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Please	
  sit	
  with	
  a	
  
person	
  you	
  don’t	
  
know!	
  Make	
  a	
  
new	
  colleague!	
  



Meet	
  a	
  New	
  Colleague!	
  
Share	
  with	
  a	
  person	
  near	
  you	
  that	
  
you	
  do	
  NOT	
  already	
  know…	
  

  1.  Your name  

2.  Your institution 
and department 
 
3.  Something about 
the characteristics of 
the students that you 
teach or work with… 



SEPAL:	
  The	
  Science	
  EducaHon	
  Partnership	
  
and	
  Assessment	
  Laboratory	
  

Funded	
  by	
  Na+onal	
  Science	
  Founda+on	
  (NSF)	
  GK-­‐12	
  Award,	
  
Na+onal	
  Ins+tutes	
  of	
  Health	
  (NIH)	
  Science	
  Educa+on	
  Partnership	
  Award,	
  
NSF	
  Transforming	
  Undergraduate	
  Educa+on	
  in	
  STEM	
  (TUES)	
  Award,	
  	
  
NSF	
  CAREER	
  Award,	
  and	
  	
  HHMI	
  Undergraduate	
  Science	
  Educa+on	
  Award.	
  	
  

(≈ The Tanner Laboratory) 

Founded in 2004… 
 

• Programs 
• Coursework 
• Research 



CollecBng	
  Classroom	
  Evidence	
  

AcBve	
  
Learning	
  

Assessment	
  

Equity	
  
and	
  

Diversity	
  

ScienHfic	
  Teaching	
  Framework	
  



Big	
  Idea:	
  Striving	
  to	
  Construct	
  Learning	
  
Environments	
  that	
  Promote	
  Student	
  Success	
  

Goals	
  for	
  our	
  *me	
  together… 	
   	
   	
   	
   	
   	
  
	
  	
  …to	
  explore	
  how	
  the	
  structure	
  of	
  learning	
  

environments	
  might	
  influence	
  student	
  success	
  

…to	
  unpack	
  concrete	
  teaching	
  strategies	
  that	
  add	
  
structure	
  to	
  learning	
  environments	
  and	
  promote	
  
fairness	
  and	
  student	
  success	
  

…to	
  self-­‐assess	
  current	
  awareness	
  of	
  and	
  use	
  of	
  20	
  
common	
  teaching	
  strategies	
  

…to	
  idenHfy	
  specific	
  teaching	
  strategies	
  that	
  you	
  
may	
  want	
  to	
  try	
  in	
  your	
  classroom	
  



A	
  Common	
  Experience:	
  	
  
Building	
  Mobiles	
  

What	
  comes	
  to	
  mind	
  
when	
  you	
  hear	
  the	
  
word	
  “mobile?”	
  



• With	
  your	
  group,	
  construct	
  a	
  
mobile.	
  	
  	
  

• You	
  will	
  have	
  ~10	
  minutes	
  to	
  
construct	
  your	
  mobile.	
  

A	
  Common	
  Experience:	
  	
  
Building	
  Mobiles	
  



• 	
  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	
  AcHons…	
  

•	
  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	
  our	
  undergraduate	
  
classrooms	
  differently	
  from	
  one	
  another?	
  

� 
 
�	
  
	
  
�	
  
	
  
�	
  
	
  
�	
  
	
  
�	
  
	
  
�	
  
	
  
�	
  
	
  



A	
  Common	
  Experience:	
  	
  
Building	
  Mobiles	
  

	
  Adapted	
  from	
  Lawrence,	
  S.	
  M.	
  (1998).	
  
Unveiling	
  posiHons	
  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	
  
DiscriminaHon	
  (pp.	
  191-­‐195).	
  New	
  York:	
  

McGraw-­‐Hill.	
  	
  



Big	
  Idea:	
  Structuring	
  Learning	
  
Environments	
  Promotes	
  Fairness	
  and	
  

Access	
  for	
  All	
  Students	
  

Unstructured	
  learning	
  environments	
  can	
  lead	
  
to	
  unfairness,	
  feelings	
  of	
  exclusion,	
  and	
  
collisions	
  of	
  students’	
  cultural	
  backgrounds	
  
with	
  the	
  learning	
  environment.	
  

Adding	
  structure	
  to	
  learning	
  
environments	
  can	
  miHgate	
  unfairness,	
  

promote	
  feelings	
  of	
  inclusion,	
  and	
  
promote	
  student	
  success.	
  

One	
  concrete	
  step	
  towards	
  cultural	
  competence	
  is	
  
using	
  teaching	
  strategies	
  add	
  structure	
  to	
  learning	
  
environments	
  to	
  promote	
  fairness.	
  



Big	
  Idea:	
  Cultural	
  Competency	
  and	
  
Teaching	
  for	
  Student	
  Success	
  

STUDENT	
  
DEFICIT	
  
MODEL	
  

Moving	
  away	
  from	
  
assumpHons	
  that	
  
students	
  are	
  lacking…	
  

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

LEARNING	
  
ENVIRONMENT	
  
DEFICIT	
  MODEL	
  



•	
  With	
  a	
  new	
  partner,	
  read	
  through	
  
and	
  discuss	
  the	
  descripHons	
  of	
  the	
  	
  
	
  20	
  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 

1.	
  Think-­‐Pair-­‐Share 	
  	
  
2.	
  Ask	
  Open-­‐ended	
  QuesHons	
   	
  	
  
3.	
  Allow	
  Students	
  Time	
  to	
  Write	
  	
  
4.	
  MulHple	
  Hands,	
  MulHple	
  Voices 	
  	
  
5.	
  Wait	
  Time 	
  	
  
6.	
  Hand	
  Raising 	
  	
  
7.	
  Use	
  Popsicle	
  SHcks/Index	
  Cards 	
  	
  
8.	
  Assign	
  Reporters	
  for	
  Small	
  Groups	
  	
  
9.	
  Whip 	
  	
  
10.	
  Don’t	
  Judge	
  Responses 	
  	
  
11.	
  Use	
  Praise	
  with	
  CauHon	
  	
  
12.	
  Learn	
  Students’	
  Names	
  	
  
13.	
  Use	
  Varied	
  AcHve	
  Learning	
  Strategies	
  	
  
14.	
  Collect	
  Assessment	
  Evidence	
  from	
  Every	
  Student,	
  Every	
  Class 	
  	
  
15.	
  Work	
  in	
  StaHons/Small	
  Groups 	
  	
  
16.	
  Monitor	
  Student	
  ParHcipaHon 	
  	
  
17.	
  Integrate	
  Culturally	
  Diverse	
  and	
  Relevant	
  Examples 	
  	
  
18.	
  Establish	
  Classroom	
  Community	
  and	
  Norms 	
  	
  
19.	
  Don’t	
  Plan	
  Too	
  Much 	
  	
  
20.	
  Be	
  Explicit	
  About	
  PromoHng	
  Access	
  and	
  Equity	
  for	
  All	
  Students 	
  	
  



Strategies That Structure Learning 
Environments and Promote Fairness in 

Undergraduate Classrooms 

• With	
  your	
  partner,	
  self-­‐assess	
  your	
  
previous	
  experience	
  using	
  each	
  of	
  the	
  20	
  
Teaching	
  Strategies	
  and	
  record	
  this	
  on	
  the	
  
worksheet	
  on	
  the	
  back.	
  	
  	
  

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

For	
  Further	
  Reading…	
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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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On	
  one	
  side	
  of	
  	
  your	
  	
  
index	
  card…	
  

– One	
  thing,	
  if	
  anything,	
  that	
  
you	
  learned	
  in	
  this	
  session	
  
that	
  will	
  influence	
  your	
  
teaching…	
  

	
  
On	
  one	
  side	
  of	
  	
  your	
  	
  
index	
  card…	
  

– One	
  thing,	
  if	
  anything,	
  
that	
  surprised	
  you	
  during	
  
this	
  session…	
  

	
  

ReflecHon	
  and	
  Pair	
  Discussion…	
  



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

Kimberly	
  D.	
  Tanner,	
  Ph.D.	
  
Professor,	
  Department	
  of	
  Biology	
  
San	
  Francisco	
  State	
  University	
  

Director,	
  SEPAL	
  


