Identifying & Overcoming
Barriers to STEM
Learning

RISE Group: Research and
Innovation in Science Education

F. Rawle
AIBA May 2016

•

Curriculum mapping

•

Barriers to STEM Education

•

•

•

What do we want students to
know when they graduate?

Strategies to overcome these
barriers

•

What do we want them to be able
to do?

Resources

•

How do we help get them there?

UTM Dept. of Biology
Curriculum Mapping Project

CMP Goals
1.
2.
3.
4.
5.
6.

•

“What questions do you have about our
curriculum that you want answers to”
•
•
•
•
•
•

“I want to know what case studies prerequisite courses
have taught.”
“Even though students have been taught x, how do I
know they can do that?”
“What citation styles have students used before?”
“Students can’t do linkage analysis when they come to
my course - how many times have they done it before?”
“Am I teaching my students what they need to succeed
in upper year courses?”
“Students need to design more experiments across
courses - how many courses get them to do that?”

to establish a curriculum framework that will act as a resource to
facilitate learning outcome alignment.
to facilitate the increased integration of our curriculum, and to
encourage continuity across courses and across years.
to facilitate an increased use of backwards design in new course
design.
to identify gaps in achieving program learning outcomes.
to facilitate curriculum assessment and guide future program
reform.
to assist students with course and program selection.

The overall goal of the CMP is that it will be used as a
tool to inform curriculum assessment, change and
improvement.

Curriculum Mapping Process
•

Develop Program / Course SLOs

•

Collect Curricular Data

•

Align Curricular Data

•

Interpret Curricular Data

•

Link Curricular Data to Assessment

•

Disseminate Findings - Faculty, Advisors,
Students

Biology Skill Set
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

Scientific Communication: Writing
Scientific Communication: Oral
Analytical Skills
Experimental Design Skills
Lab Skills
Field Skills
Proficiency with scientific equipment
Literature Search and Critique
Problem Solving
Decision Making
Leadership
Teamwork & Accountability
Organizational Skills
Bioethics

Query: Biology
skill set (skills
1-9) in core
courses.

Goals for our students:
Big Picture: What do we want
students to know/do at graduation?

•

Be scientifically literature

•

Be able to ask questions and search out answers

•

Be critical thinkers

•

Be good “science citizens”

What are the barriers to
successful STEM education?

Lammers et. al. (2005)

Barriers: Student Perspective

Overcoming Barriers

1. Time management; falling behind; procrastination
2. Studying doesn’t seem to be effective

•

Passive vs Active Learning (Evidence-Based
Pedagogy)

•

Address Procrastination & Time management

•

Address Misconceptions & Threshold Concepts

•

Move from Regurgitation to Application & Critical
Thinking

3. Anxiety

Barriers: Faculty Perspective
1. Ineffective time management / Poor study skills.
2. Motivation: studying for grade rather than studying to learn.
3. Not prepared from high school.
4. Not being able to apply what they know.
5. Not understanding the process of science; not being comfortable with the
unknown

Overcoming Barriers
•

Passive vs Active Learning (Evidence-Based
Pedagogy)

•

Address Procrastination & Time management

•

Address Misconceptions & Threshold Concepts

•

Move from Regurgitation to Application & Critical
Thinking

Evidence-Based Pedagogy

Evidence-Based Studying
Strategies
1. Test, don’t recognize
2. The “Test-Effect” - focus on output, not input
3. Spacing - Not, Cramming
4. Revision should be uncomfortable - identifying
what you don’t know, rather than reviewing what
you do know.

Active Learning

Freeman et. al (2014). PNAS.

DNA Demos

Process Demos

Regulatory
gene

Promoter
Operator
lacZ

lacI

DNA

3ʹ
mRNA

Overcoming Barriers
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•

Passive vs Active Learning (Evidence-Based
Pedagogy)

•

Address Procrastination & Time Management

•

Address Misconceptions & Threshold Concepts

•

Move from Regurgitation to Application & Critical
Thinking
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Conquering Procrastination
1. Understanding why
2. Visualize life without procrastination
3. Accept that there is no magical cure
4. Set realistic goals
5. Prioritize goals
6. Develop plan / schedule
7. START (…continues to step 20)
Adapted from: Kim Maertz, U. of Alberta

Procrastination: Why

Procrastination

1. Perfectionism
2. Feeling inadequate
3. Undeveloped Study Skills

•

Provide constraints that force students to get
started in class.

•

Emphasis on education as a process/journey, and
not final end product (i.e., paper degree).

4. Aversion to Discomfort
5. Resentment
6. Being Overextended
7. Life Style Issues
8. Fear of Success
Adapted from: Kim Maertz, U. of Alberta

Overcoming Barriers
•

Passive vs Active Learning (Evidence-Based
Pedagogy)

•

Address Procrastination & Time management

•

Address Misconceptions & Threshold Concepts

•

Move from Regurgitation to Application & Critical
Thinking

Profile of research by Sunanda Tah

“Be very, very careful what you put
into that head, because you will
never, ever get it out”
- Thomas Cardinal Wolsey

Stokes, King & Libarkin. (2007). J. of Geoscience Education

http://sydney.edu.au/science/biology/learning/threshold/outcomes/matrix.shtml

http://sydney.edu.au/science/biology/learning/threshold/outcomes/matrix.shtml
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http://sydney.edu.au/science/biology/learning/threshold/outcomes/matrix.shtml

Stokes, King & Libarkin. (2007). J. of Geoscience Education

Misconception Categories
•Preconceived Notions
•Nonscientific Beliefs
•Conceptual Misunderstandings
•Vernacular Misconceptions
•Factual Misconceptions
Stokes, King & Libarkin. (2007). J. of Geoscience Education

“Science Teaching Reconsidered: A Handbook” (© 1997) by the National Academy of Sciences, courtesy of the National Academies Press, Washington, DC

Correcting Misconceptions
• Identify students'
misconceptions.
• Provide a forum for
students to confront their
misconceptions.
• Help students reconstruct
and internalize their
knowledge, based on
scientific models.

http://q4b.biology.ubc.ca

Antibiotics can be used to
treat the common cold
A. Always
B. Sometimes
C. Never

http://q4b.biology.ubc.ca

Do both of you have a
chromosome 12?

Do you have the same genes in the
same order on chromosome 12?

Gene vs. Allele

Think of one of your chromosome 12s. Does this
chromosome contain information from both of
your parents?

Chromosome vs. Chromatid

Misconceptions
Homologous Chromosomes vs. Sister Chromatid

Chromosome Structure

Genetics Pre-Assessment
1. In the cell below, draw the DNA and
chromosomal structure in the nucleus. This
diploid cell is non-dividing, and has a total of
4 chromosomes.
2. Draw two chromosomes just before they
are replicated.

Profile: Animation
Development

3. Draw two chromosomes just after they are
replicated.

Students as experts

Students as experts

Overcoming Barriers
•

Passive vs Active Learning (Evidence-Based
Pedagogy)

•

Address Procrastination & Time management

•

Address Misconceptions & Threshold Concepts

•

Move from Regurgitation to Application & Critical
Thinking

Increased focus on
inquiry-based labs and
creativity

The Scientific Method

from sciencebuddies.org

What’s “wrong” with the simplified, linear
scientific method?
•

implies that scientific studies follow an constant, one-way
recipe. (Reality: different order; different activities; repeats).

•

implies that science is done by individual scientists alone.
(Reality: different people might do different parts;
collaboration; scientists actually talk to one another.)

•

implies that science has little room for creativity. (Reality:
process of science is exciting, dynamic, and unpredictable).

•

implies that science concludes. (Reality: investigations are
often ongoing; conclusions are reversible).

from www.understandingscience.org

Quoted from: www.understandingscience.org

www.understandingscience.org

www.understandingscience.org

www.understandingscience.org

www.understandingscience.org

Questions

Chlorophyll Supplementation

•

“…take chlorophyll supplements to
oxygenate your bowel”

(See expanded description of this chlorophyll example in Bad Science by Ben Goldacre)

•

Will chlorophyll oxygenate your
bowel?

•

Does chlorophyll contain oxygen?

•

Can photosynthesis occur in your
bowel?

•

Do you want oxygen in your bowel?

•
•
•
•

“Detox Foot Bath”

“Contains stem cells and DNA technology”
“Replace aged cells with younger cells”
“Repair damage”
“Reverse the aging process”

Adding more inquiry
•

Minute-papers on experimental design

•

Minute papers of critique of experimental methods
(go beyond n numbers and controls)

•

Inquiry-based labs (with constraints)

•

Gamification of experimental design

"The illiterate of the twenty-first
century will not be those who cannot
read and write, but those who
cannot learn, unlearn and relearn.”
-Alvin Toﬄer

