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Ideas that Drive SEPAL Research
• Twice as many undergraduates 

leave the sciences as the 
humanities in the U.S.

• Few scientists have formal training 
in teaching

• Research in biology education lags behind other 
science disciplines, but suggests many students 
not feeling included and not learning…

• Women and scientists of color 
continue to be underrepresented
in the sciences



• 21 Teaching Strategies to Promote 
Student Engagement, Classroom 
Fairness, and Inclusion

• Common Learning Environment 
Experience

• Introductions

• Another Consideration: Instructor Talk 
• Another Resource: Scientist Spotlights

A Plan for Our Time Together…



A Common Experience: 
Building Mobiles

What comes to mind 
when you hear the 

word “mobile?”



• Construct a mobile with a 
partner.
• You will have ~10 minutes 
to construct your mobile.

A Common Experience: 
Building Mobiles



Think!
Write on an index card…

1. Your name and institution 

2. What are two important 
things to know about who 
you are and what you 
value? (cultural background, 
preferred pronouns, where you were 
born, partners/family, and/or…)

3. How aware were you about 
what materials other groups 
had? And if you were aware, 
how did it feel to have 
different materials than 
other groups?  



Meet a New Colleague!
Share with your neighbor…

1. Your name and institution 

2. What are two important 
things to know about who 
you are and what you 
value? (cultural background, 
preferred pronouns, where you were 
born, partners/family, and/or…)

3. How aware were you about 
what materials other groups 
had? And if you were aware, 
how did it feel to have 
different materials than 
other groups?  



• How aware were you about what 
materials other groups had?   
• If you were aware, how did it feel to 
have different materials than other 
groups? 

Debriefing the Mobiles Experience: 
About Awareness…



Debriefing the Mobiles Experience: 
About Actions…

• Did your team ask another team for  
materials? Why or why not?

• Did your team offer another team 
materials? Why or why not?



What might the “Resource Bag” represent 
in terms of how students experience 

classrooms differently from one another?
�

�

�

�

�

�

�
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Big Idea: Structuring Learning Environments 
Promotes Fairness and Access for All Students

STUDENT 
DEFICIT 
MODEL

Moving away from 
assumptions that 
students are lacking…

Moving towards the 
idea that learning 
environments are 
lacking (in structure)…

LEARNING 
ENVIRONMENT 
DEFICIT MODEL
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Although gender gaps have been a major concern in male-dominated science, technology, engi-
neering, and mathematics disciplines such as physics and engineering, the numerical dominance of
female students in biology has supported the assumption that gender disparities do not exist at the
undergraduate level in life sciences. Using data from 23 large introductory biology classes for majors,
we examine two measures of gender disparity in biology: academic achievement and participation in
whole-class discussions. We found that females consistently underperform on exams compared with
males with similar overall college grade point averages. In addition, although females on average
represent 60% of the students in these courses, their voices make up less than 40% of those heard
responding to instructor-posed questions to the class, one of the most common ways of engaging
students in large lectures. Based on these data, we propose that, despite numerical dominance of
females, gender disparities remain an issue in introductory biology classrooms. For student retention
and achievement in biology to be truly merit based, we need to develop strategies to equalize the
opportunities for students of different genders to practice the skills they need to excel.

INTRODUCTION

Women are underrepresented in undergraduate science, tech-
nology, engineering, and mathematics (STEM) majors (Na-
tional Science Foundation [NSF], 2011). Even fewer women
pursue graduate school and careers in STEM fields, partic-
ularly careers in academia (Handelsman, 2005; National Re-
search Council [NRC], 2007; Beede et al., 2011; NSF, 2011).
The possible reasons for the gap in the persistence of fe-
males compared with males in STEM, frequently referred
to as the “leaky pipeline,” are numerous and multifaceted
(Clark Blickenstaff, 2005; Burke and Mattis, 2007), and de-
spite a concentrated effort by funding agencies directed at
both K–12 and colleges, the problem persists.
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The one exception to this pattern of underrepresentation
of females in STEM is the field of biology. Women account
for more than 60% of undergraduate biology majors and ap-
proximately half of all graduate students in the biosciences
(Luckenbill-Edds, 2002; Amelink, 2009), unlike other STEM
disciplines such as physical sciences, in which women make
up only 43% of undergraduates (Amelink, 2009) and 20% of
graduate students (Mulvey and Nicholson, 2011, 2012). Ow-
ing to the significant numbers of females pursuing biology,
it is often assumed that biology is a STEM discipline that
has overcome gender1 disparities. In fact, this assumption
is so prevalent that studies in chemistry and physics some-
times use biology as a positive control for comparisons of
the observed gender gaps in their fields (e.g., Ferreira, 2003;
Ecklund et al., 2012).

Gender inequity in biology does emerge at the postgradu-
ate level, however, as fewer female biologists pursue post-
doctoral work or positions in academia relative to males

1Gender is a complicated identity based on a person’s internal ex-
perience of who he or she is, not the sex he or she was assigned
at birth (which is determined by physical, hormonal, or chromoso-
mal characteristics). For example, a person can be assigned female
at birth (sex), but identify as male or as neither male nor female
(gender). Many education studies, including ours, use self-reported
demographic information, which is a measure of gender rather than
sex.
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The Results of Unstructured 
Classroom Environments



But Kimberly, 
what can I do tomorrow
to make my classroom, 
lab meeting, faculty meeting, 
(name any number of professional science 
environments…conferences, seminar talks, etc), 

more fair and more inclusive?!?!
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Structure Matters: Twenty-one Teaching Strategies to
Promote Student Engagement and Cultivate Classroom
Equity
Kimberly D. Tanner
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INTRODUCTION

As a biology education community, we focus a great deal
of time and energy on issues of “what” students should be
learning in the modern age of biology and then probing the
extent to which students are learning these things. Addition-
ally, there has been increased focus over time on the “how”
of teaching, with attention to questioning the efficacy of tra-
ditional lecture methods and exploring new teaching tech-
niques to support students in more effectively learning the
“what” of biology. However, the aspect of classroom teaching
that seems to be consistently underappreciated is the nature
of “whom” we are teaching. Undergraduate students often
appear to be treated as interchangeable entities without ac-
knowledgment of the central role of the individual students,
their learning histories, and their personal characteristics in
the student-centered nature of “how” we aspire to teach. Most
innovative approaches to biology teaching that are at the core
of national policy documents and resources are rooted in a
constructivist framework (e.g., Posner et al., 1982; Handels-
man et al., 2004; Labov et al., 2010; American Association for
the Advancement of Science [AAAS], 2011; College Board,
2013). In constructivism, teachers can structure classroom en-
vironments with the intention of maximizing student learn-
ing, but learning is the work of students (Posner et al., 1982;
Bransford et al., 2000). As such, each student’s prior experi-
ence and attitude and motivation toward the material being
learned, confidence in his or her ability to learn, and relative
participation in the learning environment are all thought to be
key variables in promoting learning of new ideas, biological
or not. Finally, bringing together individual students in class-
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rooms produces group interactions that can either support or
impede learning for different individuals.

Designing learning environments that attend to individual
students and their interactions with one another may seem
an impossible task in a course of 20 students, much less a
course of more than 700. However, there are a host of simple
teaching strategies rooted in research on teaching and learn-
ing that can support biology instructors in paying attention to
whom they are trying to help learn. These teaching strategies
are sometimes referred to as “equitable teaching strategies,”
whereby striving for “classroom equity” is about teaching all
the students in your classroom, not just those who are al-
ready engaged, already participating, and perhaps already
know the biology being taught. Equity, then, is about striving
to structure biology classroom environments that maximize
fairness, wherein all students have opportunities to verbally
participate, all students can see their personal connections to
biology, all students have the time to think, all students can
pose ideas and construct their knowledge of biology, and all
students are explicitly welcomed into the intellectual discus-
sion of biology. Without attention to the structure of class-
room interactions, what can often ensue is a wonderfully
designed biology lesson that can be accessed by only a small
subset of students in a classroom.

So what specific teaching strategies might we instructors,
as architects of the learning environment in our classrooms,
use to structure the classroom learning environment? Below
are 21 simple teaching strategies that biology instructors can
use to promote student engagement and cultivate classroom
equity. To provide a framework for how these teaching strate-
gies might be most useful to instructors, I have organized
them into five sections, representing overarching goals in-
structors may have for their classrooms, including:

• Giving students opportunities to think and talk about bi-
ology

• Encouraging, demanding, and actively managing the par-
ticipation of all students

• Building an inclusive and fair classroom community for all
students

• Monitoring behavior to cultivate divergent biological thinking
• Teaching all of the students in your biology classroom

1



• With a new partner, read through 
and discuss the descriptions of the 
21 Teaching Strategies…

Strategies That Structure Learning 
Environments and Promote Fairness in 

Undergraduate Classrooms

• In the margin, mark strategies with…
– a “?” if you’d like to know more 
– a “ ” if it’s already familiar to you



Strategies That Structure Learning 
Environments and Promote Fairness in 

Undergraduate Classrooms

•With your partner, self-assess your 
previous experience using each of the 21 
Teaching Strategies and record this on the 
worksheet on the back.  

• In particular, mark each strategy with …
“N” for never used,
“O” for occasionally use, or 
“R” for regularly use
“W” for “would like to try!”



Structure Matters – 21 Simple Equity Strategies
1. Think-Pair-Share
2. Ask Open-ended Questions
3. Allow Students Time to Write
4. Multiple Hands, Multiple Voices
5. Wait Time
6. Hand Raising
7. Use Popsicle Sticks/Index Cards
8. Assign Reporters for Small Groups
9. Whip
10. Don’t Judge Responses
11. Use Praise with Caution
12. Learn Students’ Names
13. Use Varied Active Learning Strategies
14. Collect Assessment Evidence from Every Student, Every Class
15. Work in Stations/Small Groups
16. Monitor Student Participation
17. Integrate Culturally Diverse and Relevant Examples
18. Establish Classroom Community and Norms
19. Don’t Plan Too Much
20. Be Explicit About Promoting Access and Equity for All Students
21. Teach Students from the Moment They Arrive



Structure Matters – 21 Simple Equity Strategies
1. Think-Pair-Share
2. Ask Open-ended Questions
3. Allow Students Time to Write
4. Multiple Hands, Multiple Voices
5. Wait Time
6. Hand Raising
7. Use Popsicle Sticks/Index Cards
8. Assign Reporters for Small Groups
9. Whip
10. Don’t Judge Responses
11. Use Praise with Caution
12. Learn Students’ Names
13. Use Varied Active Learning Strategies
14. Collect Assessment Evidence from Every Student, Every Class
15. Work in Stations/Small Groups
16. Monitor Student Participation
17. Integrate Culturally Diverse and Relevant Examples
18. Establish Classroom Community and Norms
19. Don’t Plan Too Much
20. Be Explicit About Promoting Access and Equity for All Students
21. Teach Students from the Moment They Arrive

In what other 
professional settings 

could you use
these strategies to 
promote inclusion?



How might Mobiles have been 
different if I had said…

“I expect everyone to share 
resources and ask for the 

support they need.”

(13 words)



Another Consideration: Instructor Talk…

“I don’t have a special email for you guys. You 
get the same email as my research colleagues 
and friends get. So anytime you want to email 
me, you use that.” 

“Some of the most important people in this 
room for you to be successful in [this course] 
are sitting around you, okay? They’re not up 
on the stage.”

“You don't need to 
sneak in. You're right on 

time today for a 
change.”

 14:ar43, 1
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Instructors create classroom environments that have the potential to impact learning by affecting 
student motivation, resistance, and self-efficacy. However, despite the critical importance of the 
learning environment in increasing conceptual understanding, little research has investigated what 
instructors say and do to create learning environments in college biology classrooms. We systemati-
cally investigated the language used by instructors that does not directly relate to course content and 
defined the construct of Instructor Talk. Transcripts were generated from a semester-long, cotaught 
introductory biology course (n = 270 students). Transcripts were analyzed using a grounded theory 
approach to identify emergent categories of Instructor Talk. The five emergent categories from analy-
sis of more than 600 quotes were, in order of prevalence, 1) Building the Instructor/Student Relation-
ship, 2) Establishing Classroom Culture, 3) Explaining Pedagogical Choices, 4) Sharing Personal Ex-
periences, and 5) Unmasking Science. Instances of Instructor Talk were present in every class session 
analyzed and ranged from six to 68 quotes per session. The Instructor Talk framework is a novel 
research variable that could yield insights into instructor effectiveness, origins of student resistance, 
and methods for overcoming stereotype threat. Additionally, it holds promise in professional devel-
opment settings to assist instructors in reflecting on the learning environments they create. 

Article

noncontent-related things? On the first day of class? Right 
before or after an exam? To what extent do you plan what 
you will say to students before you walk into the classroom 
to teach?

In this initial research study, we define the construct of 
Instructor Talk and introduce methods to characterize it. We 
define Instructor Talk as any language used by an instructor 
that is not directly related to the concepts under study but in-
stead focuses on creating the learning environment. For exam-
ple, Instructor Talk may include language involved in giving 
directions, sharing personal stories, or building community 
among students. Before this research, we hypothesized that 
the majority of Instructor Talk would likely be focused on 
explaining why an instructor chooses particular teaching 
methodologies. However, we know of no research that has 
systematically recorded, transcribed, and analyzed the talk 
that happens in a college biology course. This is surprising, 
given that there are multiple lines of evidence suggesting 
that what an instructor says in a classroom that is not con-
cept related—Instructor Talk—may be important for student 

Vol. 14, 1–14, Winter 2015

INTRODUCTION
What do you say when you teach students? What propor-
tion of what you say is about the concepts you want them to 
learn? What proportion is about other things? To what extent 
do you say things to build community among your students? 
To what extent do you give students a motivational speech 
leading up to an exam? Or express to your students why you 
teach the way you do? When during a course do you say 
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“Some people find that if you haven't had a 
basic biology class before coming in here, it's a 
little harder. You've got to learn some of those 
basic concepts a little faster than other folks.”



Another Resource: Scientist Spotlights…

Biol 640: Cellular Neuroscience 
 Melinda Owens, Instructor 

San Francisco State University 
Spring 2017 

Biol 640: Cellular Neuroscience 

Neuroscientist Journal Prompt #19 
DUE by 11:55pm on Sunday, April 23rd, 2017 

 
Your entry should be at least 400 words total, split between the 

questions at the bottom of the page. 
 
Scientist Spotlight: Carl Hart  

Carl Hart is a neuroscientist who is a professor in the departments 
of Psychology and Psychiatry at Columbia University. His 
research, which some people consider controversial, focuses on 
the neurobiological and behavioral effects of drugs and the 
biological, psychological, and social factors that influence drug 
use. He is also a leading advocate of changing American drug 
policy and drug law enforcement so that they are less 
discriminatory against communities of color and better reflect 
what science and evidence shows about drugs. 

1) Please read the Prologue from Dr. Hart’s book High Price: 
A Neuroscientist’s Journey of Self-Discovery that Challenges 
Everything You Know about Drugs and Society, republished 
with his permission here: http://www.alternet.org/i-went-
selling-drugs-studying-them-and-found-most-what-we-assume-
about-drugs-wrong 

2) Please read Dr. Hart’s paper “Alternative reinforcers differentially modify cocaine self-
administration by humans,” (Hart et al, Behavioural Pharmacology, 2000) posted on iLearn. 

If you’d like to know a little bit more about his particular paper, an article (with a video of an 
interview with Dr. Hart) is here: http://www.nytimes.com/2013/09/17/science/the-rational-
choices-of-crack-addicts.html  

(If you are interested in hearing more from Carl Hart, you can go to his website drcarlhart.com, 
where he has extensive links to his videos and writings.) 

After reviewing these articles, write a 400 word or more reflection with your responses to 
what you read. You might wish to discuss: 

1. What was most interesting or most confusing about the articles about Dr. Hart? 
2. What can you learn about the biological basis of drug addiction from these articles? 
3. What do these articles tell you about the types of people that do science? 
4. What new questions do you have after reviewing these articles? 

Professor Jeff Schinske
Tenured Biology Instructor

Foothill-De Anza Community 
College District
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INTRODUCTION

As a biology education community, we focus a great deal
of time and energy on issues of “what” students should be
learning in the modern age of biology and then probing the
extent to which students are learning these things. Addition-
ally, there has been increased focus over time on the “how”
of teaching, with attention to questioning the efficacy of tra-
ditional lecture methods and exploring new teaching tech-
niques to support students in more effectively learning the
“what” of biology. However, the aspect of classroom teaching
that seems to be consistently underappreciated is the nature
of “whom” we are teaching. Undergraduate students often
appear to be treated as interchangeable entities without ac-
knowledgment of the central role of the individual students,
their learning histories, and their personal characteristics in
the student-centered nature of “how” we aspire to teach. Most
innovative approaches to biology teaching that are at the core
of national policy documents and resources are rooted in a
constructivist framework (e.g., Posner et al., 1982; Handels-
man et al., 2004; Labov et al., 2010; American Association for
the Advancement of Science [AAAS], 2011; College Board,
2013). In constructivism, teachers can structure classroom en-
vironments with the intention of maximizing student learn-
ing, but learning is the work of students (Posner et al., 1982;
Bransford et al., 2000). As such, each student’s prior experi-
ence and attitude and motivation toward the material being
learned, confidence in his or her ability to learn, and relative
participation in the learning environment are all thought to be
key variables in promoting learning of new ideas, biological
or not. Finally, bringing together individual students in class-
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rooms produces group interactions that can either support or
impede learning for different individuals.

Designing learning environments that attend to individual
students and their interactions with one another may seem
an impossible task in a course of 20 students, much less a
course of more than 700. However, there are a host of simple
teaching strategies rooted in research on teaching and learn-
ing that can support biology instructors in paying attention to
whom they are trying to help learn. These teaching strategies
are sometimes referred to as “equitable teaching strategies,”
whereby striving for “classroom equity” is about teaching all
the students in your classroom, not just those who are al-
ready engaged, already participating, and perhaps already
know the biology being taught. Equity, then, is about striving
to structure biology classroom environments that maximize
fairness, wherein all students have opportunities to verbally
participate, all students can see their personal connections to
biology, all students have the time to think, all students can
pose ideas and construct their knowledge of biology, and all
students are explicitly welcomed into the intellectual discus-
sion of biology. Without attention to the structure of class-
room interactions, what can often ensue is a wonderfully
designed biology lesson that can be accessed by only a small
subset of students in a classroom.

So what specific teaching strategies might we instructors,
as architects of the learning environment in our classrooms,
use to structure the classroom learning environment? Below
are 21 simple teaching strategies that biology instructors can
use to promote student engagement and cultivate classroom
equity. To provide a framework for how these teaching strate-
gies might be most useful to instructors, I have organized
them into five sections, representing overarching goals in-
structors may have for their classrooms, including:

• Giving students opportunities to think and talk about bi-
ology

• Encouraging, demanding, and actively managing the par-
ticipation of all students

• Building an inclusive and fair classroom community for all
students

• Monitoring behavior to cultivate divergent biological thinking
• Teaching all of the students in your biology classroom

1
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CBE—Life Sciences Education
Vol. 13, 6–15, Spring 2014

Feature
Approaches to Biology Teaching and Learning

Considering the Role of Affect in Learning:
Monitoring Students’ Self-Efficacy, Sense of Belonging,
and Science Identity
Gloriana Trujillo and Kimberly D. Tanner

Department of Biology, SEPAL: The Science Education Partnership and Assessment Laboratory, San Francisco
State University, San Francisco, CA 94132

INTRODUCTION

Take a moment to remember what it was like to walk into a
biology classroom as an undergraduate student for the first
time. What were you thinking or feeling? Were you nervous,
anxious, or excited? Did you think about what grade you
were expecting or hoping for? Were you trying to recall what
you learned in your most recent biology course? Were you
wondering where you might sit or whether your friends were
enrolled in the class with you? Did you do a quick scan of the
students present to see with whom you might have something
in common? Were you a committed biology major at this
point, or were you just beginning to explore biology?

In addition to their prior conceptual biology knowledge,
students bring numerous other factors into their undergrad-
uate biology learning environments. They bring their ca-
reer goals and their biases about whether the subject is
one they are comfortable learning. Students also bring their
“lived experience” as it pertains to biology: some knowledge
about the academic culture of biology and perceptions about
whether they as students will feel comfortable in this cul-
ture. Students bring ideas about the subject or about them-
selves and their role in the sciences based on societal stereo-
types. Many lines of research support the notion that students
can experience psychological repercussions from negative so-
cietal stereotypes that can influence their experiences in aca-
demic settings, a phenomenon called stereotype threat (Steele
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and Aronson, 1995). Substantial data suggest that stereotype
threat can affect students’ affective experiences in classrooms
to the extent that academic performance can suffer (reviewed
in Schmader et al., 2008). It is therefore important to consider
our students’ affective, nonconceptual experiences as they
enter our biology courses, how these may impact their expe-
riences in our classrooms, and how we can minimize negative
impacts.

As a biology instructor meeting your class for the first time,
you most likely have been provided with little background
information about your students. You may have registration
information that tells you about their choices of major, prior
biology courses, and anticipated graduation years. But know-
ing what their expectations are for the course, and what they
want to do when they “grow up” would be even more help-
ful. How comfortable do your students feel with the sub-
ject of biology or in the culture of a biology classroom? Do
they have connections within the class, do they want to form
study groups? Which students work 30 hours per week, or
have significant family responsibilities, while taking a full
course load? Getting to know your students can be a chal-
lenge. While conversations you have with students one-on-
one during office hours can help, systematically collecting
this type of information from every student, in the same way,
can help you assess the biological conceptual ideas of all of
the students at the beginning of a course and can help you
be more effective. Fortunately, there are a number of ways
to learn more about the affective aspects of the students en-
tering our courses, their beliefs about their biology abilities,
whether they feel a part of the biology community and how
they are forming their science identity regarding biology.

INVESTIGATING THE STUDENT EXPERIENCE
CAN BE IMPORTANT IN BIOLOGY TEACHING
AND LEARNING

Increasingly, biology instructors are collecting evidence from
students about how they think about biology concepts before,
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Learning to See Inequity in Science
Kimberly D. Tanner
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INTRODUCTION

I have often wondered whether I have persisted as a scientist
in part because I was not a very keen observer of inequity in
science during my education and early career. It was rather
late in my scientific training that I began to see inequities in
science, which I’ll loosely define here as unfairness or injus-
tice that is linked to an individual’s personal characteristics
such as gender, culture, race, ethnicity, linguistic back-
ground, and sexual orientation, among others. As stewards
of our discipline and scientists who are also educators, we
all have a special responsibility to be alert to issues of
inequity, to address these issues, and to make careers in
science accessible for all.

Interestingly, my attentiveness to inequities in science did
not arise from my own experiences, at least not initially. It
came instead from my skepticism of those who had already
learned to see inequities in science and were doing some-
thing about it. In my case, I was deeply skeptical about the
founding of an after-school science club program de-
signed to encourage middle school girls to persist in
science (Chatman et al., 2008). At that time, I thought
having a single-sex science club unfairly implied that girls
needed some special treatment. I also worried that as an
unintended consequence, girls would think something was
wrong with them, that the existence of a special girls science
club would imply that they needed extra remedial help.
Somewhat in protest to this girls-only science club program,
I did two things one spring. First, I initiated a coeducational
after-school science club, which seemed eminently fairer to
me at the time. Second, I began critically reading the litera-
ture on gender inequity in science and in science education
(American Association of University Women [AAUW], 1992;
Sadker and Sadker, 1994).

What happened that spring, in a relatively short period,
profoundly altered my thinking about gender equity in sci-
ence. My readings suggested differential treatment of and
participation by girls and boys in science classrooms
(AAUW, 1992; Sadker and Sadker, 1994). My coed science
club became a living laboratory in which I personally wit-
nessed inequities in the participation of girls and boys. Most

striking, the science club was also a setting in which I saw
differential treatment of girls and boys that mirrored what I
had been reading. And I, a woman scientist, was the person
treating girls and boys differently! Research has shown that
the gender of a teacher is not a predictor of the equity
climate in the classroom (Tobin and Garnett, 1987), and I
was a shining example. I called on boys to answer questions
more often than girls. I was more likely to tell a boy how to
focus a microscope, and more likely to do it for a girl. My
skepticism about inequity and unfairness in science, in par-
ticular gender inequity, was replaced that day by an ability
to see inequity in a way I had never seen it before. The
inequity that I witnessed was in my own classroom and was
not, as I had imagined it would be, sinister or grotesque or
even very obvious. Rather, the gender inequity that I ob-
served and help promulgate in the coed science club was
quite everyday, easily passed over, and largely invisible if
you didn’t think about what to look for or know how to
look. As a result of my skepticism, and more careful obser-
vation (with the guiding help of the literature) of what was
happening around me, I have developed an “equity eye”
that has never allowed me to see science classrooms, science
conferences, or anything else in my discipline quite the same
way ever again.

Learning to see inequity in science is critical to anyone
who is actively encouraging young people to invest their
education, career, and life in the discipline. If the culture of
science is grossly inequitable, why should students take the
risk of entering this discipline over careers in other arenas?
Many scholarly publications from the fields of psychology,
science education, and sociology have described inequities
in science; proposed theoretical frameworks for understand-
ing them; and explored practical strategies for addressing
such inequities (Tobias, 1990; Seymour and Hewitt, 1997;
Brown, 2004; Johnson, 2007; Tanner and Allen, 2007; Chamany
et al., 2008), but progress in jettisoning these inequities from
our discipline has been slow. I illustrate this by examining
three seemingly simple examples of inequity in science: the
ad campaign Rock Stars of Science, the documentary Naturally
Obsessed: The Making of a Scientist, and the story of a Univer-
sity Seminar Series Committee, made anonymous. I chose to
share these three examples for several reasons. First, these
examples underscore that messages of inequity can be found
in materials that are very well meaning and well inten-
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L
anguage matters. W

hat we say can have profound effects o
n an individual’s se

nse 

of belonging, self-effica
cy, a

nd scie
nce identity. 

Think back to a tim
e when you felt 

slighted or invalidated by something that was sa
id to you. Were you upset? Angry? 

Confused? Did you doubt yourself? Were you uncertain how to respond? To what 

extent did one small co
mment dominate your th

oughts or interfere with other tasks 

you were trying to accomplish? Now imagine this sli
ght occurred in an area where you 

aspired to have success: i
n your research laboratory, i

n a classro
om, during a confer-

ence, or in a faculty meeting. How does su
ch language affect your ability

 to concen-

trate on your professional and academic re
sponsibilitie

s in these environments?

Similarly, 
we can ourselves use language that may slig

ht or in
validate someone 

else, even with only the best of intentions. W
e all m

ake mistakes and may lack aware-

ness o
f the way our words may affect th

ose around us. W
e also all have unconscio

us 

biases that influence how we interact w
ith one another. W

hile we may or may not be 

aware of, or effectively address, b
iases, th

ey are a part of everyday life
 for nearly all 

humans. A
nd these biases exist r

egardless o
f the view that sci

ence and scie
ntists

 are 

somehow supposed to be rational, objective, and unbiased. As sci
entific

 professionals, 

we must re
cognize that our own conscio

us and unconscio
us biases, a

nd language 

related to them, may have large impacts o
n our stu

dents and colleagues. O
ne of the 

ways that these biases can manifest is
 in our language, through the use of microaggres-

sions. H
ere, we use the term “m

icro
aggressions” to

 refer to
 brief, so

metimes su
btle, 

everyday exchanges th
at either co

nscio
usly or unconscio

usly disparage others b
ased 

on their personal characteristi
cs o

r perceived group membership (Pierce et a
l., 1

978; 

Sue, 2010).

Microaggressions have moved into the popular lexicon recently, a
nd more people 

are becoming aware of their existence in both personal and professional contexts. C
ol-

leges around the country are increasingly becoming more attentive to microaggressions 

in the culture of higher education and to the effects o
f microaggressions on the students 

and faculty at their in
stitu

tions (Z
amudio-Suarez, 2016). The backlash against m

icro-

aggressions has been just as widespread. For example, when a document about micro-

aggressions iss
ued by the University

 of California at Berkeley was recently disseminated 

among the public, t
here were crie

s against th
e “politica

lly correct police” coming to take 

free speech away (Times Editorial Board, 2015). N
o doubt, all si

tuations in
volving 

language and bias are complex, but a thoughtful exploration of microaggressions is 

currently warranted, because microaggressive language may be a key variables that is 

influencing the experiences, persist
ence, and success o

f all stu
dents in

 higher educa-

tion, especially students cu
rrently underrepresented in the scie

nces.

Science can be an isolating and psychologically challenging field for many young 

scholars w
ho embark upon a scie

ntific
 career. W

hile some efforts h
ave helped improve 

the clim
ate for stu

dents on some campuses, and stri
des have been made in increasing 

access and diversity
 in scie

nce, low retention rates in the scie
nces and the sca

rcity
 of 

women and people of color in leadership positio
ns show that there is m

uch work to be 

done in cre
ating a safe and welcoming scie

ntific
 environment for all (B

lickenstaff, 

2005; Moss-R
acusin et a

l., 2012; Morley, 2013; Chang et a
l., 2014). O

ne way in which 
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Barriers to Faculty Pedagogical Change: Lack of Training,
Time, Incentives, and. . .Tensions with Professional
Identity?
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The time has come for all biology faculty, particularly
those who teach undergraduates, to develop a coor-
dinated and sustainable plan for implementing sound
principles of teaching and learning to improve the qual-
ity of undergraduate biology education nationwide.
(Vision and Change, 2011, xv)

Recent calls for reform, such as Vision and Change: A Call to
Action, have described a vision to transform undergraduate
biology education and have noted the need for faculty to pro-
mote this change toward a more iterative and evidence-based
approach to teaching (American Association for the Advance-
ment of Science [AAAS], 2011). A key challenge is convincing
many faculty—not just a handful of faculty scattered across
the country but the majority of life sciences faculty in every
institution—to change the way they teach.

Few would disagree that this is an ambitious goal. Change
is difficult in any setting, but changing academic teaching
appears to be especially tricky. Calls for change imply that
the pedagogical approaches our own professors and men-
tors modeled and taught us might not be the best way to
engage large numbers of diverse populations of undergrad-
uates in our discipline. This effort potentially also involves
telling faculty that what they have been doing for the past
5, 10, or even 30 yr may not the most effective approach,
especially for today’s students. Widespread change in un-
dergraduate biology teaching—or in any of the sciences for
that matter—has been documented to be difficult (Hender-
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son et al., 2011). The general perception is that while there are
pockets of change driven by individual faculty, there is little
evidence that the majority of our faculty members are recon-
sidering their approach to teaching, despite dozens of formal
policy documents calling for reform, hundreds of biology
education research publications on the subject, and the avail-
ability and award of substantial amounts of external grant
funding to stimulate change toward evidence-based teach-
ing (Tagg, 2012).

In fact, it is somewhat perplexing that we as scientists are
resistant to such change. We are well trained in how to ap-
proach problems analytically, collect data, make interpreta-
tions, form conclusions, and then revise our experimental
hypotheses and protocols accordingly. If we are experts at
making evidence-based decisions in our experimental labo-
ratories, then what forces are at play that impede us from
adopting equally iterative and evidence-based approaches to
teaching in our classrooms? What can we—as members of
a community of biologists dedicated to promoting scholarly
biology teaching—do to identify and remove barriers that
may be impeding widespread change in faculty approaches
to teaching?

A substantial body of literature has highlighted many fac-
tors that impede faculty change, the most common of which
are a lack of training, time, and incentives. However, there
may be other barriers—unacknowledged and unexamined
barriers—that might prove to be equally important. In partic-
ular, the tensions between a scientist’s professional identity
and the call for faculty pedagogical change are rarely, if ever,
raised as a key impediment to widespread biology education
reform. In this article, we propose that scientists’ professional
identities—how they view themselves and their work in the
context of their discipline and how they define their pro-
fessional status—may be an invisible and underappreciated
barrier to undergraduate science teaching reform, one that is
not often discussed, because very few of us reflect upon our
professional identity and the factors that influence it. Our
primary goal in this article is to raise the following question:
Will addressing training, time, and incentives be sufficient
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commonplace in all scientific 

learning environment?

• Lab meetings
• Conferences
• Faculty meetings
• Grant meetings
• Everywhere…
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ABSTRACT
Scientists and educators travel great distances, spend significant time, and dedicate sub-
stantial financial resources to present at conferences. This highlights the value placed 
on conference interactions. Despite the importance of conferences, very little has been 
studied about what is learned from the presentations and how presenters can effectively 
achieve their goals. This essay identifies several challenges presenters face when giving 
conference presentations and discusses how presenters can use the tenets of scientific 
teaching to meet these challenges. We ask presenters the following questions: How do you 
engage the audience and promote learning during a presentation? How do you create an 
environment that is inclusive for all in attendance? How do you gather feedback from the 
professional community that will help to further advance your research? These questions 
target three broad goals that stem from the scientific teaching framework and that we pro-
pose are of great importance at conferences: learning, equity, and improvement. Using 
a backward design approach, we discuss how the lens of scientific teaching and the use 
of specific active-learning strategies can enhance presentations, improve their utility, and 
ensure that a presentation is broadly accessible to all audience members.[AQ 1]

Attending a conference provides opportunities to share new discoveries, cutting-edge 
techniques, and inspiring research within a field of study. Yet after presenting at some 
conferences, you might leave feeling as though you did not connect with the audience, 
did not receive useful feedback, or are unsure of where you fit within the professional 
community. Deciding what to cover in a presentation may be daunting, and you may 
worry that the audience did not engage in your talk. Likewise, for audience members, 
the content of back-to-back talks may blur together, and they may get lost in acronyms 
or other unfamiliar jargon. Audience members who are introverted or new to the field 
may feel intimidated about asking a question in front of a large group containing well-
known, outspoken experts. After attending a conference, one may leave feeling curi-
ous and excited but might also leave feeling exhausted and overwhelmed, wondering 
what was gained from presenting or attending.

Conferences vary widely in purpose and location, ranging from small conferences 
hosted within home institutions to large international conferences featuring experts 
from around the world. The time and money spent to host, attend, and present at 
conferences speaks to the value placed on engaging in these professional interactions. 
Despite the importance of conferences to professional life, there is rarely time to reflect 
on what presenters and other conference attendees learn from participating in confer-
ences or how conferences promote engagement and equity in the field as a whole. A 
significant portion of most conference time is devoted to the delivery of oral presenta-
tions, which traditionally are delivered in a lecture style, with questions being initiated 
by a predictable few during question-and-answer sessions.

[AQ 2]
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On one side of  your 
index card…
–One thing, if anything, that 

you learned in this session 
that will influence you in 
the future…

On one side of  your 
index card…
–One thing, if anything, 

that surprised you during 
this session…

Reflection and Pair Discussion…



Thank you for choosing to spend 
your time with me today…

Kimberly D. Tanner, Ph.D.
Professor, Department of Biology

San Francisco State University
Director, SEPAL



A Common Experience: 
Building Mobiles

Adapted from Lawrence, S. M. (1998). 
Unveiling positions of privilege: A hands-on 

approach to understanding racism.
Teaching of Psychology, 25, 198-200.

McIntosh, P. (2003). White privilege:
Unpacking the invisible knapsack.

In S. Plous (Ed.), Understanding Prejudice and 
Discrimination (pp. 191-195). New York: 
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