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Please sit with a 
person you don’t 

know! Make a 
new colleague!



Share with a neighbor…

Introduce yourself…
• Your name
• Something important to know 

about you as a person and 
what you value (culture, ethnicity, 
personal pronouns, family, hobbies, etc.)

…and then share…
Why did you choose to come 
to this session today?

Person with the longest 
hair goes first!



SEPAL: The Science Education Partnership 
and Assessment Laboratory

Funded by National Science Foundation (NSF) GK-12 Award,
National Institutes of Health (NIH) Science Education Partnership Award,
NSF Transforming Undergraduate Education in STEM (TUES) Award, 
NSF CAREER Award, and  HHMI Undergraduate Science Education Award. 

(≈ The Tanner 
Laboratory)

Founded in 2004…

• Programs
• Coursework
• Research



Ideas that Drive SEPAL Research Efforts…
• Twice as many undergraduates 

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

• Few scientists have formal 
training in effective teaching

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

• OBSERVATION: Faculty implement similar active learning 
strategies with highly variable success with students. 
And they seem to be saying different things…
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CCB FEST: 
Community College Biology 
Faculty Enhancement through 
Scientific Teaching, 2010-present

Biology FEST: 
Biology Faculty Explorations of 
Scientific Teaching, 2012-present

Engaged ~30% of the CC Biology Faculty in the San 
Francisco Bay Area, 24 institutions, n~200 faculty

Engaged a subset of SFSU Biology Faculty in at least 100 hours 
of professional development, 1 institution, n~60 faculty

Engaging Biology Faculty in 
Explorations of 
Scientific Teaching… Collec&ng	Classroom	Evidence	

Ac&ve	
Learning	

Assessment	

Equity	
and	

Diversity	

Jeff Schinske
Foothill-De Anza 

Community Colleges



Discovering Classrooms: 
Observations, Emerging Questions, and Novel Measures

Instructor 
Talk

Think of a course you recently taught OR 
remember from being a student…

What do you remember yourself OR an 
instructor SAYING that was 

NOT content-related?

What are instructors 
saying during class that 

may influence 
students’ experiences?



Share with a neighbor…

What do you 
remember yourself 
OR an instructor 
SAYING that was 

NOT content-
related?

Person with the shortest 
hair goes first!



Discovering Classrooms: 
Observations, Emerging Questions, and Novel Measures

Instructor 
Talk

Tiffy Nguyen, MS
Foothill College

Shannon Seidel, PhD
Pacific Lutheran U.

Colin Harrison, PhD
Georgia Tech

What are instructors 
saying during class that 

may influence 
students’ experiences?



Why should we study what 
instructors say during class?
1. Instructor Immediacy: Instructor language may 

impact the social distance between instructors 
and students, which may impact student 
learning. Christophel, Comm Ed (1990)

2. Student Resistance: There’s evidence that 
in some situations, students will resist 
active learning environments.

Seidel and Tanner, CBE (2013)

3. Stereotype Threat: Instructors can say 
things that cause particular groups of 
students to underperform.

Steele and Aronson , J Pers Soc Psychol (1995)



What is Instructor Talk?

• Said by instructor(s)
• During class time
• Excludes course content (e.g. biology 

concepts)
• Excludes agenda items (e.g. format of 

class, date assignments are due, etc.)
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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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Methods to study Instructor Talk

• Accessed a videotape archive of intro bio course 
• Co-taught by two instructors
• Instructors had no prior knowledge of study
• Reported little to no student resistance, and high 

levels of student success and satisfaction
• Included varied active learning strategies and equity 

and diversity strategies
– Think-Pair-Share
– Clickers
– Group work
– Minute Papers
– Jigsaw discussions
– Cultural relevant case studies



Initial Research Questions

1. To what extent is Instructor Talk present in a 
single biology course?

2. If it is there, what types of Instructor Talk 
could we find?

3. What categories of Instructor Talk would be 
most prevalent? 

4. To what extent would we find evidence of 
Instructor Talk in dozens of biology courses?

Over 650 
instances of 

Instructor Talk 
were identified in 

first course 
analyzed.



Initial Research Questions

1. To what extent is Instructor Talk present in a 
single biology course?

2. If it is there, what types of Instructor Talk 
could we find?

3. What categories of Instructor Talk would be 
most prevalent? 

4. To what extent would we find evidence of 
Instructor Talk in dozens of biology courses?



Emergent Framework for Characterizing 
Instructor Talk – 5 Categories with 17 Subcategories



“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.”

Pair Discussion: How would you categorize 
instances of 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.” 

“So, I'm going to start this up and let you 
guys weigh in and see where you're at. And 
based on that it will tell me where to go.” 

“Science is about making predictions. Science 
is not about memorizing things.”

“That’s where I used to sit. I would sit in the 
back, and I would never say a word.”

A. Explaining 
Pedagogical Choice

B. Unmasking Science

C. Sharing Personal 
Experience

D. Building the 
Instructor Student 
Relationship

E. Establishing 
Classroom Culture

• Work with a nearby 
neighbor.

• Take turns reading each 
quote aloud.

• Discuss which Instructor 
Talk category the quote 
might best fit into, & why.

• Prepare to share the letter 
of the Instructor Talk 
category which your team  
thinks best matches each 
of the quotes.



“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.”

Pair Discussion: How would you categorize 
instances of 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.” 

“I'm going to start this (clicker) up and let 
you guys weigh in and see where you're at. 
Based on that, it will tell me where to go.” 

“Science is about making predictions.
Science is not about memorizing things.”

“That’s where I used to sit. I would sit in the 
back, and I would never say a word.”

A. Explaining 
Pedagogical Choice

B. Unmasking Science

C. Sharing Personal 
Experience

D. Building the 
Instructor Student 
Relationship

E. Establishing 
Classroom Culture



Initial Research Questions

1. To what extent is Instructor Talk present in a 
single biology course?

2. If it is there, what types of Instructor Talk 
could we find?

3. What categories of Instructor Talk would be 
most prevalent? 

4. To what extent would we find evidence of 
Instructor Talk in dozens of biology courses?



Pair Discussion: Make a prediction about which 
category of Instructor Talk will be most prevalent

Which category 
will be…

most prevalent?
least prevalent?



“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.”

Quantitative analysis of prevalence of 
Instructor Talk categories…

0 20 40

Building the
Instructor/Student

Relationship (n=226)

Establishing Class Culture
(n=223)

Explaining Pedagogical
Choices (n=124)

Unmasking Science (n=52)

Sharing Personal
Experiences (n=41)

% Total Quotes per Semester
“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.” 

“So, I'm going to start this up and let you guys 
weigh in and see where you're at. And based 
on that it will tell me where to go.” 

“Science is about making predictions. Science is 
not about memorizing things.”

“That’s where I used to sit. I would sit in the 
back, and I would never say a word.”



Initial Research Questions

1. To what extent is Instructor Talk present in a 
single biology course?

2. If it is there, what types of Instructor Talk 
could we find?

3. What categories of Instructor Talk would be 
most prevalent? 

4. To what extent would we find evidence of 
Instructor Talk in dozens of biology courses?

What proportion of 
biology instructors 

(n=63) would evidence 
use of Instructor Talk?



Instructor Talk was detected in 98% of 
instructor samples analyzed.
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• 63 biology instructors from multiple 
community colleges and a 4-year 
university

• Transcribed 15-minute samples from 
first class session recorded and a 
second class session mid-semester



~90% of Instructor Talk instances across 63 instructors 
could be categorized by the original framework



~10% instances across 63 faculty 
cannot be categorized using 
Instructor Talk framework 

Emergence of New Form of Instructor 
Talk – Non-Productive Instructor Talk

“You don't need to sneak in. You're right 
on time today for a change.”

“And so, when you're plotting something that's 
0.5 and you put it here, I don't think you know 

what the hell you're doing, okay? And so, a lot of 
people lost points last time because they were 

plotting things, you know, casually.” 

“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.”



Emergence of Mirror Framework for
Non-Productive Instructor Talk 

Non-Productive 
Instructor Talk 

Category 

Productive 
Instructor Talk 

Category 
Dismantling the 

Instructor/Student 
Relationship 

Building the 
Instructor/Student 

Relationship 

Disestablishing  
Class Culture 

Establishing  
Class Culture 

Compromising 
Pedagogical Choices 

Explaining Pedagogical 
Choices 

Sharing Personal 
Judgment 

Sharing Personal 
Experiences 

Masking Science Unmasking Science 



So, what? Hypotheses about what 
Instructor Talk might predict…

1. Related to Instructor Immediacy?
• Building the Instructor

Student Relationship
• Sharing Personal Experience

2. Related to Student Resistance?
• Establishing Class Culture
• Explaining Pedagogical Choices 

3. Related to Stereotype Threat?
• Building the Instructor Student 

Relationship
• Establishing Class Culture
• Unmasking Science
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Structure Matters: Twenty-one Teaching Strategies to
Promote Student Engagement and Cultivate Classroom
Equity
Kimberly D. Tanner

Department of Biology, San Francisco State University, San Francisco, CA 94132

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

But what can take away and apply now?

CBE—Life Sciences Education
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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,

6
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Learning to See Inequity in Science
Kimberly D. Tanner

San Francisco State University, San Francisco, CA 94132

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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Language matters. What we say can have profound effects on an individual’s sense 
of belonging, self-efficacy, and science identity. Think back to a time when you felt 

slighted or invalidated by something that was said to you. Were you upset? Angry? 
Confused? Did you doubt yourself? Were you uncertain how to respond? To what 
extent did one small comment dominate your thoughts or interfere with other tasks 
you were trying to accomplish? Now imagine this slight occurred in an area where you 
aspired to have success: in your research laboratory, in a classroom, during a confer-
ence, or in a faculty meeting. How does such language affect your ability to concen-
trate on your professional and academic responsibilities in these environments?

Similarly, we can ourselves use language that may slight or invalidate someone 
else, even with only the best of intentions. We all make mistakes and may lack aware-
ness of the way our words may affect those around us. We also all have unconscious 
biases that influence how we interact with one another. While we may or may not be 
aware of, or effectively address, biases, they are a part of everyday life for nearly all 
humans. And these biases exist regardless of the view that science and scientists are 
somehow supposed to be rational, objective, and unbiased. As scientific professionals, 
we must recognize that our own conscious and unconscious biases, and language 
related to them, may have large impacts on our students and colleagues. One of the 
ways that these biases can manifest is in our language, through the use of microaggres-
sions. Here, we use the term “microaggressions” to refer to brief, sometimes subtle, 
everyday exchanges that either consciously or unconsciously disparage others based 
on their personal characteristics or perceived group membership (Pierce et al., 1978; 
Sue, 2010).

Microaggressions have moved into the popular lexicon recently, and more people 
are becoming aware of their existence in both personal and professional contexts. Col-
leges around the country are increasingly becoming more attentive to microaggressions 
in the culture of higher education and to the effects of microaggressions on the students 
and faculty at their institutions (Zamudio-Suarez, 2016). The backlash against micro-
aggressions has been just as widespread. For example, when a document about micro-
aggressions issued by the University of California at Berkeley was recently disseminated 
among the public, there were cries against the “politically correct police” coming to take 
free speech away (Times Editorial Board, 2015). No doubt, all situations involving 
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, persistence, and success of all students in higher educa-
tion, especially students currently underrepresented in the sciences.

Science can be an isolating and psychologically challenging field for many young 
scholars who embark upon a scientific career. While some efforts have helped improve 
the climate for students on some campuses, and strides have been made in increasing 
access and diversity in science, low retention rates in the sciences and the scarcity of 
women and people of color in leadership positions show that there is much work to be 
done in creating a safe and welcoming scientific environment for all (Blickenstaff, 
2005; Moss-Racusin et al., 2012; Morley, 2013; Chang et al., 2014). One way in which 
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Structure Matters: Twenty-one Teaching Strategies to
Promote Student Engagement and Cultivate Classroom
Equity
Kimberly D. Tanner

Department of Biology, San Francisco State University, San Francisco, CA 94132

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-

DOI: 10.1187/cbe.13-06-0115
Address correspondence to: Kimberly Tanner (kdtanner@sfsu.edu).

c⃝ 2013 K. D. Tanner. CBE—Life Sciences Education c⃝ 2013 The
American Society for Cell Biology. This article is distributed by
The American Society for Cell Biology under license from the
author(s). It is available to the public under an Attribution–
Noncommercial–Share Alike 3.0 Unported Creative Commons Li-
cense (http://creativecommons.org/licenses/by-nc-sa/3.0).
“ASCB R⃝” and “The American Society for Cell Biology R⃝” are regis-
tered trademarks of The American Society for Cell Biology.

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

But what can take away and apply now?
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Considering the Role of Affect in Learning:
Monitoring Students’ Self-Efficacy, Sense of Belonging,
and Science Identity
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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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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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Language matters. What we say can have profound effects on an individual’s sense 
of belonging, self-efficacy, and science identity. Think back to a time when you felt 

slighted or invalidated by something that was said to you. Were you upset? Angry? 
Confused? Did you doubt yourself? Were you uncertain how to respond? To what 
extent did one small comment dominate your thoughts or interfere with other tasks 
you were trying to accomplish? Now imagine this slight occurred in an area where you 
aspired to have success: in your research laboratory, in a classroom, during a confer-
ence, or in a faculty meeting. How does such language affect your ability to concen-
trate on your professional and academic responsibilities in these environments?

Similarly, we can ourselves use language that may slight or invalidate someone 
else, even with only the best of intentions. We all make mistakes and may lack aware-
ness of the way our words may affect those around us. We also all have unconscious 
biases that influence how we interact with one another. While we may or may not be 
aware of, or effectively address, biases, they are a part of everyday life for nearly all 
humans. And these biases exist regardless of the view that science and scientists are 
somehow supposed to be rational, objective, and unbiased. As scientific professionals, 
we must recognize that our own conscious and unconscious biases, and language 
related to them, may have large impacts on our students and colleagues. One of the 
ways that these biases can manifest is in our language, through the use of microaggres-
sions. Here, we use the term “microaggressions” to refer to brief, sometimes subtle, 
everyday exchanges that either consciously or unconsciously disparage others based 
on their personal characteristics or perceived group membership (Pierce et al., 1978; 
Sue, 2010).

Microaggressions have moved into the popular lexicon recently, and more people 
are becoming aware of their existence in both personal and professional contexts. Col-
leges around the country are increasingly becoming more attentive to microaggressions 
in the culture of higher education and to the effects of microaggressions on the students 
and faculty at their institutions (Zamudio-Suarez, 2016). The backlash against micro-
aggressions has been just as widespread. For example, when a document about micro-
aggressions issued by the University of California at Berkeley was recently disseminated 
among the public, there were cries against the “politically correct police” coming to take 
free speech away (Times Editorial Board, 2015). No doubt, all situations involving 
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, persistence, and success of all students in higher educa-
tion, especially students currently underrepresented in the sciences.

Science can be an isolating and psychologically challenging field for many young 
scholars who embark upon a scientific career. While some efforts have helped improve 
the climate for students on some campuses, and strides have been made in increasing 
access and diversity in science, low retention rates in the sciences and the scarcity of 
women and people of color in leadership positions show that there is much work to be 
done in creating a safe and welcoming scientific environment for all (Blickenstaff, 
2005; Moss-Racusin et al., 2012; Morley, 2013; Chang et al., 2014). One way in which 
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• When is the last time most 
instructors listened to a recording of 

themselves teaching? 
• What non-content things do they 

say? And why?
• How could we engage instructors in 

being more purposeful in using 
Instructor Talk?



Self-Assessing Use of Productive Instructor Talk…

Category Subcategory “I use this type of language in the classes that I teach.”

Building the
Instructor/St

udent 
Relationship

Demonstrating Respect for Students In nearly every class *    Weekly    *    Occasionally     *    Never   

Revealing Secrets to Success In nearly every class *    Weekly    *    Occasionally     *    Never   

Boosting Self-Efficacy In nearly every class *    Weekly    *    Occasionally     *    Never   

Establishing 
Class Culture

Pre-framing Classroom Activities In nearly every class *    Weekly    *    Occasionally     *    Never   

Practicing Scientific Habits of Mind In nearly every class *    Weekly    *    Occasionally     *    Never   

Building a Biology Community Among Students In nearly every class *    Weekly    *    Occasionally     *    Never  

Giving Credit to Colleagues In nearly every class *    Weekly    *    Occasionally     *    Never   

Indicating that it’s Ok to be Wrong/Disagree In nearly every class *    Weekly    *    Occasionally     *    Never   

Explaining 
Pedagogical 

Choices

Supporting Learning Through Teaching Choices In nearly every class *    Weekly    *    Occasionally     *    Never   

Using Student Work to Drive Teaching Choices In nearly every class *    Weekly    *    Occasionally     *    Never   

Connecting Biology to the Real World and Careers In nearly every class *    Weekly    *    Occasionally     *    Never   

Discussing How People Learn In nearly every class *    Weekly    *    Occasionally     *    Never   

Fostering Learning for the Long Term In nearly every class *    Weekly    *    Occasionally     *    Never   

Sharing 
Personal 

Experiences

Recounting Personal Information/Anecdotes In nearly every class *    Weekly    *    Occasionally     *    Never   

Relating to Student Experiences In nearly every class *    Weekly    *    Occasionally     *    Never   

Unmasking 
Science

Being Explicit about the Nature of Science In nearly every class *    Weekly    *    Occasionally     *    Never   

Promoting Diversity in Science In nearly every class *    Weekly    *    Occasionally     *    Never   

Fostering Wonder in Science In nearly every class *    Weekly    *    Occasionally     *    Never   
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Community Colleges

To what extent 
are instructors 
doing anything 

but lecture?

DART: 
Decibel 

Analysis for 
Research in 

Teaching

Discovering Classrooms: 
Observations, Emerging Questions, and Novel Measures
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But what does 
classroom sound have 

to do with 
inclusivity?!?
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