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Please share in the chat window

• name
• discipline and institution

• two important things to know 
about you and what you value
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From First-generation College-going...
To Neuroscience Research…
To K-12 Science Education…
To Discipline-Based Biology Education Research…
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SFES: Science Faculty with Education Specialties
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G
lobally, efforts to improve science edu-
cation continue (1, 2). In the United
States, primary and secondary (K–12)

science education lags on international assess-
ments and struggles to sustain qualified K–12
science teachers and to prepare
the next generation of scientists
and engineers (2). At U.S. col-
leges and universities, more
than half of entering science
majors leave the sciences, most
(90%) complaining of ineffec-
tive teaching (3). Of those who
remain in science, 74% express
the same complaint (3). Further
work is needed within specific
science disciplines on how stu-
dents most effectively learn that
discipline (4). To address K–12
science education, undergradu-
ate science education, and dis-
cipline-specific science educa-
tion research, one approach is
seeding university science depart-
ments with Science Faculty
with Education Specialties
(SFES), scientists who take on
specialized science education
roles within their discipline (5).

We present data on SFES in
science departments through-
out the 23-campus California State University
(CSU) system (6), the largest U.S. university
system (annual enrollment ~450,000 students).
The CSU’s primary missions are undergradu-
ate, master’s-level graduate, and K–12 teacher
education. CSU undergraduates are among the
top one-third of their high-school graduating
classes. The 23 campuses include institutions
that differ substantially in their founding dates,
settings, student populations, enrollment sizes,
and levels of research orientation. We investi-

gated SFES numbers, characteristics, training,
professional activities, and persistence.

We identified, with the aid of deans, 156
CSU faculty as SFES and invited all 156 to
complete a 111-question survey (7), which we

had face-validated using non-CSU faculty.
Between December 2007 and January 2008,
103 of the invitees responded (66% response
rate), representing 20 of the 23 campuses. We
collected data anonymously and excluded sur-
veys that were incomplete (n = 12), submitted
by lecturers or non–tenure-track science fac-
ulty (n = 10), or lacked informed consent (n =
3). Of the remaining 78 survey respondents, 59
individuals self-identified as SFES, and 19
as not SFES. Our further analyses followed
only the 59 tenured/tenure-track science fac-
ulty who self-identified as SFES.

Characteristics and Training

These 59 SFES represented four science disci-
plines [biology (34%), chemistry (24%), geo-
science (14%), and physics (25%)], as well as
science faculty in centers for science and math
education housed in Colleges of Science (3%).
They were 46% female, 81% white, across

tenure-track faculty ranks (28% assistant, 31%
associate, and 41% full professors), and trained
extensively as researchers in basic science. We
completed Pearson’s chi-square and McNemar’s
tests to compare subpopulations of SFES and

to make inferences (P < 0.05).
SFES include two subpop-

ulations, those specifically
hired as SFES (hired-SFES; n
= 31, 53%) and those who tran-
sitioned to SFES roles (transi-
tioned-SFES; n = 28, 47%)
from their initial faculty roles
[see (A) in chart, left]. Tran-
sitioned-SFES had hiring dates
beginning in 1970, and hired-
SFES had dates beginning in
1987 (see chart, left). More
hired-SFES were hired after
2000 than in all previous years
combined. Transitioned-SFES
(17.9% assistant, 28.6% asso-
ciate, 53.6% full) tended to
hold higher faculty ranks than
hired-SFES (41.9% assistant,
35.5% associate, 22.6% full; c2

= 6.8, df = 1; P = 0.033). Half
of transitioned-SFES (50.0%),
but only a few hired-SFES
(9.7%), had tenure before
entering SFES roles (c2 = 11.6,

df = 1; P = 0.001).
Both groups had similar and extensive for-

mal training in basic science [see (B) in chart,
above], but more hired-SFES (61%; c2 = 12.7,
df = 1; P = 0.001) had formal training in science
education than did transitioned-SFES (11%)
[see (C) in chart, above]. Although SFES may
have various types of training experiences, we
defined formal training as post-baccalaureate
training, including degrees, teaching creden-
tials, graduate level research, and/or postdoc-
toral research. Of note, both groups have sub-
stantial proportions of individuals lacking these
types of formal training in science education.

Professional Activities and Endurance

Examination of the professional activities for
which SFES sought funding revealed that they
were undertaking efforts in the three key sci-
ence education arenas of K–12 science educa-
tion, undergraduate science education, and
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Hiring and formal training. (A) The pie chart inset shows the proportion of two SFES types,
hired-SFES (H) (n = 31) and transitioned-SFES (T) (n = 28). The distribution of hire dates for
hired-SFES and transitioned-SFES is shown with bars. (B and C) The proportions with formal
training in basic science and/or science education and the types of formal training reported.
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College and university science departments are increasingly taking
an active role in improving science education. Perhaps as a result,
a new type of specialized science faculty position within science
departments is emerging—referred to here as science faculty with
education specialties (SFES)—where individual scientists focus their
professional efforts on strengthening undergraduate science edu-
cation, improving kindergarten-through-12th grade science educa-
tion, and conducting discipline-based education research. Numerous
assertions, assumptions, and questions about SFES exist, yet no na-
tional studies have been published. Here, we present findings from
a large-scale study of US SFES, who are widespread and increasing
in numbers. Contrary to many assumptions, SFES were indeed
found across the nation, across science disciplines, and, most no-
tably, across primarily undergraduate, master of science-granting,
and PhD-granting institutions. Data also reveal unexpected varia-
tions among SFES by institution type. Among respondents, SFES at
master of science-granting institutions were almost twice as likely
to have formal training in science education compared with other
SFES. In addition, SFES at PhD-granting institutions were much more
likely to have obtained science education funding. Surprisingly, for-
mal training in science education provided no advantage in obtain-
ing science education funding. Our findings show that the SFES
phenomenon is likely more complex and diverse than anticipated,
with differences being more evident across institution types than
across science disciplines. These findings raise questions about the
origins of differences among SFES and are useful to science depart-
ments interested in hiring SFES, scientific trainees preparing for
SFES careers, and agencies awarding science education funding.

science faculty roles | higher education | science workforce |
science education reform | faculty development

Leadership from university-level scientists with expertise in
science disciplines is critical to national efforts in the United

States in three arenas of science education: kindergarten-through-
12th grade (K–12) science education (1), discipline-based education
research (2), and undergraduate science education reform (3). One
mechanism for advancing these three science education arenas is
the presence of science faculty with education specialties (SFES)
in university science departments. SFES are scientists who take on
specialized roles in science education within their discipline (4, 5).
Although these hybrid professionals have existed for decades, few
studies have assessed the structure, characteristics, and success of
the SFES approach to improving science education from within
science departments, and these publications have examined mainly
undergraduate and master of science (MS)-granting public insti-
tutions located in one state (4, 5).
Here, we report data on SFES across the United States and

across science departments at public and private universities
classified as PhD-granting, MS-granting, and primarily under-
graduate institutions (PUIs). Three key findings about the SFES

phenomenon emerged. First, our data show that the SFES phe-
nomenon is indeed widespread and growing, with more SFES
hired in the last decade than in all previous years combined.
SFES respondents were from across the United States, across
science disciplines, and across multiple institutions types. Second,
although US SFES share common characteristics previously ob-
served (4, 5), we discovered striking differences between SFES
at different institution types, including the likelihood they are
in tenure-track positions, the extent to which they are engaged
in teaching versus research, their level of formal science education
training, and their success in obtaining science education funding.
Finally, we found that formal training in science education sur-
prisingly gave no apparent advantage to SFES in obtaining fund-
ing to support their science education efforts. These key findings
have important implications for integrating SFES into college and
university science departments and maximizing their efforts to
strengthen science education broadly. Each key finding is de-
scribed in more detail below, as well as supported in further detail
in SI Appendix and Tables S1–S9.

Results
Key Finding 1: SFES Are a National, Widespread, and Growing
Phenomenon. SFES in our study represented all major types of
US institutions of higher education, including private (26.3%)
and public universities (72.7%), community colleges (2.4%), PUIs
(22.8%; PUI SFES), MS-granting institutions (22.1%; MS SFES),
PhD-granting institutions (50.2%; PhD SFES), and other in-
stitution types (2.4%; SI Appendix, Materials and Methods 3 and
Additional Analyses 1). SFES in our study were found in 45 states,
Washington, DC, and Puerto Rico.
SFES respondents had hire dates from 1966 to 2011 and were

predominately recent hires (2000–2011) across institution types
(Fig. 1A). SFES were distributed across four science disciplines
[biology (39.4%), chemistry (23.9%), geosciences (8.3%), and
physics (14.2%)], as well as other science (12.1%) (Fig. 1C and
SI Appendix, Materials and Methods 3). In our study, 52.9% of
SFES were female, 95.5% were white, and a range of faculty ranks
was represented (18.2% assistant, 32.9% associate, and 28.3% full
professors). Most SFES (72.7%) were in tenured/tenure-track
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Abstract
Globally, calls for the improvement of science education are frequent and fervent. In paral-
lel, the phenomenon of having Science Faculty with Education Specialties (SFES) within
science departments appears to have grown in recent decades. In the context of an inter-
view study of a randomized, stratified sample of SFES from across the United States, we
discovered that most SFES interviewed (82%) perceived having professional impacts in the
realm of improving undergraduate science education, more so than in research in science
education or K-12 science education. While SFES reported a rich variety of efforts towards
improving undergraduate science education, the most prevalent reported impact by far was
influencing the teaching practices of their departmental colleagues. Since college and uni-
versity science faculty continue to be hired with little to no training in effective science teach-
ing, the seeding of science departments with science education specialists holds promise
for fostering change in science education from within biology, chemistry, geoscience, and
physics departments.

Introduction
Interest in improving natural sciences education at the college and university level is wide-
spread world-wide [1–6]. In fact, a teaching certificate for higher education is now required for
new faculty in Australia, Netherlands, New Zealand, Norway, and the United Kingdom [7] and
teaching-focused academics are on the rise in Canada [8], Switzerland [9], and the United
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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, 
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(≈ 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

“The largest gain in 
learning productivity 

in STEM will come 
from convincing the 

large majority of 
STEM faculty that 

currently teaches by 
lecturing to use any 

form of active or 
collaborative 
instruction…”

• Wisdom from James Fairweather 
Report: National Academies National Research Council Board of Science Education



• Evidence from Faculty and Students about Change

• Context, Theory of Change, and Key Ideas 

• Introductions

• Unanticipated Discovery: DART–Decibel Analysis 
for Research in Teaching

• Another Unanticipated Discovery: Instructor Talk

A Plan for Our Time Together…

Questions, Insights, Resources to 
Share, and Comments are 

WELCOME THROUGHOUT!!



CCB FEST: 
Community College Biology 
Faculty Enhancement through 
Scientific Teaching, 2010-present

Biology FEST: 
Biology Faculty 
Explorations of 
Scientific Teaching, 
2012-2016

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

Engaging Biology Faculty in Explorations 
of Scientific Teaching…

Collec&ng	Classroom	Evidence	

Ac&ve	
Learning	

Assessment	

Equity	
and	

Diversity	



What was our Theory of Change 
for the Biology FEST effort?

FEST Workshops 
(2hr)

FEST Institutes 
(5 days)

Follow Up 
Programs 

(semester-long)
• Teaching Squares
• Classroom 

Partnerships
• Changing Minds 
• Talk Matters

1. Disseminating pedagogy
2. Developing reflective teachers
– Encouraging a scholarly 

approach to teaching
– Faculty learning communities

3. Developing shared vision
4. Using local science education 

expertise
– Kimberly Tanner: Tenured, 

Professor of Biology, Science 
Faculty with Education Specialty

– Carmen Domingo: Professor of 
Biology and Associate Chair

5. Enacting policy



Moving Away From

Key ideas that guided our work…
Moving Towards

• High(er) alignment with 
professional identity

• Faculty deficit model

• STEM-wide efforts 
engaging small numbers 
of faculty per discipline

• Discipline-specific efforts 
engaging large numbers 
faculty per discipline

• Faculty asset model 

• Faculty as collaborators/ 
co-investigators

• Faculty as research 
subjects/participants

• Low alignment with 
professional identity

• Pre-determined 
professional development 
activities

• Assessment-driven, 
responsive professional 
development activities



Make a prediction!

Context:
SFSU Biology department
~60 instructors total
~40 tenured/tenure-track
~20 long-term lecturers 

What proportion of 
biology faculty in a single 

department would 
participate in ~100 hours 

of professional 
development in scientific 

teaching over 2 years?

But how many faculty would really participate?

A. 0%, or just you and a 
couple of friends, 
Kimberly

B. ~30%, just the Lecturers
C. ~50%
D. ~85%
E. 100%



• >80% biology faculty 
participated in ~100 
hours scientific 
teaching professional 
development 

• Moving away from a 
faculty deficit model

• Moving away from 
small numbers of 
departmental heroes

• Moving towards 
engaging ALL faculty 
as change agents

Engaging Science Faculty in Pedagogical 
Change is Possible	

Biology 
Faculty 

Total 
(n) 

Scientific 
Teaching 
Institute 

Participation 
% 

(Participants/ 
Eligible) 

Follow Up 
Program 2013-

2014 
Participation       

%  
(Participants/ 

Eligible) 

Follow Up 
Program 

2014-2015 
Participation 

 %  
(Participants/ 

Eligible) 

Total  62 89%  
(55/62) 

84% 
(36/43) 

81% 
(39/48) 

Tenured/ 
Tenure-

Track  
39 90%  

(35/39) 
85%  

(22/26) 
89%  

(25/28) 

Lecturer 23 87%  
(20/23) 

82%  
(14/17) 

70%  
(14/20) 

 

To what extent is this 
happening in other 

contexts? 
What would enable this 

in other contexts?



What motivated Biology FEST 
instructors to participate?

0% 20% 40% 60% 80% 100%

Other

Compensation-related

Community-related

Teaching-related

Percentage of respondents
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How would Biology FEST impact 
perceptions of departmental community?

Percentage of faculty responses to, “As part of my 
participation in Biology FEST, I feel that my…”
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Strongly Positively/Positively Not Applicable Strongly Negatively/Negatively

… relationships 
with departmental 
colleagues have 
been ___ affected.

… sense of 
belonging in my 
department has 
been ___ affected. 

**

**p=0.001, *p=0.010

*



How would Biology FEST impact 
perceptions of departmental community?

Percentage of faculty responses to, “As part of my 
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How would faculty perceive the 
impact of Biology FEST on research?

Percentage of faculty responses to, “As part of 
my participation in Biology FEST, I feel that my…”

0% 20% 40% 60% 80% 100%

... research has been ____
affected. (n=48)

Strongly positively/Positively Not applicable
Strongly negatively/Negatively

Only 6% of faculty thought that participation in 
Biology FEST negatively affected their research.



How would faculty perceive the 
impact of Biology FEST on research?

Percentage of faculty responses to, “As part of 
my participation in Biology FEST, I feel that my…”

0% 20% 40% 60% 80% 100%

... research has been ____
affected. (n=48)

Strongly positively/Positively Not applicable
Strongly negatively/Negatively

Only 6% of faculty thought that participation in 
Biology FEST negatively affected their research.



To what extent are instructors 
moving beyond traditional lecture?

Instructor Perspective Student Perspective Direct Classroom 
Observation

Collectively Improving Our Teaching: Attempting Biology 
Department-wide Professional Development in Scientific 

Teaching, LSE: Life Sci Education, January, 2018.
Owens, MT, Trujillo, G, Seidel, SB, Harrison, CD, Blair, JR, Boyer, KE, Breckler, J, Burrus, LW, Byrd, DT, Caporale, 
N, Carpenter, EJ, Chan, YHM, Chen, L, Chu, DS, Cochlan, WP, Crow, KD, de la Torre, JR, Denetclaw, WF, Dowdy, 

L,  Fuse, M, Goldman, MA, Govindan, B, Green, M, Harris, HE, He, ZH, Ingalls, S, Ingmire, PD, Knight, JS, 
LeBuhn, G, Leasure, C, LE, Light, TL, Lowe, C, Lund, L, Márquez-Magaña, LM, Miller-Sims, VC, Moffatt, CA, 

Murdock, H, Nusse, GL, Parker, VT, Pasion,  SG, Patterson, R, Pennings, PS, Ramirez, R, Ramirez, J, Riggs,  BE, 
Rohlfs, R, Romeo, J, Rothman, B, Roy, SW, Russo-Tait, T, Sehgal, R, Simonin, K,  Spicer, GS, Stillman,  JH, Swei, 

A, L, Vredenberg, V,  Weinstein, SL, Zink, A, Kelley, LA, Domingo, CD, Tanner, KD. 



Discovering Classrooms: 
Observations, Emerging Questions, and Novel Measures

To what extent are 
instructors doing 

anything but lecture?

DART: 
Decibel 

Analysis for 
Research in 

Teaching

What are instructors 
saying during class that 

may influence 
students’ experiences?

Instructor 
Talk



To what extent are instructors 
moving beyond traditional lecture?

Instructor Perspective:
Cutting Edge Survey: Macdonald, et al. J of Geosci
Ed. 2004.
Self-report Survey: Ebert-May, et al. Biosciences, 
2011.

Direct Classroom Measure or Observeration:
RTOP: Sawada, et al. Sch Sci Math, 2002.
ALIT: Van Amburgh, et al. Am J of Pharm Ed, 2007.
COPUS: Smith, et al. CBE-LSE, 2013.
TDOP: Hora, et al. 2013.
PORTAAL: Eddy, et al. CBE-LSE, 2015.

Student Perspective:
National Survey of Student Engagement
Student Evaluations

Example Tools:

Beyond our capacity... 
time, people, money



Unanticipated Discoveries and 
Scholarly Publications

Shannon Seidel, PhD
Pacific Lutheran U.

Melinda Owens, PhD
San Francisco State U

Mike Wong, PhD
San Francisco State U

Jeff Schinske, MS
Foothill-De Anza 

Community Colleges

To what extent 
are instructors 
doing anything 

but lecture?

DART: 
Decibel 

Analysis for 
Research in 

Teaching



Make a prediction!

What do you predict 
is happening in the 
audio recordings of 
these two lecture 
class sessions?

NOTE:
X-axis is TIME
Y-axis is DECIBELS

Class Session A

Class Session B

What can we learn about classrooms 
just from the noise?



Would classroom noise levels indicate 
the presence of active learning?

DART (Decibel Analysis for Research in 
Teaching): 
- Automated machine-learning based 

algorithm
- Analyzes the volume and variance of 

classroom audio recordings
- Estimates which types of activities are 

occurring during that class session



DART: the Decibel Analysis for 
Research in Teaching Tool

• ~90% accuracy 
rate overall

• Easy to analyze 
every class 
session of an 
entire course

DART Mode Human Annotation
Single Voice 
(Average Volume, 
High Variance) 

Lecture with 
Question/Answer
Video

Multiple Voice
(High Volume, 
Low Variance) 

Discussion**
Transition

No Voice
(Low Volume, 
Low Variance)

Silent** (writing or 
thinking)

** probable active learning
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Active-learning pedagogies have been repeatedly demonstrated
to produce superior learning gains with large effect sizes com-
pared with lecture-based pedagogies. Shifting large numbers of
college science, technology, engineering, and mathematics (STEM)
faculty to include any active learning in their teaching may retain
and more effectively educate far more students than having a few
faculty completely transform their teaching, but the extent to
which STEM faculty are changing their teaching methods is
unclear. Here, we describe the development and application of
the machine-learning–derived algorithm Decibel Analysis for Re-
search in Teaching (DART), which can analyze thousands of hours
of STEM course audio recordings quickly, with minimal costs, and
without need for human observers. DART analyzes the volume
and variance of classroom recordings to predict the quantity of
time spent on single voice (e.g., lecture), multiple voice (e.g., pair
discussion), and no voice (e.g., clicker question thinking) activities.
Applying DART to 1,486 recordings of class sessions from 67
courses, a total of 1,720 h of audio, revealed varied patterns of
lecture (single voice) and nonlecture activity (multiple and no
voice) use. We also found that there was significantly more use
of multiple and no voice strategies in courses for STEM majors
compared with courses for non-STEM majors, indicating that DART
can be used to compare teaching strategies in different types of
courses. Therefore, DART has the potential to systematically in-
ventory the presence of active learning with ∼90% accuracy across
thousands of courses in diverse settings with minimal effort.

active learning | evidence-based teaching | science education | lecture |
assessment

Current college STEM (science, technology, engineering, and
mathematics) teaching in the United States continues to be

lecture-based and is relatively ineffective in promoting learning
(1, 2). Undergraduate instructors continue to struggle to engage,
effectively teach, and retain postsecondary students, both gen-
erally and particularly among women and students of color (3, 4).
Federal analyses suggest that a 10% increase in retention of
undergraduate STEM students could address anticipated STEM
workforce shortfalls (5). Replacing the standard lecture format
with more active teaching strategies has been shown to increase
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S• 81 co-authors
• >24 institutions
• patent filed
• potentially a game 

changing tool for higher 
education…



Introducing DART for your use…

• dart.sfsu.edu
• Upload mp3 files of classroom 

audio, receive waveforms with DART 
predictions and percentage data

What proportion of science 
instructors use anything 
beyond lecture…

In every department?
At every institution?
Across the entire country?

How can DART reveal how 
various patterns of 

classroom activity correlate 
with student outcomes?



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?



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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Beyond the Biology: A Systematic Investigation  
of Noncontent Instructor Talk in an Introductory  
Biology Course
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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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Over 650 
instances of 

Instructor Talk 
were identified in 

first course 
analyzed.
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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?
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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,
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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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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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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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