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Resumen: Si bien los egresados 
de carreras en áreas de ciencia, 
tecnología, ingeniería y matemáticas 
(STEM) han crecido en los últimos 
veinte años, la proporción de mujeres 
que se desempeñan en estos campos 
no ha experimentado el mismo 
crecimiento. En este artículo se reporta 
una investigación acerca de cómo la 
instrucción basada en indagación, 
influye en la equidad de género en 
las aulas. Se analizan los efectos que 
la confianza, el trabajo en grupo y 
el cuestionamiento socrático tienen 
en las mujeres que asisten a cursos 
STEM, y cómo pequeños cambios en 
la instrucción, pueden tener un gran 
impacto en las experiencias de estas 
mujeres.
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Abstract: While the fields of science, 
technology, engineering, and 
mathematics (STEM) have grown in 
the past twenty years, the proportion of 
women in these fields has not seen the 
same growth. This article researches 
how inquiry-based instructional 
approaches can better support gender-
equity in classrooms. It will look at the 
effects that confidence, group work, and 
Socratic questioning have on women in 
STEM courses, and how small changes 
in instruction can have large impacts on 
the experiences women have in STEM 
courses.
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Supporting Gender-
Equity in the STEM 

Classroom

Over the past twenty years there has 
been significant growth in the fields of 
science, technology, engineering, and 
mathematics (STEM) as demonstrated 
by the number of bachelor’s degrees 
awarded in the United States of America 
in that time period (see Figures 1 and 
2 below). Despite the growth of STEM 
fields, the low numbers of women 
have remained largely unchanged. 
How is it that women still remain 
underrepresented in these areas, even 
with gains in other areas of education? It 
isn’t that they aren’t as capable as men 

at being successful in rigorous courses: 
this year in our district there were ten 
women Valedictorians, those with 
the greatest academic achievements 
of their class, compared to six men, 
and ten women Salutatorians, those 
with the second greatest academic 
achievements, with only one male. What 
is it, then, that detracts women from 
pursuing STEM careers? This article 
will explore the effects that confidence, 
group work, and Socratic questioning 
have on women in STEM courses, 
particularly high school aged women, 
and how small changes to how we 
teach can have large impacts on the 
experiences women have in our STEM 
courses.

Figure 1

Number of undergraduate degrees in the United States, by field (Science and 
Engineering Indicators, 2018).
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Participation of women in science and engineering degrees in the United States, by 
field (National Science Board, 2018).

In The Confidence Gap, Kay and 
Shipmen (2014) note that “Confidence 
is a belief in one’s ability to succeed, 
a belief that stimulates action. In turn, 
taking action bolsters one’s belief in 
one’s ability to succeed. So confidence 
accumulates—through hard work, 
through success, and even through 
failure” (paragraphs 55-56). As an 
educator, I have seen the effects of low 
confidence and fear of failure in many 
of my high school students. It is almost 
as if they put up a barrier to their own 
learning once they decide it’s just too 
hard. It isn’t just my perception of my 

students. Dunning and Ehrling (2003), 
recount a similar phenomenon:

In Cornell’s math Ph.D. program, 
there’s a particular course during 
which the going inevitably gets 
tough. Male students typically 
recognize the hurdle for what it is, 
and respond to their lower grades by 
saying, “Wow, this is a tough class.” 
That’s what’s known as external 
attribution, and in a situation like 
this, it’s usually a healthy sign of 
resilience. Women tend to respond 
differently. When the course gets 
hard, their reaction is more likely to 
be “You see, I knew I wasn’t good 
enough.” That’s internal attribution, 
and it can be debilitating (p. 8).
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According to a recent report from 
UNESCO (2017), this confidence gap is 
an international issue, affecting women 
across the globe. With results such as: 
“Psychological reactions to competition 
or testing, such as mathematics anxiety, 
which is more common among female 
learners...” This reaction was also noted 
in the recent article, “The Elephant in the 
(Physics Class) Room” in The Physics 
Teacher by Eikerman and Rifkin (2020). 
The article presented the following 
female student’s perspective:

When it feels like you’re surrounded 
by males who are confident in their 
success in math and females who 
are just as smart but not always as 
confident—even if these images 
aren’t true—it can start to reinforce 
implicit biases.

Many female students are just 
as successful as their male 
counterparts, but when you’re 
struggling in a class that can feel 
male dominated, it can be an uphill 
battle to feel as confident as you 
need to be (p. 301).

This confidence gap is reflected in 
a study from the United Kingdom 
(UNESCO, 2017), in which it was noted 
that at age 10-11 years, boys and girls 
nearly equally reported that they learned 
interesting things in science. However, 
by the age of 18, this proportion fell 
to 33% for boys and 19% for girls, as 

measured by participation in STEM 
advanced studies. Here, boys began 
dropping out of STEM subjects as 
they approached their advanced level 
studies, whereas girls decided to drop 
out much earlier in secondary school. 
Many high schools in the United 
States and Canada offer the Advanced 
Placement program, where students 
may complete college-level curricula 
and examinations while in high school. 
American colleges and universities may 
grant placement and course credit to 
students who obtain high scores on 
the examinations. In the United States, 
this confidence gap is reflected in the 
number of women who enroll in an 
Advance Placement course for physics 
compared with the number who go on to 
sit for their exam. Only 40% of women 
who take the course then go on to take 
their exam, regardless of their grades, 
as noted in a report by The American 
Institute on Physics (White, 2011). 

For many educators, the experience as 
students in high school and university 
physics classes was in a lecture-based 
classroom. Most, if not all, of the labs 
were printed out in a book for students 
to follow along with and record their 
results. I have witnessed the shift from 
the traditional lecture and pre-formed 
labs to a more open inquiry-based 
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classroom. When we talk about inquiry-
based instruction, we are really looking 
at different methods and purposes 
behind the teaching. The purpose of 
this higher order thinking methodology 
isn’t to produce students who can 
recite facts and solve a specific math 
problem, but rather to cultivate students 
who are critical thinkers, who have 
deep conceptual understandings. The 
purpose is to create students who can 
see and find interactions among multiple 
subjects all around them. Inquiry-
based instructions can include Socratic 
seminars, project-based learning, 
modeling instruction, and engineering by 
design. At its heart, all forms of inquiry-
based instruction result in the following: 
students learn to ask questions, they 
investigate their questions, they create 
labs/activities in order to further their 
investigations, they discuss their 
results/findings with their peers, and 
they reflect on their data as they 
compare it with their peers’ data and 
their group discussions. 

The two forms of inquiry-based 
instruction that I utilize most are 
modeling instruction and Socratic 
questioning. I set the stage for 
student activities with a demonstration 
and class discussion to establish 

common understanding of the observed 
phenomena. In small groups, students 
collaborate in planning and conducting 
experiments. In a whole class setting, 
groups then present and justify their 
conclusions. The class together utilizes 
the collective data to develop graphical 
and mathematical models. As the 
teacher, I am prepared with a definite 
agenda and guide student inquiry and 
discussion in that direction with Socratic 
questioning and remarks. 

A large portion of our group work is 
based on Socratic questioning—asking 
our students higher order questions 
to help them dig deeper and develop 
stronger connections between topics. 
We also work to teach our students to 
question each other, to help their peers 
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make those connections as well. I don’t 
want my students solving problems out 
and having their peers copy the work 
down. I want them all to understand why 
the problem was solved that particular 
way, and to see how one type of physics 
principle is like another type of principle. 
To help our students delve deeper, we 
ask questions to clarify meaning like: “I 
heard you say _____. Is this what you 
meant?” We ask for references, “What 
evidence did you have for _____?” And 
we ask them to apply their knowledge 
to a different situation: “How would your 
results change if you had (changed a 
variable)?” 

 As instructors, we know that group 
work is such an important time 
for student-led learning. But is it 
equitable? Do all participants have 
the same opportunities? A recent 
study by Karpowitz and Mendelberg 
(2014) suggests that group work is 
not as equitable as one might initially 
think. They found that in group work 
“women are systematically seen as 
less authoritative. And their influence 
is systematically lower. And they’re 
speaking less. And when they’re 
speaking up, they’re not being listened 
to as much, and they are being 
interrupted more.” As educators, we 
know that group work is important to 

student learning. As they talk things 
out together, students are better able 
to formulate their ideas and have a 
deeper understanding of the principles 
that they are exploring. Karpowitz and 
Mendelberg’s study highlights why we, 
as educators, need to be aware of our 
group dynamics.
 

Equality would suggest that each 
person in a group of five has the 
floor 20 percent of the time, but it 
took not just a female majority but a 
supermajority (meaning four out of 
five) for women to finally speak their 
proportionate talking time. At best, 
outnumbered women in the study 
spoke three-quarters of the time a 
man spoke; on average, women 
spoke just two-thirds as much as 
a man… A lone female spoke the 
least (pp. 8-14).

The Karpowitz and Mendelberg study 
also looked at group discussions and 
questions, and tracked the occurrence 
of negative interruptions-along the lines 
of “I don’t think so,” or “That’s not right,” 
or just talking over another student.  
The study noted that “Such negative 
interruptions, ‘sap the authority of the 
speaker,’ and men commit them most 
…the patterns of negative interruptions 
were directly tied to the gender 
composition of the group.” Again, the 
study affirms that group dynamics had a 
direct effect on the experience of each 
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student: “Put a woman alone with four 
men, and 70 percent of the interruptions 
she receives from men are negative. 
Compare that with having four women 
in the room: here, just 20 percent of the 
interruptions women receive from men 
are negative.” (pp. 8-14).

We have seen that a woman’s 
confidence in her abilities, the group 
dynamics, and group discussion can all 
have a very real influence on women in 
STEM classes in particular. As educators 
and instructors, though, we have a very 
real influence on women succeeding. 
As we form groups, we shouldn’t worry 
about there being too many girls in a 
group. In fact, we should actively strive 
for groups with more women than 
men. When women see themselves 
as equal with their peers, they give 
themselves permission to struggle 
through new material. This struggle 
becomes an acceptable part of their 
learning process, and it is not seen as a 
failure. We can also teach our students 
better questioning strategies to use in 

group discussions. Our students need to 
understand that group work isn’t about 
a majority rule, but instead the focus 
is to come to a unanimous decision. 
Karpowitz and Mendelberg also found 
that as students took a unanimous 
approach to group work, a lone woman 
participated nearly as much as a man 
in group discussions. It also increased 
positive interruptions—ones that 
affirmed and validated ideas presented. 
This helps to build confidence in women 
as a vital member of the group, and 
sends the message that everyone’s 
voice matters. 

As teachers, we can model the 
importance of positive interruptions as 
we work with our students individually 
and in groups. Small interjections like: 
“That’s an interesting point,” and “I’m 
glad you brought that up,” provide 
validation to women and encourage 
them to speak up more. In my 
classroom, I typically have a ratio of 2:3 
women to men or even a 1:2 ratio. If I 
were to call on students in proportion 
to their numbers, women would almost 
never have a chance to participate in 
class discussions. Instead, I work to 
employ a 50-50 split on voices and have 
seen the positive impact this small shift 
has had in my classes. When I compare 
my students’ grade break-down, the top 
ten students in each class do not follow 
the ratio of women to men. Instead, it 
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is nearly a 50-50 split of women and 
men with the highest grades. There 
have only been two times this did not 
occur in my 5 years of teaching. The first 
occurred the final semester of my first 
year of teaching. The second occurrence 
was when I had a pre-service teacher 
candidate in my classroom who was 
unfamiliar with inquiry-based instruction. 
He focused more of his time answering 
male student questions than those of 
females. While the grade distribution 
the first semester was more girls than 
boys in the top 10, the second semester 
the grades shifted to a 1:3 ratio. Clearly, 
how we treat our students in our classes 
directly impacts their success or failure. 

As teachers, we know that we have a 
powerful influence on the students in 
our classrooms, and how we treat our 
students in our classes directly impacts 
their success or failure. As a Teacher 
Fellow with the Inter-American Teacher 
Education Network (ITEN), I have had 
the opportunity to work with a group that 
promotes collaborative work to solve 
problems of policy and practice as it 
relates to teacher education in STEM. 
I have especially focused my work on 
promoting policies and practices that 
encourage equity in STEM education for 
girls and women. 

We have looked at the effects that 
confidence, group work, and Socratic 

questioning have on women in STEM 
courses, and how small changes in how 
we teach can have large impacts on the 
experiences women have in our STEM 
courses. We need more female voices 
in the STEM fields, and we need their 
unique perspectives to help advance 
these fields. As our female students see 
more women in STEM and are made 
more aware of the impact that they can 
have in STEM fields, their confidence 
in their own abilities will grow. As they 
are strengthened and supported by 
their male peers, they can become 
more resilient to the minor setbacks that 
come with rigorous courses. Inquiry-
based instruction can be an effective 
way to create a more gender-equitable 
classroom. Not only will our female 
students find more success, all of our 
students will find more success and 
support among their peers.
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