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RESOURCE LETTER

Resource Letters are guides for college and university physicists, astronomers, and other scientists o literature, websites, and other teaching aids,
Each Resource Letter focuses on a particular topic and is intended to help teachers improve course content in a specific field of physics or to
introduce nonspecialists to this field. The Resource Letters Editorial Board meets at the AAPT Winter Meeting to choose topics for which Resource
Letters will be commissioned during the ensuing vear. ltems in the Resource Letter below are labeled with the letier E to indicate elementary level or
material of general interest to persons seeking to become informed in the field, the letter | to indicate intermediate level or somewhat specialized
material, or the letter A to indicate advanced or specialized material. No Resource Letter is meant to be exhaustive and complete: in time there may
be more than one Resource Letter on a piven subject. A complete list by field of all Resource Letters published o date is at the website hipe//
ajp.dickinson.edu/ReadersresLetters.himl. Suggestions for future Resource Letters, including those of high pedagogical value, are welcome and
should be sent to Professor Roger H. Stuewer, Editor, AAFT Resource Letters, School of Physics and Astronomy, University of Minnesota, 116
Church Street SE, Minneapolis, MN 55455; e-mail: rstuewer@ physics umn.edu

Resource Letter ALIP-1: Active-Learning Instruction in Physics
David E. Meltzer

Mary Lou Fulton Teachers College, Arizona State University, 7271 E. Sonoran Arroyo Mall, Mesa,
Arizona 85212

Ronald K. Thornton
Departmenis of Physics and Education, Center for Science and Mathematics Teaching, Tufts University,
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(Received 19 September 201 1; accepted 30 December 201 1)

This Resource Letter provides a guide to the literature on research-based active-learning instruction
in physics. These are instructional methods that are based on, assessed by, and validated through
research on the teaching and learning ot physics. They involve students in their own learning
more deeply and more intensely than does traditional instruction, particularly during class time.
The instructional methods and supporting body of research reviewed here offer potential for
significantly improved learning in comparison to traditional lecture-based methods of college
and university physics instruction. We begin with an introduction to the history of active learning
in physics in the United States, and then discuss some methods for and outcomes of assessing
pedagogical effectiveness. We enumerate and describe common characteristics of successtul
active-learning nstructional strategies in physics. We then discuss a range of methods for introducing
active-learning instruction In physics and provide references to those methods for which there 1s
published documentation of student learning gains. @ 2002 American Association of Physics Teachers.

[DOL: 10.1119/1.3678299]

L INTRODUCTION laboratory activities that require all students to express their

We provide a guide to the literature on research-based thinking through speaking, writing, or other actions that go

active-learning Instruction in physics. This refers to Instruc-
tional methods that are based on, assessed by, and validated
through research on the teaching and learning of physics.
Active-learning mnstruction involves students in their own learn-
ing more deeply and more intensely than does traditional
mstruction, particulardy during class time, in ways we shall ex-
plicitly identity. Interest in and use of these instructional meth-
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beyvond listening and the copying of notes, or execution of
prescribed procedures; (3) they have been tested repeatedly
in actual classroom settings and have yielded objective evi-
dence of improved student learning. (Another term that has
often been used for research-based active-learning instruc-
tion in physics 1s “Interactive Engagement” [Ref. 10]. We
don’t believe there are significant distinctions between the
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N R e s e-based Active-Learning Instructional Methods
I n Physicso

[ often known as Al nteractive Engag

R. R. Hak e, -engageméneversus traditiormal methods: A six-thousand-
student survey of mechanics test dat

Am. J. Phys. 66, 64-74 (1998).]



N R e s e-based Active-Learning Instructional Methods
I n Physicso

1) explicitly based on research in the learning and teaching of
physics;

2) Incorporate classroom activities that require all students to
express their thinking through speaking, writing, or other
actions;

3) tested repeatedly in actual classroom settings and have
yielded objective evidence of improved student learning.



Common Characteristics:



A. Instruction is informed and explicitly guided
by research regar ding
iInstruction knowledge state and learning
trajectory, including:

A Specific learning difficulties related to particular
physics concepts

A Specific ideas and knowledge elements that are
potentially productive and useful

A Studentsod beliefs about
order to learn

A Specific learning behaviors

A General reasoning processes



. Specific student ideas are elicited and
addressed.

.Students are encour age
out f or t hemsel ves. O

. Students engage In a variety of problem-
solving activities during class time.

. Students express their reasoning explicitly.

. Students often work together in small
groups.



G. Students receive rapid feedback in the
course of their investigative or problem-
solving activity.

H. Qualitative reasoning and conceptual
thinking are emphasized.

|. Problems are posed in a wide variety of
contexts and representations.

J. Instruction frequently incorporates use of
actual physical systems in problem solving.



K. Instruction recognizes the need to reflect on
oneos 0 wnsolping prackice.m

L. Instruction emphasizes linking of concepts
iInto well-organized hierarchical structures.

M. Instruction integrates both appropriate
content (based on knov
thinking) and appropriate behaviors
(requiring active student engagement).



Research in physics education (and other
flelds) suggests that:

AfdiTeaching by tellingo has
I can inform students of isolated bits of factual
knowledge

I can (potentially) motivate and guide

A For deep understanding of

I complex concepts
I how to apply theory to practice

- é.



Research in physics education (and other
flelds) suggests that:

AfdiTeaching by tellingo has
I can inform students of isolated bits of factual
knowledge

I can (potentially) motivate and guide

A For deep understanding of

I complex concepts
I how to apply theory to practice

- students have to nf-r gure

selveso by grappling with
principles in varied practical contexts



Research in physics education
suggests that:

A Problem-solving activities with rapid feedback
yield improved learning gains

A Eliciting and addressing common conceptual
difficulties improves learning and retention



What needs to go on in class?

A Clear and organized presentation by instructor is
not at all sufficient

A Must find ways to guide students to synthesize
concepts in their own minds

Al nstructorods role become:
through problem-solving activities

I aid students to work their way through complex chains of
thought



What needs to go on in class?

A Focus of classroom becomes activities and
thinking in which students are engaged

I and not what the instructor is presenting or how it is
presented



Active-Learning Pedagogy
( Interactive Engagemento )

A problem-solving activities during class time

I student group work
I frequent question-and-answer exchanges

A fguided-inquiryd met hodol ogy: gui d
leading questions, through structured series of
research-based problems



Key Themes of Research-Based
Instruction

A Emphasize qualitative, non-numerical questions to
reduce unt houghtf ul Npl uc

A Make extensive use of multiple representations to
deepen understanding.

(Graphs, diagrams, words, simulations, animations, etc.)

A Require students to explain their reasoning
(verbally or in writing) to more clearly expose their
thought processes.



A Require students to explain their reasoning
(verbally or in writing) to more clearly expose their
thought processes.



A Deliberately elicit and address common
student ideas (which have been uncovered
through subject-specific research).



The Biggest Challenge:
Large Lecture Classes

A Difficult to sustain active learning in large classroom
environments

A Two-way communication between students and
Instructor Is key obstacle

A Curriculum development must be matched to
Innovative instructional methods



Active Learning In Large Classes

A De-emphasis of lecturing; Instead, ask students to
respond to questions and work problems that
address known difficulties.

A Incorporate cooperative group work using both
multiple-choice and free-response items

A Use whiteboards, clickers, and/or flashcards to
obtain rapid feedback from entire class.

Goal: Transformlarge-c | ass | earning enviro
learning environment (i.e., instructor + one or two students)



Key Parameter: Room Format Influences
Ability to Monitor Students Written Work

A Do students sit at tables?
I If yes, whiteboards can probably be used.
I If no, clickers or flashcards may be helpful.

A Can instructor walk close by most students?
iIlf yes, easy t o monitoa
I If no, must monitor sample of students

A Number of students is a secondary factor, but
potentially significant



Features of the Interactive Lecture

A High frequency of questioning

A Must often create unscripted questions
A Easy questions used to maintain flow
A Many question variants are possible

A Instructor must be prepared to use diverse
guestioning strategies



Curriculum Requirements for Research-
Based Active-Learning Lectures

A Question sequences (short-answer and multiple-
choice) and brief free-response problems

I emphasizing qualitative questions
I employing multiple representations
I targeting known difficulties

I covering wide range of topics

AText reference (or fdALectur
on conceptual and qualitative questions

‘ €.g.: Workbook for Introductory Physics

(DEM and K. Manivannan, online at physicseducation.net)



A High frequency of questioning



High frequency of gquestioning

A Time per question can be as little as 15
seconds, as much as several minutes.

I similar to rhythm of one-on-one tutoring

AMaintain small conceptu
guestions for high-precision feedback on
student understanding.



A Must often create unscripted questions



Must often create unscripted questions

A Not possible to pre-determine all possible
discussion paths

A Knowledge of probable conceptual sticking
points Is important

A Make use of standard question variants

A Write question and answer options on board
(but can delay writing answers, give time for thought)



A Easy questions used to maintain flow



Easy guestions used to maintain flow

A Easy questions (> 90% correct responses)
build confidence and encourage student
participation.

A If discussion bogs down due to confusion,
can jump start with easier questions.

A Goa

IS to maintain continuous and productive

discussion with and among students.



A Many question variants are possible



Many question variants are possible

A Minor alterations to question can generate
provocative change in context.

I add/subtract/change system elements (force,
resistance, etc.)

A Use standard questioning paradigms:

I greater than, less than, equal to
I Increase, decrease, remain the same
I left, right, up, down, in, out



A Instructor must be prepared to use diverse
guestioning strategies



Instructor must be prepared to use
diverse questioning strategies

A If discussion dead-ends due to student
confusion, might need to backtrack to
material already covered.

A If one questioning sequence is not
successful, an alternate sequence may be
helpful.

A Instructor can solicit suggested answers from
students and build discussion on those.



Interactive Question Sequence

A Set of closely related questions addressing
diverse aspects of single concept

A Progression from easy to hard questions

A Use multiple representations (diagrams,
words, equations, graphs, etc.)

A Emphasis on qualitative, not quantitative
guestions, to -matdauakien g e
behavior and promote deeper thinking



NFully I nteractive
DEM and K. Manivannan, Am. J. Phys. 70, 639 (2002)

A Simulateone-on-one di al ogue of i nsi

A Use numerous structured question sequences, focused
on specific concept: small

A Use student response system to obtain instantaneous
responses from all students
cardso)

[ a variant of Mazur 06s NPE
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Transforming the lecture-hall environment: The fully interactive
physics lecture
David E. Meltzer®

Department of Physics and Astronomy, lowa State University, Ames, Iowa 50011

Kandiah Manivannan
Department of Physics, Astronomy, and Materials Science, Southwest Missouri State University,
900 Sowth National Avenue, Springficld, Missowri 65804

(Received 19 September 2001; accepted 29 January 2002)

Numerous reports suggest that learning gains in introductory university physics courses may be
increased by “active-learning™ instructional methods. These methods engender greater mental
engagement and more extensive student—student and student—instructor interaction than does a
typical lecture class. 1t is particularly challenging to transfer these methodologies 1o the
large-enrollment lecture hall. We report on seven years of development and testing of a variant of
Peer Instruction as pioneered by Mazur that aims at achieving virtually continuous instructor

student interaction through a “fully interactive™ physics lecture. This method is most clearly
distinguished by instructor—student dialogues that closely resemble one-on-one instruction. We
present and analyze a detailed example of such classroom dialogues, and deseribe the format,

Signaturesﬁ' Cnmmentsﬁ Thumhnails% Bookmarks

procedures, and curricular materials required for ereating the desired lecture-room environment. We
also dizcuss a variety of assessment data that indicate strong gains in student learning, consistent
with other researchers. We conclude that interactive-lecture methods in physics instruction are
practical, effective. and amenable to widespread implementation. © 2002 dmerican Association of Physics
Teachers.

[DOT 109 T 1463730

I. INTRODUCTION The basic elements of an interactive lecture strategy have
been described by Mazur.' In this paper we broaden and
extend that discussion, explaming in detaill how the lecture
component in large-classroom instruction may be almost
eliminated. Depending on the preferences of the instructor
and the specific student population, this strategy may yield
warthwhile learning outcomes. To carry out the rapid back-
and-forth dialogue observed in one-on-one instruction in
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Mumerous investigations in recent wears have shown
active-learning methods 1o be effective in increasing student
learning of physics concepts. These methods aim at promot-
ing substantially greater engagement ol students during in-
class activities than occurs, for instance. in a traditional
physics lecture. A long-standing problem has been that of
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Seqguence of Activities

A Very brief introductory lectures ( © 10 minutes)

A Students work through sequence of multiple-choice
guestions, signal responses using flash cards

ASome fl ectureo time used
worksheets

ARecitations run as ftut or
worksheets with instructor guidance

A Homework assigned out of workbook
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Chapter 1 Electrical Forces

Workbook for Introductory Physics: Electricity and Magnetism 1

In-Class Questions
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Prerequisite Concepis:

« Positive and negative charges; Coulomb’s law: F = kqyqa/r*
+ Protons (+) and electrons (-)

* Superposition principle: Fpe=F1+Fz +. . . + Fy

*  Vector addition: Fp,=F1; + Fox +. . . Fux

+« Newton’s second law, a = F/m

Questions #1-2 refer to the figure below. Charge g is located at the origin, and charge
qq is located on the positive x axis, five meters from the origin. There are no other charges

anywhere nearby. TF i

.
[+ =5}
) *

SEssEse:

l. If qq is positive and g, is negative, what is the direction of the electrical force on g,?

Mmoo

in the positive x direction

in the negative x direction

in the positive y direction

in the negative y direction

the force is not directed precisely along any of the coordinate axes, but at some angle
there is no force in this case

2. If q is positive and gy is positive, what is the direction of the elecirical force on q;?

THUOW R

in the positive x direction

in the negative x direction

in the positive ¥ direction

in the negative y direction

the force is not directed precisely along any of the coordinate axes, but at some angle
there is no force in this case

St
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