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‘Course Rationale
T &L 581: Léarning and Development in Mathematics and Science

T&L 581 is one of three required courses related to the foundational core of the
degree. This is due to the emphasis of the course on the essential area of
mathematics and science learning, and the overview of research in this area that is
explored. :

The research and position papers comprising the course curriculum provide an
entry point into discussions of "what we know" about various aspects of
mathematical learning at various grade levels. The readings also provide an
overview of various theoretical and philosophical approaches used to better
understand the learning of mathematics, with a focus on the K-12 level. Approaches
to learning include cognitive science, constructivism, connectionist learning, and
situated learning. The course explores and illustrates how the above approaches are
utilized by mathematics and science educators in understanding learning. Class
discussion will primarily focus on how the papers fit with the existing database on
mathematics and science learning; attention will also be given to the validity of the
research and research method.

The course has no anticipated impacts on other units in Pullman. The course will be
available to students at all campuses who are interested in mathematics and/or

~ science educational research. The course will be taught on a rotating basis by faculty
on the Pullman, Spokane, Tri-Cities and Vancouver campuses to ensure equitability
in faculty load.



WASHINGTON STATE UNIVERSITY .
College of Education
Course Syllabus

T&L 581: Learning and Development in Mathematics and Science

Instructor: David Slavit

Office: VUCB 330

Email: dslavit@wsu.edu
Phone: (360) 546-9653 (Office)
Office Hours: TBA
Prerequisites: None

OVERVIEW / :
This course has three main goals. The rgé/earch and position papers comprising the
.course curriculum provide an entry point into discussions of "what we know" about
various aspects of mathematical learnyﬁg at various grade levels. The readings also
pr0v1de an overview of various theorgtlcal and philosophical approaches used to
better understand the learning of m “échematlcs, with a focus on the K-12 level.
Approaches to learning include cogpitive science, constructivism, connectionist

~ learning, and situated learning. Th¢ papers in this course will help illustrate how the
above approaches are utilized by mathematics educators in understanding learning.
Class discussion will primarily fotus on how the papers fit with the existing
database on mathematics learmpg, attention w111 also be given to the validity of the
research and research method./

COURSE GOALS ~ }/
Thus there are three main goals of this course:
* Provide a forum for tbe discussion of "what we know" about various aspects
-of learning mathemaflcs at the K-12 level,
* Provide a forum for the discussion of what it means to “understand”
mathematics, and /

- * Provide a forum for the discussion of appropriate research methodology in
mathematics educiatlon

COURSE ASSIGNMENTS
The semester grade w11} be based on three activities, each weighted about equally:

Class participation. A weekly assignment for the course is the readingand . -
contemplation of the assigned papers. Since the format of the course is that of a
discussion seminar, its success depends on your preparation and careful reading of
the assignments, and then your participation in class discussions. Everyone should
enter the classroom ready to discuss the required material in depth. Although other



sources or personal experiences will most assuredly be relevant, it will be the
“theoretical frameworks, methodologies, and results of the assigned papers that will
drive the class discussions. In addition, everyone will be asked to lead the class
discussions at least twice during the semester. Choose a session topic in which you
are interested, include the “additional” readings plus other relevant papers in your
preparation, and meet with me before class (perhaps Thursday or Friday) to discuss
some of the primary issues. You should prepare for your colleagues a written
“summary of the readings you have done (including the additional readings).

Weekly commentaries. Every week, a one-page paper on the assigned readings will
be due. The commentary should be a review of the readings, taken as a whole. It
should not be an individualized, serial review of each article. Before writing, ask
yourself "what you now know" about the issues raised in the papers. The style of the’
commentary should take one of two forms, depending on the readings. First, if the
assigned readings are reports of research, then focus your discussion on how the
data effect what you know about the learning of mathematics; what can we learn
from these data; what does this mean for our understanding of children’s
mathematical thinking and approaches to teaching; are the data believable; is the
research design appropriate and effective? Second, if the assigned readings are of a
theoretical nature, then focus your discussion on the credibility of the ideas; does
the author provide data to support claims; is the theory useful in either classroom
practice or future research; does the theory “ring true” based on personal ‘
experience? Certain weeks contain papers of both varieties, in which case the
commentary should reflect this. '

Exam. A take-home examination will be given at the end of the semester. The exam
will cover the semester readings and class discussions. The objective of this
assignment is to encourage reconsideration and reflection on the major themes of
the course. Incompletes will be glven only in extreme cases (e.g., prolonged
illnesses).

Grading will be assigned on the following scale:

A - 9-10; outstanding work

B - 8; above average work

C - 7; average work

D- 6; below average work

F - 0-5; Work fails to meet minimal requlrements

COURSE SCHEDULE
Week 1 Course Introduction

- Week 2 Cognitive Science, Constructivism, and Mathematics Education



Sierpinska, A, Kilpatrick, ]., Balacheff, N., Howson, A.G., Sfard, A., & Steinbring, H.
(1993). What is research in mathematics education, and what are its results?
Journal for Research in Mathematics Education, 24(3), 274-278.

Kieran, C. (1994). Doing and seeing things differently: A 25-year retrospective of
mathematics education research on learmng ]ournal For Research In Mathematlcs
Education, 25(6), 583-607. Z

Cobb, P, Yackel, E., & Wood, T. (1992). A constructmst alternative to the
representational view of mind in mathematics education. Journal For Research In
Mathematics Education, 23(1), 2-33.

3

Additional Readings '

Putnam, R.T., Lampert, M., & Peterson, P.L. (1990). Alternatlve perspectives on
knowing mathematlcs in elementary schools. Review Of Research In Educatlon 16,
57-150. 5
Schoenfeld, A.H. (1987). Cognitive science in mathematics education: An overview.
In A.H. Schoenfeld (Ed.), Cognitive Science and Mathematics Education (pp 1-32).
Hillsdale, NJ: Erlbaum.

Davis, B. (1995). Why teach mathematics? Mathematics educatlon and enactivist
theory. For the Learning of Mathematics, 15(2), 2-9.

33

Part 1: Relationships between types of knowledge
Week 3 * Procedural and Conceptual Knowledge

Anthony, G. (1996). Active learning in a constructivist framework.
EducationalStudies in Mathematics, 27, 349-369.

Slavit, D. (in press). An alternate route to the reification of function. Educational
Studies in Mathematics.

Clark, F.B., & Kamii, C. (1996). Identification of mu]tlphcatlve thinking in Grades 1-5.
Journal for Research in Mathematics Education, 27(1), 170-193

Additional Readings :

" Hatano, G. (1988). Social and motivational bases for mathematical understanding.
- In G.B. Saxe & M. Gearhart (Eds.), Children’s mathematics (pp. 55-70). San
Francisco: Jossey Bass. ,

Hiebert, J., & Lefevre, P. (1986). Conceptual and procedural knowledge in
mathematics: An introductory analysis. In J. Hiebert (Ed.), Conceptual and-
procedural knowledge: The case of mathematics (pp 1-27). Hillsdale, NJ: Erlbaum.

Week 4 Transmonmg to Conceptual Understandmg

Briedenbach, D.E,, Dubinsky, E., Hawks, ]., & Nichols, D. (1992). Development of the
- process conception of function. Educational Studies in Mathematics, 23, 247-285.
Thompson, P.W., & Sfard, A. (1994). Problems of reification: Representations and
mathematical objects. In D. Kirshner (Ed.) Proceedings of the Annual Meeting of the



International Group for the Psychology of Mathematics Education North America,
Plenary Sessions Vol. 1 (pp. 1-32). Baton Rouge, LA: Louisianna State University.
Zazkis, R., Dubinsky, E., & Dautermann, J. (1996). Coordinating visual and analytic
strategies: A study of student’s understanding of the group D4. Journal for
Research in Mathematlcs Education, 27(4), 435-457.

Additional Readings

Davis, R. B. (1984). Learning Mathematics: The Cognitive Science Approach to
Mathematics Education. London: Routledge.

Janvier, C. (1987). Translation processes in mathematics education. In C. Janvier
(Ed.), Problems of Representation in the Teaching and Learning of Mathematics (pp.
27-32). Hillsdale, NJ: Erlbaum.

Janvier, C. (1987). Translation processes: The case of function. In C. Janvier
(Ed.),Problems of Representation in the Teaching and Learmng of Mathematics (pp.
64-68). Hillsdale, NJ: Erlbaum.

Kaput, ].J. (1985). Representation and problem solving: Methodological issues
related to modeling. In E.A. Silver (Ed.), Teaching and learning mathematical
problem solving: Multiple research perspectives (pp. 381-398). Hillsdale, NJ:
Erlbaum. - '

Week 5 Understanding

Davis, R. B. (1992). Understanding "Understandmg ]ournal of Mathematical
Behavior, 11(3), 225-242.

Kieren, T.E. (1994). Bonuses of understanding mathematical understanding. In D.F.
Robitaille, D.H. Wheeler, & C. Kieran (Eds.), Selected lectures from the 7th
International Congress on Mathematical Education (pp 211- 228) Sainte-Foy,
Quebec: Les Presses de Universite’ Laval.

‘Gray, E.M,, & Tall, D.0. (1994). Duality, ambiguity, and flexibility: A “proceptual”
view of simple arithmetic. Journal for Research in Mathematics Education, 25, 116-
140.

Additional Readings

Briars, D.J., & Larkin, ].H. (1984). An integrated model of skill in solving elementary
- word problems. Cognition and Instruction, 1, 245-296.

Pirie, S, & Kieren, T. (1992). Creating constructivist environments and constructing
creative mathematics. Educational Studies in Mathematics, 23, 505-528.

Week 6 Rezf ication and Conceptualization ,
Antell, S.E,, & Keating, D.P. (1983). Perception of numerical invariance in neonates.
Child Development, 54, 695-701.

Cobb, P. & Wheatley, G. (1988). Children’s initial understanding of ten. Focus on
Learning Problems in Mathematics, 10(3), 1-28. :



Pothier, Y., & Sawada, D. (1983), Partitioning: The emergence of rational number
ideas in young children. Journal for Research in Mathematics Education, 14,307-

- 317.

Sfard, A. (1991). On the dual nature of mathematical conceptions: Reflections on
processes and objects as different sides of the same coin. Educational Studies in
Mathematics,22, 1-36.

Additional Readings :
- Fuson, K.C. (1990). Conceptual structures for multiunit numbers: Implications for

learning and teaching multidigit addition, subtraction, and place value. Cogmtlon
and Instruction, 7, 343-403.

Week 7 Instructional Sequencing and Conceptualization

Wearne, D., & Hiebert, J. (1988). A cognitive approach to meaningful mathematics
" instruction: Testing a local theory using decimal numbers. Journal for Research in
Mathematics Education, 19, 371-384. _
Gal’perin, P.Y., & Georgiev, L.S. (1969). The formation of elementary mathematical
notions. InJ. Kilpatrick & I. Wirszup (Eds.), Soviet Studies in the Psychology of
Learning and Teaching Mathematics (Vol. 1, pp. 189-216). Reston, VA: The Council.
Eisenhart, M., Borko, H., Underhill, R., Brown, C, Jones, D., & Agard, P. (1993). .
Conceptual knowledge falls through the cracks: Complexities of learning to teach

mathematics for understanding. Journal for Research in Mathematics Education,
-24(1), 8-40.

‘Additional Readings ,

Case, R, & Sandieson, R. (1988). A developmental approach to the identification and
teaching of central conceptual structures in mathematics and science in the middle
grades. In]. Hiebert & M. Behr (Eds.), Number Concepts and Operations in the -
Middle Grades (pp. 236-259). Reston, VA: The Council.

Heid, M.K. (1988). Resequencing skills and concepts in applied calculus using the
computer as a tool. Journal for Research in Mathematics Education, 19, 3-25.
Fawcett, H.P. (1938). The nature of proof: The thirteenth yearbook of the National
Council of Teachers of Mathematics (pp. 1-16, 30-45, 60-65). New York: Teacher’s
College Press.

Irwin, K.C. (1996). Children’s understanding of the pr1nc1ples of covariation and
compensation in part-whole relationships. Journal for Research in Mathematics
Education, 27(1), 25-40.

Week 8 Spring Break

Week 9 Connecting Symbols to Meanings

Carpenter, T.P., Ansell, E,, Franke, M.L,, Fennema, E., & Weisbeck, L. (1993). Models
of problem solving: A study of kindergarten children’s problem-solving processes.
Journal for Research in Mathematics Education, 24(5), 428-441.



Bebout, H. C. (1990). Children’s symbolic representation of addition and subtraction
word problems. Journal for Research in Mathematics Education, 21(2),123-131.
Hiebert, ]. (1988). A theory of developing competence with written mathematical
symbols. Educational Studies in Mathematics, 19, 333-355. "
Kirshner, D. (April, 1993). The structural algebra option. Paper presented at the
annual conference of the American Educational Research Association, Atlanta.

Week 10 Issues in Problem Solving :

Simon, M.A. (1996). Beyond inductive and deductive reasomng The search for a
sense of knowing. Educational Studies in Mathematics, 30, 197-210.

Markovits, Z., & Sowder, . (1993). Developing number sense: An intervention study
in Grade 7. Journal for Research in Mathematics Education, 25(1), 4-29.

Salomon, G. and Globerson, T. (1989). When teams do not function the way they
ought to. International Journal of Educational Research, 13, p 89-98.

Additional Readings

Riley, M.S., Greeno, ].G., & Heller, J.I. (1983). Development of children’s problem-
solving ability in arithmetic. In H.P. Ginsburg (Ed.), The development of
mathematical thinking (pp. 153-196). New York: Academic Press.

Week11  Misconceptions and “Bugs”

Brown, ].S., & VanLehn, K. (1982). Towards a generative theory of “bugs.” InT.P.

. Carpenter, ].M. Moser, & T.A. Romberg (Eds.), Addition and subtractlon A cogmtlve
perspective (pp. 117-135). Hillsdale, NJ: Erlbaum. ’

Erlwanger, S.H. (1975). Case studies of children’s conceptions of mathematics: Part

I. Journal of Children’s Mathematical Behavior, 1(3), 157-283. (Only the first case is

included here, pp 157-232).

Herscovics, N. (1989). Cognitive obstacles encountered in the learning of algebra. .

In S. Wagner & C. Kieran (Eds.), Research issues in the learning and teaching of

algebra (pp. 60-86). Reston, VA: The Council.

Labinowicz, E. (1988). Children'’s right to be wrong. Arlthmetlc Teacher, pp. 2 & 20.

Additional Readings

Matz, M. (1980). Towards a computational theory of algebralc competence ]ournal

. of Mathematical Behavior, 3(1), 93-166.

Part 2: Individual cognitions within a group setting

Week 12 Reflection and Communication

Kilpatrick, ]. (1985). Reflection and recursion. Educational Studies in Mathematics,
16, 1-26.

Hiebert, J. (1992). Reflection and communication: Cognitive considerations in
school mathematics reform. International Journal of Educational Research, 17(5),
439-456. -



Lerman, S. (1996). Intersubje'ctivity in mathematics learning: A challenge to the

radical constructivist paradigm? Journal for Research in Mathematics Educatlon
27(2),133-150.

Additional Reading

von Glaserfield, E. (1990). Environment and communication. In L. P. Steffe & T.
Wood (Eds.), Transforming children’s mathematics education: International
perspectives (pp. 30-38). Hillsdale, NJ: Erlbaum.

Week 13 Situated Cognition outside of the classroom

Lave, ]., Murtaugh, M., & de la Rocha, 0. (1984). The dialectical construction of
arithmetic in grocery shopping. In B. Rogoff & ]. Lave (Eds.), Everyday cognition: .
Its77'77 development in social context (pp. 67-94). Cambrldge MA: Harvard
University.

Carraher, T.N,, Schhemann A.D., & Carraher, D.W. (1988). Mathematical concepts in
everyday life. In G.B. Saxe & M. Gearhart (Eds.), Children’s mathematics (pp. 71-87).
San Francisco: Jossey-Bass.

-Saxe, G.B. (1988). Candy selling and math learning. Educational Researcher, 17(6]
14-21.

Additional Readings ‘

Greeno, J.G. (1988). The situated activities of learning and knowing mathematics. In
M.]. Behr, C.B. Lacampagne, & M.M. Wheeler (Eds.), Proceedings of the Tenth Annual
Meeting ofthe North American Chapter of the International Group for the
Psychology of Mathematics Education (pp. 481-521). Dekalb, IL: IGPME/NA.

Week 14 Classroom Discourse

Hiebert, J., & Wearne, D. (1993). Instructional tasks, classroom discourse, and
students’ learning in second-grade arithmetic classrooms. American Educational
Research Journal, 30(2), 393-425.

Lampert, M. (1986). Knowing, doing, and teaching multiplication. Cognition and
Instruction, 3, 305-342.

Cobb, P., Wood, T., Yackel, E., & McNeal, L. (1992). Characteristics of classroom
mathematics traditions: An interactional analysis. American Educational Research
“Journal, 29(3) 573-604. '

Additional Readings

Kamij, C. (1985). The importance of social interaction. In C. Kamii, Young
childrenreinvent arithmetic (Ch. 2). New York: Teachers College Press.

Lampert, M. (1990). When the problem is not the question and the solution is not
the answer: Mathematical knowing and teaching. American Educational Research
Journal, 27(1), 29-63.

Cazden, C. B. (1988) The structure of lessons. In C. B. Cazden, Classroom Discourse:
The Language of Teaching and Learning (pp. 29-52). Portsmouth, NH: Heinemann.



Week 15 Course Review

Disability Accommodation: Reasonable accommodations are available for students with a
documented disability. All accommodations must be approved through your WSU Disability Services
office. If you have a disability and need accommodations, we recommend-that you begin the process
as soon as possible. All accommodations must be approved through Disability Services. For more
information, contact a Disability Specialist on your home campus.

- Spokane /students/current/StudentAffairs /disability /index.html

- Pullman http://accesscenter.wsu.edu

- Tri-Cities: http:/ /www.tricity.wsu. edu/disability/ indes.html

studentaffairs.vancouver.wsu.edu/student-resource-center/disability-

~ Vancouver: h
setvices

Academic Integrity: Academic integrity is the cornerstone of the university and will be strongly
enforced in this course. Any student found in violation of the academic integrity policy will be given
an “F” for the course and will be referred to the Office of Student Conduct. Read
http://academicintegtity.wsu.edu/
For additional information about WSU’s Academic Integrity policy, procedures and definitions,
please check online at http://www.conduct.wsu.edu/default.asp?PagelD=338 and
http:/ /www.conduct.wsu.edu/.
Note: Plagiarism is a violation of academic integrity. Students sometimes do not realize what
constitutes plag1ar1sm Please read the information at

: lagiarism /w hathtml and associated links.

Emergency Notification System: WSU has made an emergency notification system available
for faculty, students and staff. Please register at myWSU with emergency contact information (cell,
email, text, etc). You may have been prompted to complete emergency contact information when
registering for classes on RONet.

In the event of a Building Evacuation, a map at each classroom entrance shows the evacuation
point for each building. Please refer to it. .

Finally, in case of class cancellation campus-wide, please check local media, the appropriate WSU
web page and/or http://www flashalert.niet/. Individual class cancellations may be made at the
discretion of the instructor. Each individual is expected to make the best dec181on for their personal
circumstances, taking safety into account.

Audio, video, digital, commercial note-taking and other recording during class: Copyright
(insert year) (insert Faculty Name) as to this syllabus, all lectures, and course-related written materials.
During this course students are prohibited from making audio, video, digital, or other recordings
during class, or selling notes to or being paid for taking notes by any person or commercial firm
without the express written permission of the faculty member teaching this course.



M EeNISe PR H1ye

o e,
WASHINGTON STATE UNIVERSITY ‘
Co(l:lege ofSE?luci)ation . N\ ;
ourse Syllabus % w &
_ A &
Htaingpe s

T&L 581: Learhing and Development in Mathematics and Science

Instructor: David Slavit

Office: VUCB 330

Email: dslavit@wsu.edu
Phone: (360) 546-9653 (Office)
Office Hours: TBA
Prerequisites: None

OVERVIEW ‘

This course has three main goals. The research and position papers comprising the
course curriculum provide an entry point into discussions of "what we know" about
various aspects of mathematical learning at various grade levels. The readings also
provide an overview of various theoretical and philosophical approaches used to
better understand the learning of mathematics, with a focus on the K-12 level.
Approaches to learning include cognitive science, constructivism, connectionist
learning, and situated learning. The papers in this course will help illustrate how the
above approaches are utilized by mathematics educators in understanding learning.
Class discussion will primarily focus on how the papers fit with the existing
database on mathematics learning; attention will also be given to the validity of the
research and research method.

COURSE GOALS
Thus there are three main goals of this course:
* Provide a forum for the discussion of "what we know" about various aspects
of learning mathematics at the K-12 level,
* Provide a forum for the discussion of what it means to “understand”
mathematics, and , |
* Provide a forum for the discussion of appropriate research methodology in
mathematics education.

COURSE OBJECTIVES
* Students will develop understanding of the core results from the research
literature in the area of mathematics and science learning and development.
* Students will develop knowledge of the leading dissemination outlets for
research on learning and development in mathematics and science.
* Students will become familiar with appropriate research methodologies for
investigating learning and development in mathematics and science.



COURSE ASSIGNMENTS _
The semester grade will be based on three activities, each weighted about equally:

Class participation. A weekly assignment for the course is the reading and
contemplation of the assigned papers. Since the format of the course is that of a
discussion seminar, its success depends on your preparation and careful reading of
the assignments, and then your participation in class discussions. Everyone should
enter the classroom ready to discuss the required material in depth. Although other
sources or personal experiences will most assuredly be relevant, it will be the
theoretical frameworks, methodologies, and results of the assigned papers that will
drive the class discussions. In addition, everyone will be asked to lead the class
discussions at least twice during the semester. Choose a session topic in which you
are interested, include the “additional” readings plus other relevant papers in your
preparation, and meet with me before class (perhaps Thursday or Friday) to discuss
some of the primary issues. You should prepare for your colleagues a written
summary of the readings you have done (including the additional readings). -

Grading will be assigned on the following scale:

A 9-10; the student successfully led class discussion on two occasions-and prepared
written summaries of readings; students actively participated in class discussion on
a weekly basis ‘

B 8; the student was not fully prepared for leading class discussion during his or her
assigned weeks, had difficulty generating meaningful conversation, or did not
prepare an adequate written summary; OR less than active participation in class
discussion throughout the semester '

C 7; the student failed to perform two of the following: was not fully prepared for
leading class discussion during his or her assigned weeks, had difficulty generating
meaningful conversation, did not prepare an adequate written summary, or
exhibited less than active participation in class discussion throughout the semester
D 6; the student failed to perform three of the following: was not fully prepared for
leading class discussion during his or her assigned weeks, had difficulty generating
meaningful conversation, did not prepare an adequate written summary, or
exhibited less than active participation in class discussion throughout the semester
F 0-5; the student failed to perform any of the following: was not fully prepared for
leading class discussion during his or her assigned weeks, had difficulty generating
meaningful conversation, did not prepare an adequate written summary, or
exhibited less than active participation in class discussion throughout the semester

Weekly commentaries. Every week, a one-page paper on the assigned readings will
be due. The commentary should be a review of the readings, taken as a whole. It
should not be an individualized, serial review of each article. Before writing, ask
“yourself "what you now know" about the issues raised in the papers. The style of the
commentary should take one of two forms, depending on the readings. First, if the
assigned readings are reports of research, then focus your discussion on how the
data effect what you know about the learning of mathematics; what can we learn



from these data; what does this mean for our understanding of children’s
mathematical thinking and approaches to teaching; are the data believable; is the
research design appropriate and effective? Second, if the assigned readings are of a
theoretical nature, then focus your discussion on the credibility of the ideas; does
the author provide data to support claims; is the theory useful in either classroom
practice or future research; does the theory “ring true” based on personal
experience? Certain weeks contain papers of both varieties, in which case the
commentary should reflect this.

Grading will be assigned on the following scale:

A -9-10; outstanding work, very thoughtful and reflective commentary, ideas from
reading are synthesized and not just summarized

B - 8; above average work, thoughtful and reflective commentary, some ideas from

~ reading are synthesized, but description without analysis is present

C -7; average work, commentary shows little reflection, few ideas from readings are
synthesized, focus on description -

D- 6; below average work, commentary shows no reflection, ideas from readings are
not synthesized, writing completely at the descriptive level

F - 0-5; Writing is incoherent or does not relate to the readings

Exam. A take-home examination will be given at the end of the semester. The exam
will cover the semester readings and class discussions. The objective of this
assignment is to encourage reconsideration and reflection on the major themes of
the course. Incompletes will be given only in extreme cases (e.g., prolonged
illnesses).

Grading for the exam will be assigned using the same scale as the weekly
commentaries.

Ovefall grade. Grades will be assigned by equally weighting the above three
assignments and using the following range:

Grading Scale:

90-100% A

80-89% B

70-79% C

60-69% D

Below 60% F

COURSE SCHEDULE

Week 1 Course Introductidn

Week 2 Cognitive Science, Constructivism, and Mathematics Education



Sierpinska, A., Kilpatrick, J., Balacheff, N., Howson, A.G., Sfard, A., & Steinbring, H
(1993). What is research in mathematics education, and what are its results?
Journal for Research in Mathematics Education, 24(3), 274-278.

Kieran, C. (1994). Doing and seeing things differently: A 25-year retrospective of
mathematics education research on learning. Journal For Research In Mathematics
Education, 25(6), 583-607.

Cobb, P., Yackel, E., & Wood, T. (1992). A constructivist alternative to the
representational view of mind in mathematics education. Journal For Research In
Mathematics Education, 23(1), 2-33.

4

Additional Readings

Putnam, R.T., Lampert, M., & Peterson, P.L. (1990). Alternative perspectives on
knowing mathematics in elementary schools. Review Of Research In Education, 16,
57-150. :

Schoenfeld, A.H. (1987). Cognitive science in mathematics education: An overview.
In A.H. Schoenfeld (Ed.), Cognitive Sc1ence and Mathematics Education (pp 1- -32).
Hillsdale, NJ: Erlbaum.

Davis, B. (1995). Why teach mathematics? Mathematics education and enactivist
theory. For the Learning of Mathematics, 15(2), 2-9.
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Part 1: Relationships between types of knowledge
Week 3 Procedural and Conceptual Knowledge

Anthony, G. (1996). Active learning in a constructivist framework.

Educational Studies in Mathematics, 27, 349-369.

Slavit, D. (in press). An alternate route to the reification of function. Educational
Studies in Mathematics. '

Clark, F.B., & Kamii, C. (1996). Identification of multiplicative thinking in Grades 1-5.
Journal for Research in Mathematics Education, 27(1), 170-193

Additional Readings

Hatano, G. (1988). Social and motivational bases for mathematical understanding.
In G.B. Saxe & M. Gearhart (Eds.), Children’s mathematics (pp. 55-70). San
Francisco: Jossey Bass.

Hiebert, ., & Lefevre, P. (1986). Conceptual and procedural knowledge in
mathematics: An introductory analysis. In . Hiebert (Ed.), Conceptual and
procedural knowledge: The case of mathematics (pp 1-27). Hillsdale, NJ: Erlbaum.

Week 4 Transitioning to Conceptual Understanding

Briedenbach, D.E., Dubinsky, E., Hawks, J., & Nichols, D. (1992). Development of the
process conception of function. Educational Studies in Mathematics, 23, 247-285.
Thompson, P.W., & Sfard, A. (1994). Problems of reification: Representations and
mathematical objects. In D. Kirshner (Ed.) Proceedings of the Annual Meeting of the



~ International Group for the Psychology of Mathematics Education North America,
Plenary Sessions Vol. 1 (pp. 1-32). Baton Rouge, LA: Louisianna State University.
Zazkis, R, Dubinsky, E., & Dautermann, . (1996). Coordinating visual and analytic
strategies: A study of student’s understanding of the group D4. Journal for
Research in Mathematics Education, 27(4), 435-457.

Additional Readings

Davis, R. B. (1984). Learning Mathematics: The Cognitive Science Approach to
Mathematics Education. London: Routledge. , .

Janvier, C. (1987). Translation processes in mathematics education. In C. Janvier
(Ed.), Problems of Representation in the Teaching and Learning of Mathematics (pp.
27-32). Hillsdale, NJ: Erlbaum.

Janvier, C. (1987). Translation processes: The case of function. In C. Janvier
(Ed.),Problems of Representation in the Teaching and Learning of Mathematics (pp.
64-68). Hillsdale, NJ: Erlbaum.

Kaput, ].J. (1985). Representation and problem solving: Methodological issues

* related to modeling. In E.A. Silver (Ed.), Teaching and learning mathematical
problem solving: Multiple research perspectives (pp. 381-398). Hlllsdale NJ:
Erlbaum.

Week 5 Understanding :

Davis, R. B. (1992). Understanding “Understanding”. Journal of Mathematical
Behavior, 11(3), 225-242.

Kieren, T.E. (1994). Bonuses of understanding mathematical understanding. In D.F.
‘Robitaille, D.H. Wheeler, & C. Kieran (Eds.), Selected lectures from the 7th
International Congress on Mathematical Education (pp. 211-228). Sainte-Foy,
Quebec: Les Presses de Universite’ Laval.

Gray, E.M,, & Tall, D.O. (1994). Duality, ambiguity, and flexibility: A “proceptual”
view of simple arithmetic. Journal for Research in Mathematics Education, 25, 116-
140.

Additional Readings

Briars, D.J,, & Larkin, ].H. (1984). An integrated model of skill in solving elementary
word problems. Cognition and Instruction, 1, 245-296.

Pirie, S, & Kieren, T. (1992). Creating constructivist environments and constructing
creative mathematics. Educational Studies in Mathematics, 23, 505-528.

Week 6 Reification and Conceptualization »

Antell, S.E,, & Keating, D.P. (1983). Perception of numerical invariance in neonates.
Child Development, 54, 695-701.

Cobb, P. & Wheatley, G. (1988). Children’s initial understanding of ten Focus on -
Learning Problems in Mathematics, 10(3), 1-28.



Pothier, Y., & Sawada, D. (1983), Partitioning: The emergence of rational number
ideas in young children. Journal for Research in Mathematics Education, 14, 307-
317. _

Sfard, A. (1991). On the dual nature of mathematical conceptions: Reflections on
processes and objects as different sides of the same coin. Educational Studies in
Mathematics,22, 1-36.

Additional Readings

Fuson, K.C. (1990). Conceptual structures for multiunit numbers: Implications for
learning and teaching multidigit addition, subtraction, and place value. Cognition
and Instruction, 7, 343-403.

Week 7 Instructional Sequencing and Conceptualization

Wearne, D., & Hiebert, . (1988).. A cognitive approach to meaningful mathematics
instruction: Testing alocal theory using decimal numbers. Journal for Research in
Mathematics Education, 19, 371-384.
Gal'perin, P.Y., & Georgiev, L.S. (1969). The formation of elementary mathematical
notions. In]J. Kilpatrick & I. Wirszup (Eds.), Soviet Studies in the Psychology of
Learning and Teaching Mathematics (Vol. 1, pp. 189-216). Reston, VA: The Council.
Eisenhart, M., Borko, H., Underhill, R,, Brown, C., Jones, D., & Agard, P. (1993).
Conceptual knowledge falls through the cracks: Complexities of learning to teach
mathematics for understanding. Journal for Research in Mathematics Education,
24(1), 8-40.

Additional Readlngs

Case, R, & Sandieson, R. (1988). A developmental approach to the ldentlflcatlon and
teaching of central conceptual structures in mathematics and science in the middle
grades. In]. Hiebert & M. Behr (Eds.), Number Concepts and Operations in the
Middle Grades (pp. 236-259). Reston, VA: The Council. :
Heid, M.K. (1988). Resequencing skills and concepts in applied calculus using the
computer as a tool. Journal for Research in Mathematics Education, 19, 3-25.
Fawcett, H.P. (1938). The nature of proof: The thirteenth yearbook of the National
Council of Teachers of Mathematics (pp. 1-16, 30-45, 60-65). New York: Teacher’s
College Press.

Irwin, K.C. (1996). Children’s understanding of the principles of covariation and
compensation in part-whole relationships. Journal for Research in Mathematics
Education, 27(1), 25-40.

Week 8 Spring Break

Week 9 Connecting Symbols to Meanings ‘

Carpenter, T.P., Ansell, E., Franke, M.L,, Fennema, E., & Weisbeck, L. (1993). Models

of problem solving: A study of kindergarten children’s problem-solving processes.
-Journal for Research in Mathematics Education, 24(5), 428-441.



Bebout, H. C. (1990). Children’s symbolic representation of addition and subtraction
word problems. Journal for Research in Mathematics Education, 21(2),123-131. -
Hiebert, J. (1988). A theory of developing competence with written mathematical
symbols. Educational Studies in Mathematics, 19, 333-355.

Kirshner, D. (April, 1993). The structural algebra option. Paper presented at the
annual conference of the American Educational Research Association, Atlanta.

Week 10 Issues in Problem Solving

Simon, M.A. (1996). Beyond inductive and deductive reasoning: The search for a
sense of knowing. Educational Studies in Mathematics, 30, 197-210.

Markovits, Z., & Sowder, J. (1993). Developing number sense: An intervention study
in Grade 7. Journal for Research in Mathematics Education, 25(1), 4-29.

Salomon, G. and Globerson, T. (1989). When teams do not function the way they
ought to. International Journal of Educational Research, 13, p 89-98.

Additional Readings

Riley, M.S., Greeno, J.G., & Heller, ].I. (1983). Development of children’s problem-
solving ability in arithmetic. In H.P. Ginsburg (Ed.), The development of
mathematical thinking (pp. 153-196). New York: Academic Press.

Week 11 Misconceptions and “Bugs”

Brown, ].S,, & VanLehn, K. (1982). Towards a generative theory of “bugs.” In T.P.
Carpenter, ].M. Moser, & T.A. Romberg (Eds.), Addition and subtraction: A cognitive
perspective (pp. 117-135). Hillsdale, NJ: Erlbaum. '

Erlwanger, S.H. (1975). Case studies of children’s conceptions of mathematics: Part
L. Journal of Children’s Mathematical Behavior, 1(3), 157-283. (Only the first case is
included here, pp 157-232).

Herscovics, N. (1989). Cognitive obstacles encountered in the learning of algebra.
In S. Wagner & C. Kieran (Eds.), Research issues in the learning and teaching of
algebra (pp. 60-86). Reston, VA: The Council. :

Labinowicz, E. (1988). Children’s right to be wrong. Arithmetic Teacher, pp. 2 & 20.
Additional Readings ,

Matz, M. (1980). Towards a computational theory of algebraic competence. Journal
of Mathematical Behavior, 3(1), 93-166.

Part 2: Individual cognitions within a group setting

Week 12 . Reflection and Communication

Kilpatrick, J. (1985). Reflection and recursion. Educational Studies in Mathematics,
16, 1-26. '

Hiebert, ]. (1992). Reflection and communication: Cognitive considerations in
school mathematics reform. International Journal of Educational Research, 17(5),
439-456.



Lerman, S. (1996). Intersubjectivity in mathematics learning: A challenge to the
radical constructivist paradigm? Journal for Research in Mathematics Educatlon
27(2),133-150. :

Additional Reading

von Glaserfield, E. (1990). Environment and communication. In L. P, Steffe & T.
Wood (Eds.), Transforming children’s mathematics education: International
perspectives (pp. 30-38). Hillsdale, NJ: Erlbaum.

Week 13 Situated Cognition outside of the classroom

Lave, ]., Murtaugh, M., & de la Rocha, 0. (1984). The dialectical construction of
arithmetic in grocery shopping. In B. Rogoff & J. Lave (Eds.), Everyday cognition:
Its88'88 development in social context (pp. 67-94). Cambridge, MA: Harvard
University.

Carraher, T.N., Schliemann, A.D., & Carraher, D.W. (1988). Mathematical concepts in.
everyday life. In G.B. Saxe & M. Gearhart (Eds.), Children’s mathematics (pp. 71-87).
San Francisco: Jossey-Bass. '

Saxe, G.B. (1988). Candy selling and math learning. Educational Researcher, 17(6),
14-21.

Additional Readings

Greeno, ].G. (1988). The situated activities of learning and knowing mathematics. In
M.]. Behr, C.B. Lacampagne, & M.M. Wheeler (Eds.), Proceedings of the Tenth Annual
Meeting ofthe North American Chapter of the International Group for the
Psychology of Mathematics Education (pp. 481-521). Dekalb, IL: IGPME/NA.

Week 14 Classroom Discourse

Hiebert, ]., & Wearne, D. (1993). Instructional tasks, classroom discourse, and
students’ learning in second-grade arithmetic classrooms. American Educational
Research Journal, 30(2), 393-425.

Lampert, M. (1986). Knowing, doing, and teaching multiplication. Cogmtlon and
Instruction, 3, 305-342.

Cobb, P., Wood, T., Yackel, E.,, & McNeal, L. (1992). Characteristics of classroom
mathematics traditions: An interactional analySIS American Educational Research
Journal,29(3),573-604.

Additional Readings

Kamii, C. (1985). The importance of social interaction. In C. Kamii, Young
childrenreinvent arithmetic (Ch. 2). New York: Teachers College Press.

Lampert, M. (1990). When the problem is not the question and the solution is not
the answer: Mathematical knowing and teaching. American Educational Research
Journal, 27(1), 29-63. _
Cazden, C. B. (1988) The structure of lessons. In C. B. Cazden, Classroom Discourse:
The Language of Teaching and Learning (pp. 29-52). Portsmouth, NH: Heinemann.



Week 15 Diverse Learners

Kersaint, G., Thompson, D., & Petkova, M. (2009). Teaching mathematics to English
language learners (Part 2, pp. 37-75). Routledge: New York.

Civil, M. (2007). Building on community knowledge: An avenue to equity in
mathematics education. In N. Nasir & P. Cobb (Eds.) Improving access to
mathematics: Diversity and equity in the classroom (pp. 105-117). Teachers College
Press: New York.

Additional Readings
-Herbel-Eisenmann, B. & Breyfogle, M. (2005). Questioning our patterns of

questioning. Mathematics Teaching in the Middle School, 5, 484-489.

Turner, E. E,, & Font Strawhun, B. T. (2007). Posing problems that matter: Investigating
school overcrowding. Teaching Children Mathematics, 13(9), 457-463.

Week 16 Course Review

Disability Accommodation: Reasonable accommodations ate available for students with a
documented disability. All accommodations must be approved through your WSU Disability Services
office. If you have a disability and need accommodations, we recommend that you begin the process
as soon as possible. All accommodations must be approved through Disability Services. For more -
information, contact a Disability Specialist on your home campus.

- - Spokane /students/cutrent/StudentAffairs/disability/index.html

- . Pullman http://accesscenter.wsu.edu

- Tri-Cities: http:/ /www.tricity.wsu.edu/disability/index.html

- Vancouver: http:/ /stadentaffairs.vancouver.wsu.edu/student-resource-center/disability-
services

Academic Integrity: Academic integrity is the cornerstone of the university and will be strongly
enforced in this course. Any student found in violation of the academic integtity policy will be given
an “F” for the course and will be referred to the Office of Student Conduct. Read

http:/ /academicintegrity.wsu.edu/

For additional information about WSU’s Academic Integtity policy, procedutes, and definitions,
please check online at http://www.conduct.wsu.edu/default.asp?PageID=338 and

http:/ /www.conduct.wsu.edu/.

Note: Plagiarism is a violation of academic integtity. Students sometimes do not realize what
constitutes plagiarism. Please read the information at

http:/ /www.wsulibs.wsu.edu/plagiarism /what.html and associated links.

Emetrgency Notification System: WSU has made an emergency notification system available
. for faculty, students and staff. Please register at myWSU with emergency contact information (cell,
email, text, etc). You may have been prompted to complete emetgency contact information when
registering for classes on RONet. '

In the event of a Building Evacuation, a map at each classroom entrance shows the evacuation
point for each building. Please refert to it.




Finally, in case of class cancellation campus-wide, please check local media, the appropriate WSU
web page and/ot http://www.flashalert.net/. Individual class cancellations may be made at the
discretion of the instructor. Each individual is expected to make the best decision for their personal
circumstances, taking safety into account.

Audio, video, digital, commercial note-taking and other recording during class: Copyright
(insert yeat) (insert Faculty Name) as to this syllabus, all lectures, and course-related written matetials.
During this course students are prohibited from making audio, video, digital, ot othet recordings
during class, ot selling notes to ot being paid for taking notes by any petson or commertcial firm
without the express written permission of the faculty member teaching this course.



