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Introductions

Dr. Kerrie McDaniel, Associate Professor, Biology

e Teach, manage, and supervise the Human Anatomy & Physiology
courses (lecture/lab)

* Large, lecture course
* Non-majors course / High stakes course
* Foundational for other courses and programs

Dr. Natalie Mountjoy, Assistant Professor, Biology

* Teach, manage and supervise the Introductory Biology courses
(lecture/lab)

* Large, lecture course
* Majors course

* Foundational for trajectory in biology




Goals for Today

@ Share our journey to recognizing the potential of metacognition to learning

g Describe a metacognition intervention that we have implemented in our courses

‘IIII Explain some of the initial data that we have analyzed from this project

[ 4
ﬂ./. . Discuss the broader effects of metacognition interventions in other courses.
ah



Do our students know
how to learn?

Our journey through getting our students to think more
deeply about their own thinking (and hopefully learning)

kerrie.mcdaniel@wku.edu & natalie.mountjoy@wku.edu


about:blank
about:blank

If we take statements like

this at face value

“| studied for (x) number of hours for this test. | came to every
lecture. | paid attention. | am invested in this course...

| still did not do well on this test.”

...Maybe they don’t.



Time in front
of a book

does not
So[VE]
learning.

https://www.codingdojo.com/blog/code-better-by-learning-how-to-focus



I
Now that | know what to

expect, I'll be fine.

Student tell
themselves
(and us) lots
of things after

a “failed”
assessment.

| was just too busy with
other stuff and that won't
happen again.

I've never got a
before. That was just a

blip.

It’s just the first test, | have
plenty of time to improve.

...Maybe
there is a
bigger issue.

I've never understood it
and | never will.

| just studied the wrong
things.

It’s just not possible to do
well...it's too much, it’s too
fast, etc.

anxiety, next time I'll be fine.

I'm just not a “biology-
person.”



When students come to B ool ovcnmm
our office after failinga - Ireviewedthe

PowerPoints.”

test, we ask...”How did - “I read over the chapters.”
you StUdy?" * “I reviewed my homework.”

* “I made notecards.”

0] 1 These are passive types of
99/3 Of the tlme these study unlikely to lead to deep

are their responses:  'eamnd






Inspiration
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Dr. McGuires’s
Data: Three LSU
Students Who

Used These
Techniques

* Travis, junior psychology student

47,52, 82, 86
B in course

* Joshua, first year chemistry student

68, 50, 50, 87, 87, 97, 90 (final)
A In course

* Dana, first year physics student

80, 54, 91, 97, 90 (final)
A In course




How did these
students improve?

They became expert
learners by using

They studied to
not just to make the grade!




“| Metacognition Background

Thinking about thinking...learning how to learn

* Knowledge concerning one’s own cognitive processes (Flavell, 1976).
* Awareness or analysis of one’s own learning or thinking processes (Merriam-Webster, 2012).

* Includes self-regulation and the ability to orchestrate learning: to plan, monitor success, and
correct errors when appropriate (National Research Council, 2000).

e Connected to student calibration, exam grade prediction (before the test) and post-diction
(following the test) accuracy (Saenz et al., 2018).

* To make an individual metacognitively aware is to ensure that the individual has learned how to
learn (Garner, 1988).

» Highly effective (National Academy of Science, Bransford et al. 2000)

e Students gain a level of awareness above the subject matter (Schoenfeld1991).

Chick, N. (2013). Metacognition. Vanderbilt University Center for Teaching. https://cft.vanderbilt.edu/guides-sub-pages/metacognition.



“| Metacognition Background

Thinking about thinking...learning how to learn

* Metacognitive practices help students become aware of their strengths and weaknesses as learners
(Bransford et al. 2000).

* Students who know different kinds of strategies for learning, thinking, and problem solving are more
likely to use them (Pintrich 2002).

* Recognize weaknesses or limits, then figure out how to expand that knowledge (Bransford et al. 2000).
* More likely to actively monitor learning and assess their readiness for tasks (Zohar and David, 2009).
* People tend to be blissfully unaware of their incompetence (Dunning et al., 2003).

* |f people are unable to produce correct answers, they are also unable to know when their answers, or
anyone else’s, are right or wrong” (Dunning et al., 2003).

* This research suggests that increased metacognitive abilities—to learn specific skills, and how to
recognize them, and how to practice them—is required in the classroom.

Chick, N. (2013). Metacognition. Vanderbilt University Center for Teaching. https://cft.vanderbilt.edu/guides-sub-pages/metacognition.
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We wanted to implement a
metacognition strategy & study
the effects




Class meeting after first test

Metacognition

Strategy
Overview

Intervention

Survey on knowledge of
metacognition

Interactive presentation of
metacognition and study
skills

Post class survey on
understanding of
metacognition

First and last question on
Test 2 asked about grade
prediction and if study
method changed

Data
Collection

Pre & Post Survey Data

Grades on Test 1 & Test 2

Test question on change of
study strategy

Calibration of predicted and

post exam grade




StUdy Protocol: Fall 21 (Spring 22 coming soon)

* A “metacognitive intervention” was deployed in 2 large gateway courses
e Both have been targeted with efforts to decrease D/F/W rates
e BIOL 120 Cells, Metabolism and Genetics (N=129), for the major
e BIOL 131 Introduction to Anatomy (N=165), for the non-major

* The intervention
* An interactive lecture on the day following the first exam
* Introduced the concept, showed evidence of success
* Provided examples, outlined the study cycle
* Included metacognitive study strategies (similar to McGuire, 2015)



What Does our

Metacognition Day
Look Like?

Let’s look at a few examples...



Think About This

For which task would you work
harder:

A. Make an A on the test?
B. Teach the material to the class?




Real-Time Student Response

can recite without lookin

obtain Information

understand concepts understand and apply

comprehend notes actually understand
eview content ki know the material
H - take )
repetitive re"ne'mbe “h? content ook over notes £ -
educate yourself shove knowledge in brain prepare for exam %_ @ satisfied
i = i b
still gonna fail test YOUFSG‘”: quiz YOUFSG‘“: skim over notes g 5 (D deep understo ndl ng remember
gain more knowledge =B try hard H

- ; COmprehend figure stuff out e school @ (@) know it u nderStqndlng a big headache
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peer study toknow my notes to be able explain internalize ideas
practice skills be able to repeat forever know to understand something

powerpoint review

WHAT DOES IT MEAN TO
LEARN?

WHAT DOES IT MEAN TO
STUDY?




Ex: The Brain Rules by Dr. John Medina

Motor control Touch and pressure

= = =5 1-_-\.
Concentration, planning, _ Taste

problem solving i
. Body awareness

Speech Language
Frontal lobe Reading
Parietal lobe §
Smell Vision

Temporal lobe

Occipital lobe Hearing

Cerebellum Facial recognition Coordination




Explored Important Concepts: Study Cycle

* Preview before class
Preview o Skir_n the chapte_'r, note headings apd poldface words,
review summaries and chapter objectives, and produce
questions you’d like the lecture to answer for you.

e GO TO CLASS!
Attend e Answer and ask questions and take meaningful notes.
Review * As soon as possible after class

* Read notes, fill in gaps and note any questions.

* Repetition is the key.
¢ Ask questions such as ‘why’, ‘how’, and ‘what if’.
e Do “Think Out Loud” exercises

Study

e Intense Study Sessions and Weekend Review

* Read notes and material from the weekly: make
connections

* Move higher on Bloom’s

* Periodically perform reality checks
* Am | using study methods that are effective?
¢ Do | understand the material enough to teach it to others?

e White Paper Method

Assess




Interactive

Counting Vowels in

A5 seconds

*How accurate are you?

*Count all the vowels in
the words on the next
slide.

How many words

or phrases

Dollar Bill

Dice

Tricycle
Four-leaf Clover
Hand

Six-Pack
Seven-Up
Octopus

do you remember?

Cat Lives
BowlingF —

Football T Let’s look at the words again...How are they arranged?
Dozen Egy NOW, how many words or phrases do you remember?

Saundra Y. McGuire, Ph.D.
S permission.

l I n I u C ky F @ 2013 Louisiana 5tate University, Center for Academic Success. Usad with

Valentine’s Day
Quarter Hour |




What does it mean to “think at a higher level?”

Bloom's Taxonomy

Produce new or original work
e Design, assemble, construct, conjecture, develop, formulate, author, investigate

Justify a stand or decision
eva I u ate appraise, argue, defend, judge, select, support, value, critique, weigh

Draw connections among ideas
differentiate, organize, relate, compare, contrast, distinguish, examine,

a n a lyze N experiment, question, test

Use information in new situations

execute, implement, solve, use, demonstrate, interpret, operate,
schedule, sketch

Explain ideas or concepts
classify, describe, discuss, explain, identify, locate, recognize,
report, select, translate

understand

Recall facts and basic concepts
define, duplicate, list, memorize, repeat, state



What does it mean to “think at a higher level?”

Look at this question: J@i
What is the function of the structure labeled #97 L\

A. Allow the bone to grow in length

B. Reduce the weight of the bone
C. Promote division of the osteocytes
D.

None of the above

e What level of Bloom’s is this
guestion?

e What do you need to know to
answer this question?



Provided Study Strategies

Weekend Review — Read notes
and material from the week to
make connections

Decide what you wan

The White
Paper

Method

Set a Goal |(1-2m) )
your study session

Study with Interact with material

(30-50m) |concept map, summa
Focus read, fill-in notes, refl
Reward Take a break—call a fr
Vourself (10-15m) |game, get a shac
Review (5m) Go over what you just
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e |
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Scan Van Canner

Known Unknowns
.

* Content you
know you
don’t know
or think you
know

* Appearson
exam..,

* Shoot! |
should have
studied this
more!

* | thought |
knew this!

* _.you were

UnTiL You KNOW
You Know IT!

Rumsfeld Study Method

* Content you
know you
know

* Appears on
exam...

* Yes! So glad
this is on
here.

* I'm getting
full points on
this

* | know |
know this

* .. Yyou were

im




Data
collected

Independent variables (IVs)
Dependent variables (DVs)

Be X

|V: Attendance at the intervention: Were
they there?

IV: Pre and post metacognition quiz: Did
the learn it?

IV: Pre and post study tools used by
students: Did they apply it?

DV: Predicted vs actual exam grades: Did
it improve their calibration?

DV: Pre and post exam grades: Did it
improve their performance?



Proposed Research Model

Presence/Absence

Hypothesis 1
Better Exam

= ’ Performance
Metacognitive - Knowledge ‘ Change in =
Intervention Acquisition Study Habits
Improved
Calibration

Hypothesis 2




Evidence of
need

Commonly used study strategies
from 270 students surveyed
before intervention. Red bars are
metacognitive strategies.

Did homework questions
Looked over the PowerPoints
Looked over my notes
Tested my knowledge

Made flashcards

Read the book

Asked questions when | had...

Grouped similar concepts
Made figures/diagrams
Made tables

Made concept maps

Met with my professor

0 20 40 60 80 100

Mean Frequency of use (0 = never & 100 = always)



Students who know different
Kinds of strategies for
earning, thinking, and
oroblem solving are more
ikely to use them

(Pintrich, 2002)




[£5]
=]

(=)}
=]

Number of students
) IS
o o

(=]

A B C D F

===Predicted ===Postdicted ===Actual

Evidence of
need

165 BIOL 131 students’
predictions vs. actual grades on
Exam 1. BIOL 120 graph was
similar,

Number of students
(@)
=)

A B C D F
—=Predicted =Postdicted =Actual

BIOL 131. Letter grades in rank-order of greatest disparity where
under predictions are (-) and over predictions are (+): Bs (+71) >
Fs (-64) > As (+39) = Ds (-39) > Cs (34).




People tend to be
blisstully unaware of
their incompetence

(Dunning et al., 2003)




Hypothesis 1: Metacognitive interventions can improve students’

performance.

e Were they there? The exam 2 grades, following the intervention, will be better for
individuals present (Meta) vs. those absent (No Meta).

e Did they apply it? The exam 2 grades, following the intervention, will be better for
individuals who changed their study habits (via self-report) vs. those who did not.

Hypothesis 2: Metacognitive interventions can improve students’

calibration.

e Were they there? Calibration for exam 2 following the intervention, will be better for
individuals present (Meta) vs. those absent (No Meta).

e Did they apply it? Calibration for exam 2 following the intervention, will be better for
individuals who changed their study habits (via self-report) vs. those who did not.




Hypothesis 1. Metacognitive interventions can improve students’ performance: Were they there?
Exam 2 grades, following the intervention, will be better for individuals present (“Meta”) vs. those
absent (“No Meta”).

BIOL 120. Figure depicts exam means for

80 each group and standard error.
70

Exam 2 grade comparison: Exam 2 scores
60

are significantly higher for the Meta
group (p<0.01, t=2.6863, df=123).

* No Meta=51%

* Meta=66%

Ul
o

Exam grade
D
o

30
Difference between exam 1 and exam 2
20 comparison: Both groups’ grades went
10 down exam 2, but the meta groups’
0 grades went down significantly less

(p<0.01, t=2.6633, df=123).

* No meta = decreased 9 points

®m No Meta (N=13) ® Meta (N=112)  Meta =decreased 1 point

* Better controls for student “type”

Exam 1 Exam 2

Analysis completed only with students took exam 1 and exam 2 as scheduled.



Hypothesis 1. Metacognitive interventions can improve students’ performance: Were they there?
Exam 2 grades, following the intervention, will be better for individuals present (“Meta”) vs. those

absent (“No Meta”).

80

Exam grade
N w H O] (@) ~
o o o o o o

=
o

o

Exam 1

M No Meta (N=34)

Exam 2

B Meta (N=131)

BIOL 131. Figure depicts exam means for
each group and standard error.

Exam 2 grade comparison: Showed a
similar trend, but Exam 2 scores are not
significantly different.

* No Meta=53%

* Meta=58%

Difference between exam 1 and exam 2
comparison: Again, similar trend but the
change from exam 1 to exam 2 is not
significant.

* No meta = decreased 12 points

e Meta = decreased 9 points

e Better controls for student “type”

Analysis completed only with students took exam 1 and exam 2 as scheduled.



Hypothesis 1. Metacognitive interventions can improve students’ performance: Did they apply it?
Exam 2 grades, following the intervention, will be better for individuals who changed their study
habits (“Yes”) vs. those who did somewhat (“Somewhat”) or did not (“No”), via self-report.

4
BIOL 120. Figure depicts change in
2 exam scores (from Exam 1 to Exam 2)
E 0 among the three groups with standard
v error.
& -2
(o]0]
€ -4 There was a significant effect of
o € changed study habits on the difference
E between exam 1 and exam 2 grades
§ -8 across the groups(F=3.89655, p<0.02).
£ 10 | |
o Students reporting “Yes” regarding
-12 : changed study habits did significantly
14 better than those reporting “No”
M No (N=28) m Somewhat (N=41) ™ Yes (N=67) (Q=4.09, p<0.05).

Analysis completed with students took exam 1 and exam 2 as scheduled via Blackboard. IT issues this week in lecture hall.



Hypothesis 1. Metacognitive interventions can improve students’ performance: Did they apply it?
The exam 2 grades, following the intervention, will be better for individuals who changed their
study habits (“Yes”) vs. those who did not (“No”), via self-report.

Difference in exam grade (2-1)

N S S
© o B~ N O

= No (N=50)

M Yes (N=78)

BIOL 131. Figure depicts change in
exam scores (from Exam 1 to Exam 2)
among two groups with standard
error.

There was insufficient sample size for
the “somewhat” group to be included
(N=3) so an ANOVA was not possible.

Students reporting “Yes” regarding
changed study habits did significantly
better than those reporting “No” (t =
2.1693, df = 160, p<0.015).

Analysis completed with students took exam 1 and exam 2 as scheduled via Blackboard. IT issues this week in lecture hall.



Hypothesis 2. Metacognitive interventions can improve students’ calibration.
No evidence that being present for the intervention, nor using the new study strategies had an
any impact on calibration in BIOL 120 or BIOL 131 (“Pre” = predicted grade & “Actual” = grade)

70
- BIOL 120. Figure depicts grade
distribution between predicted letter
£ 50 grade (dashed) and actual grade (solid)
2 on exam 1 (E1) and exam 2 (E2).
>
& 40
S From exam 1 to exam 2 predictions
3 30 shifted from mostly Bs to mostly Cs.
=
3 20 nari
On both exams the greatest disparity
10 was in predicted failing grades.
0 Only 3 students predicted a failing
A B C D F grade on exam 2.
-e-E1Pre —e—E1Actual —eE2Pre —e—E2 Actual

Analysis completed with students took exam 1 and exam 2 as scheduled via Blackboard. IT issues this week in lecture hall.



Hypothesis 2. Metacognitive interventions can improve students’ calibration.
No evidence that being present for the intervention, nor using the new study strategies had an
any impact on calibration in BIOL 120 or BIOL 131 (“Pre” = predicted grade & “Actual” = grade)

Axis Title

100
90
80
70
60
50
40
30
20
10

0

BIOL 131. Figure depicts grade
distribution between predicted letter
grade (dashed) and actual grade (solid)
on exam 1 (E1) and exam 2 (E2).

Similarly, from exam 1 to exam 2 (E2 in
red), predictions shifted from mostly Bs
to mostly Cs.

A B
-o-E1 Pre —e—E1 Actual

On both exams the greatest disparity
was in predicted failing grades.

C D F No one predicted a failing grade on

exam 2.
—o—[FE2 Pre —e—E2 Actual

Analysis completed with students took exam 1 and exam 2 as scheduled via Blackboard. IT issues this week in lecture hall.



Examples of Student Feedback

Good afternoon Dr. McDaniel, first and foremost | did not say this after class on Tuesday
but thank you. Thank you so much for the studying tips, | personally really needed that

for this class, and not just this class but my other classes as well. | really appreciate how
you took a whole day of lecture for teaching us a very valuable skill, so from my dearest
sincere, thank you.

Doctor Mountjoy,

| meant to talk to you after class on Monday but it slipped my mind. | wanted to say
thank you for taking the time to present to us Metacognition, it truly could not have
come at a better time for me. The previous night | was seriously debating dropping

out of the Honors College and your presentation was very helpful to me. | hope that



When aSked |f ® Slightly helpful

t h e ® Moderately helpful
Intervention
was helpfu

Extremely helpful ®

85% said it was very or Very helpful

extremely helpful



Prelimi
conc
Consi

U

C

nary
sions &
erations

—\ WKU Biology
— | Department

)

We found some preliminary evidence that the
intervention did significantly improve student
performance.

Sample sizes for those absent and those not
applying any new study strategies are low, but
still showed significance.

Confirmation bias: Students have a positive bias
towards reporting a change or increase in study
habitats.



We will repeat the same procedure in S22

-uture working with a research student to organize and
Directions analyze the data further.
(Spring 22)

We will include analysis using the
metacognition quiz grades to determine if
“learning it” increased performance or
calibration.

We will explore the longevity of any effects
_ using exam 3 and exam 4 performance and
..-f\ WKU Biolo

- Departmeggt calibration.



Use stratified random sampling to assign study groups.
Create a treatment group with metacognitive study
activities and a control group with “typical” study-time.
Control for GPA, First-Gen, Pell-Eligible, etc. Measure
performance across the semester. Conduct qualitative
and quantitate interviews with students.

ldeal Controlled Study
Would Require External Funding



How to
include in

your
classroom

Introduce metacognition and simple strategies.

Metacognitive HW in texts.

Don’t assume that students understand terms.

Think about what worked for you as a student.

Review the resources for deeper understanding.

Re-visit throughout the term.

Collect some data of effectiveness.

Share with your colleagues & students.
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