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What is the goal of biology education?




How do we develop expertise?
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How do we develop expertise?

Practice Expert feedback



How do we develop expertise?
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Individual How can we make the experience in
coaching is highly our biology classes more similar to
effective individual coaching?




Biology teaching and learning




Active learning

ACTIVE LEARNING

What | hear, | forget
What | see, | remember

What | do, | understand

"Not hearing is not as good as
hearing, hearing is not as good as
seeing, seeing is not as good as
knowing, knowing is not as good
as acting; true learning continues

until it is put into action.”
- Yunxi



|s active learning effectiye?




Science education research at

UBC

The Carl Wieman Science Education Initiative (CWSEI)

What should What are
students students
learn? learning?
'._. .
- CWSEI

Which instructional
approaches
o improve
student
learning?

http://www.cwsei.ubc.ca/
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Science teaching and learning fellows (STLFs)



Measuring the effectiveness of

Instructional practices

Student Learning

Use of class time



How we assessed student learning

Assembled a series of multiple Q4‘B

choice questions (total 242)
Designed to assess key
concepts in Biology Biology
Diagnostic tests compiled and
aligned to each course
 Administered before and after

the course

Questions For



How we profiled the use of class

Article

The Classroom Observation Protocol for Undergraduate
STEM (COPUS): A New Instrument to Characterize
University STEM Classroom Practices

Michelle K. Smith,* Francis H. M. Jones,’ Sarah L. Gilbert,? and Carl E. Wieman?

1f Biclogy and Ecology and Blaine Center fo seanch in STEM Education, University of Maine—{rono,
Crono, ME 0d4453-5 : Y Department of Earth, Ocean, an maspheric Scences, University British Columbia,
Vanoouwver, BC WET 124, Canada; FCarl Wieman Science Education Initiative, Liniversity of British Columbis,
Vanoowuser, BC WET 123, Canada

Students are doing: Instructors are doing:

Student codes used: sQ FUp
4 An
L-Listening Lecture-based Q
course
Ind-Individual thinking
CG- Clicker question Lec
discussion L
WG- Worksheet group work v v
AnQ- Answer instructor .
question sQ Course that utilizes Adm
several active-
SQ- Student asks a question AnQ . lo1 lec
L learning i
WG | instructional iy |
: MG —
practices FUp
\ & " AnQ PQ
- Qg

COPUS

Instructor codes used:
Lec-Lecturing

RtW- Real-time writing
FUp- Follow-up
PQ- Pose questions

CQ- Clicker questions
AnQ- Answer questions

MG- Moving through the
classroom

1o1- One on one discussions
with students

Adm- Administration



Data collected

Course Level

# of Course sections

# of Students

Term Term Total | Term Term  Total
1 2 1 2
100 7 6 13 966 880 1846
200 7 5 12 1052 865 1917
300 2 3 5 197 260 457
400 2 3 5 51 85 136
Totals: 18 17 35 2266 2090 4356



Classroom practices

° m Presenting Guiding whole group

Guiding small groups Admin/other
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Teaching effectiveness

.I Lecture

Socratic

Limited Peer
Instruction

Teacher-Centred
Peer Instruction

Student-Centred
Peer Instruction

0 20 40 60 80
Student Performance

(Calculated on matched students, post-score
relative to pre-score: % Normalized Change)




Teaching effectiveness

Students doing group
work '-
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Teaching effectiveness

Clicker Questions

®

R?>=0.64137

0 | |
0 20 40

% of class time containing this activity
(2-minute blocks)




How to implement active learning




What does an active class look like?

« Short, targeted reading
* Pre-quizzes

* Online content (videos,
animations, pen casts)

 Students predict and

apply concepts - Online feedback
« Share predictions with * Weekly home\_/vcl)rk
peers * Targeted tutorials

* Receive feedback from
expert



Pre-class activities

« Short, targeted

reading
* Pre-quizzes
. (C\’/ir'c'lgjesco”tem « Students predict |
animations, pen and apply concepts ) On“nkT f(re]edback y
casts) - Share predictions :\T’\;feetg dome
with peers J
Prepare for Class - Receive feedback

from expert

* Pre-reading exercises and quizzes



The role of pre-readings

GOAL: Get the students to become familiar
with some of the material before class, so that
time in class is better used, e.g., for activities,
discussions, and peer instruction

How?

Tell the students to read ... but how
many students regularly read the
textbook before class?




Pre-readings for introductory courses

— Short weekly reading (~1 hour) with explicit
prompts

—an online quiz -5-10 multiple choice questions

e Refer to pre-reading in lecture, but
don’t re-teach

e Reasonable expectations (short
reading, straightforward questions)
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Questions
posed to

focus reading:
specific <
figures,
equations,

and examples;

Targeted pre-reading example

Read section 46.5 (Movement) of Chapter 46: Animal sensory systems and movement
from your text book (p. 1095-1100) and take the corresponding pre-reading quiz. The pre-
reading quiz for Tuesday's lecture closes 9am Tuesday, April 3™

Skim the sub-headings "movement” and “skeletons” on p. 1095-1096. We will not be
covering this material in any depth, so just focus on being able to answer the following
guestions:

*Why are muscles organized into antagonistic muscle groups?
*How does this facilitate locomotion?

Read section the next section ("How do muscles contract”) p. 1097-1100 carefully. This is
the most important part of the chapter, and will be the main focus of the in-class activities

In the section "The sliding filament model” make sure you understand:

*The relationship between muscle tissue, muscle fibers, myofibrils and sarcomeres
(Figure 46.19)

*Why striated muscle has bands (striations) (compare Figure 46.19 to 46.20)
*What happens to the size of the bands during contraction

In the section "How do actin and myosin interact?" focus on:
*The steps shown in Figure 46.22
*Making sure you understand the role of ATP in the process

*You can skip Figure 46.21
You can skip the section "Muscle Types" (p. 1101)



| READ the assigned pre-reading sections:
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98% of the students report 82% of the students report
taking the quiz on a regular reading the textbook on a regular
basis basis

Heiner, C.E., A.l. Banet and C. Wieman (2014). Preparing students for class: How to get
80% of students reading the textbook before class. American Journal of Physics. 82:989-996



Student motivation for pre-reading

When you did the pre-reading assignments,
what MOTIVATED you to do so?

“I learn better in class if | have previous knowledge of the topic. | find
that | pay more attention and my brain can make more connections

and build on previous knowledge.”

“It's for marks and ... it helps me to distinguish what | know and
what | have troubles with so | can be all ears in the parts where | am

strugqgling with in class.”

“...s0 if I have any questions, they would be knowledgeable and well-
founded questions.”




Pre-reading Is an opportunity for

feedback

Each pre-reading
guiz contains this
guestion:

S

{DISORIENTED - NBEWILDERED>

Was there any material in this pre-reading that you
found particularly unclear or difficult?




Active learning In class

« Short, targeted
reading

* Pre-quizzes

* Online content
(videos,
animations, pen
casts)

In-Class

 Students predict
and apply concepts

« Share predictions
with peers

* Receive feedback
from expert

* Online feedback
» Weekly homework
» Targeted tutorials



What does an active class look

like?

Class start
—

80
minutes

Lecture

B Clicker with feedback

B in-class problem

Feedback

Total time per class component

=




In class activities - examples

 Two stage review activity
Clicker questions

In class problems
 Worksheets and case studies




Example #1 — two stage review

« At the beginning of a new unit (or as a pre-test review
session)
— Students work individually, then in groups, then taken up as
a class
* Benefits?
— Primes them to pay attention
— Identifies gaps in their knowledge
— Gives them practice on the tools they’ll need coming up
— Takes the same amount of class time as traditional review

= IFAT scratch card
http://www.epsteineducation.com/home/about/




Effectiveness — two stage

review

Traditional Two stage
£70 approach review
é 50 }_
= 40
£
o 30
§ 20
=

10
0
3.5 classes 1 class

Number of 50-minute classes spent on mitosis/meiosis

Reducing the amount of in-class time spent on mitosis and meiosis does
not negatively impact student performance.



Example #2 — clicker questions

Multiple choice
guestions

 Can be used to quickly
review important
concepts from pre-
reading

« Target specific
misconceptions




Clicker questions that target

misconceptions

s

{DISORIENTED ¥

How to identify misconceptions:

Known misconceptions from the literature
Misconceptions we have detected in final exams or
In previous years

Misconceptions uncovered through open-ended
guestions (e.g. responses in pre-readings)



Fundamental misconception

O ]
8800 o: —>
0% o = —>»
050 © 4 -
00 o 0
Q-0 n
high concentration » | low concentration

 Students have memorized the “fact” that substances
move from areas of high concentration to low
concentration

« Have difficulty accepting that an ion can move against
Its concentration gradient if there is an opposing charge
difference across a membrane



Approach — clickers and peer

In the axon of this squid
neuron, the membrane
potential is -60 mV and

the calculated

equilibrium potential for
K* is -76mV. Which way
would K* move if we
added K* channels?

1404

a. Into the cell
b. Out of the cell
c. There will be no net movement

discussion

In the axon of this squid
neuron, the membrane
potential is -60 mV and
the calculated
equilibrium potential for
Na*is +55 mV. Which
way would Na* move if
we added Na* channels?

a. Into the cell
b. Out of the cell
c. There will be no net movement

200 4

165

2 (1%] 1 (1%

C D E



Approach-clickers and peer

discussion

In this hypothetical neuron, the intracellular [Ca%*]is 1 mM
and extracellular [Ca2*]is 5mM. The calculated equilibrium
potential for Ca2?* is +22mV. The membrane potential is
+55mV. Which way would Ca2*move if we added Ca?*
channels?

A% &+ 5

a. Into the cell

b. Out of the cell

c. There will be
no net
movement

5 mM Ca%*

13 (8%




Approach — clickers and peer

discussion

Re-poll the following class session

In this hypothetical neuron, the intracellular [Ca?*]is 1 mM
and extracellular [Ca2*]is 5mM. The calculated equilibrium
potential for Ca2* is +22mV. The membrane potential is
+55mV. Which way would Ca2*move if we added Ca%*

channels?

Into the cell

Out of the cell

c. There will be

no net 140 -
movement

5 mM Ca2*

2




Estimating retention

When asked the same question at the end of the
course, ~60% of the class were able to answer an
equivalent question correctly

1
What direction will Ca?* ions move when Ca?* channels open in 3 09
a cell under the following conditions: 2
S o8
Extracellular Ca2*=5mM 4
Intracellular Ca2* =1 mM - 07
Resting membrane potential = +55mV c 0.6
Equilibrium potential for Ca?* = +21.5mV 2
o 05 H pre-test
a. Into the cell along (i.e., in the same direction as) its concentration §' 0.4 B post-test
gradient o
b. Out of the cell along (i.e., in the same direction as) its 0.3
concentration gradient
c. Into the cell along its (i.e., in the same direction as) electrical 0.2
gradient 01 l
d. Out of the cell along (i.e., in the same direction as) its
electrical gradient 0



Long term retention
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Example #3: In class problems

« Students struggle to
construct logical

PENGINS ARE BLACK AND WHITE.
SOME LD TV SHOWS ARE BLACK AND WHITE. ANSWETS ©
THEREFORE, SOME PENGUINS ARE OLD TV SHOWS. guestions

 Exam answers
reveal fundamental
misconceptions and
flaws In assigning
causality

A—B—C—D

Logic: another thing that
penguins aren’t very good at.



Example #3 — In class problems

« Using student writing to develop gquestions

In “real time”
* Pose a question that requires a
written answer.

« Create multiple choice options using
examples of student answers.

« Have students select the best
possible answer.

* Discuss what makes a good answer.
« (Discuss exposed misconceptions.)

Liane Chen

Workshop: Practice makes perfect: Clickers as a
tool for student writing and feedback — Sunday 9am



Inclusion-cell (I-cell) disease

In patients with I-cell disease, fibroblasts do not digest

material in their lysosomes, undigested material accumulates

as “inclusions”.

« Thelysosomal enzymes are found in the patients blood.

« Asingle gene defect is found in the enzyme which adds
phosphate to mannose-6-phosphate oligosaccharides in
Golgi.

« Why are the lysosomal enzymes in the blood?

 Why would this defect lead to the formation of
Inclusions within lysosomes?

» Write down your answers and hand these in.
43



Which of these best explains why lysosomal

proteins are in the blood?
A. Lysosomal enzymes are found in blood because instead of being
targeted to lysosome, it has no signal. This causes it to go to
extracellular space therefore into blood.

B. The addition of mannose without the phosphate signals for the
enzymes to be exported from the cell so lysosomal enzymes end
up in the blood.

C. Lysosomal enzymes are in the blood because they are secreted
by the cell. The binding of phosphate to M6P prevents the
receptor from recognizing the enzyme so that it will not be
targeted to the lysosomes but secreted instead.

A and B are mostly correct but need editing to make them more accurate.

C contains incorrect information — Could be that this system is not fully
understood, or it could be that the author had a different meaning in mind.



Does peer discussion help

with causal reasoning?

Proportion of students

045 -

0.4 -

0.35 -

0.3 -

025 -

0.2 1

0.15 -

0.1 1

0.05 -

ONo peer discussion

O Peer discussion

L]

> % 9 N

Total number of logical arguments (max = 4)

The influence of
peer discussion
on the
development of
logical arguments
In BIOL 260

Dr. Mandy
Banet

Dr. Laura
Weir



Example #4 — worksheets and
case studies

Robin Young

Simple worksheets to help
students organize complex
information



Can you place all the parts of

oxidative phosphorylation in the mitochondria?

Structural components: Functional components:
— Outer membrane — Electron transport chain
— Inner membrane/ cristae — Citric acid cycle
— Intermembrane space — ATP synthase
— Matrix — Site of ATP production
— Porins — Site of proton gradient

— Pyruvate transferase
— ATP exporter

— DNA

— Ribosomes

— TIM/TOM complex for
protein import



Example #4 Worksheets and

case studies

Case Study:
Alzheimer’'s Disease and Chronic
Traumatlc Encephalopathy




Student task

Examine the evidence presented
and try to make a connection
between this evidence and the
neuronal dysfunction of these

diseases.

microtubule

HE—

1. Images of the brain tissue in both diseases show 2. Immunohistochemistry for tau protein in the brain of an Green=Tau
intracellular, proteinaceous ‘tangles’ in the cytosol, which individual with Alzheimer’s shows neurofibrillary tangles (red) ©) (S e
are composed of the microtubule associated protein, Tau. visible in some neurons (arrows) but not in others (N). 3. Figure 16-51 of our textbook tells us that Tau is involved

in the formation of the MT network in the axon of neurons
Ignore the plaques for today’s exercise. Cartoon from: Brunden KR, et al. 2009 Nat Rev Drug Discov. Oct;8(10):783-93.



Example of student work

Students work
through a series
of directed tasks

For this Case Study, you are required to come up with a hypothesis that attempts to answer the central
guestion, as well as a short rationale for your hypothesis. To help you with this, we have built the following
worksheet for you to use. You may fill out your answers directly in this worksheet and hand it in.

Hypothesis = [Subject] + [claim/interpretation]
Rationale = paragraph (ish) that explains how
the data connects to your hypothesis

Part 1. (10% of total time, 1 pt) Look at the Central Question of your Case Study. Based on the central question:
1A. What do you think the subject of your hypothesis should be?

1B. Based on the Central Question, where should you focus your attention when interpreting the experimental
evidence?

Part 2. (50% of total time, 5 pts) Now look at each slide that presents experimental evidence in this case study.
For each slide summarize the main conclusion of that experimental evidence, using the same format as your
hypothesis (H=[5]+][C]). List each one below.

Part 3. (30% of total time, 3 pts) Look at your summaries of the experimental evidence. Try to find the thread
that links them to each other and the Central Question.

3A. Look at Part 1 again to see what the guestion tells you about the subject of your hypothesis. Do you still
agree with your answer there? Explain your answer.



Example #4 — worksheets and

case studies

Jigsaw activities
PO QOOOOQ

N
7N
POOODD®  QDOOROAQ

Tammy Rodela



Example #5 — worksheets for

skill building

Keeping a lab notebook




Example #4 — worksheets for

skill building

« Lab notebooks collected from
a variety of labs across
campus

« Each student given a
notebook to look at during
class

Task:

What (in general) was this
scientist trying to do?
What were the best/most
useful things in this
notebook that helped you
figure out what was going
on?




In class activities - examples

Two stage review activity
Clicker questions

In class problems
Worksheets and case studies




Homework activities

« Short, targeted

reading

* Pre-quizzes

' (C\),inc'liengscome”t » Students predict |
animations, pen and apply concepts ) \(/)anlne feedback
casts) - Share predictions  Weekly homework

) » Targeted tutorials
with peers J

» Receive feedback
from expert
Solidify your
Learning

* Develop homework activities and online
feedback to reinforce learning




Providing feedback on

homework

How can we efficiently provide
feed baC k’? Woode 7 Qe T, = Shedt” hevgwoe-dc )

Using pencasts for feedback

http://www.livescribe.com/ el A = |




Providing feedback on

homework

* Your task Is to build a concept map
of Unit 5, take a picture and post it to the
Dis%ussion board by the end of Friday (Oct
318Y).

* Over the weekend, you should go in and take
a look at all of the concept maps and rate
them (0-5 stars), based on how well you think
they cover Unit 5.

« On Tuesday (Nov 4t") we will look at the top 4
together, and vote on which one is the best.

 The will be a prize for the best Unit 5
Concept map, as voted on by you.




Examples of student work

[

Cytosol []
Everything else in the cell
(gel like fluid) O

5

Endocytosis : [

- Phagoeytasisl
]

\V3

Pinocytosis[] ’
Receptor- mediated endocytosis *74 o

rl

N
N

—

- .. Other organelles  Misfolded proteins are Cathrin and-adaptin2

- e el O such as labels with ubiquitin chain coats vesicles from plasma
Free ribosomal = = ° e mitochondria, for degradation in membrane to endosomes
subunit assemble .. 1 chloroplast, nucleus proteasome * I, Eyramin pinches off i "
during translation « e etc. 4 P

® - ° Most proteins made in I~ -

Cytosol (. Receptor recycling to
BF ® PM

hed proteins with N
targeting signal may go to

"
v

e other organelles[]
——®@ i.e. NLS direct to nucleus
EI .Those with n-terminus Y - -
: Endoplasmic Reticulum [
ER signal sequence are : :
[ targeted to ER mid o Rough: Folding, transporting,
translation. SRP binds R e
C poptide _ < Soluble proteins cleaved IyTosoma
SRP bind to SRP receptor S pa——_ g from ER signal sequence Degrades in late
(] on ER. SRP dissociates ] - L4 Polyriboso. - endosome
Peptid translocated into e L ! ey
® oo
O o - rr>> -
° L) -
KDEL sequence keeps o © ® © c|:| ® o e o ® L o ®
proteins inside lumen o - bd
L.d L 3 L
e
(| °q e ©
- o
® o
COPII coats vesicles - ®*®
traveling from ER to . Y Smooth: [
Golgi, anterograde, and ‘L ® }‘ 1 d d b
an car
COPI for retrograde .
Single pass, Double pass, and ] metabolism
Transmembrane proteins
Ag.. require start and stop transfer (|
Ol sequences in AA sequence
Z ked and O-linked
|:| Vesicles transport model [ Gl laticni]
5 ycosy
Proteins moved through Oligosaccharide chain
E-1 cisterns [J . attached to Arg part of AA
= Cisternal maturation modelC o, =0t SO0 C T L S
New cis forms regularly as Diff. Modification occurs at
resident proteins are Qiff locations
~ ped back in retrograde
COPI for transfers within - vesicles
Golgi and for constitutive _ ' Mannose-6-phosphate signal on peptide
secretory pathway ] destined for lysosomes are recognized by Low pHE
(constant no signals M6G receptors in tran Golgi P
hoeded) | e Proton pump
(] y Clathrin and adaptin2 coats
[ vesicles from Golgi to Lysosomes [
[ endosome/lysosomes, and =i -
regulatory secretory pathway = -
| (signalled)

To fuse to any
membrane, v-
SNARS interact
with t-SNARs

Endosome: Sorting site

Exocytosis



Examples of student work
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Examples of student work




Transforming your class

« Short, targeted
reading

* Pre-quizzes

* Online content
(videos,
animations, pen
casts)

 Students predict
and apply concepts

« Share predictions
with peers

* Receive feedback
from expert

* Online feedback
» Weekly homework
» Targeted tutorials

Solidify your
Learning



 Even small
changes can
have a big effect

 There are proven
approaches that
facilitate change

e Transformation
IS an Iterative
process
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