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3.  Something about 
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time with students 
and revising this plan 
each time you teach… 
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Becoming	
  Metacogni3ve	
  about	
  Teaching	
  	
  
“I have to teach someone to make a peanut butter and jelly 

sandwich. How am I supposed to do that?  
What should I start with? How can this be so hard?” 

Have you ever thought about teaching someone else 
how to make a peanut butter and jelly sandwich?  

How would you start? What would you do first? Next? After that?  

Who was the learner anyway? And had they made a 
sandwich before? Were they allergic to peanuts? How old 
were they? Should we let them have a knife?  

Should we show them how first? Talk them through 
it? Let them have a go at it on their own?  

Should we first teach them the names of all the tools and things we were going to use? 
Should we ask them why they needed to learn how to make a peanut butter and jelly 
sandwich in the first place?  

What were the critical issues in teaching someone 
how to make a peanut butter and jelly sandwich?  



Becoming	
  Metacogni3ve	
  about	
  Teaching	
  	
  

Metacognition: awareness or analysis of one’s 
own learning or thinking processes. 

       – Merriam-Webster, 2012. 

Metacognition also includes self-regulation – 
the ability to orchestrate one’s learning: to 
plan, monitor success, and correct errors 
when appropriate – all necessary for effective 
intentional learning…Metacognition also 
refers to the ability to reflect on one’s own 
performance. 

– National Research Council, 2000



Becoming	
  Metacogni3ve	
  about	
  Teaching	
  	
  
–	
  A	
  Framework	
  for	
  Analysis	
  

• 	
  Think	
  about	
  a	
  recent	
  class	
  mee2ng	
  you	
  taught.	
  

•  Iden2fy	
  the	
  dis2nct	
  ‘pieces’	
  of	
  this	
  class	
  
session.	
  (eg.,	
  gave	
  a	
  quiz,	
  lectured	
  on	
  cell	
  
cycle,	
  lectured	
  on	
  muta5ons,	
  etc.)	
  

 

•  Record	
  each	
  of	
  these	
  ‘pieces’	
  on	
  single	
  
index	
  card.	
  You	
  should	
  end	
  up	
  with	
  several	
  
index	
  cards	
  that	
  reflect	
  the	
  pieces	
  of	
  your	
  
class	
  session…	
  



Becoming	
  Metacogni3ve	
  about	
  Teaching	
  	
  
–	
  A	
  Framework	
  for	
  Analysis	
  

•	
  Share	
  each	
  of	
  the	
  pieces	
  of	
  your	
  class	
  
session	
  with	
  a	
  partner.	
  
	
  
•	
  Discuss	
  which	
  ‘pieces’	
  represent	
  some	
  
form	
  of	
  ac2ve	
  learning.	
  



One	
  Method	
  for	
  Reflec3ng	
  	
  
on	
  Teaching	
  Choices:	
  

The	
  5E	
  Learning	
  Cycle	
  Model	
  

Engage	
  
Explore	
  
Explain	
  
Elaborate	
  
Evaluate	
  

	
  



Examining	
  Your	
  Most	
  Recent	
  Class	
  Session:	
  
Applying	
  the	
  5E’s	
  

With	
  your	
  partner,	
  give	
  each	
  
‘piece’	
  of	
  your	
  respec3ve	
  

classroom	
  sessions	
  a	
  designa3on	
  
of	
  one	
  of	
  the	
  E’s.	
  

	
  
Remember	
  to	
  be	
  a	
  skep<cal	
  and	
  cri<cal	
  friend	
  to	
  
your	
  partner	
  in	
  helping	
  them	
  assign	
  their	
  E’s.	
  	
  



Strategies	
  for	
  Using	
  the	
  5E	
  Model	
  	
  
in	
  Your	
  Teaching	
  

• Start your class/lesson with something 
that Engages students and Elicits their 
prior knowledge. 

 
• Allow for Exploration before you 
Explain or give mini-lectures. 

 
• Collect some form of assessment/
Evaluation from your students every 
class. 



Strategies	
  for	
  Using	
  the	
  5E	
  Model	
  	
  
in	
  Your	
  Teaching	
  

 
• Start your class/lesson with something 
that Engages students and Elicits their 
prior knowledge. 

 

– Questions are your friend! What do you already know 
about (today’s topic)? How is (today’s topic) relevant to 
your everyday life? A challenge statement based on a 
common misconception about the topic… 

 
– Demonstrations, personal stories, a current events… 
 



Strategies	
  for	
  Using	
  the	
  5E	
  Model	
  	
  
in	
  Your	
  Teaching	
  

• Allow for Exploration before you 
Explain or give mini-lectures. 

 
– consider placing mini-lectures in the middle or at the end 

of a lesson 
 
– recognize post-activity discussions as a time to explain 

information, when students are most interested and the 
information is most relevant 

 
– be selective in what questions you answer during the 

exploration phase of a lesson 



Strategies	
  for	
  Using	
  the	
  5E	
  Model	
  	
  
in	
  Your	
  Teaching	
  

 

• Collect some form of assessment/
Evaluation from your students every 
class. 

 
– minute paper or drawing at beginning and/or end of class 

that pertains to the lesson and aligns with your goals for 
that lesson 

 
– personal reflection on what they learned (What did you 

learn today?) 



Tweaking	
  Your	
  Most	
  Recent	
  Class	
  Session:	
  
Alignment	
  with	
  the	
  5E	
  Model	
  

With	
  your	
  partner,	
  go	
  back	
  to	
  	
  
your	
  respec3ve	
  class	
  sessions	
  

and	
  think	
  about	
  which	
  
‘pieces’	
  could	
  be	
  re-­‐ordered	
  
to	
  make	
  the	
  class	
  session	
  more	
  
aligned	
  with	
  the	
  5	
  E	
  Model.	
  



Strategies	
  for	
  Using	
  the	
  5E	
  Model	
  	
  
in	
  Your	
  Teaching	
  

• Start your class/lesson with something 
that Engages students and Elicits their 
prior knowledge. 

 
• Allow for Exploration before you 
Explain or give mini-lectures. 

 
• Collect some form of assessment/
Evaluation from your students every 
class. 



Ques3ons	
  to	
  Promote	
  Instructor	
  
Metacogni3on	
  about	
  Teaching	
  

Promoting Student Metacognition

Table 3. Sample self-questions to promote faculty metacognition about teaching

Activity Planning Monitoring Evaluating

Class session • What are my goals for this class session?
How did I arrive at these goals?

• What do I think students already know
about this topic? What evidence do I
have for my thinking?

• How could I make this material
personally relevant for my students?
Why do I think this?

• What mistakes did I make last time I
taught this and how can I not repeat
these?

• What do I notice about how
students are behaving during this
class session? Why do I think this is
happening?

• What language or active-learning
strategies am I using that appear to
be facilitating learning? impeding
learning?

• How is the pace of the class going?
What could I do right now to
improve the class session?

• How do I think today’s class
session went? Why do I think that?
What evidence do I have?

• How did the ideas of today’s class
session relate to previous class
sessions? To what extent do I think
students saw those connections?

• How will what I think about how
today’s class session went
influence my preparations for next
time?

Overall course • Why do I think it’s important for
students pursuing a variety of careers to
learn the ideas in my course? What are
my assumptions?

• How does success in this course relate to
my students’ career goals? How might I
reveal these connections to them?

• What do I want students to be able to do
by the end of this course? Still be able to
do 5 yr later?

• In what ways am I effectively
reaching my goals for students
through my teaching? How could I
expand on these successful
strategies?

• In what ways is my approach to
teaching in this course not helping
students learn? How could I
change my teaching strategies to
address this?

• How is my approach to teaching
this course different from last time
I taught it? Why?

• What evidence do I have that
students in my course learned
what I think they learned?

• What advice would I give to
students next year about how to
learn the most in this course?

• If I were to teach this course again,
how would I change it? Why?
What might keep me from making
these changes?

• How is my thinking about
teaching changing?

Undergraduate Biology Education report, whereas “metacogni-
tion” does not make an appearance (AAAS, 2011). One possi-
ble difference in the effectiveness of active-learning pedago-
gies in the hands of different instructors may lie in the extent
to which these instructors consider student metacognition
when they implement active-learning strategies.

During the 1980s, K–12 science education experienced a
period of intense focus on hands-on learning, which might
be considered parallel to the recent rise in emphasis on ac-
tive learning in undergraduate biology education. However,
there was a general dissatisfaction, with reports that K–12 stu-
dents were doing a lot of activities but not necessarily very
much thinking. The hands-on era in K–12 science education
was followed a shift in both the language and emphasis in
policy documents to minds-on and inquiry-based learning in
the 1990s (National Research Council, 1996). One aspect of
this shift in emphasis in K–12 science education reform was
an increased emphasis on student metacognition, students
thinking about what they were thinking while they were do-
ing, as opposed to just doing hands-on, active things without
the thinking. As such, attention to student metacognition may
be especially salient at this moment in the history of the un-
dergraduate biology education revolution. To avoid repeat-
ing the trajectory of K–12 science education reform, explicit
attention to integrating metacognition into undergraduate bi-
ology classrooms could help keep a focus on the learning part
of active learning.

Postscript 2: On Thinking about Your Thinking about
This Article. . .
Why, in the first place, did you choose to read this feature?
Was it the title? The term “metacognition”? What did you
already know or think about metacognition before reading
this feature? How, if at all, have your ideas changed? What in

this article was most intriguing to you? What are you thinking
about in terms of how you might use those ideas? What in the
article was most confusing? How do you plan to follow up
on that to clarify your ideas and learn more? Will you? Why
or why not? As you read, what, if anything, came to mind
that you already do with your students that may promote
their use of metacognitive strategies? Are you thinking about
how explicit you are with your students about the thinking
strategies and processes that you yourself use as a practicing
biologist? What is the most important thought you had in
reading this article? Did it even have anything to do with
metacognition?
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Teaching More by Grading Less (or Differently)
Jeffrey Schinske* and Kimberly Tanner†

*Department of Biology, De Anza College, Cupertino, CA 95014; †Department of Biology, San Francisco State
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INTRODUCTION

When we consider the practically universal use in all
educational institutions of a system of marks, whether
numbers or letters, to indicate scholastic attainment of
the pupils or students in these institutions, and when
we remember how very great stress is laid by teachers
and pupils alike upon these marks as real measures or
indicators of attainment, we can but be astonished at
the blind faith that has been felt in the reliability of the
marking systems.

—I. E. Finkelstein (1913)

If your current professional position involves teaching in a
formal classroom setting, you are likely familiar with the pro-
cess of assigning final course grades. Last time you assigned
grades, did you assign an “E,” “E+,” or “E−” to any of your
students? Likely you assigned variations on “A’s,” “B’s,”
“C’s,” “D’s,” and “F’s.” Have you wondered what happened
to the “E’s” or talked with colleagues about their mysterious
absence from the grading lexicon? While we often commis-
erate about the process of assigning grades, which may be as
stressful for instructors as for students, the lack of conversa-
tion among instructors about the mysterious omission of the
“E” is but one indicator of the many tacit assumptions we
all make about the processes of grading in higher education.
Given that the time and stress associated with grading has
the potential to distract instructors from other, more mean-
ingful aspects of teaching and learning, it is perhaps time to
begin scrutinizing our tacit assumptions surrounding grad-
ing. Below, we explore a brief history of grading in higher
education in the United States. This is followed by consider-
ations of the potential purposes of grading and insights from
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research literature that has explored the influence of grading
on teaching and learning. In particular, does grading pro-
vide feedback for students that can promote learning? How
might grades motivate struggling students? What are the ori-
gins of norm-referenced grading—also known as curving?
And, finally, to what extent does grading provide reliable in-
formation about student learning and mastery of concepts?
We end by offering four potential adjustments to our gen-
eral approach to grading in undergraduate science courses
for instructors to consider.

A BRIEF HISTORY OF GRADING IN HIGHER
EDUCATION

It can be easy to perceive grades as both fixed and
inevitable—without origin or evolution . . . Yet grades
have not always been a part of education in the United
States.

—Schneider and Hutt (2013)

Surprisingly, the letter grades most of us take for granted
did not gain widespread popularity until the 1940s. Even as
late as 1971, only 67% of primary and secondary schools in the
United States used letter grades (National Education Associ-
ation, 1971). It is therefore helpful to contextualize the subject
to appreciate the relatively young and constantly changing
nature of current systems of grading. While not an exhaustive
history, the sections below describe some of the main devel-
opments leading to the current dominant grading system.

Early 19th Century and Before
The earliest forms of grading consisted of exit exams be-
fore awarding of a degree, as seen at Harvard as early as
1646 (Smallwood, 1935). Some schools also awarded medals
based on competitions among students or held regular com-
petitions to assign seats in class (Cureton, 1971). Given that
universities like Yale and Harvard conducted examinations
and elected valedictorians and salutatorians early in the 18th
century, some scale of grading must have existed. How-
ever, the first official record of a grading system surfaces in
1785 at Yale, where seniors were graded into four categories:
Optimi, second Optimi, Inferiores, and Perjores (Stiles, 1901,
cited by Smallwood, 1935). By 1837, Yale was also recording
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Order Matters: Using the 5E Model to Align Teaching with
How People Learn
Kimberly D. Tanner

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

INTRODUCTION

“I have to teach someone to make a peanut butter and
jelly sandwich. How am I supposed to do that? What
should I start with? How can this be so hard?”

I have found that teaching anything to another person is rife
with far more decisions and dilemmas than I could have
ever imagined at first. Years ago, I had a college roommate
who wanted to participate in a summer teaching program.
For her interview, she had to develop a lesson plan to teach
someone else how to make a peanut butter and jelly sand-
wich. Have you ever thought about teaching someone else
how to make a peanut butter and jelly sandwich? She had
asked for my input, and once we started to really consider
the possibilities, our minds reeled. How would you start?
What would you do first? Next? After that? Who was the
learner anyway? And had they made a sandwich before?
Were they allergic to peanuts? How old were they? Should
we let them have a knife? Should we show them how first?
Talk them through it? Let them have a go at it on their own?
Should we first teach them the names of all the tools and things
we were going to use? Should we ask them why they needed
to learn how to make a peanut butter and jelly sandwich in the
first place? What were the critical issues in teaching someone
how to make a peanut butter and jelly sandwich?

Much like in the “PBJ Dilemma” as we came to call it,
there are many decisions to be made in designing effective
learning experiences in undergraduate biology classes—and
instructors are making these decisions constantly. It can
seem overwhelming, yet the research literatures from cog-
nitive science, psychology, and science education about how
people learn suggest guidelines about constructing effective

learning experiences (National Research Council !NRC", 1999).
Much like the PBJ Dilemma, the order in which we decide to do
things with students when we teach is critical, yet the order of
things happening in a class session often goes undiscussed and
unexamined. At first glance, the most pressing teaching dilem-
mas in our biology classrooms—student motivation, student
retention of information, student understanding of difficult
concepts—may seem unrelated to the order in which things are
happening; however, what we do first, second, third, and so on
can have many ramifications. For many instructors who have
primarily learned from and used a lecture-based teaching ap-
proach, considerations of order have been primarily about the
order of ideas. With the increasing use of active-learning strate-
gies, class sessions are moving from having a single compo-
nent—a lecture—to having many components over the course of
even 50 minutes (e.g., a video clip, a pair discussion on a biology-
based problem, a clicker question, a mini-lecture, and a final index
card reflection). So, what is the optimal order for sequencing these
elements to maximize student learning of biology?

CONSIDERING THE COMPONENTS OF A
CLASS SESSION AND THEIR ORDER

Consider the last class session you taught, whether it was a
lecture class, a seminar, or a laboratory session. What were
all the components of that class session? Did you lecture?
Did the students engage in a small group discussion? Did
you introduce new terms or ideas? Did students take a quiz
or exam? Did they conduct an experiment? Did they answer
one or more questions in writing? How many different
components were there in that class session? Now, think
about the order in which these things happened. Did you
specifically choose to have things happen in this particular
order? If so, how did you decide what came first, last, and in
between?

One tool available to instructors is the 5E model, a plan-
ning tool for instructors proposed by science educator Roger
Bybee and colleagues at BSCS (formerly known as the Bio-
logical Sciences Curriculum Study). It has been used to
develop many BSCS curricular materials and textbooks for
biology teaching and learning, as well as to educate current
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Promoting Student Metacognition
Kimberly D. Tanner

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

Learning how to learn cannot be left to students. It must
be taught. (Gall et al., 1990)

Imagine yourself as the instructor of an introductory un-
dergraduate biology course. Two students from your course
independently visit your office the week after the first exam.
Both students are biology majors. Both regularly attend class
and submit their assignments on time. Both appear to be
eager, dedicated, and genuine students who want to learn bi-
ology. During each of their office hours visits, you ask them to
share how they prepared for the first exam. Their stories are
strikingly different (inspired by Ertmer and Newby, 1996).

During office hours, Josephina expresses that she was happy the
exam was on a Monday, because she had a lot of time to prepare the
previous weekend. She shares that she started studying after work
on Saturday evening and did not go out with friends that night.
When queried, she also shares that she reread all of the assigned
textbook material and made flashcards of the bold words in the text.
She feels that she should have done well on the test, because she
studied all Saturday night and all day on Sunday. She feels that
she did everything she could do to prepare. That said, she is worried
about what her grade will be, and she wants you to know that she
studied really hard, so she should get a good grade on the exam.

Later in the week, Maya visits your office. When asked how she
prepared for the first exam, she explains that she has regularly
reviewed the PowerPoint slides each evening after class since the
beginning of the term 4 weeks ago. She also read the assigned
textbook pages weekly, but expresses that she spent most of her time
comparing the ideas in the PowerPoint slides with the information
in the textbook to see how they were similar and different. She found
several places in which things seemed not to agree, which confused
her. She kept a running list of these confusions each week. When
you ask what she did with these confusions, she shares that she
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brought them to her weekly study group with peers from her course
lab section. There, she says, she got most of her questions answered
and lots of her confusions cleared up. She has come to office hours
to ask you about a couple of things that she did not figure out before
the exam that she thinks she probably missed. She is not too worried
about her score on the exam, because most of the material related to
problems and concepts that she felt had been thinking about a lot.

So, what is different about Josephina and Maya? No doubt
many things, including their educational histories, their per-
sonalities, and more. However, one key difference in their
approach to their studies is evident from their stories. They
appear to be strikingly different in knowing how to learn,
being able to monitor their own understanding, being reflec-
tive about what they understand and do not understand, and
being able to strategize about how to resolve their confu-
sions. They are different in their ability to use metacognitive
approaches in their learning.

INTRODUCING METACOGNITION

The importance of metacognition in the process of learning
is an old idea that can be traced from Socrates’ questioning
methods to Dewey’s twentieth-century stance that we learn
more from reflecting on our experiences than from the actual
experiences themselves (Dewey, 1933). What is more recent is
the coining of the term “metacognition” and the emergence of
a metacognition research field in the last four decades. Cred-
ited to developmental psychologist John Flavell in a publica-
tion from the 1970s, metacognition is used in different disci-
plines in different ways, and a common, succinct definition
appears to be elusive in the literature. Below is an excerpt
from Flavell’s original writing, as well as several additional
definitions and conceptualizations from different sources:

Metacognition refers to one’s knowledge concerning
one’s own cognitive processes or anything related to
them, e.g., the learning-relevant properties of informa-
tion or data. For example, I am engaging in metacogni-
tion if I notice that I am having more trouble learning
A than B; if it strikes me that I should double check C
before accepting it as fact. (Flavell, 1976)
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On	
  one	
  side	
  of	
  	
  your	
  	
  
index	
  card…	
  

– One	
  thing,	
  if	
  anything,	
  that	
  
you	
  learned	
  about	
  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…	
  

	
  

Reflec3on	
  and	
  Pair	
  Discussion…	
  



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

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

Director, SEPAL 


