
Abstract

Several thousand students enroll in introductory STEM courses at UC each 
year. Although more faculty have incorporated evidence-based pedagogies 
into their teaching, students continue to struggle with knowing how to learn 
effectively. In order to better support students, a dozen faculty teaching 
introductory courses in biology, chemistry, math, and physics, joined 
together to incorporate metacognitive learning strategies into their courses 
based on the work of Saundra McGuire. Efforts included the integration of 
learning strategies into daily teaching, such as promoting a five-step study 
cycle (preview, attend, review, study, assess), as well as a session on 
metacognitive learning strategies to encourage students to devise and 
commit to individual action plans. This presentation will describe how the 
faculty worked together given that their students were concurrently enrolled 
in multiple introductory STEM courses. Details about data collected to 
determine the impact of the intervention, as well as lessons learned, will also 
be presented.



Collected data include documentation of the strategies implemented, 
student participation rates for the metacognition session(s), end-of-
term surveys regarding study practices and self-reported impact of the 
intervention, and exam scores. Results include: (1) higher participation 
rates in courses in which the instructor personally invited students to 
attend the optional learning strategies session(s) and (2) patterns in 
exam scores which indicate marked improvement for students who 
attended the metacognition session when compared to those who did 
not, and (3) positive survey responses regarding the value of the 
sessions from students who attended.
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Typical Student Behavior for Learning

Textbook - either do not read before class or when reading it:

ÅA lot of highlighting

ÅLittle active note-taking or attempt to understand at a deep level

ÅRe-reading before exam involves recognition rather than recall & apply

Homework:

ÅLast minute

ÅResort to Google (ex. Chegg.com) before giving it an honest attempt

Preparing for exams

ÅMemorize problems on the practice exam or homework

ÅLook back through solutions without reworking problems

ÅNot using past exam performance to learn from their mistakes



Problemé

Learning strategies that were successful in high school 

are not typically successful in the college setting.  

The problem is that many students are not aware that 

there are better strategies they can be using. Instead, 

they keep following the same patterns they did in HS.



Prioritize metacognition in your 
STEM course and
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What is metacognition?

¢ƘŜ ŀōƛƭƛǘȅ ǘƻΧ

ÅThink about your own thinking.

ÅBe aware of yourself as a problem solver.

ÅMonitor, plan, and control your learning.

ÅAssess your understanding.

How do you teach students to engage in metacognitive 
learning strategies?



What is your plan for success?

Before Class                     Class                         After Class              Preparing for Exams

Typical

Good

Bette
r

Best

Nothing

Preview and 
map material

Active 
reading

Active reading, 
Take notes,

Sample problems.

Attend every class

Identify Objectives
& Problem-solving 

strategies

Mental Review. 
Coordinate class 
notes & book. 

Treat class as a 
self-test.  

Address weaknesses

Complete 
homework

Identify and learn 
from mistakes

Review first, then  
homework is a 

self-test

Do more work, as 
needed, & reach 

mastery.

Read class slides, 
Look at homework 

problems.

Use practice tests 
to identify 

objectives, learn 
from mistakes 

Consolidate notes.
Review them.

Use practice test 
as self-test.

Work with 
classmates, write 
and share exam 

questions. 

Most Passive

Most Active
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Retention of 
information 

after 24 hours



Evaluation

Synthesis

Analysis

Application

Comprehension

Knowledge

Making decisions and 
supporting views; 

requires understanding 
of values.

Combining information to form 
a unique product; requires 
creativity and originality.

Using information to solve 
problems; transferring abstract 
or theoretical ideas to practical 

situations. Identifying 
connections and relationships 

and how they apply.
Restating in your 

own words; 
paraphrasing, 
summarizing, 
translating.Memorizing verbatim 

information. Being able to 
remember, but not 

necessarily fully 
understanding the material.

Bloom’s Taxonomy

Louisiana State University Center for Academic Success B-31 Coates Hall 225-578-2872 www.cas.lsu.edu

Identifying 
components; 
determining 

arrangement, logic, 
and semantics.

Graduate School

Undergraduate

High School

Thispyramid depicts the different levels
of thinking we use when learning. Each
level builds on the foundation that
precedes it. We must learn the lower
levelsbefore we can effectively use the
skillsabove.



Share datademonstrating success of using these strategies:

{ƘŀǊŜ ǎǘǳŘŜƴǘ ǎǳŎŎŜǎǎ ǎǘƻǊƛŜǎΧΦ

You did a great job and earned an A in 
Physics.  What advice can you give?



Fall Semester 2017

Å~12 faculty

ïIntro Physics (alg- and calculus-based)

ïIntro Biology

ïAnatomy & Physiology

ïIntro Chemistry

ïCalculus I

ÅPrimarily freshman STEM majors (sophomores in A&P)



First Exam  

Track those who attend. 
They become your 
Treatment Group.

Need to provide motivation for 
acquiring new learning strategies.

Not all will attend and they 
become your Control 
Group.

Return exam. Ask students to reflect on performance.
Invite all to a 45-minute session on effective learning strategies.

(Some sent personal email to those who failed the exam.)

At end of term compare exam performance of these two groups
across all course exams.  Look for narrowing of performance gap between groups.



Attendance Info Gathered



Details ςCalculus-based Physics II (Fall 2017)

Å133 students in the course took exam 1
ÅAll students invited to session through email and in-class announcement

ÅNo personal invite to students who performed poorly on exam 1 although 
they were encouraged to do

Å27 attended metacognition session (20%)
Å16 scored 70 or below on Exam 1 (mean=71%)(lowest score was 47)

Åall students who attended finished the course with a C or higher

Åмлс ŘƛŘƴΩǘ ŀǘǘŜƴŘ όул҈ύ
Å59 scored 70 or below on Exam 1 (mean=68%)(lowest score was 37.5)

Å13 earned C- or lower (6 DFW) 



Note:  Many students who attended had above average scores on 1st exam.



Algebra-Based Physics I   (freshmen) 

3 sections (398 students) ς7% attended
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Survey students to better understand behaviors.

Use feedback to make adjustments in future.



Survey at End of Term ςPhysics II students

Å100 students responded to survey 
Å100% response rate from those who attended metacognition session 

Åтн҈ ǊŜǎǇƻƴǎŜ ǊŀǘŜ ŦǊƻƳ ǘƘƻǎŜ ǿƘƻ ŘƛŘƴΩǘ ŀǘǘŜƴŘ ƳŜǘŀŎƻƎƴƛǘƛƻƴ ǎŜǎǎƛƻƴ

What do we want to know?  
ÅWas the session useful for those who attended?

ÅDid attending the session change their behaviors for learning the material? 



Use this grid to write your survey questions!
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What do you typically do BEFORE each class to 
prepare for that day?  (Select all that apply.)

~25% selected > 1 answer

Attended = 27 students
No Attend = 73 students



*Question needs to 
be reworded for the 
future (a and b need 
to be separated out).

~25% selected > 1 answer

Attended = 27 students
No Attend = 73 students



~25% selected > 1 answer

If you attended the learning strategies session, what practice(s) did you put in place afterwards?  Select ALL that apply.)



Please elaborate on your answers (previous slide) of what you started to do after the session:

I started to test myself on problems rather than looking them up onlinelike I 
previously did.

I realized looking at practice exams was a super helpful tool, not just another 
responsibility.Once I had that mindset,I was more motivated to do it and then 
improved the next 2 exams by 20% 

I found active reading to be extremelyhelpful to my learning. Often times I would 
read and then go through the sample problemslike they were a quiz. I found when I 
did this that HW assignments were much easier than when I did not do this practice. 

Did not do as much as I should have.
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Changes made for Spring 2018

- Anatomy & Physiology (Paul) continued to use the 45-

minute metacognitive learning strategies session

- Chemistry II (Dan) and Physics I (Kathy) ñsprinkledò ideas
- No separate 45-minute session outside of class

- Integrated learning strategies into teaching instead (primarily 

near beginning of term and around exams) 

- Provided students with ñPlan for Successò grid which embeds 

the five-step study cycle (preview, attend, review, study, 

assess)



Which statement do you agree with in regards to 
your math and science courses?  (Physics I ïearly in term)

1. I am using the same learning strategies that I used in 
high school and they ARE working well.

2. I am using the same learning strategies that I used in 
high school and they are NOT working as well as I 
would like.

3. I have adopted some new learning strategies and 
they ARE working well.

4. I have adopted some new learning strategies and 
they are NOT working as well as I would like.

33%

11%

50%

6%



What portion of the content covered in this course had 
you seen before in a previous course (ex. HS Physics)?   
(n=111 of 132 possible)

1. None

2. 1/4

3. 1/2

4. 3/4

5. 90%

6. Essentially all of it

1%

21%

20%

28%

20%

10%

Likely related to last third of course.

~60%

Take-away here is you 
need to figure out when 
students will be ready to 
hear your message.



While in class, I was mentally engaged _____ percent 
of the time that I was expected to be.



What are some distractions you struggled with during class?







How did you typically prepare for exams?  (Select all that 
apply.) 

ÅUsed the exam study guide posted on Bb Metacourse and made sure I 
could do each learning outcome.
ÅReviewed my notes from class.
ÅRead or reread sections of the text.
ÅReworked homework problems from WebAssign.
ÅWorked sample problems provided in the text.         Involve testing oneself
ÅDid extra problems provided by my instructor.
ÅCompleted the sample exam beforethoroughly studying.
ÅCompleted the sample exam after thoroughly studying and did so as a self-

test in a quiet room while timing myself.
ÅCompleted the sample exam afterǘƘƻǊƻǳƎƘƭȅ ǎǘǳŘȅƛƴƎ ōǳǘ ŘƛŘƴΩǘ ǘƛƳŜ 

myself.
ÅStudied with other students but it was a distraction.
ÅStudied with other students in a beneficial way.



SS18
No MLS

SS18
MLS

Textbook 12% 10%

Google (ex. Chegg.com) 52% 30%

Khan or other online videos 13% 23%

Other students 13% 29%

Office hours 0% 3%

Supplemental Instruction Sessions 7% 0%

Physics Learning Center 1% 2%

When stuck on homework, which ONE did you use most often?

Involve 
interacting 
with others



SS18
No MLS

SS18
MLS

SS17
(Me)

Textbook 12% 10% 14%

Google (ex. Chegg.com) 52% 30% 54%

Khan or other online videos 13% 23% 9%

Other students 13% 29% 20%

Office hours 0% 3% 2%

Supplemental Instruction Sessions 7% 0% 0%

Physics Learning Center 1% 2% 1%

When stuck on homework, which ONE did you use most often?

My class last 
Spring --
Metacognition 
session only ς
bƻ άǎǇǊƛƴƪƭƛƴƎέΗ
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Lessons Learned

ÅGather survey data about student behaviors

ïUse findings to inform your teaching and use of MLS

ÅFind collaborators, share resources and ideas

ÅDivide and conquer ïoffer multiple sessions

ÅSend personal email invites to those you wish to target

ÅTailor presentation to YOUR course

ÅStudents not necessarily ready to hear your message

ïexplicitly integrate learning strategies into daily/weekly teaching



Any Questions?

Kathy Koenig (kathy.koenig@uc.edu)

Paul Nodzak (nodzakpl@ucmail.uc.edu)

Dan Waddell  (waddeldl@ucmail.uc.edu)

mailto:Kathy.Koenig@uc.edu
mailto:nodzakpl@ucmail.uc.edu
mailto:waddeldl@ucnmail.uc.edu

