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Studying Gender Bias in Physics
Grading: The role of teaching
experience and country

Sarah I. Hofer∗
Institute for Research on Learning and Instruction, ETH Zurich, Zurich, Switzerland

The existence of gender-STEM (science, technology, engineering, andmathematics) stereotypes has
been repeatedly documented. This article examines physics teachers’ gender bias in grading and the
influence of teaching experience in Switzerland, Austria, and Germany. In a 2 × 2 between-subjects
design, with years of teaching experience included as moderating variable, physics teachers (N=
780) from Switzerland, Austria, and Germany graded a fictive student’s answer to a physics test
question. While the answer was exactly the same for each teacher, only the student’s gender and
specialization in languages vs. science were manipulated. Specialization was included to gauge the
relative strength of potential gender bias effects. Multiple group regression analyses, with the
grade that was awarded as the dependent variable, revealed only partial cross-border
generalizability of the effect pattern. While the overall results in fact indicated the existence of a
consistent and clear gender bias against girls in the first part of physics teachers’ careers that
disappeared with increasing teaching experience for Swiss teachers, Austrian teachers, and
German female teachers, German male teachers showed no gender bias effects at all. The results
are discussed regarding their relevance for educational practice and research.

Keywords: Gender bias; Teaching experience; Physics instruction

Introduction

Even today, a considerably smaller proportion of females than males opt for a career in
engineering and science. In Switzerland 1.4% of all females work in one of these fields
(compared to 6.6% of all males). In Austria 1.1% of all women (compared to 2.8% of
all men) and in Germany 1.5% of all women (compared to 4.8% of all men) pursue a
career in engineering or science (European Commission, 2013). Only 9% of the stu-
dents at a big university in Switzerland who graduated with a Bachelor degree in

International Journal of Science Education, 2015
Vol. 37, No. 17, 2879–2905, http://dx.doi.org/10.1080/09500693.2015.1114190

∗Corresponding author. Institute for Research on Learning and Instruction, ETH Zurich, Clausius-
strasse 59, CH-8092 Zurich, Switzerland. Email: sarah.hofer@ifv.gess.ethz.ch

© 2015 Taylor & Francis

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
N

eb
ra

sk
a,

 L
in

co
ln

] 
at

 2
1:

35
 0

4 
D

ec
em

be
r 

20
15

 

http://www.tandfonline.com
mailto:sarah.hofer@ifv.gess.ethz.ch


physics in 2013 were female (ETH Zurich Annual Report, 2013). Based on own data
from N= 396 Swiss secondary school students that were gathered between 2012 and
2014, girls receive significantly lower physics grades than boys (p< .001). All these
figures exemplarily illustrate the large gender gap that is still present in the STEM
(science, technology, engineering, and mathematics) fields. Secondary school was
identified as a crucial point in time to consolidate differences between girls and boys
in terms of STEM performance, interest, and participation (Ceci, Williams, &
Barnett, 2009). Among all of the explanations that were provided for the gender
gap, the present study addressed the basic aspect of gender biased grading in second-
ary school physics. A number of studies examined accuracy and various biases in tea-
chers’ judgments of student performance (e.g. Dünnebier, Gräsel, & Krolak-
Schwerdt, 2009; Glock & Krolak-Schwerdt, 2014; Südkamp, Kaiser, & Möller,
2012). There is no recent work, however, that explicitly investigated whether second-
ary school teachers’ grading in physics indeed reveals a bias to the detriment of girls.
The present study hence aimed to fill this gap and additionally shed light on the role of
teaching experience. The generalizability of potential gender bias effects in secondary
school physics was examined by comparing teachers’ bias patterns across three
German-speaking countries that are culturally closely related.
In the following sections, the literature addressing gender bias in teachers’ judg-

ments in STEM fields is outlined. First, mechanisms that underlie biased judgments
and existing research on gender bias in academic judgments are considered. Then I
turn to the potential influence of teaching experience. Finally, the cross-border gener-
alizability of gender bias effects is briefly addressed, before the present study is
introduced.

Gender Bias in Teachers’ Judgments in STEM Fields

There are only a few studies that focus on gender bias in teachers’ judgments in the
specific domain of physics. Therefore, most of the findings and theoretical consider-
ations that are summarized in the following sections relate to the broader category
of STEM fields.

Underlying Mechanisms: Gender-STEM stereotypes

To be able to navigate through our highly demanding social environment, schemata
are applied that efficiently categorize our perceptions (Bartlett, 1932). Schemata
that refer to members of social groups are stereotypes. A stereotype associates a
social group with one or a set of attributes (e.g. Greenwald et al., 2002). The most
acknowledged models that were proposed to explain the influence of stereotypes on
judgment processes are dual process models (see Brewer, 1988; Fiske & Neuberg,
1990) and parallel-constraint-satisfaction models (see Kunda & Thagard, 1996).
Dual process models assume a serial processing of information about an individual.
Information that refers to stereotypes is processed first (e.g. the person who likes
action movies is uneducated). Information that refers to specific attributes of the
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individual (e.g. the person is interested in history, enjoys literature, etc.) is processed
afterwards, in case that the perceiver is able and motivated to engage in that kind of
more controlled processing (see Brewer, 1988; Fiske & Neuberg, 1990). Parallel-con-
straint-satisfaction models represent all kinds of information including observed attri-
butes, observed behavior, inferred attributes, and stereotypes as connected nodes in a
network. Nodes that are associated with observed information about the individual
(e.g. female, white coat) are activated or deactivated depending on the valence of
the associations (see Kunda & Thagard, 1996). To give a simplified example, the
observed information ‘female’ and ‘white coat’ and their associations with other infor-
mation in the network might lead to a strong activation of ‘pharmacist’, ‘helpful’, and
‘academic’, for instance. The whole network that is activated in the specific judgment
situation finally determines how all information is interpreted. All models arrive at very
similar conclusions in terms of factors that are expected to affect the extent of a stereo-
type’s influence on the judgment process. Accordingly, among others, cognitive
business or limited cognitive resources in the judgment situation and ambiguous infor-
mation can increase the probability that stereotypes take effect and dominate specific
information about the individual (e.g. Chaiken & Maheswaran, 1994; Kunda &
Spencer, 2003; Kunda & Thagard, 1996). Under these conditions, attributes that
are part of a certain activated stereotype may influence a judgment while specific infor-
mation about the individual is ignored.
In the present study, gender-STEM stereotypes were expected to potentially bias

teachers’ judgments. In general, gender stereotypes (how we picture a typical female
or male) to some extent reflect but also contribute to existing gender differences in be-
havior (see Eagly & Wood, 2013). Perceived incongruity between gender stereotypes
and stereotypic job roles (how we picture a typical hairdresser, construction worker,
politician, or teacher) may lead to biased evaluations and prejudice against those
females (or males) performing in a nontraditional domain (a female construction
worker, for instance; e.g. Eagly & Koenig, 2008; Eagly, Wood, & Diekman, 2000).
In line with this, existing research points to a commonly perceived mismatch
between stereotypic views of women, on the one hand, and scientists, on the other
hand (see Farenga & Joyce, 1999; Kessels, Rau, & Hannover, 2006; Nosek, Banaji,
& Greenwald, 2002; Nosek et al., 2009). Accordingly, gender-STEM stereotypes
can be defined as stronger associations between STEM-related content and males
than females (see Miller, Eagly, & Linn, 2014; Nosek et al., 2002, 2007). Gender-
physics stereotypes are one instantiation of gender-STEM stereotypes. A perceived
mismatch between women and physics is repeatedly observed on the gender-science
Implicit Association Test. This test measures the strength of the implicit association
of male vs. female words with words that either represent science or liberal arts.
Physics is presented as one instantiation of science words (e.g. Nosek et al., 2009).
Gender stereotypes in the domain of physics may be even stronger than gender stereo-
types in some of the other STEM domains. When comparing physics and math tea-
chers’ implicit theories about their students’ achievement and ability in their
respective fields, physics teachers’ cognition tended to be even slightly more gender-
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biased in favor of boys than math teachers’ cognition (Heller, Finsterwald, & Ziegler,
2010).
To sum up, when physics teachers evaluate the performance of students, gender-

STEM stereotypes may influence the judgment process, especially in judgment situ-
ations that are cognitively demanding and provide ambiguous information.

Existing Research: Disentangling bias and accuracy

There are two main approaches that dominate research on teachers’ judgment biases.
In the first approach, the characteristics that are expected to trigger biased evaluations
in a particular judgment domain are manipulated, while the content that has to be
judged stays the same in each condition. Focusing on potential gender-STEM bias
effects, Moss-Racusin, Dovidio, Brescoll, Graham, and Handelsman (2012) applied
this approach to the educational domain and found that science faculty staff derived
significantly higher competence levels from identical application materials with a
male name than those with a female name. By investigating secondary school
science teachers’ evaluations of the same essays that were either indicated to originate
from a girl or a boy, Goddard Spear (1984a) also reported a rather consistent bias
towards boys, with regard to grades, estimated competence, and the students’ per-
ceived inclination for science (see also Goddard Spear, 1984b). Although the author
used a similar design, Baird (1998) did not find any gender bias in grading for
A-level examinations in chemistry.
In the second, correlational approach, teachers’ judgments of student performance

are compared to objective performance measures to estimate judgment accuracy and
biases. Judgments that are influenced by stereotypes are regarded as accurate or biased
depending on the degree they reflect actual group differences (see, e.g. Jussim &
Eccles, 1992; Madon et al., 1998). There is evidence that teachers tend to overesti-
mate their male students’ proficiency in math when actual performance is accounted
for (Jussim & Eccles, 1992; Robinson-Cimpian, Lubienski, Ganley, & Copur-
Gencturk, 2014). In keeping with Robinson-Cimpian et al. (2014), equally performing
girls have to outmatch boys in terms of teachers’ perceived effort, diligence, and
manners to be rated as equally proficient in math.
In the present study, the highly controlled experimental approach was preferred to

the correlational approach for two reasons. First, small but existent self-fulfilling pro-
phecy effects (see Jussim &Harber, 2005) and stereotype threat effects (e.g. Nguyen &
Ryan, 2008) may always be reflected in actual student performance that is assessed in
the correlational approach. It may be simply not possible to measure teachers’ judg-
ment accuracy by comparing teachers’ judgments to a standard that is unaffected by
stereotypes (Walton & Spencer, 2009). The experimental approach does not need a
standard that reflects real students’ actual performance in order to assess gender
bias effects. Second, no conclusions about teachers’ judgment accuracy were
intended. Only the correlational approach allows such conclusions. In the present
study, ‘bias’ did not refer to a systematic deviation from an objective assessment of
actual student performance. Bias was meant to indicate a systematic variation in
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teachers’ judgments as a function of the experimental variation of a stereotyped
characteristic.
To sum up, there is some evidence for a bias against females in STEM fields. Most

of the research up to now, however, focused on science in general or on math, but not
on physics. How teaching experience may affect a bias against females in STEM fields
is addressed in the following section.

The Role of Teaching Experience

Stereotypes are particularly influential in judgment situations that are cognitively
demanding and provide ambiguous information. In the classroom, the information
that is available to make a decision about a student’s performance level usually is
complex, ambiguous, and open to various interpretations. The accuracy of teachers’
ratings of students’ performance indeed seems to be lower for science and social
studies than for reading, language arts, or mathematics (Hopkins, George, &Williams,
1985) and lower for conceptual questions than for computational questions (Cola-
darci, 1986), which inherently provide less strict evaluation criteria and more inter-
pretative ambiguity.
Both the perceived ambiguity of information and a high demand for cognitive

resources in the judgment situation can be expected to diminish with increasing teach-
ing experience. There is evidence that expert teachers, in comparison to novices, are
able to automatize parts of their work (see Carter, Sabers, Cushing, Pinnegar, & Ber-
liner, 1987; Leinhardt & Greeno, 1986), and to quickly and correctly recognize more
meaningful patterns as a function of their experience (see Berliner, 2001). Expert tea-
chers, but not novices, seem to use elaborated schemata as frameworks to efficiently
interpret and understand the often complex information that has to be processed
(Carter et al., 1987). Although, in general, mere experience is not sufficient to deter-
mine expert teachers (see Palmer, Stough, Burdenski, & Gonzales, 2005), it is
suggested that these skills develop with more experience of teaching.
Accordingly, the need to invoke stereotypes in grading may also decrease with

increasing experience of teaching, which is supported by the following findings.
Krolak-Schwerdt, Böhmer, and Gräsel (2009, 2012) instructed participants to read
students’ case reports and to either form an impression of the students’ performance
and personality or to predict future performance. The latter was stressed to be relevant
for the students’ future academic careers. The authors found that teachers with at least
10 years of teaching experience but not laymen were able to process information that
referred to relevant attributes of the student when they had to predict the students’ per-
formance. When they only had to form an impression, they relied on information that
referred to a stereotype. Laymen were unable to switch between these modes of pro-
cessing. In a related study on the judgment of student performance (Dünnebier et al.,
2009), student teachers were more influenced by prior information about the student
than teachers with at least 8 years of experience. Finally, Babad (1985) found that
elementary school teachers’ grading in the context of text comprehension varied sig-
nificantly as a function of the fictitious performance label (excellent vs. weak
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student) in the group of the less experienced teachers (not more than 8 years of experi-
ence), but not in the group of the more experienced teachers.
To sum up, teachers with little experience of teaching may show a gender bias in

their judgment of student performance. With increasing experience, teachers can be
expected to develop the cognitive resources that are necessary to avoid the influence
of stereotypes on the process of evaluation.

Cross-Border Generalizability of Gender-STEM Bias Effects

Overall, more than 70% of the participants in a study by Nosek et al. (2009) from 34
countries all over the world held implicit gender-STEM stereotypes. The degree of
national stereotype endorsement turned out to predict nation-level gender achieve-
ment gaps in school science (Nosek et al., 2009). Also the proportion of women
who participated in tertiary science education predicted the degree of nation-level
gender-STEM stereotype endorsement (Miller et al., 2014). On a general level, the
cultural context shapes the categories that are used to organize our perceptions and
hence also influences the content of stereotypes (see, e.g. Fiske, Kitayama, Markus,
& Nisbett, 1998). Gender-STEM bias effects in teachers’ judgments may thus gener-
alize over countries that are culturally closely related and that are comparable in terms
of the nation-level representation of women in STEM fields and in terms of gender
differences in science performance measures.

The Present Study

The present study applied the experimental approach to examine gender bias in
physics teachers’ judgments and the role of teaching experience. Secondary school
physics teachers received a physics test question and the same written student
answer, accompanied by the prompt to assign a grade. The question asked a fictive
student for a written explanation about his or her conceptual understanding of New-
tonian mechanics (detailed information on the judgment situation is provided in the
section ‘The Judgment Situation’). Two factors were manipulated in a short introduc-
tory text: student gender and specialization in languages vs. science. The second
factor, specialization, was only included to gauge the relative strength of potential
gender bias effects. Effects of gender on grading could then be compared to the
effects of another category (students focusing on languages vs. students focusing on
science) that was assumed to more clearly reflect actual group differences but to rep-
resent a less prevailing and less distinct social category.
Based on existing research, the present study expected physics teachers to show a

gender bias in grading, to the detriment of girls. Student gender was assumed to
more strongly influence grading than the less prominent social category student
specialization. The study further aimed to investigate the potential moderating effect
of teaching experience, which may reduce gender bias with increasing years of prac-
tice. In comparison to most other studies that contrasted groups of less and more
experienced teachers, this study included teaching experience as continuous variable.
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Because the three German-speaking countries Switzerland, Austria, and Germany are
culturally closely related and comparable in terms of the nation-level representation of
women in STEM fields (e.g. European Commission, 2013) and in terms of an existing
advantage for boys in science performance measures (e.g. Organisation for Economic
Co-operation and Development, 2011), a generally valid pattern of bias effects inde-
pendent of German-speaking country was expected.

Method

Design

This study applied a 2 × 2 between-subjects factorial design. The two independent
variables were student gender (female vs. male) and student specialization (languages
vs. science). The grade that teachers assigned to the answer of the fictive student was
the dependent variable. In real evaluation situations at school, a student’s oral or
written performance is generally evaluated by assigning a grade. Hence, asking the tea-
chers to assign a grade ascertained ecological validity and allowed fast and intuitive
processing of the survey. Teaching experience in years served as continuous moderat-
ing variable to investigate the influence of teaching experience on the effects of gender
and specialization on the grade that was awarded. The effect pattern was compared
between samples from Switzerland, Austria, and Germany to be able to examine its
generalizability.
The study was run through the use of an online-survey tool, SoSciSurvey (Leiner,

2014), which could be accessed from every web-enabled device via a link. Physics tea-
chers’ associations and science education research institutions in Switzerland, Austria,
and Germany were contacted and asked to distribute a request for participation that
included the survey link to their mailing lists. The mailing lists explicitly addressed
physics teachers. In the request for participation in the email and in the survey
itself, it was emphasized that the study was exclusively aimed at physics teachers.
Three country-specific links and surveys were prepared. Certain demographic and
personal questions, as well as the grading system, were adapted to the countries’
respective national standards. Both in the request for participation and in the introduc-
tory text in the survey itself, the overall objective of the study was described as inves-
tigating the process of performance evaluation in secondary school physics. The
research interest in gender bias, however, was not made explicit in order to reduce
social desirability biases and conscious efforts to avoid prejudice that could have,
otherwise, distorted the findings. Hence, teachers were told that this research
project particularly aimed to examine the correspondence between two approaches
to assess a student’s performance on a test. The teachers were informed that in the
first approach, the test is split into the single test questions and each test question is
evaluated by a different physics teaching expert, while in the second approach, one
expert evaluates the complete test. According to this cover story, every participating
teacher was assigned to an assessment situation that complied with one of these two
approaches. In actual fact, all teachers had to evaluate the same answer to the same
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single test question. This cover story, however, justified why the teachers were asked to
evaluate a single test answer by assigning a grade. Because the teachers were told that
they were evaluating a real student’s test answers that had been provided by different
schools, this study examined gender bias in an experimental design while maintaining
good ecological validity.

Teacher Samples

A sample size of 20 physics teachers per experimental condition, which resulted in at
least 80 teachers per country, was set as the lower limit. Country-specific data collec-
tion was finished after this limit was reached and when the survey was not accessed for
at least four days. Following this procedure, 167 cases were initially registered from
Switzerland, 178 from Austria, and 589 from Germany. In all of the three German-
speaking countries, physics is more extensively instructed only in the higher tracks
of secondary school. To arrive at comparable samples, only those participants who
indicated that they taught at a higher level secondary school were considered. Partici-
pants whose age suggested that they had already retired were further excluded from the
analyses. When no grade was awarded, the participant’s data were eliminated. By
checking IP-addresses and personal data, multiple completions of the survey were
detected, and the respective data were deleted. Hence, the Swiss sample finally
included N= 116 (14 women) physics teachers. On average, they were M= 48.83
(SD= 9.26) years old and had M= 18.32 (SD= 10.20) years of teaching experience.
Due to the multilingualism in Switzerland, German language proficiency was
additionally collected at the beginning of the survey in order to directly exclude tea-
chers who did not have a German-speaking background. The Austrian sample
included N= 137 (59 women) teachers, with a mean age of M= 47.03 (SD= 10.89)
years and a mean length of teaching experience of M= 19.58 (SD= 12.40) years.
The German sample included N= 527 (125 women) physics teachers, with a mean
age of M= 46.64 (SD= 10.96) years and a mean length of teaching experience of
M= 17.17 (SD= 11.84) years. The gender distribution in the three samples
resembled country-specific statistical information on the gender distribution of
physics teachers: The proportion of women among secondary school teachers in
physics is about 16% in Switzerland (personal communication with ETH Zurich
and University of Education Berne), about 45% in Austria (personal communication
with the Austrian Federal Ministry for Education and Women), and about 37% in
Germany (Destatis, 2013). The total sample included N= 780 German-speaking sec-
ondary school physics teachers.

Procedure

When accessing the online-survey, a brief introductory text informed the participants
about the study’s aim (according to the cover story) and the procedure. After the anon-
ymous assessment of demographic and personal information, including years of teach-
ing experience, participants were randomly forwarded to one of the four conditions.
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In all of the four conditions, teachers received exactly the same information, with the
exception of all of the terms that referred to the fictive student’s gender and the stu-
dent’s specialization (languages vs. science), which were interchanged based on the
condition. Following a short text that introduced the student, the teachers saw the
physics test question, which asked the fictive student for a written explanation that tar-
geted his or her conceptual understanding of Newton’s mechanics, and the answer of
the student. The teachers were asked to evaluate the student’s answer by assigning a
grade according to their respective country-specific school grading systems. Answers
were graded by moving a continuous slider that instantaneously provided the corre-
sponding number of the grade to one decimal point. Due to the randomization of
the experimental conditions, systematic individual differences in the severity or
leniency of the judgment could be neglected. For illustrative purposes, essential
parts of the German online-survey were translated into English and are summarized
in Figure 1.

Figure 1. English adaptation of the instructions and information that the teachers received. Terms
that were interchanged in the four conditions are omitted, and variants are presented in parentheses.
Note that in the German language, the student’s gender is simply indicated by slightly changing the

word’s ending (female student = Schülerin, male student = Schüler)
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The Judgment Situation

In this study, a student’s answer to a conceptual question in Newtonianmechanics was
used as the judgment situation for two reasons. First, compared to problems that
require computation, conceptual questions turned out to be more difficult to evaluate
accurately (Coladarci, 1986). Answers to conceptual questions can be expected to
imply higher ambiguity and leeway in construal. Since stereotypes influence the judg-
ment process particularly in judgment situations that are cognitively demanding and
provide ambiguous information, gender bias effects may be especially pronounced
for conceptual questions. Second, Newtonian mechanics is a topic that is most
likely addressed in every physics classroom. Even though some secondary school stu-
dents may have only a few physics lessons, almost all students deal with basic Newto-
nian mechanics. Consequently, the evaluation of questions on Newtonian mechanics
is highly relevant, both for teachers and students.
While in standard grading situations grades are rarely assigned on the basis of one

answer to one test question, there were reasons why only one item was used in the
context of this study. First, the teachers’ evaluation of a student’s answer to an open
conceptual question was considered to be a good proxy not only for the evaluation
of written tests but also for the evaluation of a student’s daily classroom contributions.
If a student’s answer to a teacher’s question is evaluated differently as a function of the
student’s gender, this bias can be expected to show up in every evaluation of students’
answers and accumulate over time. The judgment situation implemented in this study
allowed assessing this kind of immediate evaluation that may reflect a very general bias
in how physics teachers’ process information about their students. Second, in this
study, data were gathered using an online-survey which enabled the researcher to
collect data from a large number of teachers from three different countries. In contrast
to settings that imply personal contact, someone who has received a link to participate
in an online-survey does not necessarily decide to participate. This decision can be
expected to largely depend on the assumed costs (time and effort) of participation.
The prompt to carefully evaluate a student’s answers to several test questions could
have restrained many teachers from participating. Some of those who would neverthe-
less have decided to participate might have lost interest over time and worked less con-
scientiously, reducing the quality of the data. Therefore, the use of a single answer was
also the result of balancing the advantages of a broader assessment of teachers’ evalu-
ation behavior against the realistic risk of small sample sizes and data of low quality.
The conceptual test question that was used in this study was adapted from the Test

of basicMechanicsConceptualUnderstanding (bMCU;Hofer, Schumacher,&Rubin,
2015), a Rasch-scaled multiple-choice test on the conceptual understanding of
Newton’s mechanics. The ‘skateboarder question’ (see Figure 1) was chosen
because it covered a problem that, in fact, frequently appeared in physics textbooks,
exams, and classroom instruction in all of the three countries and required a
complex answer that potentially included several correct and incorrect statements.
In the process of the development of the bMCU Test, a variety of oral and written
student answers to this conceptual question were recorded. These answers were
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used to design three exemplary student answers. The aim was to arrive at an answer
that represented average student performance and was neither completely wrong
nor absolutely correct, in order to leave room for interpretation. The three answers
were given to five informed physics teaching experts who were asked to assign a
grade to each of them. The answer that most unequivocally reflected average perform-
ance was finally chosen and used in the study (see Figure 1).

Data Analysis

To investigate a potential gender bias in physics grading and the influence of teaching
experience within and across the three countries, multiple group regression analyses
were performed with Mplus Version 7.11 (Muthén & Muthén, 2012) with country
as grouping variable. Grades were transformed into z-scores for each country in
order to account for the different grading scales and, if necessary, recoded to create
a grade scale where higher values indicated higher performance. This joint grade
scale is referred to in the following sections and was used in the analyses.
Grades were regressed on student gender (0 = female, 1 =male) and specialization

(0 = languages, 1 = science). Teaching experience, the interaction between gender and
teaching experience, as well as the interaction between specialization and teaching
experience were further included as predictors to be able to examine the potential
moderating effect of teaching experience. Teaching experience, which was measured
in years, was entered into the regression without being z-standardized to be able to
examine the potential change in the gender bias effect with growing years of teaching
experience. Consequently, the regression coefficient of gender reflected the influence
of a fictive student’s gender on the grades at the beginning of the teaching career—with
zero experience of teaching.
To gain further insights into the meaning of potential interaction effects between the

fictive student’s gender and teaching experience in the empirical, and not linearly
modeled, data, an additional analysis was performed. Grades were averaged within
bins of 5 years of teaching experience, resulting in nine bins. Within each teaching
experience bin, the mean grades that were awarded to a fictive female student were
compared to the mean grades that were awarded to a fictive male student using t-tests.
Existing research suggests that the teacher’s gender should have no influence on

(gender) bias effects (see Moss-Racusin et al., 2012; Swim, Borgida, Maruyama, &
Myers, 1989). Nevertheless, to rule out such influences, measurement invariance in
terms of the regression model was investigated across the teachers’ gender within
each country separately. Only after the analysis of measurement invariance across
the teachers’ gender, which indicated whether female and male teachers from the
same country could be reasonably considered together or had to be considered separ-
ately, the cross-border generalizability of the effect pattern was investigated.
The general strategy that was pursued in this study to analyze measurement invar-

iance in terms of countries and the teachers’ gender is outlined in what follows. One
aim of this study was to examine the generalizability of potential gender bias effects.
A generally valid pattern of effects and, thus, no differences between countries or
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female and male physics teachers (i.e. measurement invariance) was expected. This
research hypothesis had to be tested against the hypothesis that there was no generally
valid pattern. Differences in the patterns (i.e. in the regression coefficients) between
countries or female and male physics teachers would have disproved the notion of a
generally valid pattern of bias effects. Models were constructed that defined how the
regression was estimated in each country or for female and male teachers in each
country, respectively (the specific models that were constructed are described in the
‘Results’). In general, a model that assumed a universally valid pattern of effects
according to the research hypothesis constrained the regression to be the same for
all teachers (restrictive model). An alternative model that assumed differences in the
patterns, by contrast, allowed the regression to vary between countries or female
and male physics teachers and was hence less restrictive. The log-likelihood signifi-
cance test that was used in this study to compare different models examined
whether a more restrictive model described the data significantly worse than a less
restrictive model. If this was the case, the more restrictive model had to be rejected.
Using a significance level of α= .05 meant that there was a 5% probability that the
more restrictive model was rejected although it did not fit the data worse than the
less restrictive model (a type I error). Increasing the significance level increased
the power of the significance test to detect that the more restrictive model fitted the
data worse than the less restrictive model. Increasing the significance level hence
increased the chances of a type I error, but decreased the chances of a type II error.
In this study, a type II error meant that the effect patterns were assumed to be identical
across countries or female and male teachers when the effect patterns in fact differed.
This study aimed at confirming the fit of the restrictive model to substantiate the
research hypothesis that the effect patterns did not differ across countries and the tea-
chers’ gender. Assuming that the effect patterns did not differ between countries or
female and male teachers when the effect patterns in fact did differ (a type II error)
could thus be regarded as more problematic than assuming that the effect patterns dif-
fered when they did not differ (a type I error). Therefore, the significance level for all
significance tests of invariance was set to α= .20 to increase the rigor of the test of the
research hypothesis.

Results

In the original regression model, grades were regressed on student gender and special-
ization, teaching experience, the interaction between gender and teaching experience,
as well as the interaction between specialization and teaching experience. The special-
ization of the fictive student as well as the interaction between specialization and teach-
ing experience, however, turned out to have no systematic influence on the grade that
was awarded (all ps≥ .12), neither for female nor for male teachers in any of the
countries. Therefore, specialization and the interaction between specialization and
teaching experience were excluded from all analyses that are reported in the following
sections.
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Descriptive Statistics

Descriptive statistics that are related to the grade scale, without considering teaching
experience, can be found in Table 1. Grade data are presented for each country sep-
arately organized according to the two experimentally manipulated variables.

Effects of the Teachers’ Gender

The regression model, which now only included the three predictor variables gender,
teaching experience, and the interaction between gender and teaching experience, was
tested in terms of measurement invariance across the teachers’ gender within each
country separately (i.e. multiple group regression analyses with the teachers’ gender
as grouping variable). This meant that two models were compared within each of
the three countries. A model that specified no restrictions in terms of the estimation
of the regression coefficients was called the unrestrictive model. In the unrestrictive
model, the regression was estimated independently for female and male physics tea-
chers within each country. The regression coefficients of female and male physics tea-
chers were hence allowed to differ. In the restrictive model, by contrast, the regression
coefficients were constrained to be equal between female and male physics teachers of
the same nationality. So this restrictive model assumed no differences in the effect pat-
terns between female and male teachers (i.e. measurement invariance). The unrestric-
tive and the restrictive model only differed in the fact that regression coefficients were
estimated freely or were constrained. Consequently, the twomodels were nested. Log-
likelihood significance tests were carried out to compare the nested models (for

Table 1. Country- and condition-specific descriptive statistics for the grade scale and
unstandardized grades

Specialization

Gender

Female Male

n M SD n M SD

CH
Languages 28 0.07 (4.07) 1.14 (0.92) 32 0.02 (4.03) 1.04 (0.84)
Science 27 −0.16 (3.89) 0.95 (0.77) 29 0.05 (4.05) 0.89 (0.72)

AU
Languages 33 −0.04 (3.11) 1.09 (1.11) 32 0.11 (2.95) 1.03 (1.05)
Science 35 −0.20 (3.26) 0.92 (0.93) 37 0.13 (2.93) 0.97 (0.99)

GE
Languages 126 −0.03 (3.32) 1.02 (1.07) 143 0.06 (3.22) 1.00 (1.05)
Science 125 0.06 (3.22) 0.96 (1.01) 133 −0.10 (3.39) 1.02 (1.06)

Notes: The grade scale results from z-standardization within each country and recoding so that
higher values indicate higher performance. Statistics for the unstandardized grades are in
parentheses. In Switzerland (CH), grades range from 6 (best) to 1 (worst); in Austria (AU), grades
range from 1 (best) to 5 (worst); and in Germany (GE), grades range from 1 (best) to 6 (worst).
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detailed information on the test, see UCLA: Statistical Consulting Group, 2014). In
the case of no significant discrepancies in model-fit (p≥ .20), the more restrictive
model that suggested that regression coefficients did not differ between female and
male teachers was preferred. In addition, the nested models were compared using
information criteria that were inspected to gauge the fit of each model to the data.
Two frequently used information criteria, the sample-size adjusted Bayesian infor-
mation criterion (aBIC; Sclove, 1987) and the standard Bayesian information criterion
(BIC; Schwarz, 1978), were applied in this study. Lower values on these criteria indi-
cated better model-fit.
As regards Swiss female and male teachers, both the aBIC and BIC (restrictive:

333 and 355 vs. unrestrictive: 334 and 365) and the log-likelihood significance test
(p= .35) indicated measurement invariance allowing a joint consideration of Swiss
female and male teachers. Yet, based on a sample of only 14 Swiss female teachers,
gender differences in the effect pattern cannot be ruled out definitely until further
research confirms this finding. Also in the Austrian sample, the aBIC and BIC (restric-
tive: 392 and 414 vs. unrestrictive: 394 and 426) as well as the log-likelihood signifi-
cance test (p= .40) revealed measurement invariance across the teachers’ gender. In
the German sample, however, the results suggested differences in the effect patterns
of female and male physics teachers. Although the aBIC and BIC (restrictive: 1,502
and 1,524 vs. unrestrictive: 1,506 and 1,538) again favored the restrictive model,
the log-likelihood significance test indicated a better fit of the unrestrictive model
(p< .20). Prompted by the outcome of the log-likelihood significance test, the
German sample was split to be able to take into account even small differences in
the effect patterns of female and male German teachers.

Effects of Student Gender and Teaching Experience across Countries

Based on the analysis of effects of the teachers’ gender, the German sample was
divided into female and male physics teachers while in Switzerland and Austria
female andmale teachers were considered together. Now effect patterns could be com-
pared across countries and the two German subsamples. Three models were con-
structed. The most restrictive model, Model 1, suggested similar effects across all of
the three countries. This model hence represented the original research hypothesis
that the bias effect pattern generalizes over all of the three countries and is generally
valid. Model 3, by contrast, constituted the unrestrictive model that allowed for
unique effect patterns within each country and the two German subsamples. If
Model 3 proved to fit the data best, the effect patterns could be considered highly
context-specific. An inspection of the Model 3 regression coefficients that were esti-
mated independently within each country and the two German subsamples (see
Table 2) suggested similar effects for Swiss teachers, Austrian teachers, and
German female teachers but not for German male teachers. To be able to investigate
the apparently divergent effect pattern of German male physics teachers, an additional
model, Model 2, was constructed that consequently suggested similar effects across all
of the three countries except for German male teachers. Model 2 thus represented a
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Table 2. Comparison of three multiple group regression models that predict grades based on gender, teaching experience, and the interaction
between gender and teaching experience (gender × exp)

Variable in country

Model 1 (CH=AU=GE) Model 2 (CH=AU=GE females) Model 3 (unrestrictive)

b SE p ICs LL p b SE p ICs LL p b SE p ICs LL p

2,233/2,268 – 2,229/2,273 .00 2,248/2,311 .93
CH
Gendera 0.28 0.13 .03 0.77 0.18 .00 0.84 0.37 .02
Experience 0.00 0.00 .79 0.02 0.01 .03 0.02 0.02 .23
Gender × exp −0.02 0.01 .02 −0.03 0.01 .00 −0.04 0.02 .04

AU
Gender 0.28 0.13 .03 0.77 0.18 .00 0.86 0.28 .00
Experience 0.00 0.00 .79 0.02 0.01 .03 0.02 0.01 .04
Gender × exp −0.02 0.01 .02 −0.03 0.01 .00 −0.03 0.01 .01

GE females
Gender 0.28 0.13 .03 0.77 0.18 .00 0.64 0.32 .05
Experience 0.00 0.00 .79 0.02 0.01 .03 0.01 0.01 .54
Gender × exp −0.02 0.01 .02 −0.03 0.01 .00 −0.03 0.02 .09

GE males
Gender 0.28 0.13 .03 −0.10 0.18 .59 −0.10 0.18 .59
Experience 0.00 0.00 .79 −0.01 0.01 .03 −0.01 0.01 .03
Gender × exp −0.02 0.01 .02 0.00 0.01 .78 0.00 0.01 .78

Notes: CH= Switzerland, AU=Austria, GE =Germany; LL p = p-values that resulted from the log-likelihood significance tests.
a0 = female, 1 =male.

G
ender

B
ias

and
T
eaching

E
xperience

2893

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
N

eb
ra

sk
a,

 L
in

co
ln

] 
at

 2
1:

35
 0

4 
D

ec
em

be
r 

20
15

 



less strict version of the expected cross-border generalizability of gender-STEM bias
effects (i.e. partial generalizability). No further models were constructed because
these models sufficed to examine the generalizability of the effect pattern. Accordingly,
regression analyses were run with the regression coefficients constrained to be equal
across all of the three countries (Model 1), across all of the three countries with the
exception of the German male physics teachers that were freed (Model 2), and with
all of the coefficients estimated freely within each country and the two German sub-
samples (Model 3).
After the three models were estimated, their fit to the data was contrasted to find the

model which best described the effect patterns across the countries including the two
German subsamples. Hence, Model 1, Model 2, and Model 3 were compared, again
using the aBIC and BIC as well as log-likelihood significance tests. The most restric-
tive Model 1 was accordingly compared to the less restrictive Model 2 as an alternative
model. In a second step, Model 2 was compared to the unrestrictive Model 3 as an
alternative model. In the case of no significant discrepancies in model-fit, always the
more restrictive, more parsimonious model was chosen. In the case of significant
differences, however, the more restrictive model fitted the data significantly worse
than the less restrictive model and consequently the less restrictive model was
chosen. The results of the multiple group regression analyses and the model compari-
sons are summarized in Table 2.
In regard to the log-likelihood significance tests, Model 2 fitted the data significantly

better than the most restrictiveModel 1 (p< .01). The least restrictiveModel 3 did not
fit the data significantly better than the more restrictive Model 2 (p= .93). The aBIC
further indicated the superiority of Model 2. Although the BIC favored the most
restrictive Model 1, the BIC of Model 2 only slightly exceeded the value calculated
for Model 1. Hence, Model 2, which suggested similar effect patterns across all of
the three countries with the exception of the German male physics teachers, turned
out to best describe the effect patterns across countries and the two German sub-
samples and is interpreted in what follows.
According to Model 2 (see Table 2), the analysis revealed both a significant main

effect of gender (bgender = 0.77) and a clear moderating effect of teaching experience
on the relationship between gender and grades (bgender×exp = -0.03) in the samples of
Swiss, Austrian, and female German teachers. The gender effect that was reflected
in an advantage of approximately 0.77 standard deviations on the grade scale for the
fictive boy thus represented teachers’ gender bias at the beginning of their career
(without teaching experience). The negative interaction between gender and teaching
experience indicated that the initial gender bias decreased with increasing years of
teaching experience. The additional significant main effect of the continuous variable
teaching experience (bexp = 0.02) suggested that the fictive girl’s grades improved by
approximately 0.02 standard deviations per year of teaching experience. In the
German male sample, only teaching experience (bexp = -0.01) significantly influenced
grading. Accordingly, with growing teaching experience, lower grades were awarded.
While all of the other teachers showed a consistent bias pattern, the gender-neutral
grading behavior of the German male teachers was exceptional. In the following
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analyses and figures that were aimed at gaining further information on gender bias
effects as a function of teaching experience, I hence focused on all Swiss, all Austrian,
and the German female teachers. Yet, it is important to always keep in mind that all
that is reported in the following does not apply to the whole teacher sample. The
reported gender bias effects were not generally valid and showed only partial cross-
border generalizability with the German male physics teachers demonstrating a diver-
gent pattern of effects.
In Figure 2, an interaction plot for the equated samples of all Swiss, all Austrian, and

the German female teachers based on Model 2 is depicted. To illustrate the moderat-
ing effect of teaching experience, grades were regressed on student gender and the
mean teaching experience (M= 17.76 years, SD = 11.41 years) minus or plus one
standard deviation.

Effects of Student Gender and Teaching Experience in the Binned Empirical Data

In keeping with Model 2, t-tests were applied on the data from all Swiss, all Austrian,
and the German female physics teachers (n= 378). The comparisons between the

Figure 2. Interaction plot based on the equated samples of all Swiss, all Austrian, and the German
female teachers. Teaching experience is depicted on the x-axis. The left tag on the x-axis marks the
position on the teaching experience scale that is one standard deviation below the mean of teaching
experience (approximately 6 years of teaching experience). The right tag on the x-axis marks the
position on the teaching experience scale that is one standard deviation above the mean of
teaching experience (approximately 29 years of teaching experience). The y-axis depicts the
grades measured on the z-standardized grade scale that are predicted according to the regression
in Model 2. The continuous line represents the grades that are predicted for the fictive girl (i.e.
when student gender is set at female). The dashed line represents the grades that are predicted for
the fictive boy (i.e. when student gender is set at male). The circles denote the grades that are
predicted for the fictive female or male student when teaching experience is one standard

deviation below or above the mean
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mean grades that were awarded to a fictive female vs. male student in each of the nine
5-year bins of teaching experience revealed that after approximately 10 years of teach-
ing experience, the gender-specific discrepancy in the grades was not significant any
more. Hence, the mean grade difference was MΔ= 0.87 (t(51) = 3.61, p< .001) in
the first bin and MΔ= 0.67 (t(54) = 2.40, p< .05) in the second bin, compared to
MΔ= 0.15 (t(59) = 0.65, p= .52) in the third bin (in all of the six other bins, all
ps≥ .34). The problem of multiple testing (i.e. the nine t-tests) was considered negli-
gible here taking into account the severity of the problem of even small bias effects in
grading. Expressed in the country-specific unstandardized grade scales, a difference of
MΔ= 0.87 on the z-standardized grade scale corresponded to about 0.7 Swiss grades,
to about 0.9 Austrian grades, and to about 0.9 German grades. Figure 3 visualizes the
relationship between teaching experience and grading based on both individual data
points and binned data (i.e. the interpolation line) as a function of the fictive student’s

Figure 3. Scatter plots showing the relationship between teaching experience and grades for a
fictive girl on the left side and a fictive boy on the right side, based on the samples of Swiss,
Austrian, and German female physics teachers. The interpolation line connects the mean grades
that were calculated within bins of 5 years of teaching experience. The histograms in the upper

part of the figure visualize the number of teachers within each teaching experience bin
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gender. Importantly, Figure 3 additionally provides information about the number of
teachers within each bin of teaching experience in the form of histograms.
To conclude, the findings of this additional analysis suggested an interpretation of

the interaction between gender and teaching experience in the sense that teaching
experience removed the strong initial bias against girls but did not reverse it.

Discussion

Gender Bias and Teaching Experience: Effects Exist, but not for all Teachers

This experimental online-study investigated gender bias and the role of teaching
experience in grading a fictive student’s answer to a conceptual test question in sec-
ondary school physics. Contrary to prior expectations, the overall sample displayed
no generally valid pattern of bias effects. This finding indicates that bias effects do
not generalize easily across contexts. Nevertheless, this study revealed the existence
of a consistent cross-border pattern of gender bias effects that applies to Swiss, Aus-
trian, and female German teachers. Overall, the inspection of the data regarding this
international group of teachers suggested a consistent clear gap between girls’ and
boys’ grades that was significant for teachers with up to about 10 years of teaching
experience and disappeared with increasing teaching experience. Yet, unexpectedly,
German male physics teachers showed no gender bias effects at all. In the German
male sample, performance of both female and male students was rated lower with
years of teaching practice. The teacher samples from the three countries were highly
comparable in terms of age and years of teaching experience. In general, the training
program of German physics teachers and the gender distribution also closely resemble
the situation in Austria (while the training program of Swiss teachers slightly differs
from the other two countries and the gender distribution shows a more extreme pre-
ponderance of male teachers). There were no distortions in the sampling of the
German male sample regarding teaching experience or age. In trying to find an expla-
nation for the divergent pattern of the German male teachers, differences between the
German male sample and the other samples were examined regarding the proportion
of teachers teaching at rural vs. urban schools and regarding the time spent with the
survey. However, also these analyses revealed no irregularities. To additionally
factor in the considerably larger sample size of the German male physics teachers,
random subsamples including approximately 25% (i.e. n ∼ 100) of the overall
German male teachers sample were drawn and analyzed. In none of the five sub-
samples analyzed gender bias effects emerged, suggesting that the pattern of bias
effects in the samples of all Swiss, all Austrian, and the German female teachers was
not merely an effect of distorted samples due to small sample sizes. Further research
is required in order to detail the specifics of German male physics teachers that
might explain their differing, gender-neutral grading behavior. It remains to be inves-
tigated how the patterns of female and male physics teachers in other countries
compare with the two patterns revealed in this study, searching for regularities.
Such research may help to understand in which contexts gender bias effects in
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physics grading can be expected and when they do not appear, providing important
information for remediating interventions.
Focusing now on the pattern of bias effects found in the samples of all Swiss, all

Austrian, and the German female teachers, the moderating effect of teaching experi-
ence may partially explain the heterogeneity of existing findings on gender bias,
where characteristics of the raters or judges were not taken into consideration (see
Swim et al., 1989). Thus, the rater’s experiences, with regard to the context of the
judgment task, can play an important role in determining to what extent or whether
or not a gender bias may arise. Future research that also closely examines the rater
is needed to elucidate the process that underlies bias changing with experience (see
Kunda & Spencer, 2003; Kunda & Thagard, 1996). On the one hand, there is good
reason to assume that the need to invoke stereotypes decreases to the extent that the
perceived ambiguity of information and a high demand for cognitive resources in
the judgment situation diminish with increasing experience. On the other hand,
experience could also reduce gender bias by changing the stereotype itself via repeated
exposure to individuals (e.g. girls who are good at physics) that challenge formerly held
beliefs (see Glock & Krolak-Schwerdt, 2013; Koenig & Eagly, 2014; Miller et al.,
2014).
Student specialization in languages vs. science was not systematically considered in

the grading process. This finding may indicate that student specialization, as com-
pared to student gender, does not activate a shared social category that is used in
the grading process examined in this study. In contrast to specialization, the fictive stu-
dent’s gender, however, seems to serve as a cue, activating cognitive structures that
systematically influence some teachers’ decision making during grading.

Relevance for Physics Classrooms

The study investigated teachers’ evaluations of a student’s answer to one conceptual
test question. The distinct gender bias effects found for all Swiss, all Austrian, and
the German female teachers who have been teaching for less than 10 years underpin
the importance of straightforward assessment criteria—which mimic the more elabo-
rated cognitive schemata of experienced teachers—whenever student performance is
evaluated and especially when ill-defined conceptual problems are to be judged. By
reducing the perceived ambiguity and cognitive overload of beginning teachers in
the judgment situation, the need to draw on stereotypes and the resulting biases
may be avoided. The use of standardized and maybe computerized testing could alle-
viate the problem of biased assessment. Standardized tests that can be evaluated by
simply adding up correct answers enable highly objective assessment (e.g. the Test
of basic Mechanics Conceptual Understanding; Hofer, Schumacher, & Rubin,
2015). Computerized procedures automatically evaluate a student’s performance
with respect to standards or performance criteria defined by the curriculum. Up to
now, such standardized tests and computerized procedures are almost entirely
restricted to test questions with predefined solution alternatives (e.g. multiple or
single choice questions). This kind of narrow testing cannot capture all aspects of
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physics literacy. To be able to assess creative thinking and flexible problem solving in
physics, for instance, it may be adequate to ask questions that allow a wide variety of
different solutions. Consequently, standardized procedures should be developed, eval-
uated, disseminated, and applied by practitioners whenever appropriate. In written
assessments that require the problems in the test to be less restrictive, however,
other strategies are available that could tackle the problem of gender biased grading.
So students could use anonymized identification numbers and write their tests on
the computer or comparable devices in case that the handwriting can reveal the iden-
tity of the particular student. Cooperation between teachers in the context of assess-
ment may also reduce the risk of biased grading. Teachers could ask a colleague to
evaluate the anonymized tests of their students according to clearly defined evaluation
criteria (and vice versa).
The problem of gender-biased evaluations may not only be addressed by modifying

the process of assessment itself but also by rethinking physics instruction on a more
general level, as explained in what follows. The present study points to the possibility
of more general effects of gender-STEM stereotypes on the teaching process. A stu-
dent’s answer to a conceptual question that could also be regarded as a good proxy
for a student’s oral classroom contributions was used as the judgment situation.
The answer represented average student performance and was neither completely
wrong nor absolutely correct, leaving room for interpretation. The student answer
could hence be considered to reflect an intermediate state in the student’s knowledge
development process with some correct elements and some elements that still needed
to be restructured or even abandoned. A bias favoring boys (or penalizing girls,
respectively) may correspond to different ways of interpreting the student’s answer.
Hence, such an answer originating from a boymay be interpreted as indicating a prom-
ising step on the way to full understanding (in the sense of a benefit of the doubt)
resulting in supportive instructional actions. On the contrary, such an answer originat-
ing from a girl may be interpreted as indicating profoundmisconceptions being hard to
overcome resulting in teachers resigning and putting less effort into supportive instruc-
tional actions. To conclude, instruction that is explicitly designed to support all stu-
dents’ active knowledge construction could be expected to particularly help girls by
providing support that might otherwise be less available. The cognitively activating
physics instruction described by Hofer, Schumacher, Rubin, and Stern (2015) or
interactive engagement methods (e.g. frequent feedback and group discussions)
described by Lorenzo, Crouch, and Mazur (2006) are just two examples of the
many instructional approaches that proved to be beneficial for all students but particu-
larly for female students. Innovative instructional approaches could directly support
female students but also contribute to reducing the teachers’ gender-STEM stereo-
types. To tackle biases in the evaluation of oral examinations or the students’ daily
classroom contributions requires teachers to revise their cognitive schemata concern-
ing females and physics. If instruction allows and encourages female students to more
strongly engage in physics, formerly held beliefs about girls and physics may slowly
become untenable.
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In addition to the promotion of promising instructional approaches, the present
findings suggest that teacher education and teacher supervision should also focus
more strongly on supporting beginning teachers in monitoring their (socio-)cognitive
processes when student achievement is evaluated. Literature and information on bias
effects may be provided. Teacher educators could communicate the importance of
applying straightforward assessment criteria that structure the process of evaluation
and discuss strategies like anonymized testing and the advantages and disadvantages
of standardized tests and computerized procedures.
In real classroom situations teachers get to know their students after a while, and this

knowledge base may at least reduce the application of stereotypes (see Kunda &
Spencer, 2003). Nevertheless, a teacher’s evaluations and grading at the beginning
of the school year, which resemble the situation that was implemented in this study
(i.e. little personal information), may lead to long-lasting self-fulfilling prophecy
(e.g. De Boer, Bosker, & van der Werf, 2010; Jussim & Eccles, 1992) or stereotype
threat effects (e.g. Marchand & Taasoobshirazi, 2013; Nguyen & Ryan, 2008).

Limitations and Suggestions for Future Research

In all of the three countries, the correlation between the teachers’ years of teaching
experience and the teachers’ age was very high (.86≤ r≤ .90). Consequently, with
the cross-sectional design used in this study, it was difficult to determine whether
teaching experience or the different socialization of the age cohorts influenced
gender bias in grading. In trying to nevertheless estimate the relative impact of experi-
ence vs. age, an additional regression analysis was conducted for those Swiss, Austrian,
and female German teachers with below average age and above average teaching
experience (n= 18) and those teachers with above average age and below average
teaching experience (n= 30). Albeit this analysis was based on very small sample
sizes and the coefficients were not significant, a negative coefficient of the main
effect of gender in the group of the younger but more experienced teachers and a posi-
tive coefficient in the group of the older but less experienced teachers suggested that
not age but teaching experience determined the change in gender bias for Swiss, Aus-
trian, and female German teachers. This conclusion, however, has to be underpinned
by future research.
In this study, the application of gender-STEM stereotypes was not explicitly exam-

ined but deduced from the teachers’ evaluation behavior and theoretical assumptions,
since this study primarily aimed at describing physics teachers’ gender bias in grading
as a function of teaching experience. Now that there is evidence that gender bias effects
in fact have to be considered in physics grading, further studies could add specific and
detailed measures of (implicit) stereotype activation and application (see, e.g. Glock &
Kovacs, 2013; Nosek et al., 2009) that also allow for a differentiation between general
gender-STEM stereotypes, on the one hand, and more specific gender-physics stereo-
types, on the other hand. Closely related, the domain specificity of the observed effect
patterns was not addressed in this study. The generalizability of the observed patterns
to other STEM fields (e.g. chemistry or mathematics) still has to be investigated.
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Tomeasure the teachers’ evaluation of student performance, teachers had to grade a
student’s answer to a single test question. This judgment situation was considered
appropriate to investigate whether gender bias effects in physics grading existed in
Switzerland, Austria, and Germany. However, it did not perfectly match real
grading situations. The present results consequently provide evidence that gender
bias effects in physics teachers’ evaluations exist, but it is not clear whether these
effects would still be present in the evaluation of a whole test. More information
about a student’s performance that is provided by a number of answers to different
test questions could reduce the need to draw on stereotypes. Nevertheless, also in
real grading situations, each answer to a test question should be evaluated separately.
So the information that is available in each judgment situation is a single answer to a
particular test question, just as in this study. Even if the impression formed on the basis
of one answer is used to inform the evaluation of other answers, biases that influenced
the process of impression formation in the first place might be passed on, too.
Although the judgment situation implemented in this study can hence be considered
an appropriate probe to investigate bias effects, future work that is built upon the
present results may apply more comprehensive instruments to assess the teachers’
evaluation of student performance. In a different setting that involves direct contact
to teachers, teachers could evaluate extensive materials that resemble standard
physics exams. Studies may examine how the type of test question (e.g. conceptual
questions vs. computational questions) influences gender bias effects. In the test ques-
tion used in this study, Newtonian mechanics was applied to a problem involving the
movement of two skateboarders. Further studies could investigate the impact of the
specific problem context on gender bias effects. Maybe gender-STEM stereotypes
would not be activated in contexts that are commonly perceived as gender-neutral
or even female contexts (e.g. problems of health physics).
The teachers’ familiarity with the particular physics problem used in this study, the

‘skateboarder question’, may be an alternative to teaching experience to explain the
observed bias pattern. How often the teachers in the sample have come across a
physics problem similar to the ‘skateboarder question’ can be expected to depend on
the length of their professional experience. Familiarity with the problem might have
helped teachers to interpret and evaluate the student answer by comparing it to
mental representations of answers that different students have provided over the
years. It can be argued, however, that familiarity is equivalent to themore andmore effi-
cient structuring of a physics problem’s cognitive schema which is expected to proceed
with teaching experience. Familiarity with single, frequently met problems (like the
‘skateboarder question’) could hence be expected to inevitably accompany growing
teaching practice. Future studies could implement different and less familiar judgment
situations to investigate familiarity with the test question as alternative explanation.

Conclusion

In the first decade of Swiss, Austrian, and female German physics teachers’ careers,
grading is affected by a gender bias that is in line with the common gender-STEM

Gender Bias and Teaching Experience 2901

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
N

eb
ra

sk
a,

 L
in

co
ln

] 
at

 2
1:

35
 0

4 
D

ec
em

be
r 

20
15

 



stereotypes. Gender bias disappears with increasing years of teaching practice.
German male teachers, by contrast, display gender-neutral grading behavior. It
remains to be clarified why this group of teachers behaves differently.
Despite the only partial generalizability of gender bias effects, even today gender bias

in grading seems to represent a real problem in at least some physics classes. Since
gender bias effects in grading should not appear at all, this finding has to be taken
seriously. Ultimately, some girls’ underperformance in physics may be an inevitable
consequence of the social learning environment, while the existence of gender-
STEM stereotypes may be an inevitable consequence of the girls’ underperformance.
We can try to break this vicious circle by implementing standardized tests and assess-
ment techniques that allow anonymous evaluation, by sensitizing student teachers and
novice physics teachers to the problem of gender bias in grading, by emphasizing
straightforward criteria to assess student performance, or by modifying physics
instruction to tackle gender-STEM stereotypes on a more general level. Such efforts
have the potential to alleviate the gender gap in physics.
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