination of similarity ratings.

Stereotvoy ratings. These ratings had no real predictive
power for problem-solving performance. Yet, it is interesting that
they show a rock-solid scclal consensus between males and females
and between different g;oups of subjects. It is interesting that
they show no change between the McCarthy study and the present one
-~ across a l5-year period that most believe to have shown radical
change in the social roles of men and women. The presence of a
correlation with personal familiarity foc females, hut not for
males, is also interesting, although it seems to have a simple
explanation in the fact that stereotypically feminine content tends
to involve household activities that are also very familiar to
males. In addition, one should note that for both males and
females, it is not necessarily the case that they feel personally
highly familiar with things that are typed for their sex. This
fact can be observed in Figure 1.

Implications for Item Construction and Selection

Because of the strong social consensus associated with it,
sex stereotyping of problem content should be very easy for test
developers to avoid. Nevertheless, in the past, it has not been
avoided, demonstrating a lack of concern for this possible
inequity. Personal familiarity is the variable that really seems

to matter in performance. However, the asymmetrical structure of
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males and females suggests that the use of masculine content may
put female examinees at a disadvantage with respect to content
familiarity that has not been and could not be compensated for by
a balancing use of §eminine content. We suggest therefore that it
may be advisable to use sex-neutral content (or neutral plus
feminine content, but n; doubt that option would raise objections).
Unfortunately, sex differences in personal familiarity -- the
variable that really counts -- are much more complex and more
difficult to predict intuitively. 1Indeed we note that both our
stereotypy rating instrument and that of McCarthy {1975) actvally
askad subjects to rate relative familiarity to males and females,

but the results of those ratings were shown to be quite different
from the results of ratings of personal familiarity made by males
and females. Therefore, the additional step of screening items
for their familiarity to all groups of interest, minoritv groups

as well as males and females, seems warranted. As we note above,

this process would also enable systematic variation of content

familiarity, an assessment approach of some interest for its own

sake. Given the rapidity with which the relevant judgements can

be made, it is feasible to screen items in this way.

No Effect of Mathematics Courses

FPinally, we must ccmment on the rather surprising result that
the amount of mathematics course background that the student had

did not affect problem-solving performance. Common’y, mathenatics
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Content Effects 28

tests (Fennema & Sherman, 1977; Wise, 1985), but usually word
problems are only a small fracticn of the items tested. Our
results seem to lend support to the call, made by the National
Council of Teachers of Mathematics and others, for increasing
emphasis on instruction in problem solving. The absolute level of
performance that we fou;d was poor. One could argue that our
sample of problems was particularly difficult. However, the fact
that the history of mathematics instruction had no value in
predicting problem solving performance seems a more disturbing
commentary on what is going on i~ the mathematics instruction that
these students received. Against the background of generally poor
performance, and apparently ineffective instruction, the devotion
of intense energy to interpreting or ekplaining small sex
differences in performance seems a misplaced priority. Perhaps it
would be advisable to take a more direct approach to such issues
as equity in the award of scholarship opportunities and to turn

these energies to improving instruction in problem solving for all

stundents.
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Footnotes

1. The correlation between the p values for the first 128 subjects
and those for the second 128 was .92 and the absolute numbers of
items correct were nearlf identical also. The overall (males and
females compined) performance was 31% correct in the first group
and 33% correct in éhe second, 34% and 36% for males, 27% and 31%
for females. The outcome of an analysis of the first 128 subjects
only was the same, showing the same significant effects, though of
coursa the level of statistical significance is greater with
increased N.

2. This difference remains highly significant even under the
conservative Greenhouser-Geisser correction.)

3. Some might be concerned that the subjects in the first group
of 128 had actually just seen 16 of the 64 problems immediately
prior to the request to judge the personal familiarity of the
problem situations, but the correlation between the personal
familiarity as judged by the first 128 subjects and the p values
(percent correct) as estimated for the first 128 only and the
correlation of personal familiarity as judged by the first group
and p values estimated by the second group were identical, .63.
4. Due to experimental error, the first few subjects did not

receive the background questionnaire.
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TABLE 1

PROBLEMS

Masculine Version:
A hockey team won 3/4 of its games, lost 1/5 of them and tied the
rest. 1f the hockey team tied 10 games, how many did it play

altogether?

Feminine Version:

A rising young beauty queen won 3/4 of the local contests that she
entered, was out of the running in 1/5 of them and was runner-up in
the rest. If she was runner-up in 10 contests, how many did she

enter altogether? . .

Neutral-Familiar Vetrsion:

Central High School's "lt's Academic” team won 3/4 of the
competitions that they entered, lost 1/5 of them and tied the rest. If
they tied 10 games, how many did they play altogether?

Neutral-Unfamiliar Version:

The new vaccine protected 3/4 of the test animals from catching the
disease to which they were exposed, but 1/5 of the arimals died,
and the rest became very ill. If 10 animals became very ill, how
many animals were there altogether in the test?

SITUATION DESCRIPTIONS

Masculing Versibn:
A hockey te~m winning, losing and tying gamas.

Feminine Version:
A rising young beauty queen winning, losing and being a runner-up
in local beauty contests. .

Neutral-Familiar Version:
Central High School's "lt's Academic" team winning, losing and
tying competitions.

Heutral-Unfamiliar Version:
A new vaccine protecting some test animais from calciing &
disease, while others die or becoine very ill.
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PROBLEM FAMILIARITY RATING:

SITUATION FPAMILIARITY

Males

Fenales

Males

females

STERZOTYPE RATING:

P VALUES:

Males

Pemales

Males

Females

X
sD

X
SO

RATING:
X
sD

X
S

Table 2
Cummary of Item Data

4.67
.64

4.31
.54

3.09
W33

3.17
.34
.37
.23

.27
21

COVER STORY TYPE
Masculine Feminine

4.23
.51

4.76
.50

5.03
.23

5.18
.26
.37
«24

W31
.22

Neutral

37

Neutral

Familiar Unfamiliar

4.38
.51

4.60
.53

4.08
.27

4.08
.29
.37
«25

.3
.25

3.89
.37

3.78
.36
2.34
.83
2.04
.96
3.78
.22
3.79
.28
.29
.22

.26
W21
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Figure Captions
Figure 1. Figure la plots the sex-stereotypy ratings versus the
personal familiarity ratings of the groups of problems intended to
be masculine and feminine, as judged by females subjects only.
Figure 1b is the same, but for male subjects only. Figure lc plots
the sex-stereotypy and personal familiarity ratings for the two

groups of problems intended to be neutral-familiar and neutral-

»

unfamiliar, as judged by male and female subjects combined.
Figure 2, Problem solving performance. The number of problems
correct (maximum 4) is plotted for each of the cover story types,

designated as subtests, for male and female subjects separately.
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