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Abstract: Experimental investigations are an integral part of biology education because they
demonstrate essential methods of obtaining knowledge in the natural sciences and generate high
levels of learning activity. However, gender differences can arise during experimentation just as
in other teaching situations. This article shows examples of social gender construction that may
occur in experimental work. To this end, experimental group work was recorded on video and
was assessed by the method of film image sequence analysis. The video segments revealed clearly
distinguishable behavioral patterns used by the students to establish an identification as a girl or
boy. For example, gender-related differences referred to preferring household appliances (girls)
or technical instruments (boys) when experimenting, and acting in an attentive (girls) or attention
seeking way (boys) during group work. The disadvantage of these patterns is that they may restrict
the unfettered development of the personality and, among other things, make it difficult for girls
to feel competitive in experimental sciences. In order to balance the situation, teachers must be
able to notice these patterns and must know about strategies to broaden students’ behavioral range.
Concrete proposals for such strategies being applicable in biology lessons but also in other subjects
are given in the discussion of this article.

Keywords: gender construction; biology education; inquiry; experiments; video study; film image
sequence analysis

1. Introduction

Applying experimental investigation methods is a central component of inquiry-based learning in
science education in order to search for empirical evidence when responding to a research question [1-3].
The same is valid for biology education when looking separately at this special subject of science
education [4]. While in former times cookbook-like actions were used, nowadays inquiry-based teaching
is the recommended procedure [5,6]. This method leaves students more freedom to autonomously
plan and conduct their investigations in a reasoned way than traditional teaching [7], even if there is
a vast variety of approaches of how to put inquiry teaching into practice [8,9]. By getting involved
in inquiry-based activities, students shall gain insights into how research works and ideally may get
interested in this creative, but also structured and well-grounded process. The importance of this
teaching method is also documented by the fact that it is applied or at least considered as essential in
many countries [10,11]. From a gender perspective, inquiry-based learning can be seen as an attractive
teaching method for both sexes because girls as well as boys prefer doing their own experiments [12,13].
In addition, girls prefer to work in an interactional social context [14], which is often realized by working
in teams during inquiry-based learning. Thus, inquiry-based learning should be a teaching situation
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which meets the interests of girls and boys on the one hand, but on the other hand might not be as easily
handled by girls in comparison to boys because girls reported to have less extracurricular experiences
than boys in diverse scientific areas, especially referring to electricity and mechanics [15]. In order
to create a level playing field for both sexes, the science subject of biology can be considered as a
good starting point for getting involved in inquiry tasks. The reason for this is that contents referring
to health and nature are highly attractive to girls, but are still of a certain interest to boys [14,16,17].
In addition, one can expect girls to feel better and more competent in biology than in other sciences,
because biology is the only subject of the natural sciences which is studied by more girls than boys [18].
Biology, therefore, is an appropriate subject to study students” behavior with respect to gender-related
differences because it provides a kind of neutral environment giving both sexes similar chances to
participate in solving the assigned experimental tasks.

1.1. Definition of Gender

In survey- and theoretical articles it was criticized that the term gender had been used in
inconsistent ways and often was misinterpreted as a synonym to the term sex [19-21]. Therefore, it was
demanded that the term gender has to be clarified in publications dealing with it [19,20]. In our paper,
we refer to the definitions developed by West & Zimmermann [22]. Sex means the biological birth sex,
which is determined on the basis of socially agreed biological criteria. Sex category means the social
assignment to one sex. This assignment is made by the individual itself but also by its environment.
The sex category can be derived from the outer appearance of the individual and involves assessment
criteria like one’s figure, clothes, hairstyle, presence of facial hair, tone of voice etc. [22]. This sex
category is not necessarily the same as the biological sex. Gender denotes adequate behavior in
keeping with the chosen sex category. In our study, we analyze students’ shown behavior and interpret
it in accordance with current social norms of femininity and masculinity in order to uncover how
students underline their own sex category. However, our goal is not to stabilize this behavior, but on
the contrary, to sensitize teachers that this behavior reflects just the current social norms and may not
always be in accordance with the wide variety of a person’s individual norms. In a society where
tolerance, respect and personal fulfilment are of high value, gender-conform behavior cannot be the
measure for evaluating a person.

Sabbe and Aelterman [23] distinguish between different theoretical approaches to define gender.
They contrast the essentialist perspectives with the constructionist perspectives. The essentialist
perspectives had developed from biological to socialization approaches with the former considering
different social behaviors of men and women to be innate while the latter attribute behavioral differences
between the sexes to different role expectations of the respective society. However, the essentialist
perspectives are considered to still be too deterministic because they emphasize continuity and stability
of a person’s characteristics and deny a free choice to enact one’s own gender role [23]. In contrast,
constructionist perspectives are less deterministic. They imply that individuals of a certain sex would
not behave uniformly, but their gender performance is shaped by context, space and time [23].

Constructionist perspectives are based, inter alia, on the theory of “doing gender” developed by
West & Zimmermann [22]. It says that gender “is not something we are, but something we do” [24]
(p- 106). Gender thereby—in contrast to sex—is not considered as a “... quasi natural starting point
... [25] (p. 137), but rather as a self-constructed and self-implemented characteristic used and practiced
by the individual in interactions with others. Gender identity is thus continuously constructed.
“A person does not ‘have’ a gender until that person has it for others.” [25] (p. 138). Gender thus
implies the embodiment of psychological, social and cultural characteristics [26]. No rigid patterns
apply within the concept of doing gender. It may vary depending on time, interaction partners, and the
social environment [24]. Assignment of characteristics is highly flexible, albeit organized in a binary
pattern (either the classification “male” or “female” is possible) [25]. This flexibility means, that some
characteristics of one gender might occur although the person is generally classified as the opposing
gender. Such binary gender classification “errors” are usually ignored by society [25], i.e., a man
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with long hair is not therefore a woman. Such irritations thus do not automatically have the effect
of assigning a different sex category. Being aware of this aspect might help students not to stick to
gender-conform behavior (that is one does the same what all the others of one’s own sex category do)
and might help to prevent the development of stereotypes.

It is said that we are living in a “postgender era” now [27]. This means that each individual
can freely choose the “range of possible selves” [27] (p. 689). Thus, there should not be any gender
constraints forcing an individual to present distinct male or female behavior which might end up in
stereotype formation. Instead, an individual should have the chance to freely construct his or her gender,
and this construction process always includes the possibility of deconstructing [24] or reconstructing it.

1.2. Gender Studies in Science Education

Gender studies in science education have undergone different prioritizations during time and can
be grouped in four main categories, according to a comprehensive review of Brotman & Moore [28].
A first focus was set on documenting gender differences in the classroom pursuing the aim to give girls
equal chances to succeed in natural science as boys. By this approach, “deficits” were attributed to the
girls and, therefore, girls had to be changed, e.g., by offering them more access to science experiences.
In the second, subsequent phase of gender research, the object of change was not so much the girls any
longer, but rather the curriculum and the pedagogy in science classes [28]. They should be designed in
a way to address the needs and interests of both sexes and not in particular those of the boys. In the
third phase, the focal point of change was transferred even further, saying that the nature of science has
to be presented in another way so that science is not merely perceived as a male culture, but comprises
also female characteristics and by this, will be more interesting to girls [28]. The fourth phase focused
on identity [28]. Attention was paid to the fact that girls and boys cannot be considered and treated as
a homogenous group. There are differences which have to be taken into account because otherwise,
one will not satisfy the requirements of the diverse students, but will end up in developing stereotypes.
In addition, gender is just one variable influencing students” attitudes and achievements, because it
interacts with other variables like class and ethnicity [27,29]. These interactions have to be considered
when thinking of suitable support measures for each student. Looking at the present study, at first
glance it seems to refer to the first category of gender studies documenting differences between boys
and girls. However, these differences are analyzed from another perspective. The question of interest
is, in which ways do girls and boys construct their gender, meaning that they—no matter whether
consciously or unconsciously—emphasize their femininity or masculinity and by this traditional way
of acting, might consolidate existing stereotypic gender expectations.

For getting closer to a gender-sensitive education, three different types of strategies have been
suggested according to Kenway & Gough [30]. These strategies refer either to altering girls” attitudes
and aptitudes concerning science or changing the curriculum, or the learning environment. For the
latter it was considered to be necessary to re-educate the teachers by changing their attitudes and
raising their awareness concerning gender issues and to assist them in developing gender-sensitive
teaching methods. Lessons are assumed to be more advantageous for girls if they contain more
“interactive, co-operative, contextual, intuitive, holistic and practical learning, and methods which
draw on girls’ linguistic and imaginative strengths” [30] (p. 10).

A theoretical framework for closing the gender gap in science education was developed by
Sinnes [31]. This framework is based on three distinct views of how boys and girls engage in science and
suggests three different teaching approaches corresponding to these views. The first one, the “gender
neutral” approach, is based on the perspective that males and females are equally capable in doing
science. Therefore, gender neutral education material has to be developed to avoid treating males
and females in different ways. The second or “female friendly” approach emphasizes that there is a
difference between girls and boys, and therefore girls” special interests and needs should be considered
in class. The third or “gender sensitive” approach implies that women (just like men) do not constitute
an identical group. Therefore, science education has to acknowledge the variety of interests and needs
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of the individuals in a class and should especially give attention to marginalized groups regardless of
their sex. This third approach corresponds to the conclusion (or rather vision) that we are arriving to
a “postgender era” [27]. Thus, the last approach should be the aspired goal. However, school reality
lags behind this goal because schools still are a source of maintaining sex-based categorization and
dualistic gender performance [32].

1.3. Causes for Stereotype Formation

Several gender-biased factors were identified in classes, which may facilitate stereotype formation [33].
These factors include the teaching and assessment methods a teacher chooses, which meet more or
less the preferences of a certain sex category [34]. In addition, the teachers’ attitude to science and
their function as a role model can be gender-biased, and the same applies for the selected contexts of a
teaching content (e.g., technical vs. health-oriented contexts [35]), and also for the type of language and
visuals (e.g., portraying mainly male scientists [36]) being used [33]. Teachers’ gender-biased behaviors,
however, can also be caused by the students themselves who trigger certain teacher reactions by their
behavior. Thus, differences in frequency by which teachers call on male and female students to answer
their questions can be traced back on the increased volunteering rates of male students [37]. This result
demonstrates that gender-biased situations can also arise from students’ behavior. This means that
students themselves contribute to a solidification of gender-biased situations. Teachers have to be
aware of these interdependencies in order to counteract stereotype formation. However, to be able to do
so, teachers have to realize which kinds of students’ behavior support stereotype formation—which is
the topic this paper refers to. Thereby, we wish to support a gender-sensitive teaching approach
which means offering students a bigger behavioral repertoire. However, as a starting point of our
analysis, we have to refer to the binary structure of traditional gendered behavior in order to point out
the missing behavioral elements teachers should refer to for expanding the range of their students’
possible behaviors.

1.4. Gender Research in Germany

Academic research on gender commenced in the late 1960s [38] (p. ix). In Germany, where the
present study took place, gender research in schooling was addressed later than in other countries,
but meanwhile has still existed for more than 30 years [39]. Studies giving an overview of the research
scene in German-speaking countries [39-42] distinguish between different directions of research.
According to Faulstich-Wieland & Horstkemper [39], the focus was set either on the learners or the
instructors. Regarding learners, gender differences in school success were analyzed, as well as possible
causes resulting in the maintenance of gender differences like, for example, curricula, school books,
communication and interaction forms. For teachers, the following issues were relevant: Sex ratio
of teachers with respect to different types of schools, which raised the problem of a feminization in
primary teaching, and possible differences in teaching between male and female instructors.

More recently, research has also been done on the mechanisms by which gender differences are
constructed. Faulstich-Wieland & Horstkemper [39] refer to studies addressing the question of how
teachers deal with pupil behavior and in doing so, maintain gender stereotypes. This maintenance
and continuation of gender stereotypes as well as the unequal treatment of the two sexes occurs on a
regular basis—which was also shown for countries other than Germany, e.g., reference [43]. However,
this unequal treatment is not noticed by the ones involved. Even more so, this maintenance of gender
stereotyping is being performed under the guise of gender neutrality [44].

1.5. Aim of the Present Study

The present paper also addresses the issue of gender differences. The aim is to uncover persistent
strategies of gender construction that emphasize binary gender differences during experimental group
work in school, more precisely in biology education. Knowing these strategies might help teachers to
counteract the solidification of stereotypes.
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2. Materials and Methods

2.1. Sample and Study Design

At a university in North Rhine-Westphalia (Germany), an inquiry course was offered to pupils
in winter semester 2014 /15 to encourage skills in experimentation. The participants came together
10 times for 1.5 h sessions during this semester. The group included 9 boys and 10 girls from the fifth
year at an urban Gymnasium (college prep school in an affluent neighborhood). The students were
divided into one mixed-sex and three same-sex subgroups (one boy group and two girl groups) of
four to six persons. The work on the experimental assignments was done within these subgroups.
The composition of the groups remained the same for all 10 sessions, whereby numbers of participants
varied slightly due to occasional illness or for other reasons.

The pupils were supervised by candidate teacher students in biology. Various scientific methods
embedded in different areas of biology were treated during the course. Emphasis was put on students’
independent experimentation as far as possible. Three subgroups (an all-boy group, an all-girl group,
and a mixed-sex group) were videotaped separately during the experimental work.

Of the total of 10 experimental assignments that were videotaped, two were used as a basis for
the detailed analysis. These two experimental exercises were selected based on the following criteria:
Issuing of clear work instructions by the supervising candidate teacher students, low levels of incidents
and disruptions caused by outsiders, noticeable/interpretable interactions by male/female pupils,
and good acoustic intelligibility of the groups. One experimental assignment referred to different
measurement tasks for which students had to choose suitable measurement devices (they could
choose from an electronic balance, a measuring cup, a ruler, a tape measure, and a thermometer).
The second experimental assignment covered the topic of analyzing various foodstuffs for the presence
of different nutrients/nutrient groups. While the first approach corresponded more to an open
inquiry process, the second was more similar to a structured version. Separate video material of the
experimentation process was available for all sub-groups (boys, girls, mixed-sex group). Thus a total
of six videos were included in the evaluation (boys, girls, and mixed-sex group for the two selected
experimental assignments). Each video consisted of about 75 min of teaching time comprising a
theoretical introductory phase, the inquiry process, and a debriefing. In total, 450 min of video material
were analyzed. In a first step, these videos were divided into thematic sequences. The thematic
sequences were then divided into smaller units, that is, thematic subsegments. Film image sequence
analysis according to Bohnsack [45] was then applied to these subsegments (see next section) in
order to identify gender-typical strategies. An abductive approach was applied to the interpretation.
This means that the interpretation was not based on resorting to a given categorical or encoding system
but rather on commonly observed societal experiences and explanatory paradigms. The various
sequences were then compared based on similarities and differences in order to define categories
of gender-typical behaviors. This was always done in consultation with a second observer (a social
scientist) to ensure categorical matches and reach agreement on the category system used.

2.2. Film Image Sequence Analysis According to Bohnsack

Film image sequence analysis, according to Bohnsack [45,46], is an interpretive method used
extensively in the social sciences. To date, it has seen little use in the area of research on biology
didactics. The aim of Bohnsack’s method is to render explicit the implicit, a theoretical knowledge
of actors in an image or video. In other words: The everyday activities of these actors are based
on knowledge or stances/attitudes they themselves do not reflect on. The purpose of Bohnsack’s
analytical method is to gain access to and denominate this self-evident content. The analytical method
comprises different interpretive steps, which are outlined below in a simplified form (Figure 1).

The first step is formulative interpretation, followed by reflective interpretation. The formulative
interpretation comprises two steps. The first interpretive step (1a) corresponds to the pre-iconographic
level, the identification of the visible. The second interpretive step (1b) refers to the iconographic level.
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The aim here is to link the actions identified at the pre-iconographic level with a concept or theme
corresponding to generalized knowledge or well-known role patterns in society. In this interpretation,
one imputes “in-order-to motives” meaning that a person performs an activity for a special reason.
Actions at the pre-iconographic level may only be a gesture. Interpretation of the gesture may then
give it a different meaning. [For example: At the pre-iconographic level (1a), the gesture of tipping
one’s hat is identified. At the iconographic level (1b), the gesture is interpreted as a greeting [46]
(p- 77)]. The example is thus tipping the hat with the purpose of greeting (“in-order-to motives”).

In interpretation step 1b of the given example, the perceived gesture was attributed to an
institutionalized meaning, which almost everyone in our society should be familiar with. Because of its
general nature, the gesture is separable from the specific video sequence or picture. This is designated
as a communicatively generalized meaning. Another example from the video material we analyzed
would be as follows: The gesture identified in step 1la “boxing” is interpreted as “exhibitionism” in
step 1b.

The expressive content of the action or gesture is interpreted in step 2 (reflective/documentary
interpretation). In this step, the hidden experiential background of the action or gesture is analyzed.
The action itself, thereby, is seen as a document for the experiential background with the latter
being neither conscious nor directly intended by the person(s) involved in the action. The experiential
background is also known as the documentary or conjunctive knowledge. This knowledge or experience
is supra-individual and thus leads to a jointly constructed reality within a society. The example of
“tipping one’s hat” can be interpreted as courtesy in step 2. Coming back to the above example from our
video, the “exhibitionism” can also be interpreted as masculinity. Concerning our study, interpretation
step 2 focuses on a single central aspect: the demonstration of masculinity or femininity.

In summary, according to Bohnsack, there are two levels of meaning—the communicatively
generalized (iconographic) one and the documentary (iconological) one. When analyzing the video
footage, we will make use of communicatively generalized knowledge (interpretation step 1b),
which will then be subjected to reflective interpretation (interpretation step 2).

| From “what” to “how” |

/ llwhatil liHow”
g Iconography Iconology
© + What is the apparent meaning -‘ = Which attitude / stance / deposition
.g < of an action? can be deduced from the way of acting?
>
;:“ « Refers to explicit societal knowledge = Refers to implicit societal knowledge
A

e 1. Formulative interpretation

1.a Pre-iconographic level
+ Identify / become consciously aware
of the observable (objects, persons,

§ actions, etc.)

E e.g.: "boxing”

ke 2. Reflective interpretation /

© < 1.b Iconographic level documentary interpretation

[< + Linkage of actions

g at the pre-iconographic level * Interpretation of the concepts / themes

i< with a concept / theme within the shared reality of society

- being based on generalized societal by which a person’s habitus is
knowledge that can easily be influenced. However, the person is not
communicated because of persons consciously aware of it
being aware of it e.q.: “masculinity”

\_ e.g.: “exhibitionism”

Figure 1. Analytical steps of the documentary method based on R. Bohnsack [45] as applied in the
present study.
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2.3. Critique of Method

Two unavoidable criticisms related to the analytical method used in the present study are
addressed below.

(1) Because of their qualitative orientation, the results of this study cannot be considered to be
representative of every student body and every experimental situation. However, the results
are significant for the group analyzed and are confirmed by repeated occurrence within the
subgroups. In order to make use of this information as a teacher, one must analyze one’s own
course groups in order to identify gender constructions within them.

(2) The evaluative basis in the video analysis is not objectified knowledge, but rather the analysis
resorts to implicit or tacit knowledge [46] (p. 83).

An example from the present study would be the use of household items for purposes of
experimentation. Household items have female connotations that are not fixed in writing but which are
based on implicit knowledge. An observer noting special male/female pupil behavior is making use of
implicit/tacit knowledge about sexes and gender construction, whereupon the behavior is interpreted
on this basis in a further step. In this context, the observer’s “blind spot” must be emphasized in the
analysis according to Bohnsack. By this is meant the “[ ... ] limitations dictated by the observer’s
or interpreter’s own standpoint, the extent to which his or her interpretation is guided unawares
by milieu and culture.” [46] (p. 87). Only intensive self-reflection or a methodical control measure
(e.g., in the form of a second encoding by a gender research expert—as done in this study) can lead to
reflection on—or an objective grasp of—one’s own milieu and cultural dependence.

3. Results

Some recurring patterns can be identified in the analyzed sequences; these are supportive in
constructing a female or male gender. These patterns are sometimes used exclusively by boys or girls.
Sometimes they simply occur in a higher ratio in one of the sexes. There may be even more behavioral
elements of relevance. However, we refer only to those that were apparent and conclusive to the observers.

3.1. Behavior Patterns Used for the Construction of Female Gender

An initial behavior pattern to underline a female gender (interpretation step 2) is the use of
household items, such as a measuring cup (interpretation step 1la). For determining the amount
of water in a bottle, this is a suitable tool (more than a balance or a ruler). However, it is also an
instrument commonly found in the kitchen (interpretation step 1b), which can be regarded as a female
behavioral field. As Joanne Hoven Stohs [47] wrote, the kitchen serves as a field for representing and
demonstrating the female gender. Haussler et al. [48] also described how girls prefer content connected
to their life situation—for example the household. The measuring cup thus has a female connotation
and can be used as a means to construct femininity (female gender). The clearly contrasting behavior of
boys (avoiding the measuring cup and instead reaching for the electric balance) serves to delimit—and
thus construct—masculinity.

Another characteristic used to construct female gender (interpretation step 2) is caring behavior
(interpretation step 1b). Overall the girls demonstrated caring behavior aimed at caring for the entire
group, whether an all-girls group or a mixed group. The caring behavior in the video material viewed
included clearing away of materials, laying out of working materials so everyone was able to see them
clearly, and mutual offering of help (interpretation step 1a).

A frequent behavior pattern for construction of femininity can be identified as touching one’s
own hair in various ways (interpretation step 1a). Sometimes the hair is brushed back, and sometimes
it is played with. This behavior pattern is practiced by both the female pupils and partially also by
the female teacher who accompanied her pupils from the school to the university building where the
inquiry course took place. It is thus exemplified by females at different age levels. It can be interpreted
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as primping/preening or as a sign of embarrassment/clinging to oneself/familiarity (interpretation
step 1b). However, it must be said that all girls as well as the teacher had long or mid-length hair
reaching at least to the chin. Nevertheless, the described behavior was also observed in the latter case.
It even occurred when the hair was tied back but there were some loose strands of hair. In contrast,
the boys mainly had short haircuts. They seldom touched their hair, and if they did so, it was in
another manner, which could partially be interpreted as more vigorous.

3.2. Behavior Patterns Not Clearly Assigned to a Male or Female Gender Role

The term “request” (Interpretation step 1a) cannot be clearly assigned to one sex category, although
a tendency towards the girls is certainly apparent. Based on the video material viewed, the requests
that can be interpreted as “asking for help” (interpretation step 1b) are more likely to characterize a
female trait because girls are not afraid to exhibit this behavior. On the other hand, it is noticeable
that not all boys make requests. This is done only by boys with good standing within the group as
demonstrated by popularity, admiration on the part of other group members, and assumption of the
role of group leader. A boy who makes requests or asks for help thus has sufficient social and symbolic
capital as a man. According to Bourdieu, symbolic capital can be designated as prestige or a good
reputation [49]. Such a boy can make a request without having to fear the ridicule of his classmates.

3.3. Behavior Patterns Used for Construction of Male Gender

In boys, the counterpart to reaching for household items as observed in girls would be reaching
for the electric balance (interpretation step 1a). In the mixed-sex subgroup, the leader of the boys
immediately reaches for the electric balance, and in the boys-only group, a problem actually intended to
be solved with the measuring cup is solved with the balance. The boys clearly distance themselves from
the female field of activity “kitchen” by their behavior (interpretation step 1b), thereby demonstrating
masculinity (interpretation step 2).

Carrying a pen in one’s breast pocket (interpretation step 1a) also contributes to the construction
of masculinity (interpretation step 2). This behavior is mostly practiced by boys. The only girls
who did so were those two in the mixed-sex group. The girls of the girl group did not show this
behavior, even though they had the possibility to do so because all pupils wore lab coats with breast
pockets. This behavior appears to be borrowed from physicians or other high-ranking employees in
various fields. Carrying a pen pinned in one’s breast pocket suggests superiority, authority, and power
(interpretation step 1b).

The most eye-catching moment is “feigned fighting”. In a show of fighting, one of the boys
starts boxing another (usually in the arm). The other boy reciprocates, resulting in mutual boxing
(interpretation step 1a). This mutual “exhibition or ensuring of masculinity, strength, and superiority”
as elicited by the “feigned fighting” (interpretation Step 1b) is quite frequent. In the subgroups
analyzed, this behavior is observed only in boys. Therefore, it is clearly a characteristic that constructs
the male gender (interpretation step 2).

Another way to construct male gender (interpretation step 2) is assuring one another of one’s
own prowess and quality (interpretation Step 1b). This is done by imitating gestures (interpretation
step 1a). This behavior is observed only in boys. In the overall group, a boy, usually one with
considerable social capital, displays a gesture. The gesture is then imitated by one or more of the other
boys and corroborated or confirmed by the rest of the subgroup with laughter or the like. This behavior
pattern can be described as hegemonic masculinity. According to Budde [50] (p. 217), this represents a
symbolic recognition of masculinity commonly observed in homosocial male groups. “[ ... ] hegemonic
masculinity behavior patterns [ ... ] largely prevail unchallenged. Actors as defined in this pattern
hardly need to legitimize their masculinity—they are rather sovereign, confident actors.” [50] (p. 219).

Presenting one’s symbolic and social capital also plays a major role with boys. A boy who
turns out to be the leader of a subgroup clarifies his position several times, emphatically, vis-a-vis
a marginalized boy who was also part of this subgroup. The demonstration of symbolic and social
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capital (interpretation step 1b) is particularly noticeable as the lack of attention paid to the marginalized
boy (interpretation step 1a). The behavior shown is adopted by other male members of the group.
Similar behavior is not observed in the girls. They work as a team and include all girls present at the
table, although clear role assignments also become apparent among them.

4. Discussion

The results will be discussed with respect to potential approaches to experimental science teaching.
Before we begin this discussion, it must be noted that the classification used here (i.e., man/woman,
boy/girl) is the result of an interactive and socially conditioned process of attribution and construction.
Our society thus adheres to a consolidated image of the process by which man and woman evolve into
what they are. This image is generated by the gender socialization process through which everyone
inevitably passes [26]. It must not be glossed over that this gender inequality has been engendered by
tradition and is now the basis of our actions and thoughts. These traditional patterns are encouraged
in particular by the institution of schools because this is the venue in which adequate behavior is
learned, exemplified, and consolidated [26]. As already mentioned, these gender-typical patterns are
highly persistent over time (i.e., they will not change much in the near future). Lorber [51] refers to a
so-called “sameness taboo” (p. 26) emphasizing a requirement for intra-societal differences between
men and women. As a member of this society, claiming to think and speak independently and freely
within this binary categorization man-woman/boy-girl is therefore disingenuous. There is, however,
a positive benefit of this categorization. One need not constantly question whether what one sees is
what it appears to be. Categories help us weigh matters and make decisions quickly without having to
reconsider every aspect. On the other hand, they may restrict and limit the unfettered development
of the personality. To appropriately encourage and support young people, a number of the behavior
patterns revealed in this study can be used to develop concrete proposals for classroom approaches.

(1) A gender-typical behavior pattern being observed is the selection of experimentation device,
whereby (some) girls tend to select devices that resemble household appliances and (some) boys prefer
more technical equipment. One possible didactic approach would be to provide only technical equipment
to master an experimental task, thereby enabling girls to try out the more technical equipment. Biological
content is suitable insofar as this field is of interest to both boys and girls [52]—it is not a scientific field
that girls tend to reject [53] and can thus provide a bridge to use technical equipment. Another approach
would be mixed-sex pairs with a clear division of responsibilities. Teachers can counteract certain
tendencies based on a knowledge of certain properties, routine activities, and the “comfort zones” of the
respective sexes. They should be aware that in the school setting, girls are confronted with the problem
of working scientifically and at the same time being girly [54]. By considering this aspect, teachers can
provide girls with tasks and material that focus on the scientific approach.

(2) In this study, activities reflecting a caring attitude were also identified as gender-typical
characteristics occurring mainly in girls. To promote the adoption of social activities among boys as
well, roles can be deliberately allocated within groups in order to move both boys and girls away from
their favored areas of activity. For example, boys could be given the responsibility for handing out the
materials in such a way that every group member has access to the materials. Likewise, boys could
play an intermediary role by being asked to ensure that all group members are given the opportunity
to become involved in the planning and implementation of an experiment.

(3) A male behavior pattern apparent in the present study was carrying a pen in one’s breast pocket.
It corresponds to the traditional image of the male researcher or authority, which is also conveyed by
the media and is thus part of the background experience of the pupils. This pre-consolidated image of
men as scientists and authorities [55] contributes to the subject-specific self-image of pupils in that it
affects how the youths perceive themselves (i.e., whether or not they are competent) [56]. If research
and knowledge (represented by the pen in the breast pocket) is considered male, this concept cannot
be congruent with femininity in the eyes of female (and male) pupils. At this point, frequent mention
of female researchers could encourage a positive subject-specific self-image in female pupils [57].
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Both girls and boys benefit if a female researcher comes into class. However, it is important that the
role model is seen as personable and engages students in practical science activities [58].

(4) In the present study, boys achieved mutual recognition of masculinity by paying particular
attention to and imitating behavior that interrupted the lessons and could even be termed asocial
(e.g., exclusion of a group member who did not meet the standard of masculinity). Supporting this
hypothesis, one can cite Borg (2015) [59], who points out that while girls are more focused and meet
the working targets at school, boys are more likely to interrupt lessons. These interruptions elicit
criticism by teachers. This is reflected in the findings of Kreienbaum and Metz-Gockel [60], who noted
that censure addressed to boys frequently addresses their social behavior, whereby praise usually
addresses their performance; the reverse is true for girls. This form of feedback provides ongoing
confirmation of traditional perspectives i.e., that performance levels are important for boys and social
behavior is important for girls. To counteract this tradition, teachers should explicitly praise boys for
adaptive social behavior (and girls for expertise).

(5) The behavior pattern “requesting” is not characteristic for either of the two sexes in this study,
although it tends to be practiced more by girls. Among boys, only those with high levels of social
and symbolic capital can allow themselves to make requests. Based on this insight, teachers can
focus on presenting “requesting” behavior as explicitly positive. They can also specifically address
male students with low levels of social capital to see whether there are requests to be made and then
characterize these requests in positive terms as an active way of following the lesson.

(6) The behavior pattern “rearranging one’s hair” does not actively influence the course of the
lesson as does, for example, “feigned boxing”. However, it may also represent a distraction. One way
to counter this pattern would be to establish a clear rule that in experimental classes, hair must be tied
back and loose hair strands should be fixed by hair clips. Because hairstyles change over time and
boys may also sport long hair, this rule should be applied to both sexes.

Knowledge of gender-typical behavior patterns can also produce concrete benefits for teachers.
The boys in this study drew attention to themselves by “feigned boxing”, thereby eliciting censure from
the teachers. These “fights for show” usually represent a behavior strategy that aims at asserting one’s
masculinity and not specifically disturbing the lesson because of poor didactic materials, inappropriate
teaching style, or a boring lesson topic. This knowledge can allow the teacher to deal differently with
the interruption. The teacher would then stop assuming the disturbance is directed at him or her and
thus experience emotional relief and possibly a lower level of stress [61]. The Potsdam teacher study,
for example, shows how important this kind of stress reduction can be. This shows that the behavior
of difficult students is perceived as one of the most stressful factors experienced in teaching [62].

In summary, the results of this study may serve to sensitize teachers to possible gender
construction strategies of male and female pupils. Because of their general nature, several strategies
are assumed to occur not only in experimental group activities in biology lessons but also in the other
natural sciences and even in other subjects. The approaches proposed in the discussion could help
minimize gender-typical behavior and ensure more harmonious lessons. Likewise, an emotional
release of the teacher can be achieved; this would be beneficial to teachers as well as their male and
female pupils. Of course, it is important not to regard the proposals for action listed here as absolute
in any sense. There are girls who are dominant, technically adept, and/or less predisposed to caring
behavior. Similarly, there are boys with more feminine attributes. The actions of the teacher must
therefore take into account the particular temperament of the male/female student. Generalized
approaches will fail to do justice to the individual pupil.
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