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GENDER DIFFERENCES IN THE MISSOURI

ELEMENTARY MATH CONTEST

David Ashley and Lynda Plymate

1. Background and Introduction. The Missouri Council of Teachers of

Mathematics (MCTM) has conducted an annual elementary mathematics contest

for students in which school-selected participants compete on tests measuring math-

ematical concepts and problem solving. Each school or administrative unit is al-

lowed to select its representatives to the contest based on whatever criteria it judges

to be fair and professional. The maximum number of students a school may enter

at each grade level depends on their enrollment at that grade level, from a minimum

of 3 to a maximum of 6. Home-schooled students are also invited to participate as

long as they represent a minimum of 10 home-schooled children at the same grade

level in their region. The contest has grown significantly over its 16-year history,

and it now involves approximately 3300 participants from 450 public and private

elementary and middle schools in Missouri each year.

In 1993 the use of calculators and measuring instruments was encouraged for

use on both the Concepts and Problem Solving events. This decision was prompted

by a desire to have the contest questions more closely align with recommendations

from the 1989 National Council of Teachers of Mathematics (NCTM) Curriculum

and Evaluation Standards for School Mathematics [16]. At both the regional and

state level, these two contest events involve 30-minute written exams. The Concepts

test assesses knowledge of number and number sense, geometry, measurement, data

analysis, probability, and statistics. The Problem Solving test assesses higher order

thinking skills, and requires an application of mathematics utilizing both concepts

and computation. Any student who places first, second, or third in a regional

contest event is invited to enter the same event at the state contest.

Dr. Plymate served as statewide director of the MCTM contest from 1994

through 2000; Dr. Ashley joined the effort in 1999 and assumed the directorship

in 2000. At the state finals competition we consistently observed a significant

difference in the number of male winners compared to female; both in eligibility

as regional winners and in the number of winners at the state level. We could

not avoid being curious as to why males so consistently outperformed females on

this contest. Are male students in Missouri actually learning more mathematics

than females, or are the contest questions gender biased? Alternatively, are males

spending more time preparing for the contest, or is the selection process at the local

schools gender biased?
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Prior studies address some of these questions. The Third International Mathe-

matics and Science Study (TIMSS, 1998) indicated that in the United States there

were few differences in mathematics perfomance between 4th grade females and

males. The few exceptions noted were in the areas of measurement, estimation,

and number sense where males had significantly higher achievement than females.

The TIMSS reported no significant differences in performance between 8th grade

females and males. In addition, the National Assessment of Educational Progress

(NAEP, 2000) reported no significant differences between genders at the 4th grade

level. On this test, males outperformed females at the 8th and 12th grade levels;

however, the gap between average scores at all grade levels was quite small and had

fluctuated only slightly in the last ten years. Missouri’s 4th and 8th graders per-

formed at the national average on the NAEP test. Using these two major studies

as a basis, we should have expected no significant differences in mean achievement

between genders at MCTM’s Elementary Math Contest at either the regional or

the state level. Are gender issues different for mathematics contests than for math-

ematics learning nationwide?

Differences in socialization of the genders, particularly with regard to contests,

is also addressed in the literature. Nichols and Kurtz [19] reported that the domi-

nance of males in mathematical contests can discourage females from pursuing their

interest in the subject. Hanson [10] found that by the second grade students have

already identified math and science as “male”. She also found that young females

gain less experience than males with core math concepts due to the kinds of toys

geared toward each gender. By third grade, females rated their own competence in

mathematics lower than that of their male classmates, even when they received the

same or better grades. Volpe [28] found, however, that sixth grade females involved

with a Math Olympiad team reported confidence in their abilities as mathemati-

cians, and that they took more risks in problem solving. These studies suggest

reasons why we should expect fewer female participants in the contest, however,

they also tell us that those females that do participate should do just as well as

their male counterparts. Obviously, further research and investigation was needed.

2. Data Collection and Analysis. Having informally observed gender

differences at previous year’s state competitions, we decided to formally investigate

these differences during the year 2000 contest. A ten-item survey instrument was

constructed and sent to all regional participants to verify gender and determine

methods individual participants were using to prepare for the regional contest. A

thirty-item survey was also constructed and sent to all parents or guardians of

regional winners preparing to go to the state contest. This survey was designed to

verify methods used by the schools to select their participants and methods used by
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successful students in preparing for the contest, and to identify the types of support

and instruction winning students received.

Regional exam results from the top ten finishers in each event were collected

for analysis. At the state contest all exam results were collected for analysis. Each

exam question was analyzed to determine which of the NCTM [17] content areas

were being assessed: numbers and operations, algebra and algebraic thinking, geom-

etry, measurement, and data analysis and probability. Furthermore, we determined

whether each question was structured primarily to assess conceptual or procedural

knowledge, and whether it was measuring primarily a concept or a problem solving

skill.

We had 3209 students participate at 25 regional sites in the year 2000 contest,

representing 436 public and private schools or home-school organizations. There

were 1107 fourth graders, 1113 fifth graders, and 989 sixth graders who partici-

pated in both testing events at the regional level. Of these, 387 students qualified

to participate at the state contest (142 fourth graders, 131 fifth graders, 114 sixth

graders) with 131 qualifiying in both events. The number and percentages of par-

ticipants for which we received data, for both genders and all three grades, is shown

in Table 1.

3. Results. There were no significant differences (null hypothesis is not

rejected at the .05 level) on how males and females were selected for the contest.

Fifty-seven percent took a preliminary test while 43% were selected based on either

a math specialist’s recommendation, a teacher’s recommendation, by the math club,

or by some other means. It is interesting that 61% of males were selected from a

preliminary exam compared to 51% of females, and a higher percentage of females

were selected based on a personal recommendation from their teacher (38%) or the

math club (6.1%) than were males (29% and 3.6%, respectively).

There were no significant differences (null hypothesis is not rejected at the .05

level) on how males and females prepared for the contest (75% spent 5–20 hours

working with teachers, other students and family members). Interestingly, though

perhaps not significant, 8.6% of the regional male population claimed to have done

nothing to prepare for the contest, compared to 4.6% of the female population.

When preparing for the state competition, the percentage of both male and female

students claiming to work with their teachers and other students outside of class

increased as the grade level increased.

We expected that more males would be entering the regional contest than fe-

males, partially based on our observation of more males at previous year’s state

contests. This expectation was realized; however, the difference was only 12 per-

centage points for the regional contests. Schools are selecting almost as many
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females as males to participate in these regional contests (Table 1). However, in all

categories at these regional contests, male participants outperformed female par-

ticipants, sometimes significantly. As a result, the number of males qualifying to

participate at the state contest was 35 percentage points higher than the number

of female qualifiers. Male winners at the state level outnumbered female winners

by an overwhelming margin, 83 percentage points.

Table 1. Regional and State Participants by Gender

Males outperformed females on regional questions measuring both problem

solving skills and concepts, with the difference for problem solving skills being at

a two to one margin. However, no significant difference was seen between the

genders when assessing conceptual versus procedural knowledge. As seen in Table

2, 6th grade females had more success with numbers and operations on the regional

concepts test than males (93.8 versus 59.2% correct). However, for all other tests
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and all other NCTM content areas, females scored lower than males.

Table 2. Regional Test Results for Number/Operation Performance

Males also outperformed females by a margin of at least 2 to 1 on many of

the individual questions on the regional exams. For example, one of seven such

problems on the 4th grade concepts test was

A Model airplane has a scale in which 1 inch represents 15 feet. If

the completed model is 15 1
2
inches long, how long is the actual airplane?

Eight of the 24 questions on the 5th grade concepts test were also answered correctly

at least twice as often by males as females. At all three grade levels there were at

least 4 questions on the problem solving test where this same pattern occurred.

One such 6th grade problem was

Four strips of aluminum, each 50 inches long by 5 inches wide, are

arranged in a square. What is the area of the interior square opening, in

square inches?
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In fact, two-thirds of the male-dominated problems involved problem solving skills

rather than knowledge of a concept. Thirty-six percent of the male dominated

problems involved numbers and operations, such as the following example from the

5th grade problem solving test:

What is the smallest positive whole number answer possible when

you rearrange the following seven symbols, using each exactly once?

(, x,−, ), 9, 2, 4.

Twenty-seven percent of the male-dominated problems involved measurement. No

significant gender differences where found when assessing the students’ conceptual

knowledge versus their procedural knowledge.

Gender also influenced results for repeating participants, those students who

were representing their schools for the second and third time at this contest. For

both 5th and 6th grade regional contests, the percent of repeating male participants

(38%, 43%) was higher than repeating females (33%, 38%). Forty percent of both

5th and 6th grade state qualifiers had also qualified for the state contest the previous

year (45% males, 30% females) with the concepts event having a higher repeat rate

than the problem solving event. Forty percent of the 6th grade state qualifers had

also qualified for state both of the previous two years (43% male, 32% female).

4. Discussion. Are male elementary students in Missouri actually learning

more mathematics than females? Are males more competitive than females? From

our results it appears that males may enter the fourth, fifth and sixth grades with

stronger mathematics skills than females. The strong gender stereotyping of math-

ematics and science as a “male” domain, developed by students as early as second

grade (Hanson [10]) may explain some of this gender difference. Silverman and

Pritchard [25] also found that this stereotyping had not changed when students

entered the middle grades, and that it was reinforced by female students’ lack of

knowledge concerning technological careers and how concepts learned in class re-

lated to those careers. Pettitt [22] reports, however, that neither gender recognizes

a relationship between the study of mathematics and their future careers.

Carraher, Carraher, and Schliemann [4] offer the alternate explanation that

mathematics skills and beliefs develop in response to social and environmental de-

mands. They found that in real world situations, children developed an intuitive

sense of how to solve problems. From birth, female infants are discouraged from

risk-taking and from exploring the world around them, whereas males are given
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toys that encourage small motor skills and spatial visualization skills, both neces-

sary for later development in mathematics. Measor and Sikes [14] and Hensel [11]

report that even the toys given to male and female babies differ. Males play with

bricks, trucks, and climbing apparatus and females play primarily with housekeep-

ing activities. Male children also have increased access to neighborhood activities

and resources (Entwisle, Alexander, and Olson [7]). This increased exposure to real

world situations for males may also help explain why their achievement scores in

mathematics surpass that of females.

Fennema and Carpenter [8,9] found that while third grade males and females

had equal abilities when using number facts and operations and other routine math-

ematics problems, males outperformed females on solving extensions to these rou-

tine problems. Males tended to use more abstract solution strategies and were more

able to adapt and modify a strategy that had been learned in class than females.

Females solved problems from the perspective of interdependence and relationship

rather than from an isolated skills analysis viewpoint favored by males [2]. This

helps explain why two-thirds of the male-dominated problems in the elementary

contest involved problem solving.

Self-confidence (or lack thereof) may also be a strong contributing factor to why

males are outperforming females on this contest. Studies point to the importance

of confidence in one’s abilities to learn mathematics and attribute achievement to

that ability. Pajares [20,21] reported that students’ confidence to solve mathemat-

ics problems is a more powerful predictor of their ability to solve those problems

than is their confidence to earn high marks in math-related courses. They suggest

that students who believe in themselves put forth greater effort, persistence and

perseverance. Hanson [10] reported that by third grade, females rate their compe-

tence in mathematics lower than their male counterparts, even when they receive

the same or better grades. Working with the beliefs of third graders and junior

high school students, Stipek and Granlinski [27] also suggest that males have more

positive attitudes and perceptions toward mathematics than females. They report

that females have lower expectations for themselves in mathematics and believe

they do not have good mathematics ability. Ecceles [6] reported that first, sec-

ond, and fourth grade females feel more competent in reading and music, whereas

males feel more competent in sports and math. By the sixth grade, females see

mathematics as less important and useful to career goals than males. These strong

social messages of confidence and competence in mathematics may be the reason

females are self-selecting out of math-related activities as early as preschool. The

mathematics curriculum at middle school emphasizes abstract concepts and spatial

visualization, two skills that many females have not had much experience within

pre-school and primary levels. The generally lower self-confidence in mathematics
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experienced by most young females may make them especially vulnerable at this

contest.

But why do females have negative or ambivalent attitudes toward mathemat-

ics? Jewett [12] points to parental and societal perceptions and teacher behavior

and expectations as the main reasons that females select out of science and math-

ematics. Teachers and parents pass on their likes and dislikes in very subtle ways.

Pre-service elementary teachers in our own classes report, through required educa-

tional autobiographies, having encountered the same dislike and fear of mathematics

in their own schooling.

Karplus, Pulos, and Stage [13] found that student attitudes towards mathe-

matics and performance on reasoning tasks was highest in schools with teachers

who had the most positive attitudes toward students and mathematics instruc-

tion. Pajares [20] tells us that confident teachers create mastery experiences for

students whereas teachers with low instructional efficacy undermine students’ cog-

nitive development as well as students’ judgements of their own capabilities. Are

math-phobic elementary teachers, who are generally female, passing these fears

onto their female students? If the teacher plays the central role in developing posi-

tive feelings towards mathematics, then teachers who do not like mathematics may

likely have students who do not like mathematics.

Barnes [1], Diamond [5], Schwartz and Hanson [24], and Bono [3] all report

that the preferred learning style for females is working collaboratively rather than

competitively, and that females would enjoy mathematics more and increase their

time on task if it were taught in a cooperative setting. Females also respond better

to teaching topics that relate to their own lives. They need to be encouraged

about their own abilities. Spencer et al. [26] showed that high-achieving females

performed significantly worse than males on a standardized math test when the

stereotype about their math ability was made salient, such as being outnumbered.

It may be that females are self-selecting out of this elementary contest because they

do not enjoy competitive events. For those who do elect to participate, perhaps

their lower performance is a direct result of the low number of females competing,

especially at the state level.

5. Conclusions. This study is still in an early stage, and it would be risky

to draw conclusions from data collected in a single year. However, our work so

far suggests there are differences between the way students perform on MCTM’s

Elementary Math Contest versus their performance on the TIMSS and NAEP ex-

ams. The participants at MCTM’s Elementary Math Contest should be the state’s

highest achievers in mathematics in their respective grade levels, whereas both the

TIMSS and NAEP exams are given to all students. Stereotyping, social demands
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and lower self-confidence in female participants at the contest may explain some

of the gender differences seen in achievement. Perhaps the contest format itself,

being an individual rather than collaborative effort, favors a male-preferred and is

biased against the female-preferred learning style. Finally, it still must be ques-

tioned whether female students are equally prepared to answer questions that are

not routine. Do teachers expect the same level of higher learning in mathematics

from female as well as male students?

Further analysis of contest results over a five-year period may reveal different

patterns than what we saw in the year 2000 contest. Additional questions have

been added to the survey instruments to investigate possible links between the

self-confidence of our contest participants and their achievement scores. We are

also investigating possible links between the belief that mathematics is a male

dominated subject and contest participant achievement scores. It is hoped that

this study will not only make it possible to identify and correct any gender biases

contained in MCTM’s Elementary Math Contest, but more importantly support all

students in developing confidence in their mathematical competence and increase

their love of mathematics. Given that males and females have very different ways

of thinking and learning, it is important that we know as much as possible about

those differences to be able to provide appropriate gender-unbiased contest events.
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