Background

Previously, we observed a gender difference of
10% on the pre and post FMCE[1] at CU. The posttest
gender gap exists in both partially and fully interactive
courses.[2] Prior research suggested that differences in
student background and preparation may contribute to
the persistence of the gender gap.[3]

Several researchers have investigated the factors
that influence student performance in introductory
physics. These factors include: high school physics
experience[4], math preparation[5], affective factors[4],
level of interactive engagement[2,6,7].
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Course and Student Population

7 semesters of intro calc-based mechanics (sp 04 — sp 07)

IE1: Peer Instruction using ConcepTests[8], online homework
systems[9], and voluntary help-room sessions on problem
solving homework

IE2: Additionally used Tutorials for Introductory Physics[10]

Student population is
* 25% female
* 50% engineering majors
* 6% physics majors
« 80% white
* 87% took high school physics
« 400 to 600 students per semester

Variables Data Collected
Post physics conceptual understanding FMCE Posttest
FMCE Pretest
High school GPA
SAT-Math, ACT-Math,
2 CU placement tests
Yrs. high school
physics and calculus

Prior physics conceptual understanding
Prior academic achievement

Prior math understanding

Course preparation for college physics

Prior attitudes and beliefs about physics
and about learning physics

Demographics

CLASS pretest[11]

gender, major, ethnicity

O Pretest B Posttest —

SemesterA  SemesterB  SemesterC  SemesterD SemesterE  SemesierF  SemesterG. Al

The gender gap sometimes increases from pre to posttest,
sometimes decreases, and sometimes stays the same.
Faculty and class practices influence the gender gap.
All error bars represent standard errors of the mean.
* indicates statistically significant at p<0.05.

Attitudes and Beliefs
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B Females
o Males

CLASS Favorable Shifts (%)

Both male and females shift towards less expert-like attitudes
and beliefs; females have more negative shifts in all categories.
Males and females experience the course differently.

Student Background

Semesters

5
Category (F pre, M pre)
Overall (64, 66)

Personal Interest (62, 70)
Real World (72, 74)

PS General (70, 72)

PS Confidence (69, 74)
PS Sophistication (55, 60)
Sense-making (72, 72)
Conceptual (63, 62)

Applied Conceptual (50, 52)

HS GPA (3.5, 3.74) *

Yrs. HS Physics (1.08, 0.95) *
Yrs. HS Calculus (0.78, 0.81)
SAT-Math (645, 623) *
ACT-Math (28.1, 27.6) *

APPM test (73.3%, 73.0%)
ASMATH test (57.0%, 57.7%)
Math Combined (0.024, -0.184) *

CLASS Pretest (65.7%, 63.6%) *

FMCE Pretest (32.2%, 22.0%) *

FMCE Posttest (67.3%, 56.8%) *

Measure Mavg, Favg) o 005 01 015 02 025 03 035 04 045 05

Effect Size = (M avg - F avg)/SDall
There are significant differences in the backgrounds of males

and females. Males and females are differently prepared for
introductory physics course.

Correlations with Background

Impact of Pretest
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FMCE Posttest (%)
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12<S<=18 18<S<=27

FMCE Pretest (%

27<S<=45 45<S <=100
Students are binned by pretest score and then male and
female average posttest scores are calculated. There are no
significant differences (p>0.1) in any individual bin.
Percentages indicate the percentage of the women (men)
from the total in each bin. Correlation between pre and post
testis r = 0.56.

Impact of High School Preparation

FMCE PRETEST (%)| Males Females M-F
Had HS Physics 335 23.9 9.6*
No HS Physics 20.2 15.8 4.4*
Phys. — No Phys. 133* 8.1*

FMCE POSTTEST (%) | Males Females | M-F
Had HS Physics 68.0 58.9 9.1%*
No HS Physics 60.7 44.9 158 *
Phys. — No Phys. 73* 14 *

There are significant differences (p<0.01) between males
and females who did and did not take high school physics.

Regression Analyses

Multiple Regression Analysis
N
FMCEPOST =b, + b, FEMALE + ZkaARk

k=2

Predictors b

Intercept %29 M —F =9.2-02FMCEPRE
Female 92 Estimated average gender
FMCE Pretest 059 (difference is 3.2%, reduced
Combined Math Score | 7.2 from the observed 10.7%
CLASS Pretest 0.26

difference
2004 Fall Semester 13

* 70% of the gender gap in

2005 Spring Semester -5.6

2005 Fall Semester 8.7 posttest scores can be
2006 Spring Semester | 2.9 accounted for by

2006 Fall Semester 2093  background.

FemalexFMCE Pretest| 0.2 4 Data are non-normal, so we
Multiple R-squared 044  cannot make rigorous

statistical inferences.
Logistic Regression Analysis

N
In(odds(FMCEPOST > 60%)) = b, +b,FEMALE + > b,VAR,
k=2

Predictors b

Intercept -2.9 « Observed ratio in odds is

Female -0.23 oddsg/odds,, = 0.5.

FMCE. Pretest 0m8* After controlling for

Combined Math Score | 0.55 * background, the ratio in

CLASS Pretest 0.02* 4 . .
odds is 0.8 (not statistically

2004 Fall Semester 0.14 different from 1)

2005 Spring Semester |-0.68 * ! '

2005 Fall Semester ~ |-0.75*  » 60% of the gender gap in

2006 Spring Semester [-0.1 odds can be accounted for

2006 Fall Semester ~ |-0.06 by background.

Pseudo R-squared 0.45

Interpretation 1: The gap is not due to gender:

- we do not teach the lower-starting students as well

- student background is the mechanism of bias

Discussion of Results and Conclusions

- female students with similar pretest as male students, achieve similar posttest scores
- variation in posttest scores can be attributed to factors other than gender

Interpretation 2: We argue, however, that there is an implicit gender bias:
- female students have less physics and math background knowledge and less expert-like attitudes and beliefs

- female students are disproportionately represented in the population that is less supported in these classes

Findings are consistent with Tatum’s “smog of bias”[12] and Valian’s “accumulated advantage” [13]

Recognizing that student preparation in physics and mathematics is a means by which this bias is propagated
allows us, as researchers and educators, to proactively address the challenges of the gender gap in physics.

into account.

* The gender gap exists in both partially and fully interactive courses.

» Males and females have significantly different background and preparation for college
physics. These differences contribute to the observed gender gap.

« Using regression analyses, we find that the gender gap (in posttest scores and in odds of
scoring above 60%) is substantially reduced when background and preparation are taken

» Between 60% and 70% of the gender gap can be accounted for by differences in male and
female prior physics and math understanding and prior attitudes and beliefs.
* 30% to 40% of the gender gap cannot be accounted for by differences in student backgrounds) | **
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