It’s Just Math: Research on Students’ Understanding
of Chemistry and Mathematics



Library of Congress Cataloging-in-Publication Data

Names: Towns, Marcy H., editor. | Bain, Kinsey, editor. | Rodriguez, Jon-Marc
G., editor. | American Chemical Society. Division of Chemical Education.

Title: It's just math : research on students' understanding of chemistry and
mathematics / Marcy H. Towns, editor (Purdue University, West Lafayette,
Indiana), Kinsey Bain, editor (Michigan State University, East Lansing,

Michigan), Jon-Marc G. Rodriguez, editor (Purdue University, West
Lafayette, Indiana) ; sponsored by the ACS Division of Chemical Education.

Other titles: It is just math

Description: Washington, DC : American Chemical Society, [2019] | Series: ACS
symposium series ; 1316 | Includes bibliographical references and index.

Identifiers: LCCN 2019004262 (print) | LCCN 2019011824 (ebook) | ISBN
9780841234345 (ebook) | ISBN 9780841234352 (alk. paper OP) | ISBN 9781713889380 (pod)

Subjects: LCSH: Chemistry--Mathematics. | Chemistry--Study and teaching. |
Mathematics--Study and teaching.

Classification: LCC QD39.3.M3 (ebook) | LCC QD39.3.M3 187 2019 (print) | DDC
540.1/51--dc23

LC record available at https://lccn.loc.gov/2019004262

The paper used in this publication meets the minimum requirements of American National Standard for Information
Sciences—Permanence of Paper for Printed Library Materials, ANSI Z39.48n1984.

Copyright © 2019 American Chemical Society

All Rights Reserved. Reprographic copying beyond that permitted by Sections 107 or 108 of the U.S. Copyright Act
is allowed for internal use only, provided that a per-chapter fee of $40.25 plus $0.75 per page is paid to the Copyright
Clearance Center, Inc., 222 Rosewood Drive, Danvers, MA 01923, USA. Republication or reproduction for sale of pages in
this book is permitted only under license from ACS. Direct these and other permission requests to ACS Copyright Office,
Publications Division, 1155 16th Street, N.W., Washington, DC 20036.

The citation of trade names and/or names of manufacturers in this publication is not to be construed as an endorsement or
as approval by ACS of the commercial products or services referenced herein; nor should the mere reference herein to any
drawing, specification, chemical process, or other data be regarded as a license or as a conveyance of any right or permission
to the holder, reader, or any other person or corporation, to manufacture, reproduce, use, or sell any patented invention or
copyrighted work that may in any way be related thereto. Registered names, trademarks, etc., used in this publication, even
without specific indication thereof, are not to be considered unprotected by law.

PRINTED IN THE UNITED STATES OF AMERICA



10.

11.

12.

Contents

How Did We Get Here? Using and Applying Mathematics in Chemistry ..................... 1
Marcy H. Towns, Kinsey Bain, and Jon-Marc G. Rodriguez

A Modeling Perspective on Supporting Students’ Reasoning with Mathematics in
CREMUSIIY....cuiiuiiiiiiiiiiiiii bbb 9
Katherine Lazenby and Nicole M. Becker

Mathematics in Chemical Kinetics: Which Is the Cart and Which Is the Horse? ......... 2§
Kinsey Bain, Jon-Marc G. Rodriguez, Alena Moon, and Marcy H. Towns

Graphs: Working with Models at the Crossroad between Chemistry and
Mathematics .......coviviviiiiiiiiiic s 47

Felix M. Ho, Maja Elmgren, Jon-Marc G. Rodriguez, Kinsey R. Bain, and Marcy H. Towns

Graphs as Objects: Mathematical Resources Used by Undergraduate Biochemistry
Students To Reason about Enzyme Kinetics............cccovviviiiniininnincniccicnienen, 69
Jon-Marc G. Rodriguez, Kinsey Bain, and Marcy H. Towns

Math Self-Beliefs Relate to Achievement in Introductory Chemistry Courses............. 81
Michael R. Mack, Cynthia A. Stanich, and Lawrence M. Goldman

“But You Didn’t Give Me the Formula!”’ and Other Math Challenges in the Context

0f @ ChemiStry COULSE.......c.ooiiiiiiiiiiiiic e 105
Amy J. Phelps
Transition of Mathematics Skills into Introductory Chemistry Problem Solving ........ 119

Benjamin P. Cooke and Dorian A. Canelas

Mathematical Knowledge for Teaching in Chemistry: Identifying Opportunities To
AdVance INSEIUCHON .......ccueeiiiiiiiiiiiiieeeeec et ee e e e e e e e e e e s assaasbsseeeeeeeeeesssesssnns 135
Lynmarie A. Posey, Kristen N. Bieda, Pamela L. Mosley, Charles J. Fessler, and Valentin A. B.
Kuechle

The Logic of Proportional Reasoning and Its Transfer into Chemistry ........................ 157
DonaldJ. Wink and Stephanie A. C. Ryan

Making Sense of Mathematical Relationships in Physical Chemistry.............cccccucu...e. 173
Renée Cole and Tricia Shepherd

What Education Research Related to Calculus Derivatives and Integrals Implies for
Chemistry Instruction and Learning...........c.ccocovvviiiiiniininininienieeeeeeneenenens 187

Steven R. Jones

vii



13. Developing an Active Approach to Chemistry-Based Group Theory ...........ccccveuennee.
Anna Marie Bergman and Timothy A. French

14. Systems Thinking as a Vehicle To Introduce Additional Computational Thinking
Skills in General Chemistry...........cocvuiviiviiviiniiniiniiniiiiccceece e
Thomas Holme

15. Video-Based Kinetic Analysis of Period Variations and Oscillation Patterns in the
Ce/Fe-Catalyzed Four-Color Belousov-Zhabotinsky Oscillating Reaction ................
Rainer Glaser, Marco Downing, Ethan Zars, Joseph Schell, and Carmen Chicone

Editors’ Biographies ............coccooviiiiiiiiiiiiiiiiii s

AUTROT INAEX ..ot e e ettt et et ettt e e s ssessseseeseeeesssssssssansansnnnns

SUbJECt INAEX......uiiiiiiiiiiiiiiic s

viii





