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BRING THE UNIVERSE TO YOU:

Think-Pair-Si :
A Revised "How-To" Guide

Faculty often ask us what they can do to "get out of |
in their classrooms -&fter cc:mplet ga chE Tedu,hnm

mode™

is the technigu thﬂ—v plan to trv first. we agre
place to start! So h i t Think- Pdlr—
Share in

Teaching Excellence Who Teaches
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= More Teaching Strategies
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Have a CODI Summer While Preparing for Fall

In our Teaching Excellence Workshops, we mention mal
students, articles and books "worth knowing™—related..

Collaboration of Astronomy
Teaching Scholars >>

and books worth reading—or, as we like to tell our

ure-
In This Month's Teaching Strategy, we are highlighting our P’(anded Lecture-Tutorials How-To Guide with a more
comprehensive set of guidelines originally published... I

Think-Pai

A Revised "How-To" Guide

Faculty often ask us what they can do to "get out of lecture mode™ in their classrooms. After completing a CAE
Teaching Excellence Workshop, participants commonly.
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Understanding and
awareness of
existing pedagogy,
instructional
strategies,
assessment, and
evaluation tools, etc.

Understanding the Understanding of the
results from cognitive complex classroom

science, educational environment:
psychology, and resources, limitations,

discipline-based implementation

science education issues, learning
outcomes, etc.
research

Understanding of the
learners, their
motivations/expectations,
attitudes/beliefs,
knowledge, abilities, and
learning difficulties

Understanding of
the science of
your discipline
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Education iIs the formal process by which
soclety deliberately passes on its accumulated
knowledge, skills, customs and values from
one generation to another.*




Goals of the modern classroom....

* Helping to prepare citizens to be productive
members of society.

* Discipline knowledge and discipline literacy

* Critical thinking and problem.solving skills

* Ability to communicate effectively,about complex
ideas

* Ability to work with information and data




A Commonly Held Inaccurate Model of
Teaching and Learning

Your discipline
content
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adapted from “How People Learn”

| Students enter the classroom with preconceptions about how the
world works. [If their initial understanding is not fully engaged, they
may fail to grasp new concepts in meaningful ways that last
beyond the purposes of an exam.

U To fully develop competence, students must:

U (1) have a deep foundation of factual knowledge, (2) understand
the interrelationships among facts and ideas in the context of a
conceptual framework, and (3) organize knowledge in ways that
facilitate retrieval and application

U A “metacognitive” approach to instruction can help students learn
to take control of their own learning and monitor progress.

How People Learn: Brain, Mind, Experience, and School (Expanded Edition),
National Research Council, National Academy Press, 2000.

.

,I

Center for Astronomy Education s e

pand learning in Astronomy 101



Most traditional lecture courses do not intellectually engage the students
and deepen their conceptual understanding and critical thinking ability,
but re-enforces the memorization of facts and declarative knowledge.

Bloom’s
Taxono_my of evaluation
Educational
Objectives synthesis
analysis
application

comprehension

declarative knowledge
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What can you do instead of lecture?

Stay tuned: next section of this session iIs about
active learning activities!

But first — evidence that they are effective!
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CAE National Study

I Almost 4000 astronomy students
(non-major)

1 31 institutions

] 36 Instructors

169 different sections
| Section sizes vary from <10 to 180
I (now with sections >750!)
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Instructor Surveys

| To assess the level of interactivity in each
classroom, we asked each instructor to fill
out a survey detailing how they spent their
class time

" This survey was used to construct an
“Interactivity Assessment Score” (IAS)
based on what percentage of total class
time is used for interactive activities

¥
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Normalized Gain <g>
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Demographic Survey

| We also asked 15 demographic questions to
allow us to determine how such factors as

Gender

Ethnicity

English as a native language

Parental education

Overall GPA

Major

Number of prior science courses

Level of mathematical preparation

Interact with instructional context to influence

student conceptual learning

U This survey also gives us a snapshot of who is
taking Astro 101 in the US

] CO O O O .0 [ =
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| We conducted a full multivariate
modeling analysis of our data

U We confirm that the level of
Interactivity Is the single most
Important variable in explaining the
variation in gain, even after controlling
for all other variables

%

na arnir;g in Astro.nom}} 101
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Normalized Gain
1 2 3 4
Coeffici i Coeffici i Coeffici i Coefficients ~ Standardized
Coefficients Coefficients Coefficients Coefficients
Independent Variable (standard error) (standard error) (standard error) (standard error)
Constant -0.070 -0.235%* -0.266* -0.208**
(0.059) (0.060) (0.120) (0.061)
Male 0.093** 0.183** 0.087%* 0.170** 0.085* 0.167* 0.087** 0.171%*
(0.016) (0.015) (0.038) (0.015)
White 0.019 0.032 0.012 0.020 0.033 0.055 0.013 0.021
(0.020) (0.020) (0.055) (0.019)
Native English speaker 0.019 0.022 0.013 0.015 -0.049 -0.057 0.011 0.013
(0.029) (0.028) (0.080) (0.028)
Father with Bachelor's degree or higher 0.008 0.015 0.004 0.008 0.004 0.008 0.005 0.009
(0.016) (0.016) (0.016) (0.016)
Natural log of Family Income 0.002 0.008 0.002 0.008 0.002 0.006 0.003 0.008
(0.010) (0.009) (0.009) (0.009)
Class year 0.018* 0.071* 0.024** 0.092%* 0.024** 0.093** 0.024** 0.093**
(0.008) (0.008) (0.008) (0.008)
College GPA 0.036%* 0.106** 0.037** 0.109** 0.067** 0.197** 0.036** 0.106**
(0.010) (0.010) (0.026) (0.010)
Arts, Humanities, or Social Science major 0.101** 0.176** 0.104** 0.181** 0.010 0.018 0.023 0.040
(0.018) (0.017) (0.042) (0.041)
Last math class taken 0.031** 0.214** 0.034** 0.230%* 0.040** 0.274** 0.034** 0.229**
(0.005) (0.005) -0.011 (0.005)
Number of previous physical science course 0.024** 0.120** 0.024** 0.120** 0.021 0.105 0.023** 0.119**
(0.006) (0.006) (0.015) (0.006)
Previous Astrophysics course -0.029 -0.039 -0.028 -0.039 -0.031 -0.042 -0.030 -0.041
(0.022) (0.022) (0.022) (0.022)
Pretest Percent Correct -0.005** -0.224%* -0.005** -0.213** -0.005** -0.213** -0.005** -0.212**
(0.001) (0.001) (0.001) (0.001)
Interactivity Score 0.0051** 0.258** 0.0062 0.314 0.0043** 0.217**
(0.0006) (0.0037) (0.0007)
Cross term: Interactivity score X Arts,
Humanities, Soc Sci Major 0.0032* 0.183* 0.0027* 0.158*
(0.0013) (0.0013)
Cross term: Interactivity score X Male 0.0001 0.004
(0.0012)
Cross term: Interactivity score X White -0.0006 -0.044
(0.0018)
Cross term: Interactivity score X Native
English speaker 0.0022 0.129
(0.0027)
Cross term: Interactivity score X College GPA -0.0010 -0.182
(0.0008)
Cross term: Interactivity score X Last math

Center for Astronomy Education




The take home message Part |

The results of our investigation reveal that the positive
effects of interactive learning strategies apply equally to
men and women, across ethnicities, for students with all
levels of prior mathematical preparation and physical
science course experience, independent of GPA, and
regardless of primary language. These results powerfully
llustrate that all categories of students can benefit from the
effective implementation of interactive learning strategies.

*.
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The take home message Part I

Implementation is the most important factor to success in
student learning.

More work on professional development of faculty is
needed if we are to see wide spread adoption and proper
Implementation of research-validated instructional
strategies.

Centei’}" for Astronomy Education
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News
Coming Soon!
Transforming Undergraduate STEM Education o Rt
A Call for Nominations
Our Central Goals: for the Undergraduate
STEM Teaching
Excellence Award for

Sping, 2015 is Coming
University of Arizona with solid understanding in core STEM diseiplines. For this purpose, we are engaged Soon!

The UA-AAU STEM Education Project seeks to provide thousands of science and engineering majors at the

in the redesign of three foundational scienee courses (general chemistry, introductory biology, and

introduetory physics/mechanics) and two introductory engineering courses (elements of chemieal

FLCs Spring 2015

The first meeting of the
student-centered and active learning pedagogy to enhance discipline knowledge and coneeptual four FLC groups for

engineering II and computer programming for engineering applications). The course redesigns are using

understanding. Three common themes cut across all redesign efforts: 1) promotion of information and Spring 2015 will take
place on Wednesday,

quantitative literacy, 2) use of real-life applications in problem solving, and 3) use of models to develop January 21st

conceptual understanding. The topies covered in the courses are being critically examined to emphasize core
disciplinary ideas, problem-solving abilities, eritieal thinking, and teamwork, to ensure students are

provided with a solid foundational understanding. VissMone

[ Leadership staff login
Teaching Talks ‘ Development &

Support

Faculty Learning

{ -~ A nt
Communities (FLCs) [T ASSESHTIE)

- Faculty Culture Change —

Evidence-Based Teaching
Practices in Undergraduate
STEM

MCB 181 -

Introductory o L
Mechanics | | ntroductory Biclogy
| |

‘ PHYS 141 - |

— -~ | | Vam

[ 1Lp[ jrs—cqmpfuer | - - ChEE 202 = Elements
rT_?Te::: o CHEM 151152 - | of Chemical
ApSllEE'.iUI'F; Gpneralé;l'rflmiﬁ:r\al Engineering Il




Insights from the Univ. of Arizona AAU STEM reform
effort in Physics

Traditional Class
* Three 50 minute lectures per week
* Focused on introducing concepts and
on instructor-led modeling of problem
solving
* Many derivations of equations
* Instructor experienced in teaching PHYS
141 and widely regarded by faculty and
students as an excellent lecturer

Reformed Class
* Two 50 minute lectures per week
* Focused on introducing concepts using
active engagement instructional strategies
and on collaborative group problem solving
* Minimal derivations of equations
* Each student also attends a 50 minute
recitation sections per week
* Led by graduate TA with assistance from
undergraduate peer instructors
* Students work on collaborative tutorials,
which promote reasoning abilities and
problem solving skills
* Instructor experienced in astronomy and
physics education research, but teaching
PHYS 141 for the first time

*.
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