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TA Orientation — Schedule and Syllabus
Fall 1999

Class M eeting I nformation
Aug. 23 - Sept. 2
8:45 amto 5 pm (with an hour bresk for lunch)

The goals of thiscourse areto:
* introduce you to some of the current research in learning and teaching
* show how we gpply this research to classroom ingtruction

* help you develop some of the skills necessary for a successful experience as ateaching
assgant in the introductory physics courses

Textsand Reading M aterials

» Booklet of selected readings (Booklet) * Instructor's Handbook (1H)
o Student’s Lab Manual (SLM) » The Competent Problem Solver
Ingtructors

PetriciaHeller Ken Hdler
Dept. of Curriculum and Ingtruction Dexpt. of Physics
= 370D Pek Hal @ 5-0561 A= 260 A Physcs @ 4-7314
helle002@maroon.tc.umn.edu E  hdler@mnhep.hep.umn.edu
Dave Engebretson Vince Kuo
A= SOPhyscs @ 4-8840 A= 161A Physcs @ 5-9323
engebret@physi cs.spaumn.edu E vkuo@physics.spa.umn.edu

Grading (see page 6 for a complete breakdown)

» Activities. Since most people learn best by doing, throughout the course there will be
activitiesto let you practice what you are learning. These activities will sometimes be
completed in groups with al group members receiving the same grade. These assgnment
have varying point values depending on their difficulty and importance. (See page 6 for their
exact point value.) These activities account for about athird of your grade (35 points).

* Homework. Periodicaly, you will be assgned homework to be completed by the next class
meeting. The homework isintended to give you time to consider the issues raised. Mogt
homework will take about an hour. These assgnment have varying point vaues depending
on their difficulty, so you should refer to page 6 for their exact point vaue. The homework
accounts for about athird of your grade (33 points).

* Quizzes. Therewill beafiveto ten minute quiz given precisely at 8:45 every morning and
collected by 9 am. The quizzes will be on the reading materid assgned for the day and/or on
the materid discussed the previous day. The purpose of the quizzesis to ensure prompt
attendance and adequate preparation for the class activities. These quizzes account for about
athird of your grade (32 points).

e Grading scale:
A 88-100 points, B 75-87 points, C/S 64-74 points, F 0-63 points

Since the course is graded on an absolute scale, it is possible for everyoneto get an'A'. The
Physics Department requires that you at least get a'C' in this course.

REMEMBER you will not receive agrade for this course until the end of Spring Semester.
Grades will be recorded as " X" until you successfully complete the Fall and Spring Teaching
Seminars. Y ou need to pass both terms of this course with a'C' or better.
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1999 Schedule and Syllabus

WEEK 1

Date

Topic

Readings & Homework (DUE on the date listed)

Mon
8/23

Morning:
Introduction to the
Department

Afternoon:
Advisng
and regidration.

Reception and
Pictures

Tues
8/24

Morning &
Afternoon:

Introduction to being
aTA.
TA Responghilities.

Readings:
Instructor’ s Handbook
* TA Responsihilities (6 pages)
Booklet -- Alternative Conceptions
* Wandersee, Mintzes, & Novak — Research on dterndtive
conceptionsin science, 177-183 & 185-191 (13 pages)
* McDermott — Research on Conceptud Understanding in

What difficulties do Mechanics (1.5 pages)
students have learning * McDermott — Guest Comment (3.5 pages)
the concepts and
principles of physics?
Why?
Activities #1-3
Weds | Morning: Readings:
8/25 | How arediscusson Booklet -- Labs and Cooperative Grouping
sections taught at * Martinez— What is Problem Solving (4 pages)
UofM? Why? e Lakin— "Processng Information..." (3.5 pages)
» Hdler, Keth, & Anderson — Teaching problem solving
What difficulties do through cooperative grouping. Part 1 (9 pages)
sudents have solving Instructor’ s Handbook — Teaching a Discusson Session
problems? *  Generd Plan for Discussion Sessons (1 page)
» Deailed Advice for Teaching Discusson Sessions
Activity #4-6 (4.5 pages)
After hoon. Homework #1: Complete Predictions and Methods Questions for
Whet difficulities d.o Laboratory | Problem #1 and Laboratory 111 Problem #2
Sudents have solving
problems (cont)?
Activities #7-8
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1999 Schedule and Syllabus

WEEK 1

Date Topic Readings & Homework (DUE on the date listed)
Thurs | Morning: Reading: Booklet — Problem Solving
8/26 | How arethe labs » Toothacker — A critica look at lab ingtruction...
taught at the U of M? (3.5 pages)
Readings:
Activity #9 *  FAQ About the Labs (7 pages)
*  Generd Plan for the Labs (1 page)
» Detaled Advice for Teaching Labs (4.5 pages)
Afternoon:
Preparation for peer Homework #2:
teaching of labs. + Read Appendix G: Lab Prep Programs (5 short pages)
¢ Read Appendix E: Video Analysis of Motion (5 short pages)
. * Read: How to accesslab prep programs (2 pages
Activity #10 » Read your assigned Lab (irr)ltrcr:. p prgbl ems§ inpglgi M)
« Skim the relevant sections of textbook
« Answer predictions and methods questions for all problemsin the
assigned lab
Fri | Morning: Reading: .Booklet
8/27 | Practice teaching  Smith, Johnson & Johnson — Handouts (5 pages)
Labl & Recl .
Homework #3: (due in the afternoon):
e Read1301LablinSLM
« Skim the relevant sections of textbook
Afternoon: « Answer predictions and methods questions for problems
Introduction to « Passthe computer lab prep program.
research in the OR Peer Teach
Department
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1999 Schedule and Syllabus

WEEK 2

Date Topic Readings & Homework (DUE on date listed)
Mon | Morning: Readings:
8/30 | Discuss Homework. Booklet — Cooperétive group problem solving
* Cdllins, Brown, & Duguid — Situated Cognition and the
What are the Culture of Learning, pages 32 & 37-42 (7 pages)
characteristics of good * Hédler & Hollabaugh — Teaching problem solving
group problems? through cooperative grouping, Part 2, section 111 (pages
638 - 640, 2.5 pages)
What are the best e Hédler & Hollabaugh — Teaching problem solving
waysto "coach” through cooperative grouping, Part 11, pages 640-644 (4
sudents while they pages) [OPTIONAL]
areworkingin
groups? Instructor’ s Handbook — Group Problems

Activities#11-13

» Characterigtics of Good Group Problems ... (2 pages)
 Cooperative Group Problem Solving (8.5 pages)

Homework #4: Solve Context -rich Problems

Afternoon:

Practice teaching Homework #5: (duein the afternoon):

Labll & Recll. * Read1301LabllinSLM
» Skimtherelevant sections of textbook
« Answer predictions and methods questions for problems
» Passthe computer lab prep program.

OR Peer Teach
Tues [ Morning Readings:

8/31

Discuss Homework.

Evduding lab
reports.
Physics & Writing

Activity #14
Afternoon:

Practice teaching
Lab Il & Reclll.

Booklet — Labs and Problem Solving
« Alliee. d. Writing Intensive Laboratory Reports (6

pages)

Homework #6: Use criteriato judge problems

Homework #7: (due in the afternoon):
* Read 1301 Lablll inSLM
» Skim the relevant sectionsof textbook
» Answer predictions and methods questions for problems.
» Passthe computer lab prep program.
OR Peer Teach
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1999 Schedule and Syllabus

WEEK 2

Date Topic Readings & Homework (DUE on date listed)
Weds | Morning: Readings:
9/1 | How can you teach Booklet — Sexua Harassment and Chegting

for Divergty and
persond interactions?
What to do about
cheeting?

Activities #15-16

» Equa Opportunity Brochure, sections 1-10 (15 easy pages)
o Shymanksy et d — Do TAs exhibit sex bias? (3 pages)
*  Seymour — Gender differencesin attrition rates (9 pages)
» Standards of Student Conduct — Sections |V and V
(3 smdl pages)
Activity #16 - Read Case Studies

Afternoon: Homework #8: (duein the afternoon):
Pra;ticetea:hing e Read1301LablVinSLM
LablV & Rec V. » Skim therelevant sections of textbook
« Answer predictions and methods questions for problems
OR Peer Teach
Thurs | Morning: Reading:
9/2 | Ethicsand Instructor's Handbook
professiond » Firgt Team Mesting (4 pages)
respongbility. » How to enter course grades (2 pages)
(Room 166)
Afternoon:
How to teach the first
lab sesson and
discussion sesson

Activity: Evaluation
of Orientation

Fri
9/3

Morning:
Vist research labs or
take written exam

Afternoon: Team
Mesting with Faculty
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1999 Schedule and Syllabus Grading
Activities (by day completed): (35 total points)
Date | Act.# Description Max. | Earned
8/24 1 Alternative Conceptions -- Light Petterns on Screens 3
8/24 2 Analyzing the Force Concept Inventory Questions 2
8/24 3 Andyzing Open-ended Questions 2
8/25 4 Demondration of Discusson Sesson Ingruction 2
8/25 5 Cooperative vs Traditional Discusson Sessons 2
8/25 6 Problem Solving - Exercise solution 2
8/25 7 Problem Solving Strategies, Problem Solving in Lab 2
8/25 8 Practice Problem Solving Strategy 2
8/26 9 Demonstration of Laboratory Instruction 3
8/26 10 Practice Lab Teaching -- Data Collection 2
8/30 11 Designing a Group Problem 2
8/30 12 Typica Objections 2
8/30 13 What Do You Do Next? Intervening in Groups 2
8/31 14 Physcs & Writing Errorsin Student’ s Lab Reports 2
91 15 Scholagtic Dishonesty is. . . 2
9/1 16 Case Studies: Diversity and Gender 1ssues 3
Homework (by day due): (33 total points)
Date | Hwk.# Description Max. | Earned
8/25 1 PredictionsM ethods Questions: Lab Probs#1 & #2 (Act #4) 4
8/26 2 Predictions/Methods Questions for Lab Problems Assigned 4
8/27 3 Preparation for 1301 Lab | in ILM (or Peer Teaching) 4
8/30 4 Solve Context-rich Problems using a Strategy 5
8/30 5 Preparation for 1301 Lab Il in ILM (or Peer Teaching) 4
8/31 6 Use Criteriato Judge Context-rich Problems 4
8/31 7 Preparation for 1301 Lab 111 in ILM (or Peer Teaching) 4
9/1 8 Preparation for 1301 Lab IV in ILM (or Peer Teaching) 4
Quizzes (by day given): (32 total points)
Date | Quiz Topic/Readings Points | Earned
8/25 1 TA Respongbilities, Alternative Conceptions, Problem 8
Solving
8/26 2 Labs FAQ, Lab Lesson Plans, Discussion Section Plans 4
8/127 3 Cooperative Grouping 4
8/30 4 Context-rich Problems 4
8/31 5 Lab reports, Judging problems 4
9/1 6 Sexua Harassment Policy, Chesting Policy, Gender Diff. 4
9/2 7 Firg Team Mesting. 4
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Instructors Notesfor Day 1: TA Orientation
(about 7 hours)

Date Topic Readings & Homework (DUE on the date listed)
Tue |Morning & Readings:
9/8 | Afternoon: Instructor’ s Handbook
Introduction to being * TA Responsihilities (6 pages)
aTA. Booklet -- Alternative Conceptions
TA Responsihilities. * Wandersee, Mintzes, & Novak — Research on dternative

conceptionsin science, 177-183 & 185-191 (13 pages)
What difficulties » McDermott — Research on Conceptuad Understanding in

do students have Mechanics (1.5 pages)
lear ning the * McDermott — Guest Comment (3.5 pages)
concepts and
principles of
physics? Why?
Activities #1-3

Activities
0. Sgn-up shedt, nametags

1 TAs introduce themsdaves -- name, undergrad. indtitution, physicsinterest, any
experience teaching

2. Staff introduce themsdves.

3. Image of TA activity -- TAsindividualy write down what they think their TA duties will
be, share with neighbor, then whole group.

4, U of Mn modd for introductory physics courses, who are the students, and structure of
intro. physics courses (Overheads)

5. TAsindividualy read section from handbook on TA duties -- we answer any questions

6. TAs compare and contrast their preconceived notion of duties and responsibilitieswith
what they will do here a the U of Mn.

7. Godsand structure of TA Orientation

Gods and generd topics

Sructure of summer course and seminarsin Fal and Spring

reading, grading, quizzes, etc. (answer key on wall, returned homeworksin folders)
go through Wandersee . d., reading -- skimming, €c.

tell about returned quizzes and homework in hanging folders

sSgr-up sheet everyday, food everyday
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Day 1 Lesson Plan
8. Activity #la Light patterns pretest (Dave) 20 minutes
4. Adivity #la Light patternstutorid in room 225 (Dave) 1 hour
10. Return to 157 for discussion and Activity #1b 20 minutes
11.  TAstakethe FCl test

12. LUNCH — we grade the FCI and print up results sheet

13. Activity #2: Andyzing the FCI (Pat and Ken) 1 hour
14. Activity #3: Analyzing open-ended questions (Pat and Ken) 1 hour

15. Remind students about quiz next morning a 8:45

Handouts Preparation:

1. For class Make groups for Activities 2
&3

Reading Booklet

Instructor's Handbook

Activities Packet

Homework Packet

Competent Problem Solver

New readings handout

Important people photos

FCI test and bubble sheets
FCI results (after lunch)
Group roles blanks
Group functioning sheets

g wn

Activity #1: Introduction to Alternative Conceptions (about 1.5 hours)

I ntroduction

Assign students to groups and have them discuss (1) how they learn best, and (2)
some characteristics of good instruction. (OVERHEADYS)

Activity #la: Light Patterns

a) Motivation: Before we begin, we are going to briefly illustrate some of the
components of the instructional strategy we use at the University of Minnesota.
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Day 1 Lesson Plan

Y ou will be able to compare and contrast these strategies with what you consider
to be good instruction and good conditions for learning.

The focus of this short demonstration is the topic of light patterns. Hereis
the problem you will be focusing on. Please complete the prediction questionsin
your activity packet, pages 5-8. Hand them in.

b)  Activity #1a Have students go to lab room to complete the problem (see
Activity Sheets, pages 9-17).

c) Closure: Discussthe smilarities and differences between the lab activity
they just completed and "conventiona" labs.

Activity #1b: Alternative Conceptions -- Light Patterns

a) Motivation: Pass back the "predictions’ to students. Although you have al
probably had formal instruction in optics, you probably al had some difficulty
applying this knowledge to red situations (at least we adl did when we went
through a smilar activity.) In fact, you may have used some intuitive "dternative
conceptions’ to make your predictions,

b)  Activity #1b: Turn to page 19 of your Activity Packet. | would like you to
take some time to reflect on the experience you just had, from making the
predictions to compl eting the exploratory lab problem. Which of these knowledge
claims made by Wandersee, Mintzes, & Novak (1994) did you personally
experience in some way? (You may not have experienced al of these clams, but
certainly the mgority.) I'll give you the first one -- Claim # 6. Each of your
instructors in this course standing before you now had some aternative
conceptions about Light Patterns!

c) Closure; Have students share some of their answers.

Review what al the instructional strategies that promote conceptua change
have in common -- disequilibrium, intelligible, plausible, fruitful (OVERHEAD).

If there istime, review Claim #7 (Unintended L earning Outcomes) from the

Wandersee et. d., (1994) article (OVERHEADS). Discuss the implications for
teaching introductory physics students.
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Day 1 Lesson Plan

Activity #2: Analyzing the Force Concept Inventory (about 1 hour)

a) Motivation: "AsaTA, one of your responsibilities will be to monitor and
diagnose students conceptual difficulties so you can help them both during class,
and in office hours. Thefirst tool you will have available is the Force Concept
Inventory (FCI), which will be administered to students during the first week of
classes. You will use the results of the FCI to form your first cooperative groupsin
your discussion and lab sections."

Tell students how the FCI was constructed -- uses many questions first asked
in interviews they read about in the assigned articles; authors checked responses by
interviewing several students after they took the FCI.

Show the TAs the results for both themsdalves and the students in the
ca culus-based course (handout).

b)  Activity #2. Explain their group task briefly — every group should
complete the question assigned to them first (see below), then go on to questions
19, 11, 15, 13, 17, and 4 in that order.

Group Question Group Question
1 19b, cord 8 11c
2 13b 9 1
3 11b 10 15¢c
4 17a 11 13a
5 4a 12 1lla
6 19 13 19b, c,ord
7 13c 14 13b

I ntroduce and discuss "roles’ (HANDOUT).

M odel how to complete this activity by thinking out-loud and writing the
answers for the first FCI question (Question #30 on page 22) on an overhead.

While the TAs are working, assign a question to each group. Asthe TAs
finish the activity, give a group processing sheet to each group (HANDOUT).

c) Closure: Randomly call on one person from each group to share their
answers to a question.

Show and discuss a so the Hake Plot -- we are dowly making progress!
(OVERHEAD)

Relate these results to the McDermott articles. Many students do not have a
"consistent conceptual system” -- their understanding and use of a particular
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Day 1 Lesson Plan

concept like force is ambiguous and unstable, so the answers they give are strongly
dependent on the context of the situation. If TAs are interested, discuss work by
Andrea diSessa (pieces of knowledge called "primitives') and Jim Minstrell

(pieces of knowledge called "facets').
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Day 1 Lesson Plan

Activity #3: Analyzing Open-ended Questions (about 1 hour)

a) Moativation: "Many of you have commented on some of the problems with a
multiple-choice test. So let's see how students respond to open-ended conceptual
guestions. These questions were given to the students in the calculus based course
as apretest (during the first week of class) and as a posttest (during the first week
of the second quarter). The responses you will be analyzing all come from the
posttest. All responses are from students who passed the first-quarter course with
an A, B or C grade.

The responses to these questions give you more information about how
students are thinking than you get from the FCI or from grading the problem-
solving tests. That is, what the students write is more like what they sound like
when they work in groups in the lab or discussion sessions. So thiswill activity is
good practice for beginning to develop your diagnosis skills. AsaTA, you will
have to listen to what students say, try to figure out what thelr conceptua difficulty
could be, then think of away to try to help them."

b)  Activity #3. Explain task briefly (see page 31). Assign thefollowing
students to each group:

Group Student # Group Student #
1 5 8 12
2 6 9 13
3 7 10 14
4 8 1 15
5 9 12 16
6 10 13 5
7 1 14 6

Have studentsrotate roles, and remind them to work on the group
functioning goal they set at the end of Activity #2.

c) Closure: Call on students for answers to each question, and discuss.
Show overheads of posttest results (handout). (OVERHEADS)
The data for the algebra-based course was collected from one section in

1993. In this section, conceptual understanding was emphasized through the
explicit teaching of a problem-solving strategy that emphasized the qualitative
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Day 1 Lesson Plan

analysis of context-rich problems before the mathematical solution. The students
solved problems in cooperative groups in both discussion sessions and labs.

The data for the 1993 cal culus-based course data was collected by randomly
selecting about 33 students from each of three different sections of the course. One
section was taught in atraditional manner. The other two sections used group
problem solving in discussion sections, but no explicit problem-solving strategy
was taught.

The 1996 cal culus-based course data was collected at the beginning of
spring quarter in one section of the calculus based course. 71 students had the
same ingtructor using the full model (explicit teaching of a problem-solving
strategy plus cooperative group problem solving) for two quarters. 85 students had
transferred into the course from other sections that used group problem solving in
discussion sections, but no explicit problem-solving strategy was taught.

These results support the findings of McDermott's Physics Education Group
at the University of Washington: "The use of the word 'force’ and other technical
terms is ambiguous and unstable. . . the underlying conceptual problems were
complex and could not be adequately summarized as asmple belief in the
necessity of aforce in the direction of motion."
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DAY #2 MORNING AND AFTERNOON:
Demonstration of Recitation Section, Rationale for L ab and Recitation

Structure, and Problem Solving

(about 3.5 hours)

Weds | Morning: Readings:
8/25 | How arediscussion Booklet -- Labs and Cooperative Grouping
sections taught at * Martinez— What is Problem Solving (4 pages)
UofM? Why? » Larkin— "Processing Information..." (3.5 pages)
» Hdler, Keath, & Anderson — Teaching problem solving
What difficuties do through cooperative grouping. Part 1 (9 pages)
Sudents have solving Instructor’ s Handbook — Teaching a Discusson Sesson
problems? * Generd Plan for Discussion Sessions (1 page)
» Detailed Advice for Teaching Discusson Sessons
Activity #4-6 (4.5 pages)
Afternoon:
What difficulties do
sudents have solving
problems (cont)?
Activities #7-8
Activities

1. Activity #4: Demo discussion/bad presentation demo?

2. Activity #5: Coop. vs. Trad. Recitation Sessons (OVERHEADS)

3. Activity #6. Problem Solving: Expert vs. Novice

4. Activity #7. PS Strategies, PSinlab

5. Activity #8: Practice usng a PS Strategy

Handouts. GWE problem
GWE solution
Butcher paper

Preparation:
New groups for today

New pages 61, 66, 73

Activity #4. Demo of Discussion Section Instruction (about 1 hour) Vince

Vince:

Teaches discussion session exactly like he would teach undergraduates,

excepts TAs solve a GWE problem. (Also bad presentation demo?)

Activity #4b/5: Rationale for Lab and Discussion Section Structur e (about 30
minutes) Pat and Ken
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Day 2 Lesson Plan

Discuss overheads of survey of Engineering Departments. Goas & Topics --
why we emphasize using concepts and principles to solve problems.
(OVERHEADYS)

Discuss overheads of "The Dilemma’ (page 55 of Activities Booklet) -- why we
use cooperative group problem solving.

Show overheads of survey of desired structure for discussion and lab sessions.
Emphasize the smilarities between discussion and lab.

Answer any questions students have about lab or discussion session structure.

Activity #6: Differencesin Expert-Novice Problem Solving (about 1.5 hrs) Pat
and Ken

a)

b)

b)

Motivation: "Y our responsibilitiesasa TA include tutoring students who are
having difficulty solving the homework problems during office hours, as well
as "coaching" students as they solve problems in both the discussion section
and the lab. To be an effective tutor and coach, you need to know (1) some
common difficulties that students encounter solving problems, and (2) how to
diagnose these difficulties from what they say and what they write, and (3) how
to help students with ther difficulties. We will be spending the next few days
on these topics.

First, let's have you solve atypical problem. Turn to page 59 of your Activities
Packet and solve the Cowboy Bob problem as quickly as you can.”

In the next activity, you are going to compare how you solved the Graduate
Written Exam problem earlier this morning with how you solved the Cowboy
Bob Problem, and how a beginning student solves the Cowboy Bob problem.

Y ou are going to make aflow chart of how you solve rea problems.” Show
overhead of flow chart for starting a car in the winter. (OVERHEAD)

Activity: Assign new groups (roles by latest birthday).
Hand out new Activity 6b. Have TAs turn to Activity Sheets (pages 61-66).

Explain task briefly. (NOTE: TAsMUST GET FLOW CHARTS ON ONE
PAGE, and sign sheets.)
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Day 2 Lesson Plan

After TAs start, hand out butcher paper & marker to each group.

c) Closure: Have TAs examine flowcharts. Discuss smilarities and differences
between steps when solving rea problems and when solving exercises, and
discuss differences in expert-novice problem solving.

L arkin recommends teaching students to follow a problem-solving strategy.
This leads into the next activity (Activity #7).

3. Activity #7a: Comparing Problem-solving Strategies (about .75 hour) Pat and
Ken

Hand out new page 1 of Activity 7b (page 73).

The purposes of this activity are to (1) introduce TAs to different "explicit"
problem solving strategies, and (2) to begin a discussion of how they can "coach”
students.

a) Motivation: "Jll Larkin recommended that students be taught an explicit
problem-solving "strategy" that helps students learn the processes an expert goes
through when they solve red problems (not "exercises'). There are now many
problem solving strategies in the literature -- amost every textbook includes a
problem-solving strategy now. So which strategy is"best?' Are the Strategies
very smilar, or are there fundamenta differences? How would following a
dtrategy make it easier to coach students? To answer these questions, you will
anadyze two

different strategies.”

b)  Rotate roles, have students turn to strategies (pages 67-72), and explain task
briefly: Groups should come up with three smilarities and three differences
between the two strategies.

c) Closure Cal on groupsto contribute a similarity or difference in strategies,
and write on overhead.

. The mgor point is that the Strategies are more similar than different when
actually executed. They each use different words to describe similar processes,
and they have dight differences in emphases, but they all require students to draw
diagrams, define variables explicitly, break the problem into sub-problems that can
be solved while keeping track of the unknowns. Discuss the different ways the
authors suggest students plan a solution.
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Day 2 Lesson Plan

. It is aso sometimes useful to return to the "chunking” idea. Writing was
invented as a natural extension to short-memory, which for most people is between
4-7 "bits' of information. Experts have "chunked" many bits together, so they do
not need to write as much -- they have enough short-term memory to solve the
problem. But beginning students have not chunked, so each little step is one of
their 4-7 bits. They soon run out of short-term memory space, and literally forget
what they did before if it is not written down. Thisis one reason why the authors
of adl the strategies insist that students explicitly write down alot of information
that an "expert" could probably keep in short-term memory.

d) (OPTIONAL if we have the overhead) Pass out handout for Act. #7. Show
overhead of Polya's strategy and compare with MN Plan Overheads. Then show
overhead of sources of different strategies.

€) Finally, discuss the last question: How will knowledge of these strategies
help you become a better problem-solving coach and grader?

(At some point, hopefully, someone will mention the technique of gradually
moving from simple to more difficult problems. Sometimes TAs see the dilemma
themselves -- smple problems reinforce the novice "plug-and-chug” strategy,
while novices fail at the more difficult problems.)

Activity #7b: Methods Questions and Problem Solving (about 0.5 hrs) Pat and
Ken

The purpose of this activity isto show TAs how the Methods Questions can
"coach" students.

a) Motivation:

b)  Activity: Rotate roles, have students turn to Activity Sheets (pages 73-78),
and explain task briefly.

c) Closure: Cal on groups to contribute which steps of the strategy in the
Competent Problem Solver the Methods Questions "coach™" students through.

d)  Finaly, discussalast question: How will knowledge of the connection

between the strategies and the methods questions help you become a better
problem-solving coach and grader?
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Day 2 Lesson Plan

Act. #8. Practice Using a Problem-solving Strategy (about 45 min)

a) Motivation: "You can not help students with the steps they need to go
through unless you can "unchunk™ yourself, and begin to think about and write
down alot more information than you are used to. So in this activity, you can
practice using a strategy to solve a problem from the algebra-based course."”

b)  Activity: Rotate roles, and have students turn to Activity Sheets (pages 79-
82).

"Try to explicitly follow the roles assigned to you. When you teach the
discussion sections, you will have students solve problems in cooperative groups
and you will also assignroles. So try to follow the roles to experience what it feels
like in a problem solving situation."

c)  Closure: Briefly discuss how difficult it was for them to follow the strategy
and theroles. Did it help to have the manager read the steps?

Pagexviii



DAY #3 MORNING AND AFTERNOON: Demo Lab
and Preparefor Peer Teaching (about 6 hours)

Thurs | Morning: Reading: Booklet — Problem Solving
8/26 | How arethelabs » Toothacker — A critical look &t lab indruction...
taught at the U of M? (3.5 pages)
Readings:
Activity #9 *  FAQ About the Labs (7 pages)

* Generd Plan for the Labs (1 page)
» Detailed Advice for Teaching Labs (4.5 pages)

Afternoon:

Preparation for peer | Homework #2:

teaching of labs. + Read Appendix G: Lab Prep Programs (5 short pages)
» Read Appendix E: Video Analysis of Motion (5 short pages)

. » Read: How to access lab prep programs (2 pages)

Activi ty #10 » Read your assigned Lab (intro., problems) in SLM
» Skim therelevant sections of textbook
» Answer predictions and methods questions for all problemsin the

assigned lab
Activities

1. Activity #9: Demo lab

2. LUNCH

3. Discusson of labg introduce peer teaching (OVERHEAD)

4. Activity #10: Peer teaching data collection

Handouts: Preparation:

New groups for demo lab
Peer teaching groups

1. Activity #9: Demonstration of Lab (about 2.5 hours) Vince and Dave mentor
Charlesand Andy

(Page 83 in Activities Packet.) Teach one problem (1 hour), then switch rooms,
and teach the other problem (1 hour). Break classinto thirds; set each group to
filling out the rationale on pages 84-88 for the beginning game, middle game, or

end game (15-20 min.). Then come together and discuss entire rationale.

2. Discussion of Problem-solving Labs/ Introduce Peer Teaching

Page xix




Day 3 Lesson Plan

1. Have students turn to page 26 of Instructor's Handbook (Table of Lab
Comparisons). Explain that our labs are designed to support the major goal of
the introductory courses -- to help students use concepts and principles to solve
problems. So our instructions are somewhere between traditiona verification
labs and inquiry labs -- enough guidance so groups can figure out what to do
with minimal help from the instructors, but NOT "cookbook" |abs.

Show Tom's overhead -- students think guidance about right.

2. Have students turn to Flow Chart in Instructor's Handbook (page 29). Explain
difference between Problem and Exploratory Problem. (This morning they did
one of each.)

3. Answer any questions students have about |ab.

4. Explan briefly Activity #10 (page 89). Tell TAsthat their group will be
assigned 2 lab problems and they will need to choose or write a recitation
problem. All 3 members of the group must prepare for al 3 problems, since
they will not know which one they are teaching until the day they teach. This
means all 3 must have data for the lab problems, and they also must have
solutions for the recitation problem ready. The Instructor’ s Handbook is a good
source of problems to choose from.

3. Activity #10: Collect data for peer teaching. TAsmake predictions, collect
data, choose recitation problem.
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DAY #5 MORNING:
Designing Problems, Typical Objections,
and Intervening in Groups (about 3.5 hours)

Mon | Morning: Readings:
8/30 | Discuss Homework. Booklet — Cooperétive group problem solving

» Cadllins, Brown, & Duguid — Situated Cognition and the
What are the Culture of Learning, pages 32 & 37-42 (7 pages)
characteristics of good » Hdler & Hollabaugh — Teaching problem solving
group problems? through cooperative grouping, Part 2, section |11 (pages

638 - 640, 2.5 pages)

What are the best e Hédler & Hollabaugh — Teaching problem solving
waysto "coach” through cooperative grouping, Part 11, pages 640-644 (4
sudents while they pages) [OPTIONAL]
areworking in
groups? Instructor’ s Handbook — Group Problems

» Characterigtics of Good Group Problems ... (2 pages)
Activities#11-13 » Cooperative Group Problem Solving (8.5 pages)

Homework #4: Solve Context -rich Problems

Afternoon:
Practice teaching Homework #5: (duein the afternoon):
Labll & Recll. + Read1301Labll inSLM

e Skimtherelevant sections of textbook

» Answer predictions and methods questions for problems

» Passthe computer lab prep program.

OR Peer Teach
Activities:

5. Discuss Homework

6. Activity #11: Designing a group problem
7. Activity #12: Typical Objections

8. Activity #13: Intervening in Groups

9. Assign reading about judging problems too! (Pages 49-52 in Instructor’s Handbook)

Handouts: Preparation:
Butcher paper New groups for today
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Day 5 Lesson Plan

Discuss Homework: How did TAs like solving the problems using the
strategy?

Activity #11. Designing a Group Problem (about 1.5 hours)

a)  Motivation/Introduction: "You may be asked by your professor to
either construct a first draft of a group problem (in teams of two), or to
critigue a draft of a problem the professor developed. Itis very difficult to
design a good group problem. It turns out that you can not just use a
standard textbook problem."

Show the first overhead (see page 93) and elicit some responses from
the TAs. Thisisareview of the Heller and Hollabaugh (1992) article. Then
show overheads about appropriate group tasks (overheads #2 and #3 on
page 94).

Show Overhead #4 (page 95). Ask the TAs why this version of the
textbook problem is a better group problem. Discuss. Then show
Overheads #5 and #6 (page 96).

Show Overhead #7 (page 97) and ask the TAs to list which of the five
characteristics of a context-rich problem are missing from this textbook
problem. Discuss. Then show Overhead #8 (page 98), which is the
context-rich version of this textbook problem

Repeat this process for Overheads #9 & #10 and Overheads #11 &
#12 (pages 99-102). "So now let's try to design our own group problem
from a textbook problem."

b)  Have students turn to the Activity Sheets (see page 103-108), assign
roles, and briefly explain the task: first have the TAs read the Instructor’s
Handbook section on creating context-rich problems (pages 104-107 in
Activities packet), then the TAs are to start with a textbook problem and
turn it into a context-rich problem. Each context-rich problem should be
written on a large sheet of paper and taped to a wall. Be sure to assign the
same problem to at least three groups, so the TAs can see the same physics
applied to different contexts.
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Day 5 Lesson Plan

C) Closure: After the groups have put their context-rich problems on
the walls, have the TAs walk around and read each problem. The groups
take turns giving one "piece of advice" to another group about how to
make their problem better.

Activity #12: Typical Objections to Cooperative-Group Problem Solving
(about 1 hr)

a)  Motivation: “You have been reading about and we have just
discussed some of the reasons we decided to use cooperative-group
problem solving at the Univ. of MN. When we learn a new teaching
technique, there is a tendency to focus on the disadvantages of the new
technique -- we forget that all techniques, including the traditional
techniques with which we are comfortable, have disadvantages. In this
activity, you will have an opportunity to compare some common objections
to cooperative-group problem solving with the analogous objections to
traditional recitation sections.”

b) “What do we mean by a traditional recitation section?” On a blank
overhead, brainstorm some of the characteristics to "get the picture.”

c)  Activity: On overhead, show and model by thinking out loud the
analogous objections to #1 and #5. Then turn to page 111 and try to do #7
together as a whole class (don't accept ideas that are not analogous
objections).

Turn to page 109 -- explain task, have students rotate roles and start.

As groups start working, give each group a blank overhead of one
objection to complete (8 remaining objections for 8 groups).

d) Closure: Call on groups to present analogous objections -- get other
possible analogous objections from other groups. (If short on time, be sure
to do #3, #8, and #9.)

e) If there is time, have TAs brainstorm other possible objections to
cooperative group problem solving.

Pagexxiii



Day 5 Lesson Plan

"The major point is that you can't reach all of the students all of the time,
regardless of the instructional technique. The research indicates that
cooperative groups have the advantage of reaching more of the students
more of the time than traditional lecture methods."

Answer Key:

1. Instructors can not get inside students' minds to see if they are forming
alternative conceptions.

2. Some students already know how to solve the problem that is being done on the
board. So there is a lot of wasted time.

3. Some students do not ask questions, have not prepared, or are not thinking about
the material.

4. You are only answering one student's question, so you don't address the
concerns of the other students in the class.

5. The amount covered depends only on how fast the instructor can speak or write.
It does not require real time intellectual engagement of the students.

6. Traditionally the weaker students get left behind and the best students are bored.
7. The research indicates that traditional instruction tends to only teach to about the

top 15% - 20% of the class. See Claim #7 in Wandersee et. al. (1994) in the reading
packet.

8. Lecturing is not teaching because you are concentrating on what you say and do
instead of concentrating on what your students think.

Recitations are egotistical and authoritarian (i.e., teacher-centered) by nature.

9. Traditional recitations are authoritarian because everyone must interact only
with the instructor and must think like them to follow their solutions.

10. Students are bored by being forced to play the role of listener.

11. Students do not want to go to a recitation section which rarely addresses their
problem in understanding the concepts. Questions of other students are either so
"advanced" that they can't follow or so "simple" that they are bored.

Act. #13. What Do You Do Next? Intervening in Groups (about 1 hr)

The major purposes of this activity are to (1) have TAs realize that they can
and should, at times, intervene in a group to help it function better, and (2)
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Day 5 Lesson Plan

give the TAs a few "one-liner" responses (rationales) for students in some
typical situations.

a)  Motivation: In both the lab and discussion sessions you will teach,
you need to monitor groups and intervene when necessary. In this activity,
you will be presented with typical cases and asked "What would you do
next?"

b)  Activity: Have TAs turn to page 113. Explain task briefly.

After groups start working, pass out overheads with assigned
situations.

c)  Closure: Have one member from each group come up and present
their group's scenario of what they would do next.

“The major point is that there is no 'one right answer' in the way to

intervene or respond. So much depends on the context of the situation,
your personality, and the students' personalities."”
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DAY #6 MORNING:
Writing-Intensive Lab Reports (about 3.5 hours)

Tues [ Morning Readings:
8/31 | Discuss Homework. Booklet — Labs and Problem Solving
. Allie &. d. Writing Intensive Laboratory Reports
Evduating lab (6 pages)
reports:
Physics & Writing
Homework #6. Use criteriato judge problems
Activity #14
Homework #7: (due in the afternoon):
Afternoon: * Read1301LablllinSLM
Practice teaching » Skimtherel evant sections of textbook _
Lablll & Reclll. * Answer predictions and methods questions for problems.
» Passthe computer lab prep program.
OR Peer Teach
Activities
1. Discuss homework: judging problems

2. Activity #14. Lab Reports

Handouts: Preparation:
Lab reports New groups for today
Article by Dr. Kastman?

Discuss Homework: Review the judgments made by the TAs and discuss
any large discrepancies between their judgments and ours. (Need
overheads of judging criteria.)

One factor that can lead to discrepancies in judgment is the tendency
of some TAs (particularly foreign TAS) to solve the problems in
sophisticated ways that students in introductory courses would not use.
For example, problem #1 (Oil Tanker Problem) is rejected by some TAs
because it can be solved with one equation in a moving frame of reference. In
fact, this problem is a difficult group problem for students who have just
started to study linear kinematics in the first weeks of an introductory
course.
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Day 6 Lesson Plan

Key to Decisions. These are the old ones— mentor TAs have new ones

Problem and Timing Difficulty Rating Decision
1. Oil Tanker Problem: Reing=3- 4 Since this problem would be used
Assume students have just . : . at the beginning of the course, it
darted sudying linear more information would be avery difficult group test

kinemdtics (i.e, the

» more than two subparts
* assumptions needed

problem. It gives students practice

Mrindaeme | nanoais | Mdeoaned e

acceleration). carefully defining variables

2. lce Skating Problem: Rating = 2 Thiswould make a good easy to

Assume students have just o : medium-difficult individud test

o : « difficult physcs !

f'”'f‘.“g‘;’t.%d)?' ”I\?;;‘ne , (Newton's third law) fr‘?g'fm-thsé”‘{; St“d?‘lt\ls ;vf ,

ﬁpaF:vls ofI mo?i on e " vector components) I_IgNsl,ri?istoro el;csjyy 1?or agro?Jr;)S
practice or group test problem.
(Note: It would be avery good
group practice problem if sudents
were just garting their sudy of
Newton's Laws)

3. Safe Ride Problem: Raing=4 This would make a good group

Assume that students have o : practice or test problem. It could

e . o difficult o

just finished studying ficult physics also be used as adifficult

forces and uniform circular
moation.

(circular motion)
* no explicit target variable
* vector components
* trig. to diminate unknown

individud test problem.

4. Cancer Therapy
Problem: Assume students

Rating=3
» unfamiliar context

This would make a good group
test problem. The agebraistoo

have judt finished studying . long/complex for agroup practice
the conservation of energy . S\Ilrictg;;:ogppcgrﬂi problem. It could also be used asa
and momentum. ' difficult individud test problem.
5. Kool Aid Problem: Reting=4-5 Given the number of decisonsthat
Assume that sudents have need to be made and the missing

. h 7
just finished studying r:grg(h f‘gﬁg‘;‘gﬁ?ﬁ: information that needs to be
caorimetry. supplied, this would make a good

* more information
* missng information
* assumptions needed

group test problem. It is probably
too "difficult” for agroup practice
problem (i.e., it would take
students more than 25 minutes to
discuss and solve) . It would make
avery difficult individud test
problem.
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Day 6 Lesson Plan

Activity #14: Physics and Writing Errors in Students’ Lab Reports (about 2
hours) Ken

What are we doing here?
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DAY #7 MORNING:

Diversity and Gender |ssues (about 3.5 hours)

Weds | Morning:

9/1 | How can you teach
for Diversty and

persond

interactions?
What to do about
cheeting?

Activities #15-16

Readings:
Booklet — Sexua Harassment and Chegting
* Equd Opportunity Brochure, sections 1-10 (15 easy
pages)
o Shymanksy et d — Do TAsexhibit sex bias? (3 pages)
»  Seymour — Gender differencesin attrition rates (9 pages)
» Standards of Student Conduct — Sections1V and V
(3 smadl pages)
Activity #16 - Read Case Studies

Afternoon: Homework #8: (duein the afternoon):
Practicetea:hing e Read1301Lab 1V inSLM
Lab 1V & Rec V. » Skimtherelevant sections of textbook
« Answer predictions and methods questions for problems
OR Peer Teach
Activities

1. Activity #15: Cheating

2. Activity #16: Case Studies

Handouts:

Activity #15: Cheating (about .75 hours) Vince, Dave, Andrew, Laura

Show classroom climate overhead (page 117) and discuss.

Go through scholastic dishonesty “quiz’” on page 118 and discuss answers
— hopefully everyone will agree that they all are true!

Show overheads of cheating (page 119) — what is cheating? How can we
reduce cheating in our classes?

Activity #16: Case Studies (about 1.25 hour) Vince, Dave, Andrew, Laura

Assign groups and four case studies to each group. Have groups discuss their four,
then go on to the others if they have time. Bring whole class together for
discussion of each case. Remember, there are no right answers, just different
ways of dealing with each of these.
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TA Duties

Our TA Orientation is a 3-credit (about 30-hour) course called Cl 5540: Teaching Introductory
College Physcs. The course meets during the two weeks just before our academic year begins,
and dl new TAs must complete this course. The gods and syllabus for the course are included
on pages 13-17.

We have found that our new graduate students, who come from many different kinds of
ingtitutions both here and abroad, are anxious about their new role as teaching assstants (TAS).
They tend to be success-oriented students, but they are dso very unsure of themsdves. Many
have no conception of what they will be asked to do as ateaching assstant. Consequently, on
the first day of the course they need to be told:

(8 thestructure of the introductory courses they will teach (e.g., page 4);

(b) what the sudents are like in these courses (e.g., page 5);

(c) thedructure of the TA Orientation e.g., page 6 and 13-17); and

(d) what their responghbilities and dutieswill be as TAs (e.g., pages 7-12).
We found, however, thet it isimportant not to overwhelm them with too much information.
Other important topics, such as professionalism, policies for cheating and sexud harassment, as
well as how to teach non-traditiona and disabled students and cultura sengtivity are best dedlt
with during alater session near the end of the course.

We have dso found that the new TAs learn more and like the course better when it is structured
around their teaching duties (e.g., teaching the labs, teaching the discussons ons, €tc.). So
we embed the theory and research on learning and teaching within activities that center around
their teaching roles.

Findly, we have found that it isimportant to teach the course by modeing the ingtructiona
techniques you want the TAs to use in their own teaching. At the University of Minnesota, our
discussion sections and problem-solving labs are taught using cooperative grouping.
Consequently, most of the activitiesin this course are taught using cooperative grouping
techniques.
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TA Orientation Fall, 1999

I ntroduction

Whatisa TA?

What is your image of a teaching assistant (TA)?
What would you see a TA doing? What are their
duties and responsibilities? Who doesa TA
work with? etc.

Formulate an answer individually.
Share your answer with a partner.

Listen carefully to your partner's
answer.

Create anew answer through
discussion.

Notes:
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TA Orientation

TA Orientation and Seminars

Introductory Physics Courses

Three hour s each week (Monday,

[ LECTURES Tuesday, Wednesday), sometimeswith
informal cooper ative groups.
One hour each Thursday -- groups

l[ 2L Ss(ég.?ISIOONN practice using a logical strategy to solve
(context-rich) problems.
Two hours each week -- same groups

LAE,’SOEIE’.‘}‘;FOONRY practice using strategy to solve

concr ete experimental problems.

Friday -- usually a problem-solving
TESTS quiz every two weeks; sometimes
multiple-choice exercisesand
conceptual questions alter nate weeks.

Learning Modes

Fall, 1999

Component hours/week Mode
Lecture 3 Individual
Recitation/L abs 3 Cooper ative groups
Study/Homewor k 7-8 Individual

23% of coursetimespentin
cooper ative groups




TA Orientation Fall, 1999

TA Orientation and Seminars

Physics 1101 - 1102

Two-semester, algebra-based course for non-majors

Majors.
Architecture 45%
Health/M edical 25%
Physical Therapy
Dentistry
Phar macy
Chiropractic
Medical Tech.
Veterinary
Agriculture/Ecology 10%

50% women 30% freshmen
50% had calculus 30% sophomor es
50% had HS chemistry 30 % juniors

\\\50% had HS physics 10% seniors

Physics 1301-1302

Two-semester, calculus-based course for engineers and scientists
Majors:
Engineering
75%
PhysicgAst. 5%
Chemigry 6%
Mathematics 5%
Biology 9%
79% male 64% freshman
80% had calculus 22% Sophomore
87% had HS Physics 10% juniors
61%expect to get an A
53% work (25% more

K than 10 hrs/week)
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TA Orientation

TA Orientation and Seminars

TA Orientation Course

Fall, 1999

Hours
in Class
1. Introduction 3
¢ Coursestructure, students& TA duties
2. Alternative Conceptions of Students 7
3. Teaching the Problem-solving L abs
& Demongtration Lab 3
@ Pear Teaching of Labs 12
4. Teachingthe Discussion Sessions
@ Teaching Discussion Sections 5
¢ Student Difficultieswith Problem Solving 1
@ Characterigtics of Good Problems 3
5. Professionalism and Diversity | ssues 3
37
Teaching Seminars
Mondays -- Fall and Spring Semester
Hours
in Class
1. Alternative Conceptionsand Lab Preparation 9
2. Problem Solving 4.5
3. Grading and other Issues 45
18

You will sign up for 1 credit in the Fall, and 2 credits
in the Spring semester.

You will not receive a grade for the course until the
end of Spring term (grades recorded as “I”” until the
end of Spring term).



TA Responsibilities
Description of Specific Duties

Most teaching assstants (TAS) will be assgned to ateaching team respongble for one of the
introductory physics courses. Y our most likdly assgnment is the first term of the calculus-based
course since that serves the most undergraduates. A teaching team typicaly conssts of one
faculty member and four to five TAs. Thisteam isresponsible for al aspects of the course for
about 140 undergraduates.

If you have a 25% appointment, you will be teaching one discussion sesson and one lab, with
the same students (less than 20) in your discussion sesson and your lab. If you have a 50%
appointment, you will be teaching two discussion sessons and two labs, with two sets of
sudents. Discussion sessions meet for 50 minutes on Thursdays, and labs meet throughout the
week for 2 hours a atime.

Teaching Discussion Sections.

Try to get to your assgned classroom several minutes early. If possible, you should be there
before most of your students. Y ou may need to tidy the classroom, clean the blackboard,
rearrange the chairs, and/or write on the blackboard (i.e., the agenda for class, groups students
should work with, or other announcements). Well before the first class, check out the room to
seeif it isappropriate for adiscussion section. If it isnot appropriate, tell the undergrad office
and we will try to get it changed.

Teaching L aboratory Sections:

Make sure you get to your laboratory room at least 5 minutes before class starts, and do not let
the students enter until you are ready. Use thistime alone to check the apparatus to make sure
that itisdl there, it is neeatly arranged, and it isin working order. If you are teaching a computer
lab, you should check to make sure the computers are working properly. Any other quiet time
can be used to make fina preparations. Make sure the door islocked and the lab isin order
before you leave.

Office Hours:

Office hours will be held in the Physics and Astronomy Drop-In Center, in Physics 140. Thisis
your chance to interact one-on-one with your students, and it is your sudents chance to get some
persond tutoring. Y ou will have one office hour aweek for each of your sections.

Preparation for L aboratory:

* You will only have anew laboratory to teach every two-three weeks. 'Y ou should become
very familiar with the equipment, and consult the Ingtructor's Lab Manua and experienced
TAsto find what might go wrong with it or what kinds of mistakes sudents might make. If
you can, it isagood ideas to observe someone else's |ab session before you teach yours.
With your team, select which lab problems have priority.

» If you are continuing alab you have dready started, you should decide which groups should
do which lab problems &t the next lab mesting.

* Youwill dsowant to solve dl predictions and method questions that you have assgned to
your sudents. In the team meetings (and some All-TA meetings) you will discuss
difficulties that students have had with the physics principles they need to do the lab.
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TA Responsibilities

e Students will be using computer laboratory preparation programs before each new lab. You
will be shown how to use a program to check whether they have attempted or completed their
assigned programs before they get to lab. Y ou should go through these questions before your
sudents do. Dropping into the computer [aboratory (room 130) from time to time to observe
the students taking these tests and hel ping them out is a good opportunity to discover some of
their physics difficulties before they cometo lab.

Have agod for each lab, something you want your students to learn. This should be decided
in your team meetings after discussion with the professor and other TAs.

Preparation for Discusson Sections.

»  Solvethe group problem students will solve in discussion section.  Discuss with your team
what agpect of the problem you expect will be difficult for the sudents.

» Look at the syllabus and homework problems assigned for the week. Be prepared to tell your
students which homework problems are smilar to the group problem.

* Insome sections, you may be asked to work with other TAs to design or write a group
problem. You will present the first draft of your problem to your team for critique, and may
be asked to write a second draft. Thiswill occur once or twice aterm.

* Insome sections, you may be asked to choose the materid for the discussion sections for
some of theweeks. Y ou may want to pool your skills and ideas with other members of your
team, either during your team meeting or outside of it.

Team Organization Medtings

Each week, the TAs and professors will meet as ateam to discusstheir course. Of coursethisis

the opportunity to discuss the mechanics of the course (e.g., who will grade what, who will

proctor, etc.), but the most important reason for the meetings is the communication between the
different members of the teaching team. Important issuesfor this feedback are:

» The professor describing what is going on in lecture and why.

» Discussion about what to emphasize in the next discussion and lab sessons.

» Trading information and andyzing what sudents understand and do not understand. Since
there can be alarge diversity between the different discussion and lab sections, each TA
should discuss and compare their section with other sections. Thisinformationisan
invauable input for the professor(s), who do not have the close contact with students that you
do.

It isimportant that you take an active role in these team mesetings.

Mesting with Mentor TAS.

Y ou will each have ahdf hour appointment with your mentor TA each week. These meetings
are to provide you with coaching to become better teachers. Y ou might ask about problem
sudents, difficulties grading, classroom management, course organization, or discuss other
things that the mentor may have noticed in your section. Fed free to bring up anything el se that
relatesto being a TA.

Attending the All-TA Medting:

Each week the mentor TAswill convene alunch time All-TA Meting for the TAs of the
introductory physics courses. These meetings will include an informa time to talk about
teaching plus some time for amore forma discussion on how to handle difficult Stuations such
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TA Responsibilities

as cheating and how to explain physics that has been difficult for sudentsin the past. Sincethis
meeting is optiond, lunch will be provided by the Physics Department.

Grading Labs.

Y ou will be grading written &b reports every two or three weeks. Aswith al grading, prompt
feedback to the studentsis essential. The ten-point grading scheme isincluded in the Ingtructor's
Lab Manud.

Grading Homework:

Different teams will make different decisions about how homework will be collected and graded.
Whatever scheme you decide to use cannot take much of your time. Be sure to grade and return
homework as soon as possible, so that students can use the feedback to get help.

Grading Tedts.
» At thistime, the estimate for how much time it takes to grade one of the more difficult

problemsisasfollows:

140 probs ., 3min  1hr
quiz X prob )\60 min

(0.5 hr dassfying) + ( ) + (0.5 hr recording)= 8 hrs

On average, each TA will grade 3 such questions each term, plus one group problem (about
50 problems). This should average to less than 3 hoursiweek. In your team mestings you will
arrange which TAswill grade which problems.

 After you spend the time classifying a subset of tedts, it is estimated that a quiz problem will
take, on the average, 3 minutesto grade. Obvioudy some student solutions will be extremely
convoluted and some will be blank.

 After you have completed the grading, you will enter the grades into the computer (see FAQ:
Entering Course Grades in this Handbook).

Grading should be completed, graded and scores entered into the computer, by noon Monday

if possible. It isimportant the students receive prompt feedback on al graded assgnments.

Proctoring
You will dl be asked to proctor the tests for your course. While proctoring, you are responsible
for answering student questions and deterring cheating. The schedule for proctoring will be

discussad in your team mestings.

Miscellaneous.

If you get achance, it is highly recommended that you go to lectures. 1t isagood opportunity to
see exactly what is hgppening, and it also shows the students that you think lectures are
important.

Fina Exams and Lab Grades.

Each TA will probably grade one or two find exam problems which will take about 8 hours
each. Thisgrading will occur, in most cases, after your last find exam so make sure that you
plan enough time at the end of the term. In addition, you must be sure to have integrated your
lab and homework grading into the course grading spreadsheet before the semester ends.
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TA Responsibilities

Average Time/Week During the 14-week Semester

Often, TAswant to know about how much time they should be spending on different duties.
Your average weekly load during the 14 weeks of class for a 50% appointment should be
goproximately thet listed below.

Contact with Students:
2 Discussion Sections 20hrs
2 Laboratory Sections 4.0 hrs
Office Hours 2.0hrs
8.0hrs
Preparation:
Laboratory 10hrs
TA Seminar 1.0 hrs Teamswill decide how to
Discusson 1.0 hrs dructure this between team
Team Organization 1.0hrs meetings and individud prep.
4.0 hrs
Grading and Entering Grades.
Labs 20hrs (average)
Tests and Homework 3.0hrs (average)
50hrs
Feedback and Support:
Meet with Mentor TA 0.5hrs
All - TA meeting 1.0hrs (optiond)
0.5hrs
Proctoring Tedts. 1.0hrs
Miscdllaneous. 15hrs
(dedling with the front office, helping students outside of office hours, €tc.)
TOTAL 20.0 hrs/week*

* The Univerdty does not recognize the time between terms as holidays. Although the Physics
Department typically does not assign TA duties after finad exam grades are recorded, thistime
must be counted to compute your actua average hours worked per week.
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Using Your Mentor TAs

Y our mentor TAs each work 10 to 20 hours aweek to help you improve the skills you need to
become a better TA which will ultimately improve the undergraduate education in the physics

department.
Specifically, the duties of the mentor TAs are to:
* beactiveindructorsin the TA orientation in August.
* organize and moderate the weekly dl-TA meetingsin which we discuss
- teaching concepts relevant to the week’ s materids
- problemswith the previous lab
- difficult gudents
- your issues and ideas about teaching

e co-teach the seminar in the Fal and Spring in which we discuss topics Smilar to those in the
dl-TA meeting, and other topicsincuding:

- lab preparation
- as3gned readings
- grading exams and homework
- dternative conceptions your students may have
- problemsolving drategies
e vigt severd of your labs and discusson sessions to:
- observe your teaching techniques,
- hdp you with intervening in groups,
- giveyou feedback and answer questions about your teaching.

e report any unrescinded ingppropriate behavior (i.e. behavior that is harmful to students) to the
director of undergraduate studies.

* make recommendations for the TA award given at the end of the year.

If you ask them to, the mentor TAswill aso:
e beresourcesfor you in the physics department.
e sarve asan anonymous conduit of your concernsto an individua professor or the department.
* hep you find informéation in the education literature.
* hdp you write your lesson plans.
* hdpyou find and practice with the laboratory equipment.

» advise you on grading, writing cooperative group problems, interacting with professors, and
forming new groups.

* writeteaching letters of recommendation.

« bewilling to discuss the graduate school experience (both good and bad.)
Remember, like any instructional relationship, the mentor TA can provide you with ideas and
suggestions, but the only impetus to improve your teaching lies within you.
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Alternative
Conceptions
of
Students

Related Readings:

McDermott, L. C. (1993). Guest Comment: How we teach and how students learn — A mismatch.
American Journal of Physics, 61 (4) 295-98.

McDermott, L. C. (1984). Research on conceptud understanding in mechanics. Physics Today, 37:
24-32.

Wandersee, J. H., Mintzes, J. J,, and Novak, J. D. (1994). Research on aternative conceptionsin
science. InD. L. Gabe (Ed.), Handbook of Research in Science Teaching and Learning, New
York: Macmillan.

Activities

We spend afull day (approximately six hours) introducing TAs to students aternative conceptions
in physics. TAs have read the above articles before they complete the following activities:

1. Introduction to Alternative Conceptions (page 21)
Activity #la. Light Petterns (pages 23)
Activity #1b: Alternative Conceptions -- Light Patterns (page 37)

2. Alternative Conceptionsin Dynamics
Activity #2: Analyzing the Force Concept Inventory (page 41)
Activity #3: Andyzing Open-ended Questions (page 53)
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Instructor's Notes for Introduction to Alter native Conceptions
(about 1.5 - 2.0 hours)

To introduce dternative conceptions of students, it is helpful to have TAs participatein an
experience that makes them aware of their own aternative conceptions, and then have them reflect
on the experience. There are many different activities you can use for this purpose. We use an
adaptation of the Light and Shadow tutoria from Tutorialsin Introductory Physics by Lillian C.
McDermott and Peter Shaffer and the Physics Education Group, Department of Physics, University
of Washington (Prentice Hall, 1998).

I ntroduction

Assign TAsto groups and have them discuss (1) how they learn best, and (2) some characteristics of
good ingtruction (page 23).

Activity #1a: Light Patterns

a) Moativation: "Before we begin, we are going to briefly illustrate some of the components of the
ingructiond srategy we use a the University of Minnesota. Y ou will be able to compare and
contrast these strategies with what you consder to be good instruction and good conditions for
learning. The focus of this short demondretion is the topic of light patterns. Hereis the problem
you will be focusing on. Please complete the prediction questions.” Pass out the Light Petterns
Problem and the Prediction questions (pages 24 - 27).

b) Activity #la Have TAsgo to lab room to complete the problem (see Activity Sheets, pages 28 -
36).

¢) Closure: Discussthe smilarities and differences between the lab activity they just completed
and "conventiond" labs.

Activity #1b: Alternative Conceptions-- Light Patterns

a) Moativation: Passback the "predictions' to TAs. "Although you have dl probably had forma
ingruction in optics, you probably dl had some difficulty gpplying this knomedge to red
gtuations (at lesst we dl did when we went through asmilar activity.) In fact, you may have
used someintuitive ‘dternative conceptions to make your predictions.”
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Instructor’s Notes for Activities 1a and 1b

b) Activity #1b: Introduce the activity (page 37): “1 would like you to take some time to reflect on
the experience you just had, from making the predictions to completing the exploratory lab
problem. Which of these knowledge claims made by Wandersee, Mintzes, & Novak (1994) did
you personally experience in some way? (Y ou may not have experienced dl of these clams, but
certainly the mgority.) I'll give you thefirs one-- Clam# 6. Each of your ingructorsin this
course standing before you now had some aternative conceptions about Light Petterng!”

¢) Closure. Have TAs share some of their answers.
Review what dl the indructiona strategies that promote conceptua change have in common
(page 38)-- disequilibrium, intdligible, plausble, fruitful (from Posner, Strike, Hewson and
Gertzog, 1982).
If thereistime, review Claim #7 (Unintended L earning Outcomes) from the Wandersee et. d.,

(1994) article (pages 38 - 39). Discuss the implications for teaching introductory physics
students.
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TA Orientation 1999 Name:

Activity #1a (1 point)

EXPLORATORY PROBLEM #1:
Light Patterns

Because of your physics background, you have been asked to consult for the FBI on an industrid
espionage investigation. A new invention has been stolen from aworkroom, and the FBI is
trying to determine the time of the crime. They have found severd witnesses who were walking
outsde the building that evening, but their only recollections are of unusud light patterns on the
gde of the building opposite the workroom. These patterns were caused by light from the
workroom coming through two holes in the window shede, a circular hole and atriangular hole,
The room has severd lightsin it, including two long workbench bulbs. During the theft, the
burglar hit one of the workbench lamps and broke the supporting wire, leaving it hanging straight
down. Together with the other bulb, it formsalarge“L” shape. Going outside, you see that the
lamps do leave interesting patterns on the sdewalk. Your job isto determine, based on the light
patterns the witnesses recal seeing, when the theft took place. Y ou decide to modd the crime
scenein your lab using the equipment shown below.

> What patterns of light are produced with different shaped holes and light
: sources?

EQUIPMENT

Tong-filament

. maglite holder bulb
‘_ frosted bulb I
mask with mask with FCreen
maghte circular hole  triangular hole

You will have: ameaglite holder; two mini maglites, adear tubular bulb with a sraight filament
mounted in a socket (representing along workbench bulb); two cardboard masks, one with a
circular hole and one with atriangular hole (representing the holes in the window shade); and a
large white cardboard screen (representing the sde of the building).
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TA Orientation 1999 Activity #1a: Light Patterns

PREDICTIONS

1. Suppose you took a Maglite flashlight, took the cover off, and held it close to a card with a
smdl circular holeinit. What would you see on the screen behind the card? Draw what you
think you would see on the screen.
Draw here what you predict gou

will seean the Front of the screen.

Explain your reasoning. Why do you think thisis what you will see?

2. Now suppose you had a bulb with along filament insgde. Imagine you were to hold this near
the card with asmdl circular holeinit. Draw what you predict you would see on the screen.

I RES:

Draw here what you predict you
wWill zee on the fromt of the screen.

Why did you draw what you drew? Explain your reasoning.
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TA Orientation 1999 Activity #1a: Light Patterns

3. Suppose you took two of the long filament bulbs and held them together to form an “L”
shaped filament, and held this setup near acard with asmall circular holeinit. What would you
see on the screen? Draw your prediction.

?
-
51
gy, -
M
W,

Draw here what you predict you
=

will see on the front of the screen.

What was your reasoning?
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TA Orientation 1999 Activity #1a: Light Patterns

4. Now imagine you kept the bulbs in the shape of an “L”, but now replace the hole in the card
with atriangleingtead of acircle. Predict what you would see on the screen, and draw your
prediction.

[] I
M.
b ":- ‘\-,__ .
M . .. Draw here what you predict you
W

will see on the fromt of the screen.
=y

Explain your reasoning.
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TA Orientation 1999 Activity #1a: Light Patterns

EXPLORATION

Before you tackle the complex problem, you decide to explore the different light patterns you
can get on a screen when light from different kinds of sources shine through holes with different
shapes.

1. Supposeyou had amaglite, arranged as shown below, close to acard with asmall circular
hole. Predict what you would see on the screen with alit maglite in a darkened room.

Draw here what you predict you
will see an the front of the screen.

Explain your reasoning.

Predict how moving the maglite upward would effect what you see on the screen.
Explan.

Test your predictions. Ask aningructor for amaglite. Unscrew the top of a maglite,
and mount the maglite in the lowest hole of the maglite holder, as shown above. Place the card
with the circular hole between the maglite and the screen.

If any of your predictions were incorrect, resolve the inconsstency.
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TA Orientation 1999 Activity #1a: Light Patterns

2. Predict how each of the following changes would affect what you see on the screen.
Explain your reasoning and include sketches that support your reasoning.

A. The mask is replaced by a mask with atriangular hole.

Draw here what you predict you
will zee an the front of the screen.

B. The bulb is moved further from the mask.

\ ]

C. Test your predictions. Ask your ingtructor for a card with atriangular hole, and
perform the experiments. If any of your predictions were incorrect, resolve the
incons stency.
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TA Orientation 1999 Activity #1a: Light Patterns

3. Predict how placing a second maglite above the first would affect what you see on the
screen.

Draw here what you predict you
will zee on the front of the screen.
Explain your reasoni28 - the second maglite upward dightly would effect what you see on the
screen. Explain.

Test your predictions. Ask an ingructor for a second maglite, and perform the
experiments. If any of your predictions were incorrect, resolve the inconsstency.

4. What do your observations suggest about the path taken by the light from the maglite to the
screen?
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TA Orientation 1999 Activity #1a: Light Patterns

5. Imaginethat you had severa maglites held close together, as shown below. Predict what
you would see son the screen. Explain.

Predict what you would see on the screen if you used a bulb with along filament instead,
as shown below. Explain.

i

Test your predictions. Ask aningructor for along filament bulb, and perform the
experiments. If any of your predictions were incorrect, resolve the inconsstency.
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TA Orientation 1999 Activity #1a: Light Patterns

6. Individually predict what you would see on the screen if
you had both a maglite and along filament bulb arranged sde by
Sde, as shown a right and below.

e T

Explain your ressoning.

Compareyour prediction with those of your partners. After you and your partners
have come to an agreement, test your prediction by performing the experiment. Resolve any
inconsstencies.

MEASUREMENT & ANALYSIS

Y ou are now ready to investigate the light patterns that would be seen by the witnesses who
passed the crime scene.
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TA Orientation 1999 Activity #1a: Light Patterns

1. Predict what you would see on the screen if you had two
long filament bulbs arranged as shown at right and below.

# .
Sl

]
oy g,

N

Ty

-,
)

Predict what won wonld zee on the acreen
if the mask were s

—
)

. =

— —==__3}'

Test your predictions. Ask your ingtructor for a second long-filament bulb, and
perform the experiments. If any predictions were incorrect, resolve the inconsistency.
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TA Orientation 1999 Activity #1a: Light Patterns

CONCLUSION

What pattern would a witness see on the building wall from two horizontd lit bulbs through a
circular hole and atriangular hole in the windowshade? What would a witness see when one

bulb was horizonta but the other bulb was vertica? How would you determine the approximeate
time of the crime?
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M CHECK YOUR UNDERSTANDING
A mask containing a hole in the shape of the letter L is placed between the screen and avery
smdl bulb of ameaglite as shown below.

1 On the diagram below, sketch what you would see on the screen when the magliteis
turned on.

Draw here what you predict you
will see on the front of the screen.

2. The maglite is replaced by three long filament light bulbs theat | —
are arranged in the shape of the letter F, as shown at right abelow. 7—4

On the diagram, sketch what you would see on the screen when the bulbs are turned on.
Explain how you determined your answer.

Draw here what you predict you
will zee an the front of the screen.
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M CHECK YOUR UNDERSTANDING

3 Predict what you would see on the screen when an ordinary frosted bulb is held in front
of the mask with the triangular hole, as pictured below. Explain your reasoning..
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TA Orientation 1999
Activity #1b (2 point)

Name:

Alternative Conceptions -- Light Patterns

James Wandersee, Jod Mintzes, and Joe Novak (1994) describe severa "knowledge claims' that
have emerged from the research on students dternative conceptions in the past 20 years. Asyou
reflect on the activity, Light Patterns, describe briefly any examples you experienced of these

dams.

Knowledge Claims

Examplesfrom Your Experience

Claim 1: Learners cometo forma science
ingtruction with a diverse st of dternative
conceptions concerning natura objects

and events.

Claim 2. The dternative conceptions that
learners bring to forma science indruction
cut across age, ability, gender, and cultura
boundaries.

Claim 3. Alternative conceptions are
tenacious and resistant to extinction by
conventiona teaching Sirategies.

Claim 4: Alternative conceptions often
pardld explanaions of natura
phenomena offered by previous
generations of scientists and philosophers.

Claim 5: Alternative conceptions have
ther originsin adiverse set of persond
experiencesincluding direct observation
and perception, peer culture, and language,
aswell asin teachers explanations and
indructiond materias.

Claim 6: Teachers often subscribe to the
same dternative conceptions as their
students.

Claim 7: Learners prior knowledge
interacts with knowledge presented in
forma ingruction, resulting in adiverse
st of unintended learning outcomes.

Claim 8: Ingructiond gpproaches that
facilitate conceptua change can be
effective classroom tools.

NOTES:

Page 31




Instructor’s Notes for Alternative Conceptionsin Dynamics
Part a: The Force Concept Inventory
(about 1 hour)

Mog entering TAs do not redly believe the dternative- conceptions research results, particularly
for sudentsin the caculus-based courses. They believe that al students think and learn like
they do. For those concepts they did not learn well, they believe the cause to be unclear or
inadequate explanations. The purposes of this activity are to (1) begin to convince the TAs that
the students they will be teaching have many conceptud difficulties, and (2) introduce the TAs
to the way in which students in introductory courses "talk physics”

We have found thet this activity is most effective for the TAs when we use actud results from
gudentsin the same course(s) for which they will be teeching assstants. We use data from

pretest and posttest results from the Force Concept Inventory (Hestenes, Wells and Swackhamer,
The Physics Teacher, 30, 1992). We sdlected typicd pretest and/or posttest questions and
responses for our TAsto "andyze."

Since our TAsimplement cooperative grouping techniques in both the discussion sections and
labs, we modd cooperative grouping throughout the TA Orientation. We follow the same
generd "rules’ for forming and maintaining groups that we teach the TAs. For more detalls, see
Heller and Hollabaugh, American Journal of Physics, 60, 1992.

Activity #2. Analyzing the Force Concept Inventory

Note: For this activity to be meaningful, the TAs should have taken the Force Concept Inventory
(FCI) themselves. We adminigter the FCI to the TAs on the first day of class. Then we record
the results on a table with student results.

a) Mativaion: "AsaTA, one of your responghilities will be to monitor and diagnose students
conceptud difficulties S0 you can help them both during class, and in office hours. Thefirgt
tool you will have available is the Force Concept Inventory (FCI), which will be
administered to students during the first week of classes. Y ou will use the results of the FCI
to form your first cooperative groupsin your discusson and lab sections.”

Tel TAs how the FCI was congtructed -- uses many questions first asked in interviews they
read about in the assigned articles; authors checked responses by interviewing severa
students after they took the FCI.

Show the TAs the results for both themsdlves and the students in the ca culus-based course
(handout).
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b) Activity #2. Explain their group task briefly (See Activity #2, page 43). Every group should
complete the question assigned to them firgt (see below), then go on to questions 19, 11, 15,
13, 17, and 4 in that order.

Group Question Group Question
1 19b,cord 6 19a
2 13b 7 13c
3 11b 8 1lc
4 17a 9 17d
5 da 10 15¢

Introduce and discuss "roles’ (see page 121).

M odel how to complete this activity by thinking out-loud and writing the answers for the
first FCI question (Question #30 on page 44) on an overhead.

While the TAs are working, assign a question to each group.
Asthe TAsfinish the activity, give agroup processing sheet to each group (see page 135).

¢) Closure: Randomly cal on one person from each group to share their answersto a question.

Show and discuss the Hake Plot -- we are dowly making progressl Relate FCI resultsto the
McDermott article. Many students do not have a " consistent conceptua system” -- thelr
undergtanding and use of a particular concept like force is ambiguous and unstable, so the
answers they give are strongly dependent on the context of the Situation. If TAsare
interested, discuss work by Andrea diSessa (pieces of knowledge caled "primitives’) and
Jm Mingrdl (pieces of knowledge cdled "facets’).
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TA Orientation 1999 Manager :

Activity #2 (2 points) Recorder:

Skeptic:

Skeptic:

Analyzing For ce Concept I nventory Questions
Group Task:

The top of each atached page shows a question from the Force Concept Inventory. The "Pre"
and "Pogt" columns show the percentage of students in the calculus-based course who selected
each of the possible answers on the pretest (given at the beginning of the term) and the posttest
(at theend of ten weeks of ingruction).

1. Individudly read dl the questions.

2. For each question assigned to your group:

a. Destribe briefly how a student might be thinking who selected each incorrect answer.
(Hint: Review the dternative conceptions from the McDermott and Wandersee et. d.,
articles)

b. Which of the possible "aternative conceptions' were successfully addressed by
indruction? Which were not?

3. For one question assgned to your group, imagine you were tutoring a student with the
indicated dternative conception. Discuss what example Situation, reference to acommon
experience the sudent is likely to have, or st of questions that you think might help move
this sudent away from their aternative conception. Write your answer on the back of this
page.

Group Roles:

SKeptic: Ask what other possihilities there are, keep the group from superficid analyss by
not alowing the group to agree too quickly; ask questions that lead to a degper anaysis,
agree when satisfied that the group has explored dl possibilities. (earliest birthday in
year)

Manager: Suggest a plan for answering the questions, make sure everyone participates and
gtays on task; wetch thetime. (next later birthday in year)

Checker/Recorder: Ask othersto explain their reasoning process 0 it is clear to dl thet their
suggestions can be discussed; paraphrase, write down, and edit your group's answersto
the questions. (next later birthday in year)

TIME: 25 minutes.

One member from each group will be randomly called on to contribute answers to the
questions.
Group Product:

Activity #2 Answver Shesdts.
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Activity #2 TA Orientation

tn Question 30

Despite a very strong wind, a tennis player manages to hit
a tennis ball with her racquet so that the ball passes over
the net and lands on her opponent’s court.

Consider the following forces:

1. A downward force of gravity.
2. A force by the "hit".
3. A force exerted by the air.

Which following force(s) is (are) acting on the tennis ball
after it has left contact with the racquet and before it touches
the ground?

Post
(A) 1 only 10
(B) 1and 2 7
(C)1and 3 46
(D)2and 3 1
(E) 1,2,and 3 36

1. Describe briefly how a student might be thinking who gives each incorrect answer.

2. Which of these “alternative conceptions” were successfully addressed by
instruction? Which were not?
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Activity #2 TA Orientation

L] -
Question 19
mE o= = . = =
T R L
[ ] ] n | ] ] [ ] u ]

20. Do the blocks ever have

the same speed? Pre Post
(A) No. 16 8
(B) Yes, at instant 2. 4 2
(C) Yes, at instant 5. 9 6
(D) Yes at instant 2 and 5. 20 20
(E) Yes at some time 51 65

during interval 3 to 4.

1. Describe briefly how a student might be thinking who gives each incorrect answer.

2. Which of these “alternative conceptions” were successfully addressed by
instruction? Which were not?
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Activity #2

Question 13

A boy throws a steel ball straight up. Consider the motion of the ball
only after it has left the boy’s hand but before it touches the ground,
and assume that forces exerted by the air are negligible. For these

conditions, the force(s) acting on the ball is (are):

(A) a downward force of gravity along with

a steadily decreasing upward force.

(B) asteadily decreasing upward force from

the moment it leaves the boy’s hand until it
reaches its highest point; on the way down
there is a steadily increasing downward force
of gravity as the object gets closer to the earth.
an almost constant downward force of gravity
along with an upward force that steadily
decreases until the ball reaches its highest point
on the way down after there is only the constant
downward force of gravity.

an almost constant downward force of gravity
only.

nonye of the above -- the ball falls back to
ground because of its natural tendency to rest
on the surface of the earth.

Pre

1
17

TA COrientation

1. Describe briefly how a student might be thinking who gives each incorrect answer.

2. Which of these “alternative conceptions” were successfully addressed by
instruction? Which were not?
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Activity #2 TA Orientation

b
—_—— —— —r— —r— —»g

Question 11 - "

The main force(s) acting on the puck after the "kick" is
(are):
Pre Post

(A)a downward force of gravity 9 3
(B) a downward force of gravity and 33 4
a horizontal force in the direction
of motion.
(C)a downward force of gravity, an 44 34
upward force exerted by the surface,
and a horizontal force in the direction
of motion.
(D) the downward force of gravity and
an upward force exerted by the surface.
(E) None. (No forces act on puck.)

1. Describe briefly how a student might be thinking who gives each incorrect answer.

2. Which of these “alternative conceptions” were successfully addressed by
instruction? Which were not?
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Activity #2

4]

ascending
et o constant
speed

TA COrientation

Question 17

An elevator is being lifted up an elevator
shaft at a constant speed by a steel cable, as
shown in the figure. All frictional effects
are negligible. In this situation, forces on
the elevator are such that:

Pre Post

(A) the upward force by the cable is greater than 64 36
the downward force of gravity.

(B) the upward force by the cable is equal to 18
the downward force of gravity.

(C) the upward force by the cable is smaller than 2
the down ward force of gravity.

(D) the upward force by the cable is greater than 11
the sum of the downward force of gravity and
a downward force due to the air.

(E) None of the above. (The elevator goes up because 5
the cable is shortened, not because an upward
force is exerted on the elevator by the cable).

1. Describe briefly how a student might be thinking who gives each incorrect answer.

2. Which of these “alternative conceptions” were successfully addressed by
instruction? Which were not?

Page 39



Activity #2 TA Orientation

Question 4

A large truck collides head-on with a small compact car.
During the collision,

Pre Post

(A) the truck exerts a greater amount 79 46
of force on the car than the car
exerts on the truck

(B) the car exerts a greater amount
of force on the truck than the
truck exerts on the car.

(C) neither exerts a force on the other,
the car gets smashed simply because
it gets in the way of the truck.

(D) the truck exerts a force on the car,
but the car doesn't exert a force
on the truck.

(E) the truck exerts the same amount
of force on the car as the car exerts
on the truck.

1. Describe briefly how a student might be thinking who gives each incorrect answer.

2. Which of these “alternative conceptions” were successfully addressed by
instruction? Which were not?
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Activity #2 TA Orientation

5N
While the car, still pushing Question 15
the truck, is speeding up to
get up to cruising speed; Pre  Post
(A) the amount of force of the car pushing 19 25

against the truck is equal to that of the
truck pushing back against the car.
(B) the amount of force of the car pushing 9 5
against the truck is less than that of the
truck pushing back against the car.
(C) the amount of force of the car pushing 68 69
against the truck is greater than that of
the truck pushing against the car.
(D) the car's engine is running so it applies a 3 1
force as it pushes against the truck, but the
truck's engine is not running so it can't push
back against the car -- the truck is pushed forward
simply because it is in the way of the car.
(E) neither the car nor the truck exert any force 0 0
on the other, the truck is pushed forward
simply because it is in the way of the car.

1. Describe briefly how a student might be thinking who gives each incorrect answer.

2. Which of these “alternative conceptions” were successfully addressed by
instruction? Which were not?
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Activity #2 TA Orientation

3. Imagine you are tutoring a student who has an "dternative conception™ similar to that of
Question # . What example Stuation, reference to a common experience the student
islikely to have, or set of questions do you think might help move this student away from
their aternative conception?
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Activity #2

TA Orientation
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Instructors Notes for Alternative Conceptionsin Dynamics
Part b: Open-ended Questions
(about 1 hour)

Activity #3: Analyzing Openended Questions

a)

b)

Mativation: Tell TAs "Many of you have commented on some of the problemswitha
multiple-choice test. So let's see how students respond to open-ended conceptua questions.
These questions were given to the students in the cal culus based course as a pretest (during
the first week of class) and as a posttest (during the first week of the second quarter). The
responses you will be andlyzing al come from the posttest. All responses are from students
who passed the first-quarter course with an A, B or C grade.

The responses to these questions gives you more information about how students are thinking
than you get from the FCI or from grading the problem-solving tests. Thet is, wheat the
Sudents write is more like what they sound like when they work in groupsin the lab or
discussion sessons. So this activity is good practice for beginning to develop your diagnosis
ills. AsaTA, you will have to listen to what students say, try to figure out what your
Student's conceptud difficulty could be, then think of away to try to help them.”

Activity #3. Explain task briefly (see page 55). Assign the following students to each
group:
Group Student # Group Student #

1 5 6 10

2 6 7 12

3 7 8 13

4 8 9 14

5 9 10 15

Have students r otate r oles, and remind them to work on the group functioning goa they set
a theend of Activity #2.

Closure: Cdl on students for answers to each question, and discuss.

It is helpful to show and discuss overheads of summary posttest results (see pages 73 - 74).
Destription of data: Basdline data for the cal culus-based course data was collected by
randomly sdlecting about 33 students from each of three different sections of the course

(1993). The 1996 data was collected at the beginning of spring quarter in one section of the
caculus based course. 71 students had the same instructor using the full modd (explicit
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teaching of a problem-solving strategy plus cooperétive group problem solving) for two
quarters. 85 students had transferred into the course from other sections that used group
problem solving in discussion sections, but no explicit problem-solving strategy was taught.

These results support the findings of McDermott's Physics Education group at the Univerdty
of Washington: "The use of the word ‘force and other technical terms is ambiguous and
ungtable. . . the underlying conceptua problems were complex and could not be adequately
summarized as asmple bdief in the necessty of aforce in the direction of motion.”
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TA Orientation 1999 Manager :

Activity #3 (2 points) Recorder:

Skeptic:

Skeptic:

Alternative Conceptionsin Dynamics.
Analyzing Open-Ended Questions

Group Task:

The attached sheets contain student responses to two operntended questions given to sudentsin
the caculus-based course as a posttest (after ten weeks of ingruction).

1. First read through the responses of Students#1, #2 and #3. These students wrote fairly good
and complete answers to the questions.

2. Now read through the remainder of the student answers and discuss them with your group.
» What isonething that surprised you about these responses? Why?
» What isonething that did not surprise you? Why?

3. Read through the responses again, and answer the first three questions on the next page.

4. Imagine you were tutoring the student assigned to your group. What example Stuation,
reference to a common experience students are likely to have, or set of questions do you
think might help move the student away from their dternative conception(s)? Discuss.

Group Roles:

Septic: Ask what other possibilities there are, keegp the group from superficid andysis by
not alowing the group to agree too quickly; ask questions that lead to a deeper anaysis,
agree when satisfied that the group has explored al possibilities.

Manager: Suggest a plan for answering the questions, make sure everyone participates and
stays on task; watch the time.

Checker/Recorder: Ask othersto explain their reasoning process so it is clear to dl that their
suggestions can be discussed; paraphrase, write down, and edit your group's answersto
the questions.

TIME: 25 minutes.

One member from each group will be randomly called on to contribute answers to the
guestions.

Group Product:

Answer Sheet for Activity #3.
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Activity #3 TA Orientation

Answer Sheet

1. What conceptua difficulties do Students #4, #5 and #6 have with the concept of
accderation? (Hint: Y ou may want to look at the McDermott article, page 27).

2. Which students responses to the passenger/car questions indicate a forward force on the
passenger or car which isa"pseudo-force’ or non-Newtonian force (i.e., not caused by the
interaction of the passenger or car with red objects). What might these students be thinking
to indicate these non-Newtonian forces? What is your evidence?

3. Which students responses to the passenger/car questions indicate a backwar d force on the
passenger or car which isa"pseudo-force”’ or non-Newtonian force (i.e., not caused by the
interaction of the passenger or car with red objects). What might these students be thinking
to indicate these non-Newtonian forces? What isyour evidence?

10. What example Stuation, reference to a common experience students are likely to have, or set
of questions do you think might help move Student # away from ther dternative
conception(s)?
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Activity #3 TA Orientation

The following questions are for course evaluation purposes and will not be graded. They will
hdpulﬂﬂmhuw“u“mmhmh;n&lﬂﬂlﬁu

| Mation Up the Ramp 2
' 1 i - .

Motion Down the Ramp * o

s

1. A steel ball is launched with some initial velocity, slows down as it travels up a gentle incline,
reverses direction, and then speeds up as it retums to its starting point. Assume friction is
negligible.

(a) 8 we calculated the acceleration of the ball as it's movin the ramp (from 1 to 2),
uﬁﬂ:mﬂnﬁnnuiflmnﬁngdawnthcmp(ﬁnmhn‘ﬁrHowwnldthzum
accelerations compare? (i.e., Are the accelerations the same size? The same direction?)
Explain your . '

TAe mccabm?od o the bal| o5 1 mews wp Fle rampg wowll
be an acceleradisn oF rAe =2t a(rw,am g__; Py |
Pow A He amp _They would alss be of He¢ some STae, becnsse

He slpt of Me rasp ts censhant # rougheunt wie eovens.

() Does the ball have an acceleration &t it's highest point on the incline (at position 2)? Explain
your reasoging,

Ves, of 1hs Axhest port HMe accelersten s SHI T same oS
betore. , Ha vm.-,-@ honerer s . :

5'\'uden+ # 1
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Activity #3 TA Orientation

3. You are a passenger in & car which is traveling on a srraight road while it is increasing speed
from 30 mph to 55 mph. You wonder what forces causc you and the car to accelerate. When

you pull over to eat, you decide to figure it out.

(@) On the left side of the table below, draw and label arrows representing all the forces acting on
you (passenger) while the car is accelerating. The length of the arrows should indicate the
relative sizes of the forces (Le., a larger force should be represented by a clearly longer arrow,
equal forces by arrows of equal length). On the right side of the table, describe each force in
words (i.e., What kind of force is it? Is the force a push or a pull? Whar object, if any, is
exerting the force? What object is being affected by the farce?).

You (Passenger) Description of Each Force

Fecap = PPULE oF THE sEAT
PusHING Yo AS —HE
AR AMCELERRTES . PugH

SRAVITHTIONEL  FUilte

W
Fagay or EARTH on YOU.PIL
- - 3
‘ . N Neﬁ)ﬂ@h’i FoRCE OF <gnT
q onV Youw

\

() Which force(s) cause you (passenger) to accelerate? Explain your reasoning.

F car QAVSES You TO AMELERITE BeCRIss 1T 1S

9
NET COVNTERRARTE®R @y ANY CTHEY TOLLES -

Stvdent #2
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Activity #3 TA Orientation

(c) On the left side of the table below, draw and label arrows representing all the forces acting on
the car while it is accelerating, The length of the arrows should indicate the relative sizes of
the forces (i.c., a larger force should be represented by a clearly longer arrow, equal forces by
arrows of equal length). On the right side of the table, describe each force in words (i.c.,
What kind of force is it? Is the force a push or a pull? What object, if any, is exerting the
force? What object is being affected by the force?).

Car Description of Each Force

We-he ﬂrwmﬁeul Pu.l\ of

. m "“\"‘\ an ‘“b(. [X-Bg

. Jrive cat N: 'WL su,ﬂ;bﬁ* 'Flru. 0‘ Her
coad e a P ear, distribuied
¢»en\'~3 oA a\ 'Fau.f 'h'MS-

Az therlree of Y air
o w colr as ;+ w\‘b“‘

frwead
2 4k friechonal force of

"ﬂ\-L roud on ’HH. +fire s
cnusing focward woten,

(d) Which force(s) cause the car o accelerate? Explain your reasoning.

'T‘\-L fichonal . force o{ thae c2od o Hu tres causes +ha
car o accelerate. The hies ace  movi O in that dineeh on

and if thare whare ne ‘ph'c,'h'.:n,'\h-d wd Just Spin Shnce Hhax

s friehen Vetween Ha wad ang hres 1+ acts in =» +his
dire chon causinﬂ Hu ear 4 move forerord This (o shakc tiehon.

Stodent #S
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Activity #3 TA Orientation

The following questions are for course evaluation purposes only and will not be graded. They will
help us evaluate how weil we met your learning needs this course.

Motion Up the Ramp 2
1 . ——-—’ . —
e 1L
Motion Down the Ramp 2
3 - S
Y L1

1. A steel ball is launched with some initial velocity, slows down as it travels up a gentle incline,
reverses direction, and then speeds up as it returns to its starting point. Assume friction is

negligible.

€Y E:Epote we calcunlated the acceleration of the ball as it's moving up the ramp (from 1 to 2),
the acceleration as it's moving down the ramp (from 2 to 3). How would these two
accelerations compare? (i.e., Are the accelerations the same gize? The same direction?)

Exphinyommasoning.
The accelecatron of +he ball Fam &0 3 would

be largec +thon Hhe accderaton ofF he ball
Fam | 4o 2htcause i+ Huies more work for
Tt b*” <o go Up +He {avnp WATjO Adown P~
ramp. The aceelecations would beinthe same
dl'\fQQ,f{ﬂ\an. 4

(b) Does the ball have an acceleration at it's highest point on the incline (at position 2)? Explain
your reasoning. .

Noiit does not |t must stop at least for
a WOY'\J,, SO i+ can reue (3 {'{.'S dT'f-e C‘é‘t;on .

Otudent #4
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Activity #3 TA Orientation

The following questions are for course evaluation purposes only and will not be graded. They will
help us evaluate how well we met your leaming needs this course.

Motion Up the Ramp

2
1 — 2 o
,—ﬁ— ————————— -—D—
Motion Down the Ramp 5
3 +— S
’-ﬁ _________ ..D.

1. A steel ball ig launched with some initial velocity, slows down as it wavels up a gentle incline,
revgclzlrsebs direction, and then speeds up as it remrns 1o its starting point. Assume friction is
negligible.

(a) Sugpose we calculated the acceleration of the ball as it's moving up the famp (from 1 to2),
and the acceleration as it's moving down the ramp (from 2 to 3). How would these two
Ecxcellﬁx;ations compare? (i.e., Are the accelerations the same size? The same direction?)

plain your reasoning. Voo ' . .
e accelusons GIL 1 ofposite 4icactions, ppe

~ \ 'y Sy
§ positve by qoiny don The rase and gany Jpedy
but Hhe othe ! ?;ng!mw by ity v He Tyt oid 7hen

§/0 Wriy 6/0‘«1“ ’

(®) Does the ball have an acceleration ar ir's highest point on the incline (at position 2)? Explain
your reasoning. . ~

() pot thy by Tvrns dmm‘(/ 7%@/‘&
Leill S@’ A9 GlteleahiN St AF This pon v=o.
The aceelergfion Wil Stack one 29a/n 4 7% b ty

Starth Mew‘y dawn -7“/74/' Mcle

Stugent # 5
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Activity #3 TA Orientation

The following questions are for course evaluation purposes only and will not be graded. They will
help us evaluate how well we met your learning needs this course.

Motion Up the Ramp

1. A steel ball is Iaunched with some initial velocity, slows down as it travels up a gentle incline,
reverses direction, and then speeds up as it returns to its starting point. Assume friction is

negligible. .
(a) Suppose we calculated the acceleration of the ball as it's moving up the ramp (from 1 to 2),

angage acceleration as it's moving down the ramp (from 2 to 3). How would these two

accelerations compare? (i.e., Are the accelerations the same size? The same direction?)

Explain your reasoning,

T_O C“"‘F?" 'H\L +wo Q(_Lale(})‘ﬁ'oa\s W¢ wa.\‘i ﬁb\g{ Pl\‘

m?ﬁn"""‘ st ‘}'J 5(_ QPPr. <)Ma‘!‘ !7 V. Same y ‘\'9 7',01 ’M‘ﬂ. 1(;4«")}%
directies Yon  must peasider Whidh "3y U mollon 15 in ralstim

'!'v 2(;(1912‘(‘301\. S‘ (“H Onc "-a )Ldp M’!(t s 2 wQ?}UI‘“‘ ace eIE‘A;
be(ijl W Q(Cflen*hn A3 \,n 14"4 ‘Pro;;'\l( d‘afl(,*fén oJ Mb#‘ﬂ.

me +N? o %N! m:ce’e.rz 7['Dn |3 fesiFive éc conse kS *LL Sam-
directrion S -PLL pretion
() Does the ball have an acceleration at it's highest point on the incline (at position 2)? Explain
your reasoning.

.TI’V- -.h‘t)rﬂ'”i‘ t‘ﬁ }"’l‘& L>N b‘t Fom{ 2 (s gero.
Nith Yhe dall 24 Hus P,;,,’/’) Hhe J;,w{sm o b efiom s
CL7"-) !"9 5% 95:4[‘“’{“”" JAC)I\{‘;- ‘ex\S‘}L a'\L' %7+ }'\5*311 !) neow 3

i Student # 6
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Activity #3 TA Orientation

3. You are a passenger in a car which is traveling on a straight road while it is increasing §
from 30 mph to 55 mph. You wonder what forces cause you and the car to accelerate, When
you pull over to cat, you decide to figure it out

(2) On the left side of the table below, draw and label arrows representing all the forces acting on
you (passenger) while the car is accelerating. The length of the arrows should indicate the
relative sizes of the farces (i.e., a larger force should be represented by a clearly longer arrow,
equal forces by arrows of equal length). On the right side of the table, describe cach force in
words (Le., What kind of force is 1t? 1s the force a push or a pull? What object, if any, is
exerting the force? What object is being affected by the force?).

You (Passenger) Description of Each Force
Fe (e ef graviby by torth (full)

F;,t @ﬂm Cfvp Accd ’0 Pb;ifﬂn
& 0@ cav (AN

F{‘- Corce o€ inurhir PM“‘"‘g ke
F3 F’. Fq‘ A/‘le CQne Cvow

SeoY (pusth\

(b) Which force(s) cause you (passenger) o accelerate? Explain your reasoning. b.

y c‘;"e‘c,zﬂm-@ #?uzwwwuta Ly ,ebwf:ww

Ao |
Srodent # T
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Activity #3

TA Orientation

3. You are a passenger in a car which is raveling on a straight road while it is increasing
from 30 mph to 55 mph. You wonder what forces cause you and the car to accelerate. When
ympullovertoeat,ywdecidemﬁgmitom

(2) On the left side of the table below,

draw and lzbel arrows representing all the forces acting on

you (passenger) while the car is accelerating. The length of the arrows should indicate the

relative sizes of the farces (i.e., a larger

force ghould be represented by 2 clearly longer arrow,

equal forces by arrows of equal leagth). On the right side of the table, describe each force in

wards (i.e., What kind of force 1

sit? Is the force a push or a pull? What object, if any, is

exerting the force? What object is being affected by the foree?).

You (Passenger)

Description of Each Force

‘ A‘_ uvsh -@rea%
7(:‘ L@)Z 0#"%
(o {l&-’/‘ Js Eqvé /,é
fre o b Fovet From
wevr becF- whi/e
Le cnv accelente
The 1z force of
?mv/f}a,”g egon!
1@ 98 ,{/armﬁ/ éofz‘z
of tpe. seat be o
pvshirs vp o e

(b) Which force(s) cause you (passeager) to accelerate? Explain your reasoning.

The forct. 6% 42w cor” »’éd/L'/”f/"-"’/
yov A Ity st Prae ear |

Stvdent # 8
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Activity #3 TA Orientation

3. Youareapassengerinacarwhichismvelingonasmightroadwhﬂeltilinuuﬁngiﬁed
from 30 mph to 55 mph. You wonder what farces cause you and the car to accelerate. When
you pull over t eat, you decide to figure it out.

(2) On the left side of the table below, draw and label arrows representing all the forces acting on
you (passenger) while the car is accelerating. The length of the arrows should indicate the
relative sizes of the forces (i.e., a larger force should be represented by a clearly longer arrow,

- equal forces by arrows of equal length). On the right side of the table, describe each force in
words (Le., What kind of force is it? Is the force a push or a pull? What object, if any, is
exerting the force? What object is being affected by the force?).

You (Passenger) . Description of Each Force
Tnerha —« 4he e T4
auE IC\"&.H"‘f fotw Crcll bh_*

yony body paants 1o stayl.
in T+ origina| pofﬁ‘.‘aﬂ,

foxce ,;5(4\-{'. and Y‘M o e Pb\?i‘d TH)LD_
ot o F st H‘._e' ﬁ‘\t‘ : '

gro.V\‘)’\/ - Cji(fwﬁL\/ RM}\C‘ X

xads ' \/DV\ 7Y\+D 'H\C ‘SCGUL ‘HJ

holdd you w the tar
foree £ fcﬁ-i-'- seat P(,\S“nj
mLk ON Yo as Yon
+0y do CestSt mption

(b) Which foree(s) cause you (ya;sscnga)mmlnm? Explain your reasoning,
The Gewe of +he at PF apels you Fortward

G T fcie o Hhe aeelerahing car s
Leansfereed 49 Ahe seaf with 5o paet of

he (2l
e Student # I
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Activity #3 TA Orientation

3. You are a passenger in a car which is traveling on a straight road while it is increasing speed
from 30 mph to 55 mph. You wonder what forces cause you and the car to accelerate. When
you pull over to eat, you decide to figure it out.

(3) On the left side of the table below, draw and label arrows representing all the forces acting on
you (passenger) while the car is accelerating. The length of the arrows should indicate the
Telative sizes of the forces (i.e., a larger force should be represented by a clearly longer arrow,
equal forces by arrows of equal length). On the right side of the table, describe each force in
words (i.e., What kind of force is 1t? Is thie force a push or a pull? Whar object, if any, is
exerting the force? What object is being affected by the force?).

You (Passenger) Description of Each Force
P\! Force ak aarta f el

AN Fc.::.c of Hao ery{img
k .
c . Fo ree ot %raui*\[

A
: o~ LN Foite ot seak
E_D____; — E , Foccw Yoo ox et
\)/ : o N C;Lcd(‘

C

®) Whichfmm(sSwmm(p;mnga)mamdm? Explain your reasoning.
E)Q—( PT‘C‘ NT K&CP Yo f’\“ﬂ“\
“eoX

Stodent #10
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Activity #3 TA Orientation

3. You are 2 passen crinawwhichixnwﬁnémaswﬁgh:madwbﬂeithhmdngﬁd
from 30 mph to 55 mph. You wonder what forces cause you and the car to accelerate. n

you pull ovez to eat, you decide to figure it out.

(2) On the left side of the table below, draw and label arrows representing all the forces acting on
you (passenger) while the car is accelerating. The length of the arrows should indicate the
Telative sizes of the forces (i.e., 8 larger force should be represented by a clearly longer arrow,
equal farces by arrows of equal length). On the right side of the table, describe each force in
words (i.e., What kind of force is it? Is the force a push or a pull? What object, if any, is
exerting the force? What object is being affected by the force?).

You (Passenger) Description of Each Force

g = ‘[c;'CQ~ a'I\ 5"&#\"‘::
[:v; p;l»\a-l pa'ff

Q )
F‘ f ‘-: ;Q = Frece G‘P {wh"'kc
<\ - .&-(lw&w—)

'F\'ow\_ e/n‘ﬂf\& .

(b) Which force(s) cause you (passenger) w accelerate? Explain your reasoning.

— ';'>#’LC.- /\,Mﬂ'me.

\-—:P Frhe &-rar\sw;l#'{-“/;- \J'\0~ the car,

Dtudent # 11

'(;/CC. 4
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Activity #3 TA Orientation

¢) On the left side of the table below, draw and label arrows representing all the forces acting on

© the car while it is accelerating. The length of the arrows should indicate the relative sizes of
the forces (i.c., a larger force should be represented by a clearly longer arrow, equal forces by
arrows of equal length). On the right side of the table, describe each farce in words (i.e.,
What kind of force is it? Is the force a push or a pull? What object, if any, is exerting the
force? What object is being affected by the force?).

Car Description of Each Force

Nenorroal foree:

N ‘Ec’—'-' Fricﬁonm( force

Detweep) &ﬁ‘g + -)-'lre,.
£, NE 3ra\/;4a+} oral pull
W 0f eacth o0 Hhe

cal,

(d) Which force(s) cause the car to accelerate? Explain your reasoning.

The £rictional Grce and 5Fa'vi ot onal putl
cavse +he car o aceelermte. e Frictiond

@o(ce bi{u'z{ﬁ%\-& —Hne.s an& $he Dad
allow Hhe car +o move Corward a~id

a.c:¢:.(vw+e. St\)de“t #12«
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Activity #3 TA Orientation

(c) On the left side of the table below, draw and label arrows representing all the forces acting on
the car while it is accelerating, The length of the arrows should indicate the relative sizes of
the forces (i.c., a larger force should be represented by a clearly longer arrow, equal forces by
arrows of equal length), On the right side of the table, describe each force in words (le.,
What kind of force is it? Is the force a push or a pull? What object, if any, is exerting the
farce? What object is being affected by the force?).

Car Description of Each Forece

.
e g |F-

Student # 13
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Activity #3 TA Orientation

(c) On the left side of the table below, draw and label arrows representing all the forces acting on
the car while it is accelerating. The length of the arrows should indicate the relative sizes of
the forces (Le., a larger force should be represented by a clearly longer arrow, equal forces by
arrows of equal length). On the right side of the table, describe cach force in words (i.e.,
What kind of force is it? Is the force a push or a pull? What object, if any, is exerting the
force? What object is being affected by the force?).

Car Description of Each Force
£ = Covce oF grovty
Cram qarHn Pall)

& F = Aovpmel Royes Grom
: road (fush) .
: 7|F, = Fores o8 Cricton
F, ) ‘Cf@i‘“ rOéa\d' “Vej(PWH)

ﬁ‘. = ﬂccelamung gov-u

. Cmm Cav' \-ov
{ Pl 7 e

(d) Which force(s) cause the car to accelerate? Explain your i .
e fois Ja Bl il s
Ll Zﬁz‘- fra o i~

Studenf # 1&
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Activity #3 TA Orientation

(c) On the left side of the table below, draw and label arrows representing all the forces acting on
the car while it is accelerating. The length of the arrows should indicate the relative sizes of
the forces (i.c., a larger force should be represented by a clearly longer arrow, equal forces by
arrows of equal length). On the right side of the table, describe each force in words (i.c.,

What kind of force 1s it? Is the force a push or a pull? What ob;ect. if any, is exerting the

force? What object is being affected by the force?).

Car .' | Descripﬁon of Each Force
Con secntlahn |
F ea, (o 7ol S
I P o |[Foom dawn = F yoead i
g g | Tl s et o
OJWF(%\M.
< F g
Freed -

(d) Which force(s) canse thecnrto accelerate? Explain your reasoning.
Fovedf frcton t Fom ol + Foped ip (ronsd fpas) ol betp
mmkwm% F{jM 0eX A!LW

%Ai\

Stodent #15
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Activity #3 TA Orientation

(c) On the left side of the table below, draw and label arrows representing all the forces acting on
the car while it is acceleragng. The length of the arrows should indicare the relative sizes of
the forces (i.e., a larger force should be represented by a clearly longer arrow, equal forces by
arrows of equal length). On the right side of the table, describe each force in words (i.e.,
What kind of force is it? Is the force a push or a pull? What object, if any, is exerting the
force? What object is being affected by the force?).

Car Description of Each Force
. ? Nremmal »PP";‘5 e
F R
Fe L g | Fs ¥Ee o gyt T
V5 Feo e formord

from o enaire

F% =><)Corte & res.ulﬁ\ﬂce
(b.;f‘ Fr.uA'Lov\ )

(d) Which force(s) cause the car to accelerate? Explain your reasoning.

a -Eart&.. '(:\O s .,ogd'd_ No & \QC.Y‘ chai <<,
-/

Student #16
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Activity #3

L1

What is the Nature
of the Forces
on the Passenger?

. Only Newtonian forces

. Newtonian forces, but some

are 3rd Law pair on wrong
object

. Include non-Newtonian forces

(e.g., acceleration of car,
engine, inertia, etc.)

. Uncodeable

im

What is the Nature
of the Forces
on the Car?

FCI
72%

1996

TA COrientation

FCI post
68%

1993

Coop
Group
(n=85)

FCI
72%

1996

FCI
82%

1996

Baseline
{n =100)

pre | post
0,

Coop
Group
(n=85)

post
9,

Full
Model
(n=71)

post
9,

Type of Response o | ) | o) (%)

1.

2.

Only Newtonian forces

Newtonian forces, but some
are 3rd Law pair on wrong
object

. Include non-Newtonian forces

(e.g., acceleration of car,
engine, inertia, etc.)

. Uncodeable

Page 65

10 | 39

41 15

58

4

73

2



Activity #3

N

Why Does the
Passenger
Accelerate?

summing real forces

. Vague or incorrect summing

. Includes alternative ideas

a. accel. due to one force
b. accel. not due to real
force on the passenger

. Uncodeable

n

Why Does the
Car Accelerate?

Type of Response

FCI post
68%

1993

FCI
72%

1996

TA COrientation

FCI
82%

1996

Baseline
(n =100)

pre | post
o,

91 33
13| 11

14 | 17
57 | 35

FCI post
68%

1993

Coop
Group
(n=85)

post
0,

28
13

23
24

12

FCI
72%

1996

Full
Model
(n=71)

post
o,

Type of Response G | ) | (%) %)

. Includes correct ideas about

42

FCI
82%
1996

Baseline
(n = 100)

pre | post

. Includes correct ideas about

summing real forces

. Vague or incorrect summing

. Includes alternative ideas

a. accel. due to one force
b. accel. not due to real
force on the car

. Uncodeable
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60, 627-636.

Hdler, P., Hollabaugh, M. (1992). Teaching problem solving through cooperative grouping.
Part 2. Desgning problems and structuring groups. American Journal of Physics, 60, 637-
644.

Larkin, J. H. (1979). Processing information for effective problem solving. Engineering
Education (December), 285-288.

Related Readings -- Instructor's Discussion Session M anual
The following readings from the Ingtructor's Handbook are included in this booklet:
FAQ About Cooperative-group Problem Solving (pages 167 - 169)
Ouitline for Teaching a Discussion Session (page 170)
Detailed Advice for Teaching the Discusson Sessions (pages 171 - 174)

Activities
1. Structure and Rationae of Discussion Sessions (pages 157 - 158)
Activities #4&#5. How are Discussion Sessions Taught at the U of Mn? (pages 159 - 166)

2. Sudent Difficulties With Problem Solving (pages 175 - 177)
Activity #6. Differencesin Expert and Novice Problem-solving (pages 179 - 186)
Activity #7: Methods Questions and Problem Solving (pages 187 - 197)
Activity #8: Practice Using a Strategy (pages 199 - 202)
Homework #4: Using a Strategy to Solve a Context-rich Problem (pages 203 - 206)

3. Characteristics of Good Group Problems (pages 207 — 210)
Activity #11: Designing a Group Problem (pages 211 - 225)
Homework #6: Judging Group Problems (pages 227 - 230)
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Instructor's Notes for Structure and Rationale of Discussion Sections

(about 1.5 hours)

The purpose of this activity isto introduce students to their role as ingtructors in the discussion
sections and provide arationde for the structure of the discussion sections.

Activity #4. How are Discussion Sessions Taught at the U of Mn? (about 1.5 hours)

The TAsfirst read the Heller, Keith and Anderson (1992) article and the Larkin (1979) and
Martinez (1998) articles about problem solving (see Reading Packet).

Demonstration of a Discussion Session (about 1 hour)

Again, we have an experienced TA mode how to conduct atypica discusson session,
including group processing (see dso Activity #9, and the generd lesson plan for adiscusson
session on pages 170-174). To make the experience more ana ogous to what students
experience in introductory courses, we have the TAs solve a problem from an old Graduate
Written Exam. The TAsusudly enjoy this activity — they get very involved with solving
this"red" problem (much like the students in the introductory course) and they don't want to
stop.

Activity #5: Rationalefor Lab and Discussion Section Structure (about 30 minutes)

It isimportant to discuss with the TAs the goas of the introductory course(s) and the role of labs
and discussion/recitation sections in helping sudents to meet these goals. At the Universty of
Minnesota, we have gathered data which supports our gods, and both our discussion sessions
and labs are specificaly coordinated and designed to help students meet these gods.

1. Goalsand Topics: Discuss the desgn of our survey of Engineering Departments, and the
results for gods and topics — why we emphasize using fundamenta concepts and principles
to solve problems (see pages 159-162).

2. Why Cooperative-group Problem Solving: Discuss "The Dilemma’ (see pages 163-164) —
give a brief history of how we came to use cooperative group problem solving.

3. Structure of Discussion/Labs. Discuss survey results for desired structure for discusson and
lab sessions (see pages 165-166). Have TAs examine the Table of Lab Comparisons (see
page 166). Explain that our labs are designed to support the mgor goa of the introductory
courses — to help students use fundamental concepts and principles to solve problems. So
the ingtructions for our labs are somewhere between traditiond verification labs and inquiry
labs — enough guidance so groups can figure out what to do with minimd help from the
instructors, but NOT "cookbook™ labs.
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4. Answer any questions TAs have about |ab or discussion session structure.

After this sesson, the TAs read three handouts in their "Ingtructor's Handbook.”  These handouts
areincluded on pages 167-174. The FAQ About Discussion Sections is essentidly an outline of
the Heller and Hollabaugh (1992) article. The Ouitline for Teaching a Discussion Section and
Detailed Advice for Teaching the Discussion Sections outline and describe in detail the mgjor
ingtructor actions during a cooperative group discussion section. These handouts are purposely
much like the handouts for teaching the [ab in order to emphasize the smilarities of the two
gtuations. The only difference isthat students solve word problems during discussion section,
and experimental problems during the lab.
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Frequently Asked Questions (FAQ)
About Cooper ative-Group Problem-Solving

For a more extended discussion of the following questions, see Heller and Hollabaugh
(1992) in reading packet.

What size groups should | form?

For discussion and laboratory sections, form groups of three. Previous research
indicates that groups of three work better than pairs or groups of four. With pairs,
there is often not enough physics knowledge to solve the problem. In groups of
four, one member tends to be left out of the process.

When your class size is not divisible by three, however, you will end up with a few
pairs or a group of four. For discussion sections form groups of four. For the
laboratory, break the group of four into two pairs.

How do I assign students to groups?

Previous research indicates that mixed-ability groups (based on past performance on
problem-solving tests) work better than homogeneous-ability groups. In addition,
groups of two men and one woman do not work well, particularly at the beginning
of the course. (The men tend to ignore the woman, even if she is the highest ability
student in the group.) Until you get to know your students, try groups of three men,
three women, or two women and one man. Use the following procedure:

1. Write each student's total test scores, gender, and major on either index cards or
a computer spreadsheet, as illustrated below.

2. Compute a cumulative total score for each student.

Name Test1l | Test2 | Total Perf. Gender Major Group
Anderson, Max 62 71 133 Male Arch
Black, Jennifer 93 85 178 Female Ecol

Brown, John 78 79 157 Male Phar
Edwards, Mark 54 58 112 Male Dent
Fairweather, Joan 73 65 138 Female Vet
Freedman, Joshua 55 49 104 Male Arch
Good, Mary 100 95 195 Female Phy Th
Green, Bill 79 83 162 Male Arch
Johnson, Fred 69 70 139 Male Arch
Jones, Rachel 59 63 122 Female Wildlife
Peterson, Scott 69 61 130 Male Arch
Smith, Patricia 70 77 147 Female Arch
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South, David 48 50 98 Male Phar
West, Tom 52 55 107 Male Vet
White, Sandra 86 92 178 Female Math

3. Sortyour class by total cumulative score (highest to lowest). Divide the class into
thirds (high performance, medium performance and low performance students).
Identify the performance level of each student.

Name Test1l | Test2 | Total Perf. Gender Major Group
Good, Mary 100 95 195 High Female Phy Th 1
Black, Jennifer 93 85 178 High Female Ecol 2
White, Sandra 86 92 178 High Female Math 3
Green, Bill 79 83 162 High Male Arch 4
Brown, John 78 79 157 High Male Phar 5
Smith, Patricia 70 77 147 Medium | Female Arch 2
Johnson, Fred 69 70 139 Medium Male Arch 3
Fairweather, Joan 73 65 138 Medium | Female Vet 1
Anderson, Max 62 71 133 Medium Male Arch 4
Peterson, Scott 69 61 130 Medium Male Arch 5
Jones, Rachel 59 63 122 Low Female Wildlife 3
Edwards, Mark 54 58 112 Low Male Dent 2
West, Tom 52 55 107 Low Male Vet 5
Freedman, Joshua 55 49 104 Low Male Arch 1
South, David 48 50 98 Low Male Phar 4

4. Assign three students to a group -- one high performance, one medium
performance, and one low performance. If the class size is not divisible by three,
assign one or two groups with four members (or pairs for computer labs).

Assign by gender -- two women and one man, three women, or three men.
Never have a group with more men than women. Never end up with all single-
gender groups (e.g., 4 groups of men and 1 group of women).

If possible, mix the groups by major (e.g., try not to have three architecture
majors or electrical engineering majors in the same group).

Note: If you do this procedure on a spreadsheet, you can assign each student a
group number, sort by group number, and get a printout of your groups.
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Name Test1l | Test2 | Total Perf. Gender Major Group
Good, Mary 100 95 195 High Female Phy Th 1
Fairweather, Joan 73 65 138 Medium | Female Vet 1
Freedman, Joshua 55 49 104 Low Male Arch 1
Black, Jennifer 93 85 178 High Female Ecol 2
Smith, Patricia 70 77 147 Medium | Female Arch 2
Edwards, Mark 54 58 112 Low Male Dent 2
White, Sandra 86 92 178 High Female Math 3
Jones, Rachel 59 63 122 Low Female Wildlife 3
Johnson, Fred 69 70 139 Medium Male Arch 3
Green, Bill 79 83 162 High Male Arch 4
Anderson, Max 62 71 133 Medium Male Arch 4
South, David 48 50 98 Low Male Phar 4
Brown, John 78 79 157 High Male Phar 5
Peterson, Scott 69 61 130 Medium Male Arch 5
West, Tom 52 55 107 Low Male Vet 5

How often should I change the groups?

Formal cooperative groups need to stay together long enough to be successful. On
the other hand, they should be changed often enough so students realize they can
make any group successful -- that their success is not due to being in a "magic”

group.

In the first semester, change groups after each test (3 to 4 times). In the second
semester, you can change only 2 - 3 times.

In the beginning of the course, it is important to give students a rationale for

assigning them to groups and changing groups often. We tell our students that:

(@) "We want you to get to know everyone in the class, so we will change groups
often. By the end of the term, you will have worked with almost everyone in
this class (section).”

(b) "No matter what career you enter, you will have to work cooperatively with
many different kinds of people (not just your friends). So you should begin to
learn how to work comfortably and successfully in groups.”
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How can problems of dominance by one student and conflict avoidance within
a group be addressed?

and

How can individual accountability (hitch-hiking) be addressed/
Below are six suggestions to help you maintain good group functioning.

1. Seating Arrangement: In discussion section, make sure the seats are arranged so
students are facing each other, "knee-to-knee." This makes it much harder for a
student to remain uninvolved with a group. If you observe students sitting in a row,
or one student sitting "outside" a pair, go over to the group and make them stand up
and rearrange their chairs.

In labs, make sure students are standing or sitting so they are all facing each other.
In computer labs, make sure all students can see the screen. If you observe a group
with one member doing all the work or one member left out, go over to the group
and make them rearrange their seating/standing.

2. One Group Product in Discussion Section: To promote interdependence (and
reduce dominance by one student), specify that only one problem solution can be
turned in by each group and all members must sign the solution.

Do NOT let students use their textbooks while solving the problem. (The only book
students should be allowed to use is The Competent Problem Solver.) Students should
be co-constructing a solution, using each other as resources. The mathematical
relationships, fundamental principles, and specific concepts needed to solve the
problem should be either listed on the same sheet as the problem statement or on the
blackboard. (Note: This list should increase as the semester progresses -- do not
give students only the relationships they need to solve the problem. See Homework
#7 for examples.)

Do NOT let each student in a group first solve the problem individually, then
discuss their solutions. THIS IS NOT COOPERATIVE-GROUP PROBLEM SOLVING. If
students persist in this behavior after a reminder, you may need to take the pencils
away from the Manager and Skeptic (see below). Only the Recorder/Checker
should be writing.

3. Roles: Assign each student a specific role (Manager, Recorder/Checker, and
Skeptic/Summarizer). These roles were selected to correspond to the planning and
monitoring strategies individuals must perform independently when solving
problems -- the manager who designs plans of action; the skeptic, who questions
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premises and plans; the recorder, who organizes and writes what has been done so
far. In addition, each person has a responsibility to make sure the group functions
effectively. The Manager must ensure that everyone in the group participates and
contributes. The Checker/Recorder must ensure that all group members can
explicitly explain how the problem was solved. The Skeptic/Summarizer keeps
track of decisions and reasons for different actions, and summarizes them for the

group.

The first time students work together, each member is assigned one of these roles.
Each subsequent time the same group works together, their roles MUST ROTATE.
This is particularly important for the computer labs. One way to accomplish this is
to list the group members with roles (M, R, S) on the board. You can use a
spreadsheet to keep track of the roles you have assigned to each group member, as
illustrated below.

Name Group DS Lab DS Lab DS Lab
10/15 10/20 10/22 10/27 10/29 11/3
Good, Mary 1 M S R M S R
Fairweather, Joan 1 R M S R M S
Freedman, Joshua 1 S R M S R M
Black, Jennifer 2 M S R M S R
Smith, Patricia 2 R M S R M S
Edwards, Mark 2 S R M S R M
White, Sandra 3 M S R M S R
Jones, Rachel 3 R M S R M S
Johnson, Fred 3 S R M S R M
Green, Bill 4 M S R M S R
Anderson, Max 4 R M S R M S
South, David 4 S R M S R M
Brown, John 5 M S R M S R
Peterson, Scott 5 R M S R M S
West, Tom 5 S R M S R M

Assigning and rotating roles helps to avoid both dominance by one student (the
person with the pencil or keyboard has the real "power" in the group) and the free-
rider effect. The roles also help groups that either avoid conflict or tend towards
destructive conflict.

In well-functioning groups, all members share the roles of manager, checker,

summarizer, and skeptic. The purpose of the roles is to give you a structure within
which you can intervene to help groups that are not functioning well (see page 17).
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4.

6.

In both discussion sections and lab, randomly call on individual students in a group
to present their group's results. This person is not usually the Recorder/Checker for
the group. In the beginning of the course, you can call on the individuals who seem
most enthusiastic or involved. After students are familiar with group work, you can
either call on the Skeptic/Summarizers or Managers, or call on individuals who
seemed to be the least involved. This technique helps avoid both dominance by one
student and the free-rider effect.

Group Processing: Set aside time at the end of a class session to have students
discuss how well they worked together and what they could do to work together
better next time (see pages 21-22).

At the beginning of the first semester, you should do group processing every class
session. After two to three weeks (i.e., after students have worked in two different
groups), you can reduce group processing to about once every two to three weeks,
as it seems necessary (usually the first time new groups are working together).

Grading: Occasionally a group problem in discussion section is graded. Usually,
the group test problem is given the day before the individual test. In the past we
have found that with well designed problems (see Section 1V-6) students tend to get
their highest scores on the group tests. Although the group test questions are only
about 15% of a student's grade in the course, this grading practice encourages
students to work well together.

To avoid the free-rider effect, your team may want to set the rule that a group
member absent the week before the group test question (i.e., s/he did not get to
practice with her/his group) cannot take the group test question. Towards the end
of the first semester, you could let the rest of the group members decide if the absent
group member can take the group test problem.

To encourage students to work together in lab, your team could decide that each

member of the group receives bonus points if all group members earn 80% or better
on their individual lab problem reports.
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Discussion Section Lesson Plan

Outlinefor Teaching a Discussion Section

This outline, which is described in more detail in the following pages, could serve as your
"lesson plan” for each discusson session you teach.

Preparation Checkligt:

| assign new roles | photocopies of problem statement (one
[ assign new groups and roles (when per person)
appropriate) Q photocopies of answer sheet (one per
U sovethe problem; decide what to group)
have students put on board Q photocopies of problem solution (one
(diagram, plan, agebraic solution) per person)
Wheat the Students Do Whét the TA Does
o Stingroups 0. Get tothe classroom early.
Opening | * Read problem. 1. Brigfly introduce problem.
Moves » Checker/Recorder puts nameson 2. Pass out group problem and answer
2min. answer sheet. Shest.

3. Tdl classthetime they need to stop
and remind managers to keep track
of thetime.

* Do the assgned problem: 4. Take attendance.
Middle - paticipatein discusson, 5. Monitor groups and intervene when
Game - work cooperétivdly, NEcEsAy.
) ; 6. A few minutes before you want
check eech other'swork. them to stop, remind the students of
the time and to finish working on
their problem. Also pass out group
functioning forms.
* Finish problem. 7. Select one person from each group
. to put their diagram/plar/agebraic
El .
nd Gar_ne solution on the board.
5-10min. | = Check answer. 8. Lead adass discusson Smilarities
and differences.
* Paticipatein class discussion. 9. If necessary, lead a class discussion
of group functioning.
10 Passout the problem solution.
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S5a.

Discussion Section Lesson Plan

Detailed Advice for TAs about
General Discussion Section Lesson Plan

Get to the classroom early.

When you get to the classroom, go in and lock the door, leaving your early students outside.
The best time for informa talks with studentsis after the class.

Prepare the classroom by checking to see that there is no garbage around the room and that
the chairs and desks are properly arranged. If you have changed groups, list the new groups
and roles on the board at thistime also. Let your students in when you are prepared to teach
the discusson sesson.

Briefly introduce problem.

Spend a minute or two telling students about the problem - remind them what physica
principles they have been discussing in class, and tell them why this particular problem has
been chosen. DO NOT LECTURE YOUR CLASSON PHYSICS!

Tel the sudents what you want them to put on the board when their timeis up (diagram,
solution plan, or agebraic solution).

Pass out group problem statement and answer sheet.

Give acopy of the problem to each student, but only one answer sheet to each group. This
will help the students work in groups since they can only turn in one answer sheet for the
group. The problem should have dl the relevant equations given, DO NOT ALL OW
YOUR STUDENTSTO USE THEIR BOOKS OR NOTES

Tell classwhen (at what clock time) they need to stop and remind manager sto keep
track of time.

If you are planning on doing the group functioning worksheet, be sure to leave time at the
end of class. Be sureto leave time for your end game!

Take attendance.

Take attendance as soon as the groups are working. Doing this early will cut down on
tardiness.

Diagnoseinitial difficultieswith the problem or with group functioning.
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5h.

Discussion Section Lesson Plan

Once the groups have sdttled into their task, spend about five minutes circulating and
observing dl groups. Try not to explain anything (except trivid darification) until you have
observed dl groups at least once. Thiswill dlow you to determine if awhole-class
intervention is necessary to clarify the task (e.g., | noticed that very few groups are drawing a
careful force diagram. Be sureto draw and label adiagram. . . .).

Monitor groupsand inter vene when necessary.

Establish acirculation pattern around the room. Stop and observe each group to see how
eadly they are solving the problem and how well they are working together. Don't spend a
long time with any one group. Keep well back from students line of sght so they don't focus
on you. Make amenta note about which group needs the most help.

Intervene with the group that needs the most help. I you spend along time with this group,
then circulate around the room again, noting which group needs the most help. Keep
repesting the cycle of (@) circulate and diagnose, (b) intervene with the group that needs the
most help.

A few minutes before you want them to stop, remind the students of the time and to
finish working on ther problem.

Als0 pass out group functioning forms at thistime (if necessary, about every 2 - 3 weeks).
(Note: Another common teaching error isto provide too little time for students to processthe
quality of their cooperation. Students do not learn from experiences that they do not reflect
on. If the groups are to function better next time, members must receive feedback, reflect on
how their actions may be more effective, and plan how to be even more skillful during the
next lab or discusson session.)

When you were an undergraduate, your instructors probably did not stop you to have a class
discussion & the end of arecitation period. Doing thisis one of the hardest things you will
havetodoasaTA. You may be tempted to et Sudents keep working so that they can get as
much done as possible, or to let them go home early so that they like you better. However,
research has shown that sudents do not learn from their experiences unless they have the
chance to process their information. One good way to do thisis by comparing their results
with thewhole class.

Most students do not want to stop, and may try to keep working. If it is necessary, to make
your students stop working you can warn them that you will not accept their paper if they
keep working. You are in charge of the class, and if you makeit clear that you want the
sudents to stop, they will.

Select one person from each group to put their diagrams/solution plans/algebraic
solution on the board.
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0.

Discussion Section Lesson Plan

In the beginning of the course, sdlect students who are obvioudy interested, enthusiagtic, and
aticulate. Later inthe coursg, it is sometimes effective to occasondly sdect a tudent who
has not participated in the discussion as much as you would like. This reinforces the fact that
all group members need to know and be able to explain what their group did. Typicdly, the
Recorder/Checker in each group is NOT selected.

Lead a class discussion of these results.

A whole-class discusson is commonly used to help students consolidate their ideas and make
sense out of what they have been doing. Discussions serve several purposes:

* to summarize wha students have learned;

* to help students find out what other students learned from the same problem;

* to produce discrepancies, which stimulate further discussion, thinking, or

investigations.

These discussons should dways be based on the groups, with individuas only acting as
representatives of agroup. This avoids putting one student "on the spot.” Thetrick isto
conduct adiscussion about the results without (a) telling the sudents the "right” answer or
becoming the find "authority” for the right answers, and (b) without focusing on the "wrong'"

results of one group and making them fedl stupid or resentful. To avoid these pitfalls, you
could try starting with generd, open-ended questions such as.

- How are these results the same?
- How arethesereaults different?
Then you can become more specific:
- What could be some reasons for them to be different?
- Arethe differences important?

Always encourage an individua to get help from other group membersif he or sheis"stuck.”

Encourage groups to talk to each other by redirecting the discussion back to the groups. For
example, when a group reports their answer, ask the rest of the class to comment: "What do
the rest of you think about that?' This helps avoid the problem of you becoming the fina
"authority" for the right answer.

If necessary, lead a class discussion about the group functioning.

Discussing group functioning occasiondly is essentid. Students need to hear difficulties
other groups are having, discuss different ways to solve these difficulties, and receive
feedback from you.

» Randomly cdl on one member of from each group to report either
- oneway they interacted well together, or

- onedifficulty they encountered working together, or
- oneway they could interact better next time.
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Discussion Section Lesson Plan

= Add your own feedback from observing your groups (e.g., "l noticed that many
groups are coming to an agreement too quickly, without considering all the
possibilities. What might you do in your groups to avoid this?")

10. Pass out the solution.

Passing out the solution isimportant to the students. They need to see good examples of
solutions to improve their own problem solving skills. Again, it isimportant to passthem
out as the last thing you do, or the students will ignore anything that you say after you have
passed them out. Y ou cannot possibly be more interesting than the solutions.
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Activity #4b: Survey Results for Structure of Lab and Recitation
Orientation
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Activity #4b: Survey Results for Structure of Lab and Recitation TA
Orientation

L))

Engineering and Science
Departments Surveyed (1995)

Department % Students

Mechanical Eng 31
Electrical Eng. 18
Civil Eng.

Chemical Eng.

Computer Sci.

Math

Chemistry

Material Sci.

Agricultural Eng.

Geology

Astrophysics

Survey Information

Faculty respondents were chosen by the
directors of undergraduate studies within
each engineering and science department.

Response rate was 67.6%
(50 out of 74)

Responses were weighted by the number of
students in each department.
[Departments weighted equally]
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Activity #4b: Survey Results for Structure of Lab and Recitation

Orientation

L))

Goals

Many different goals could be addressed through this
course. Would you please rate each of the following
goals in relation to its importance for your students on
a scale of 1 to 5?

1 = unimportant 3 = somewhat important 5 = very important
2 =slightly important 4 = important

1. Know the basic principles behind 12 3 45
all physics (e.g. forces, ...)

2.Formulate and carry out experiments 1 2 3 4 5

3.Program computers to solve problems 1 2 3 4 5
in the context of physics

4. Etc, etc.

Highest Rated Goals

Solve problems using general qualitative
logical reasoning within the context of physics.

Know the basic principles behind all physics
(e.g. forces, conservation of energy).

Solve problems using general quantitative
problem solving within the context of physics.

Apply the physics topics covered to new
situations not explicitly taught by the course.

Use with confidence the physics topics covered.

Know the range of applicability of the
principles of physics (e.g. conservation of
energy applied to fluid flow, heat transfer).
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Activity #4b: Survey Results for Structure of Lab and Recitation

un

Orientation

Goals Not Chosen

Be familiar with a wide range of physics topics.

Know the range of applicability of physics principles.

Formulate and carry out experiments.

Use modern measurement tools for physical
measurements (e.g., oscilloscopes, etc.).

Analyze data from physical measurements.

Program computers to solve physics problems.

Understand and appreciate “modern physics” (e.g.,
solid state, quantum mechanics, nuclei, etc.).

Understand and appreciate the historical development
and intellectual organization of physics.

U
/ Which Topics do Departments

80%
64%
32%
32%
28%
24%
24%
16%
12%

Want Taught?

Forces and Newton’s Laws [ 85%]
Potential Energy and Conservation of Energy [ 63%]
Statics [ 13%]

Application of Newton’s Laws [ 26%]

Units, Dimensions, and Vectors [ 26%]

Kinetic Energy and Work [ 15%]

Simple Harmonic Motion [ 22%]

DC Circuits [ 6%]

Waves [ 22%]

Superposition and Interference of Waves [ 16%]
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Activity #4b: Survey Results for Structure of Lab and Recitation TA
Orientation

Notes:

What Topics Are Not Important?

(not selected)

Linear Motion
Momentum and Collisions
Angular Momentum
Molecules and Gases

Electric Potential
Capacitors and Dielectrics
Currents in Materials
Faraday’s Law
Magnetism and Matter
Magnetic Inductance

AC Circuits
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Activity #4b: Survey Results for Structure of Lab and Recitation
Orientation

L))

The Dilemma

If the problems are simple enough to 7 is force
be solved moderately well using their ? of earth
novice strategy, then students see no

reason to abandon this strategy -- even
if a structured strategy works as well
or better.

If the problems are complex enough so
the novice strategy clearly fails, then
students are initially unsuccessful at
using the structured strategy, they
revert back to their novice strategy.

Why We Use Cooperative
Group Problem Solving

1. A structured problem solving
strategy seems too long and
complex to most students.
Cooperative-group problem
solving gives students a chance
to practice the strategy until it
becomes more natural.

2. Groups can solve more difficult problems than
individuals, so students see the advantage of a logical
problem-solving strategy early in the course.

3. Each individual can practice the planning and
monitoring skills they need to become good individual
problem solvers.

Page 87

TA



Activity #4b: Survey Results for Structure of Lab and Recitation
Orientation

L7}

Why We Use Cooperative
Group Problem Solving

4. Students get practice
developing and using
the language of
physics -- ""talking
physics."

. Students must deal with and resolve their
misconceptions.

. In whole-class discussions, students are less
intimidated because they are not answering as an
individual, but as a group.

The Spinoffs

Valued Characteristics in Employees
in Engineering Companies

1. Leadership
skills

2. Technical
communication
skills

L

l

Creatlvity
Autonomy

Cooperation
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Activity #4b: Survey Results for Structure of Lab and Recitation
Orientation

Laboratory Structure

The laboratory associated with this course is
typically taught by graduate teaching assistants and
could be structured in several ways.

1. Alab with well defined directions which verifies
a physical principle previously explained to the
students using the given apparatus.

. A lab where the students are given a specific
question or problem for which they must conduct
an experiment with minimal guidance using the
given apparatus.

. A lab where the students are given a general
concept from which they must formulate an
experimental question, then design and conduct
an experiment from a choice of apparatus.

Other

Recitation Structure

The recitation sections associated with this course
are typically taught by graduate teaching assistants
and could be structured in several ways.

1. Students ask the instructor to solve specific
homework problems on the board.

2. Instructor asks students to solve specific
homework problems on the board.

3. Instructor asks students to solve unfamiliar
textbook problems, then discusses solution with
the class.

4. Students work in small collaborative groups to
solve real-world problems with the guidance of
the instructor.

Other
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Activity #4b: Survey Results for Structure of Lab and Recitation TA
Orientation

Gn

Summary

1. There is consensus among our engineering
departments about what they want taught
and how:

* fundamental principles in depth
(not many topics covered lightly)

* comprehensive problem solving
* collaborative learning
* not inquiry labs

2.. Our engineers agree with the
recommendations of many physics educators.

Notes:
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Activity #4b: Survey Results for Structure of Lab and Recitation TA
Orientation

Instructor's Notes for Student Difficulties with Problem Solving
(about 3.5 hours)

Activity #6: Differencesin Expert and Novice Problem-solving
Activity #7: Methods Questions and Problem Solving
Activity #8: Practice Using a Strategy

Homework #4: Using a Strategy to Solve a Context-rich Problem

The purposes of these activities are to: (1) introduce TAsto the kinds of difficulties their
sudents will have solving quantitative problems, (2) analyze different recommended Strategies
and discuss how the srategies will help them become better coaches and graders, and (3) have
the TAs practice solving a problem using an explicit Srategy.

Activity #6. Differencesin Expert-Novice Problem Solving (about 1.5 hrs)

a)

b)

Mativation: "Your responshilitiesasa TA include tutoring students who are having
difficulty solving the homework problems during office hours, as well as"coaching” students
asthey solve problems in both the discussion section and the lab. To be an effective tutor
and coach, you need to know (1) some common difficulties that Sudents encounter solving
problems, and (2) how to diagnose these difficulties from what they say and what they write,
and (3) how to help students with their difficulties. We will be spending the next few days
on thesetopics. Firdt, let's have you solve atypical problem.”

Activity #6a Have the students solve the Cowlboy Bob problem as quickly as they can (see
page 179).

"In the next part of the activity, you are going to compare how you solved the Graduate
Written Exam problem earlier this morning with (i) how you solved the Cowboy Bob
Problem, and (i) how a beginning student solves the Cowboy Baob problem. Y ou are going
to make aflow chart of how you solve red problems.” Show overhead of flow chart for
darting acar in the winter.

Activity #6b: Assgn new groups (roles by latest birthday). Explain task briefly (see pages
181 - 186). After TAsdart, hand out two blank overheads & pen to each group.

Closure: Show overheads from different groups. Discuss smilarities and differences
between their steps when they solve red problems (like a Graduate Written Exam problem)
and when solve exercises (like the Cowboy Bob Problem). Relate these differencesto their
readings about differences in expert-novice problem solving.

Page 91



Activity #4b: Survey Results for Structure of Lab and Recitation TA
Orientation

Activity #7: Methods Questions and Problem Solving (about 0.5 hrs)

The purposes of this activity areto (1) introduce TAsto "explicit” problem solving strategies,
and (2) to begin adiscussion of how they can "coach” students.

a)

b)

d)

Moativation: "Jll Larkin recommended that students be taught an explicit problem-solving
‘srategy’ that hel ps students learn the processes an expert goes through when they solve red
problems (not "exercises’). There are now many problem solving strategiesin the literature
— amogt every textbook includes a problem-solving strategy. So which srategy is "best?
Arethe drategies very smilar, or are there fundamentd differences? How would following
adrategy makeit easer to coach sudents?”'

Adtivity #7a Fird review the srategies the TAs described in Activity #6b, focusing on the
amilarities. Then have TAsread Activity #7a (see pages 187- 194) which describes Fred
Reif's Strategy and the Strategy from the Competent Problem Solver. Briefly compare and
contrast:

» Themgor point isthat the strategies are more similar than different when actualy
executed. They each use different words to describe similar processes, and they have
dight differences in emphases, but they al require sudents to draw diagrams, define
variables explicitly, bresk the problem into sub-problems that can be solved while keeping
track of the unknowns. Discuss the different ways the authors suggest sudents plan a
solution.

* Itisdso sometimes useful to return to the "chunking” idea. Writing was invented as a
natura extension to short-memory, which for most peopleis between 4-7 "bits' of
information. Experts have "chunked" many bits together, so they do not need to write as
much — they have enough short-term memory to solve the problem. But beginning
students have not chunked, s0 each little step is one of their 4-7 bits. They soon run out of
short-term memory space, and literdly forget what they did beforeiif it is not written
down. Thisisone reason why the authors of al the srategiesingst that sudents explicitly
write down alot of information that an "expert” could probably keep in short-term

memory.
Activity #7b: Rotate roles and explain the task briefly (see pages 195- 197).

Closure: Cdl on groups to contribute their answers about which steps of the sirategy (in The
Competent Problem Solver) the lab Methods Questions "coach™ students through.

Finaly, discuss alast question: How will knowledge of these strategies help you become a
better problem-solving coach and grader?

Note: At some point, hopefully, someone will mention the technique of gradualy moving
from smple to more difficult problems. Sometimes TAs see the dilemma themsdlves --
smple problems reinforce the novice "plug-and- chug" strategy, while novicesfal a the
more difficult problems.
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Activity #8: Practice Using a Problemsolving Strategy (about 45 min)

a)

b)

Mativation: "You can not help students with the steps they need to go through unlessyou
can "unchunk™ yoursdlf, and begin to think about and write down alot more information than
you are used to. Soin this activity, you can practice using the strategy assigned to your
group to solve a problem from the algebra-based course.”

Adiivity: Rotate roles, and have sudents turn to Activity Sheets (pages 199 - 202). Explain
task to sudents. "Try to explicitly follow the roles assgned to you. When you teach the
discussion sections, you will have students solve problems in cooperative groups and you
will dso assign roles. So try to follow the roles to experience what it feds like in a problem
solving Stuation.”

Closure; Briefly discuss how difficult it was for them to follow the strategy and the roles.
Did it help to have the manager read the steps?

Homework #4: Using a Strategy to Solve a Context-rich Problem (pages 203 - 206)

This homework assignment (see pages 203 - 206) gives TAs practice in using a problem-solving
drategy. In addition, the students will later judge these context-rich problems for use as group
practice problems or group test problems (see Homework #6, pages 227 - 230).

Some TAsfind these problems difficult to solve. It is helpful to have students compare their
solutions before you discuss what characteristics of a"hard” problem make it difficult for
students to solve.
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Orientation

NOTES:
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TA Orientation 1999 Name:
Activity #6a (1 point)

Below isa problem from an exam in Physics 1101 (algebra-based introductory
course). Solvethisproblem as quickly asyou can.

Cowboy Bob Problem: Because parents are concerned that children are taught incorrect
science in cartoon shows, you have been hired as a technical advisor for the Cowboy Bob
show. In this episode, Cowboy Bob, hero of the Old West, happens to be camped on the top
of Table Rock in the Badlands. Table Rock has aflat horizonta top, vertical Sdes, and is

500 meters high. Cowboy Bob sees a band of outlaws at the base of Table Rock 100 meters
from the sdewadl. The nasty outlaws are waiting to rob the Dodge City stagecoach.

Cowboy Bob decides to roll alarge boulder over the edge and onto the outlaws. Y our boss
asksyou if it is possble to hit the outlaws with the boulder. Determine how fast Bob will

have to roll the boulder to reach the outlaws.
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Activity #6a (1 point)

Notes:
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TA Orientation 1999 Name:

Activity #6b (1 point)

Differencesin Expert-Novice Problem Solving

GROUP TASKS:

1 Make alist or flow chart of al the steps (mgor decision points and/or actions) that you
took to solve a"red problem” (the Graduate Written Exam Problem).

2. Make alist or flow chart of al the steps (mgor decision points and/or actions) that you
took to solve an "exercise” (the Cowboy Bob Problem).

3 Makealig of al the ways an expert problem solver (eg., you, a professor) solvesa''red
problem” differently than an "exercise.”

4, What does Larkin recommend be done to help students become better problem solvers?
How should this be done? What do you think of thisidea?

COOPERATIVE GROUP ROLES:

SKeptic: Ak what other possibilities there are, keep the group from superficid andysis
by not alowing the group to agree too quickly; ask questions that lead to a deeper
andysis, agree when satisfied that the group has explored dl possibilities.

Manager: Suggest a plan for answering the questions, make sure everyone participates
and stays on task; watch the time.

Checker/Recorder: Ask othersto explain their reasoning process so it is clear to dl that
their suggestions can be discussed; paraphrase, write down, and edit your group's answers
to the questions.

TIME: 25 minutes.

One member from your group will be randomly sdlected to present your group's answers to
Questions #1 and #2.

PRODUCT:
Activity #6b Answer Sheet.
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Answer Sheet for Activity #6b

1 Examine your group solution to the Graduate Written Exam Problem. Make aflow chart
of the mgjor steps (decisions and/or actions) you took to solve the problem.
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2. Now compare and contrast your group solution to the Graduate Written Exam (GWE)
Problem and your individua solutions to the Cowboy Bob Problem. For you, as expert problem
solvers, the GWE problem was a"red problem” -- oneyou did not know how to solve
immediatdy -- and the Cowboy Bob Problem was probably more like an "exercise’ -- atype of

problem you have solved so many times before that you immediately knew how to gpproach the
problem.

(& Makeaflow chart of the steps (mgor decisions and/or actions) you took to solve the
Cowboy Bob Problem.

(b) How were your solution steps different for the red problem and the exercise?
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3. For students in an introductory physics class (novice problem solvers), the Cowboy Bob
Problem ISA REAL PROBLEM . Compare and contrast the attached novice solution to the
Cowboy Bob Problem with your group solution to the GWE Problem.

Based on (@) your comparison of the solutions, and (b) the reading of Larkin (1979),
make aligt of al the ways that experts solve red problems (e.g., the GWE problem) differently
than novices solve what is, for them, ared problem (e.g., the Cowboy Bob Problem).

Expert Solving Real Problem Novice Solving a Real Problem
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Activity #6b

"Novice" Solution to Cowboy Bob Problem
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4, What does Larkin recommend be done to help students become better problem solvers?
How should this be done? What do you think of thisidea?

5. Optiond: Shown below is a standard textbook solution to the Cowboy Bob problem.
Discuss why this solution promotes continued use of a novice Strategy (i.e., discourages the use

of amore expert-like drategy).

"Choose a coordinate system with its origin at the point where the boulder goes
off the cliff, with the x axis pointing horizontally to the right and the y axis vertically
downward. The horizontal component of the initial velocity is:

DD 100 m
Vox =7

= = =10m/ s
t J2h7g 2500 m)/ 9.8 m/s?

Since the fastest athletes run at about this speed, it is unlikely that Cowboy Bob
would be able to push a big boulder this fast."
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Activity #7a

Comparing Two Problem Solving Strategies

Calvin and Hobbes / By.Bill Watterson

HELP ME \ G+3, EH? WEW,| |FIRST WE CALL THE ANSWER
HITH THIS | TS ONE 1S {717 AS IN Y DO WE CARE?”
VOMEWORY, | A BIT TRICKY. || NOW Y MAY BE A QUARE
K? WHATS [ A4 | NUMBER, SO WELL DRAW A
. QUARE AND MAKE TW\S SIDE}
G AND THAT S\DE 3. THEN |

T DONT SHE PROBABLY BUT THIS

: OK, HERE, ['LL
REMEMBER | DOESNT KNOW | | DIAGONAL

DRAW A BIGGER

THE TEACGHER | HIGHER MATH IS JUST A SQUARE .
EXPLAIMING | WHEN YU DEAL | | LITTLE UNDER

T LiEe MITH HIGH ™o. -

THIS. NUMBERS, You

NEED HIGHER
MATH.

B © 1990 Unnerid Preas Swoscane
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Strategy From Understanding Basic Mechanics, by Frederick Reif,
(Wiley, 1995)

1 Analyze the Problem: Bring the problem into aform facilitating its subsequent solution.

. Basic Description -- clearly specify the problem by

- describing the situation, summarizing by drawing diagram(s) accompanied by some
words, and by introducing useful symbols, and

- speaifying compactly the goal (s) of the problem (wanted unknowns, symbolicaly or
numericaly)

. Refined Description -- andyze the problem further by

- gpedifying the time-sequence of events (e.g., by visudizing the motion of objects as
they might be observed in successve movie frames, and identifying the time intervals

where the description of the Stuation is digtinctly different (e.g., where accderation of
object is different); and

- describing the Situation in terms of important physics concepts(e.g., by specifying
information about velocity, acceleration, forces, €c.).

2. Congtruct a Solution: Solve smpler subproblems repeatedly until the original problem
has been solved.

. Choose subproblems by

- examining the status of the problem at any stage by identifying the available known
and unknown information, and the obstacles hindering a solution;

- identifying available options for subproblems that can help overcome the obstacles;
ad

- sdecting auseful subproblem among these options.

. If the obstacle islack of useful information, then gpply abasic relation (from
generd physics knowledge, such asma = Fror, fk = nlN, x = (1/2)at2) to some object or
system at sometime (or between some times) dong some direction.

. When an available ussful rdation contains an unwanted unknown, diminate the
unwanted quantity by combining two (or more) reations containing this quantity.

Note: Keep track of wanted unknowns (underlined twice) and unwanted unknowns (underlined
once).

3. Check and Revise: A solutionisrarely free of errors and should be regarded as
provisond until checked and appropriately revised.

. Goals Attained? Has dl wanted information been found?

. Well-specified? Are answers expressed in terms of known quantities? Are units
specified? Are both magnitudes and directions of vectors specified?

. Sdf-conggent? Are unitsin equations consstent? Are sgns (or directions) on
both sides of an equation consstent?
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. Consgtent with other known information? Are values sensble (eg., congstent
with known magnitudes)? Are answers consstent with specid cases (e.g., with extreme
or specidly smple cases)? Are answers congstent with known dependence (e.g., with
knowledge of how quantities increase or decrease)?

. Optima? Are answers and solution as clear and Smple as possible? Isanswer a
generd algebraic expresson rather than a mere number?
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Problem: A 20-kg block is pulled along a horizontal surface by a cord that extends horizontally from the block
over a frictionless and massless pulley at the end of the surfare and then down to a hanging 10-kg block. The
coefficient of friction between the 20-kg block and surface is 0.40. Determine the speeds of the blocks after
moving 2 meters. They start at rest.

FOCUS the PROBLEM M- 20 K Az 040
Picture and Given L A Voi=0 a »:iv
Information ™ = \o Kt@ = 2 m -y "

Vu:VU’_:O )

. . le— d —l iV =0
Question Fywn(, Spccd of blocks ofver ™Moving *I-..: w=v
2m EFrom vest,

Approach . .
Use Kinematics +o relare speedS Yo acelevetions.
Use Newtor's Laws h Find constant awel.

! l
PHYSICS DESCRIPTION o M
Diagram and Define Variables : Block 1.t T 1 Bleck2i T
Quantitative Relationships o~ \ o ' 1 l_k
o =Y | IR l W
-r . ' |
Xe=0 Xti%"‘:d‘ i \N‘-“\,% N.i-\s [ .T
to-_o = { -F pY .T | 2
Vo1 =0 V‘T-? ! J X . -—
‘ W Wy
QW' T ye=0 0,= 0y = C =y N
\517- \ T i 1 H—\é
=0
\T:_:O Vi=Va =V l EF\-): ™y ;
° : N\"W\:
R | ! N\= m|% ! iFu‘) o m,_ot,
?:L—. 7 N ° : ! Wo-T, =m0
MJ -9 V’-;:} v:)l{"\—h& | ZF, = ma» ' mQ-Ty = ma
L‘V r | T| - ?K = mlov !
Target Variable(s) | \, =Ny = V & : T ‘/\h‘“\%f-'- m G : T =12 =T
SOLVE the PR(?BLEM u““’ww“s
Pind v v a = (ha-pmly
® W = 2ad o o
. 1. 2604 (-
E ind A For Block 2 Vf' - % ¢ +:\MM‘3
™, 2
Mg - T = M T N - \
Find T : For Block 4 =228l 3(':'3‘(:0“‘3 OMD‘ZD“J'
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. z 26bm
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™G - (maramgd= ma L5° Vp= Lo /s

%L“‘\L" /‘*""l) = ("“L"m\\&

EVALUATE the SOLUTION

Is Answer Properly Stated? c Is answer reasonable? cal N Is answer complete?
. S~ I8 my were in Evec-fall, Fhe veloc
- S an \je 1 ! A
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Strategy From The Competent Problem Solver, by K. Heller and P. Heller (U
of MN, 1995)

1. Focus on the problem: Trandate the words of the problem statement into avisua
representation:

* Draw a skeich (or series of sketches) of the stuation.
* |dentify the known and unknown quantities and congtraints.
» State the problem that actualy must be solved.

* Decide agenera approach to the problem:- what physics concepts and principles are
gppropriate to the Stuation and the assumptions that must be made. Decide what objects
should be grouped into systems.

2. Describe the Problem in Physics Terms (Physics Description): Trandate the sketch(s)
into aphysica representation of the problem:

» Useidentified principles to construct idedlized diagram(s) with a coordinate system (e.g.,
vector component diagrams) for each object at each time of interet;

* Decide on a coordinate system or systems;

» Symbolicaly specify the rdevant known and unknown variables. Symbolicaly specify
the target variable(s) (e.g., find vy such that hyg = 10 m);

» Assemble the equations expressing the rlevant fundamentd principles and problem
congraints in terms of the variablesin your problem (eg. ?F,=T - fx = ma,, fy = nlN
?Fy =N -mg =0, x = (1/2)at?).

3. Plan a Solution: Trandate the physics description into a series of gppropriate
mathematica equations.

» Start with an equation that includes the target variable. (Keep track of unknowns,)

« |f there is another unknown in addition to the target variable, chose another equation
(principle or congraint) that includes this unknown varigble,

- If there are no additiona unknownsin this new equation, solve for the unknown
vaiadle,

- If there are new unknowns in this new equation, identify another (unused) equation
which includes the unknown varigble and solve for the unknown.

« Continue this process, until no new unknowns are generated.

* Subdtitute the solution for the last unknown (which may gill be in terms of other
unknowns) into al previous equations containing that unknown. Continue this process
until you reach the origina equation with the target variable.

* Solve the resulting eguation for the unknown which should be the target varigble.
» Check the units of your agebraic equation for the target varigble.

4, Execute the Plan:
* Subdtitute specific vauesinto the expresson to obtain an arithmatic solution.
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5. Check and Evaluate: Determine if the answer makes sense.
* check - isthe solution complete?
* check - isthe sign of the answer correct, and does it have the correct units?
* evauate - isthe magnitude of the answer unreasonable?
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i i ds horizontally from the block
Problem: A 20-kg block is pulled along a horizontal surface by a cord that exten :
over a frictionless §nd masslgss pulley at the end of the surface and then downtoa hanggngflm();kglzokgﬂc
coefficient of friction between the 20-kg block and surface is 0.40. Determine the spee
moving 2 meters. They start at rest.
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PLAN the SOLUTION
Construct specific algebraic equauons

Find V: o
—— A\
NTag )Vol}-t- 2a A%
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Activity #7a
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Follow the Plan
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TA Orientation 1999 Name:
Activity #7b (1 point)

Methods Questions and Problem Solving

GROUP TASKS:

1. Individually read the attached laboratory problem (Problem #1 from Lab 7 of
Physics 1301, the first semester of the calculus-based introductory course).

2. For each Method Question below (Questions #1 - #8), identify the corresponding
step (or steps) from the strategy outlined in The Competent Problem Solver (see pages 1-3
through 1-5).

COOPERATIVE GROUP ROLES:

Skeptic: Ask what other possibilities there are, keep the group from superficial
analysis by not allowing the group to agree too quickly; ask questions that lead
to a deeper analysis; agree when satisfied that the group has explored all
possibilities.

Manager: Suggest a plan for answering the questions; make sure everyone
participates and stays on task; watch the time.

Checker/Recorder: Ask others to explain their reasoning process so it is clear to all
that their suggestions can be discussed; paraphrase, write down, and edit your
group's answers to the questions.

TimE: 10 minutes.

One member from your group will be randomly selected to present your group's
answers to Questions #1 and #2, or #3.

PRODUCT:
Activity #7b Answer Sheet.
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PROBLEM #1:
MOMENT OF INERTIA OF A COMPLEX SYSTEM

While examining the engine of your friend’s snowblower you notice that the
starter cord wraps around a cylindrical ring of metal. This ring is fastened to the
top of a heavy, solid disk, "a flywheel”, and that disk is attached to a shaft. You
are intrigued by this configuration and wonder how to determine its moment of
inertia. Your friend thinks that you just add them up to get the moment of
inertia of the system. To test this idea you decide to build a laboratory model
described below to determine the moment of inertia of a similar system from its
motion. You think you can do it by just measuring the acceleration of the
hanging weight.

Determine the moment of inertia from the

? acceleration of the hanging weight in the
equipment described below. Is the moment of
inertia of a system just the sum of the
moments of inertia of the components?

EQUIPMENT

For this problem, you have a disk which is mounted on a sturdy stand by a metal
shaft. Below the disk on the shaft is a metal spool to wind string around. There
is also a metal ring that sits on the disk so both ring and disk share the same
rotational axis. A length of string is wrapped around the spool, then passes over
a pulley lined up with the edge of the spool. A weight is hung from the other
end of the string so that the weight can fall past the edge of the table.

Ring ———— PLlley
Digk — \ Mass
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As the hanging weight falls, the string pulls on the spool, causing the
ring/disk/shaft/spool system to rotate. You can analyze the motion using a

video camera connected to a computer. You will also have a meterstick and a
stopwatch.

PREDICTION

Calculate that the moment of inertia of the system as a function of the acceleration of
the hanging weight and the radius of the spool.

Using the table of moments of inertia in your text, write an expression for the

total rotational inertia of the components of the system in terms of their
masses and radii.

Will these two methods agree? If not, which one, if any, is correct?

METHOD QUESTIONS

To test your predicted equation, you need to determine how to calculate the
moment of inertia of the system from the quantities you can measure in this

problem. It is helpful to use a problem-solving strategy such as the one outlined
below to solve for your prediction.

TASK:

For each Method Question below (Questions #1 - #8), identify the corresponding

step (or steps) from the strategy outlined in The Competent Problem Solver (see pages 1-3
through 1-5).

Step Problem-solving Steps
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1. Draw a side view of the equipment.
Draw the velocity and acceleration vectors
of the weight. Add the tangential velocity
and tangential acceleration vectors of the
outer edge of the spool. Also, show the
angular acceleration of the spool. What is
the relationship between the acceleration
of the string and the acceleration of the
weight if the string is taut? What is the
relationship between the acceleration of
the string and the tangential acceleration
of the of the outer edge of the spool if the
string is taut?

2. Since you want to relate the moment of
inertia of the system to the acceleration
of the weight, you probably want to
consider a dynamics approach
(Newton’s 2nd Law) especially using
the torques exerted on the system. Itis
likely that the relationships between
rotational and linear kinematics will
also be involved.

3. To use torques, first draw vectors
representing all of the forces which
could exert torgues on the
ring/disk/shaft/spool system. Identify
the objects that exert those forces.

Draw pictures of those objects as well
showing the forces exerted on them.
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4. Draw a free-body diagram of the
ring/disk/shaft/spool system. Show the
locations of the forces acting on that
systems. Label all the forces. Does this
system accelerate? Is there an angular
acceleration? Check to see you have all
the forces on your diagram. Which of
these forces can exert a torque on the
system? Identify the distance from the
axis of rotation to the point where each
force is exerted on the system. Write
down an equation which gives the torque
in terms of the force that causes it. Write
down Newton's second law in its
rotational form for this system. Make sure
that the moment of inertia includes
everything in the system.

5. Use Newton’s 3rd Law to relate the
force of the string on the spool to the force
of the spool on the string. Following the
string to its other end, what force does the
string exert on the weight? Make sure all
the forces on the hanging weight are
included in your drawing.

6. Draw a free-body diagram of the
hanging weight. Label all the forces
acting on it. Does this system accelerate?
Is there an angular acceleration? Check to
see you have all the forces on your
diagram. Write down Newton's second
law for the hanging weight. How do you
know that the force of the string on the
hanging weight is not equal the weight of
the hanging weight?
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7. Is there a relationship between the two
kinematic quantities that have appeared
so far: the angular acceleration of the
ring/disk/shaft/spool system and the
acceleration of the hanging weight? To
decide, examine the accelerations that you
labeled in your drawing of the equipment.

8. Solve your equations for the moment of
inertia of the ring/disk/shaft/spool
system as a function of the mass of the
hanging weight, the acceleration of the
hanging weight, and the radius of the
spool. Start with the equation containing
the quantity you want to know, the
moment of inertial of the
ring/disk/shaft/spool system. ldentify
the unknowns in that equation and select
equations for each of them from those you
have collected. If those equations
generate additional unknowns, search
your collection for equations which
contain them. Continue this process until
all unknowns are accounted for. Now
solve those equations for your target
unknown.
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Notes:
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Activity #8 (2 points)

Practice Using a Problem Solving Strategy

GROUP TAKS:

1 Use the dtrategy in The Competent Problem Solver to solve the problem on the following
page. Thiswill give you practice usng a srategy (without automatically skipping many steps).
Be very explicit in what you write down.

2. Try to follow the problem-solving roles explicitly.

COOPERATIVE GROUP ROLES:

Skeptic: Follow the sample solution for the problemtsolving strategy assigned to your
group and be sure no steps are skipped or misinterpreted; at each step, ask what other
possihilities there are; keep the group from superficid anays's of the problem by not
alowing the group to agree too quickly; ask questions that lead to a degper analysis;
agree when stisfied that the group has explored al possihilities.

Manager: Read the problem-solving strategy aoud so that the group can follow the
strategy step by step; make sure everyone participates and stays on task; watch thetime.

Checker/Recorder: Ask othersto explain their reasoning process o it is clear to dl that
their suggestions can be discussed; pargphrase, write down, and edit your group's solution
to the problem following the format for the sample solution.

TIME: 20 minutes.
One member from your group will be selected to draw your group's physics diagram and
equations on the board.

PRODUCT:
Complete the Answer Sheet for Activity #3.
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Group Problem: You are flying to Chicago when the pilot tells you that the plane can not land
immediately because of arport delays and will haveto circle the airport. Thisis standard
operating procedure. She aso tdlls you that the plane will maintain a speed of 400 mph at an
dtitude of 20,000 feet, while traveling in ahorizonta circle around the airport. To passthe time
you decide to figure out how far you are from the airport. Y ou notice that to circle, the pilot
"banks' the plane so that the wings are oriented a 10° to the horizontd. An artidlein your in-
flight magazine explains that an airplane can fly because the air exerts aforce, caled "lift," on
thewings. Thelift isaways perpendicular to the wing surface. The magazine article givesthe
weight of the type of plane you are on as 100 x 103 pounds and the length of each wing as 150
feet. It gives no information on the thrust of the engines or the drag of the airplane.

The only formulas and constants which may be used for this problem are those given below.
Y ou may, of course, derive any expressions you need from those that are given. If in doubt, ask.

Useful Mathematical Relationships:

For aright triangle: sinq:%, cosq:g : tanq:%,

£ a 2+b2=c2 dPq+cosfq=1
Foracirclee C=2pR,A =pR?
h For aspheres A =4pR2,V :g pR3
-B + \/B2- 4A
If Ax2+Bx+C=0,then x= c
2A

Fundamental Concepts:

— ?r _ ?r

Yy :'7_t Vy = ||I’T‘(?t®0),>_t SF =ma

_ 2V _ 2V,

ar =5t & = ||I‘f'(?t®0),)—t
Under Certain Conditions:

7, = (Vir ; Vr) . V2 F = mdy

r F = mky

Useful constants: 1 mile=5280ft, 1 ft =0.305m, g=9.8 /s =32 ft/s?, 11b=4.45 N,
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FOCUSthe PROBLEM Picture and Given Information

Question(s)

Approach

DESCRIBE the PHYSICS
Diagram(s) and Define Quantities

Target Quantity(ies)

Quantitative Relationships
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PLAN the SOLUTION EXECUTE the PLAN
Construct Specific Equations Calculate Target Quantity(ies)
EVALUATE the ANSWER

Is Answer Properly Stated?

Is Answer Unreasonable?

Is Answer Complete?

(extraspaceif needed)

Check Units
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Teaching
the
Problem-solving
L aboratories

Related Readings -- Articles

Toothacker, W. S. (1983). A critical look at introductory laboratory insruction. American
Journal of Physics, 51, pages 516-520.

Smith, K., Johnson, D. and Johnson, R. Cooperation in the College Classroom. Handout.
Univergity of Minnesota. pages 2-6 and 14-16.

Hdler, P., Hallabaugh, M. (1992). Teaching problem solving through cooperative grouping.
Part 2. Desgning problems and structuring groups. American Journal of Physics, 60, pages
640-644

Related Readings -- Instructor's Lab Manual

The following readings from the Instructor's Lab Manual, assigned after the completion of
Activity #5, are included in this booklet:
Frequently Asked Questions (FAQ) About the Problem-solving Labs (pages 141 - 147)
Outline for Teaching a Laboratory (page 148)
Detailed Advise for Teaching the Labs (pages 149 - 153)

Activities

The TAs spend about 16 hours spread over three weeks learning the rationae and structure of the
problem-solving labs, becoming familiar with the content of the labs, the equipment, and the
kind of datato expect, and peer teaching one lab problem.
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(about 16 hourstotal)

Activity #9: Demonstration Lab (about 3 hours)

Since our labs require non-traditiond teaching, we have found it useful to have an experienced
TA model how to (1) introduce the lab structure to students, and (2) conduct atypica lab (see
pages 123 - 134). The TAsimagine they are undergraduate studentsin the lab, but they aso
observe closdy the actions of the ingtructor. The ingtructor stops periodically to have the TAs
reflect on the rationale or purpose of each ingtructor action (see Activity Sheets on pages 115 -
120). Thelesson plan for this activity isincluded as part of the activity.

After this sesson, TAs read three handouts in their Instructor's Handbook. These handouts are
included on pages 133 - 145 of this guide:

» The"FAQ About the Problem-solving Labs' reinforces the gods and rationde for the
labs (pages 141 - 147).
» TheOuitline for Teaching a Laboratory providesthe TAswith abrief lesson plan from
which they can teach (page 148).
» TheDetailed Advice for Teaching the Labs describesin detail the major instructor
actions during a problem-solving lab, induding how to monitor and intervene with
groups (pages 149 - 153).
The TAs are expected to use these handouts to prepare for the peer-teaching activity (Activity
#10 see page 137).

NOTES:
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Demonstration of Laboratory Instruction

Today, a mentor TA will demonstrate how to teach a problem-solving laboratory
session at the University of Minnesota. The goals of this activity are for you to learn:
= the structure of the problem-solving and exploratory labs you will be teaching;
= how to introduce the lab structure and rules to your students; and
= the rationale for each teaching action in the lab sessions.

During the demonstration, another mentor TA will observe the teacher. At the end of
the demonstration, the teacher will be mentored by the observer. Compare your
impressions with those of the mentor.

GROUP TASKS:
1. Participate in the laboratory demonstration as undergraduates might.

2. Periodically, we will stop the demonstration. Discuss the reasons for each part of
the lesson plan and write the reasons under "Rationale” on the attached lesson plan.
These reasons will then be shared and expanded upon by the class and instructors.

3. Work on the assigned laboratory problems and be prepared to discuss your results.

COOPERATIVE GROUP ROLES:

Skeptic: Ask what other possibilities there are, keep the group from superficial
analysis by not allowing the group to agree too quickly; ask questions that lead
to a deeper analysis; agree when satisfied that the group has explored all
possibilities.

Manager: Suggest a plan for answering the questions; make sure everyone
participates and stays on task; watch the time.

Checker/Recorder: Ask others to explain their reasoning process so it is clear to all
that their suggestions can be discussed; paraphrase, write down, and edit your
group's rationale.

TIME: 3 hours.

PRODUCT:
Complete the rationale in the attached lesson plan.
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Preparation:

Assign students to groups and roles. Put note cards on tables. O Make20 copies of ingtructions.
Make 20 copies of the workshest. O Make 8 copiesof group functioning.
Make 20 copies of group roles. O Nametagsand markers.

Grade book.

oOooang

Opening Moves Rationde

Beginning: * Get there early and lock door.
Put note cards on desks,
Erase Board
% Put office stuff on board.
Check equipment in lab
Collect cars and springs
e Open Door
Greet sudents asthey comein. SMILE :)
T Tel them to find their name on the note cards.
% Nametags
2min. %t Teacher introductions, office hr., phone #
5 min. T Let the groups get acquainted.
Exchange class schedule and phone numbers.
Group Activity
Where did you go to high school
Favorite place in the entire world
Collect afew from each group
5min. % WEell be doing two things before we sart the lab
1. Discussing cooperative group roles
2. Reviewing the introductory pages.

NOTES:

% First lab or as necessary T Do for new groups only



Activity #9 Page 125

Opening Moves Rationde

=
g8
(¢

% Wewill work in cooperative groups and switch
groups 5 or 6 times during the semester.
2min. Briefly describe roles and assgnments on note
cards.
5min. Why work in groups?
* Letsyou concentrate on physics by assgning
some of the tasks you normaly do to others.
* Recorder doesn't think about time, etc.
» Everyone needsto think physics
* Ed. Res sgysthisisthe best way to learn --
Learn best by teaching others
1min. Why switch groups?
Make friendsin abig Univ.
3min. Pass out Group Role sheets:
What to say.
5min. Practice activity: You have overdept. You have
ten minutes before your bus leaves.

» Thisisared problem tha you typicdly
handle on your own.

* Inthisactivity you should see how dl the
roles comeinto play to help you solve the
problem. Imagine that you have three brains
helping you organize this morning's chaos.

» Makealig of things you could do before the
bus leaves and things you normdly would do,
but have decided that there just isn't time.

2min. I ntervention words:

S Canyou redly get this much stuff done?

M: Keep cdling out the time

Discussion points:

Who skipped showering? Who skipped

breakfast? Who remembered bus fare?

% First lab or as necessary
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Middle Game Retionde
Middle: Part 2 W I'd like to quickly review the introduction to the
10 min. labsfound in the first Sx pages of the lab ingructions.
5-10min » Have groups come to consensus about predictions
for assigned lab problem(s).
- Check individua predictions
5min. * Wak around room and
- diagnose difficulties with physics,
- diagnose difficultiesin groups,
- sdect who will go up to the board with which
predictions or method questions.
10 min. » Cadl those people to the board.
» Look for difficultiesin the explanations and follow-
up.
End » Dividedassin hdf -- one-haf does each problem.
»  They will have 30 minutes
1min.
o Settimer.
NOTES:

% First lab or as necessary
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Middle Game

Retionde

Beginning

2min.

Return cars and springs to the class.
Watch class from front of room:
Don't answer questions.
Is class able to proceed?

Stop classif everyoneis off task.

Middle

Walk once through groups without stopping:
Diagnose problems with physics;
Diagnose problem with group functioning.
Prioritize who needs the most help.

Is entire class confused on the same thing?

Intervene first with group that needs most help, and
so on. Occasondly wak through groups without
stopping and repeat step above.

Be sure groups are completing al parts of problems.

Assign second problem as needed.

Start grading journas and assigning problemsto
write up.

End

lag 5 min.

Finish grading journals and assigning problems.
Announce 5 minutes |ft.

Find agood stopping place.

Have the students clean up.

Pass out Group Functioning shests.
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NOTES:
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End Game

Retionde

Beginning

10 min.

Sdlect one person from each group to put results on
the board.

Collect and count cars and springs.
Watch from rear of room:

Make sure everyone is paying atention.
Prompt discussion as needed.

=
g8
(¢

5min.

5min.

Group Activity: Fll out the Group Functioning
sheets.

Sdlect "good" response from one group, a*problem”
and "specific action” from another group. Repeat
until every group has spoken twice.

Assign problems/predictions for next week.

2

Post -bdl

Erase black-board.
Straighten what did not get Sraightened.

Do not dlow next classto enter.

NOTES:
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Practice Lab Teaching

Asaway of preparing to teach the University of Minnesotas problem:solving labs, you will
have the opportunity to practice teach one lab problem to your peers. Y ou have dready been
assigned to agroup, and your group has been assigned one of the four labsto prepare. For four
afternoons in the next week or two, the mentor TAs will supervise the practice teaching of the
four labs.

There are two godsfor this peer teaching. Oneisfor you to get practice "running through” labs,
s0 that you have a sense of what it feds like to keep track of time, supervise aroom full of
people doing alab, and lead adiscusson. The other god is for you to become familiar and
comfortable with the equipment and typica results for the problem-solving labs.

Each afternoon will be structured as follows:
*  Thementor TAs may need to make some brief announcements.

» The"practice teachers' for one afternoon will teach, and the practice teachers for the
other three afternoons will act like undergraduate sudents. This meansthat you are
supposed to come to class with the Predictions and Method Questions completed and be
ready to participate in discussions and take data (see Homework #3, #5, #6 and #3 in the
Syllabus).

» Each practice teacher will have about 60 minutes to teach one lab problem, or 30 minutes
to teach adiscusson sesson. During that time, they will practice the ingtructional
technique of coaching: they will let ther "students’ discuss thelr predictions in groups
and put some on the board (Iab), lead awhole-class discusson of predictions (Iab),
supervise the taking of data or working of the problem, have results or answers put on the
board, and lead a discussion of those results or answers.

* The practice teachersfor lab will then pass out the data and resultsthat THEY had
previoudy prepared for their |ab problem (1 point). The practice teachers for discussion
will hand out the solution to the problem.

* The"gudents' for thislab or discussion sesson will give each practice teacher written
feedback.

» After dl the TAs have practice-taught on aday, they will stay and be mentored by the
mentor TA.

These afternoon sessions should run between 2 and 3 hours.

Lab Preparation: Itisassumed that you have aready done the Predictions and Method
Questions for the lab to which you have been assgned. Today, during your preparation time,
discuss with your group the answers to these questions. Then, with your group, work through al
the lab problems, collect data, and analyze your results. Y our group will be the "expert” on this
lab, and should be able to answer questions from other TAs. If you need help with anything, ask
the mentor TA working with you. Have fun!
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Discussion Session Preparation: Your group will need to choose or write a context-rich
problem for your students to work on in practice discussion sesson. Y ou can pick a problem

from the pink Ingtructor’ s Handbook and modify it if you want to, or you can try to write a
problem. Y our group will need to have the solution to the problem written up and ready to hand

out to your students.

Grading for Homework #3, #5, #7 & #8 When You Are a Student:

Labs:

Predictions and Methods Questions 1 point
Journal 1 point
Written feedback to Practice Teachers 1 point

Recitation:

Participation 2 points
Written feedback to Practice Teachers 1 point
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Grading Sheet for Homework #3, #5, #7 or #8
When You Arethe Practice Teacher: Lab

What the TA TA initids;
Does

Get to the |aboratory classroom early.
Opening |1 Checkindividua predictionsin grade
Moves. book.

10 min 2. Diagnose mgjor conceptual problems.

3. Lead class discussion about reasons for
group predictions

4. Assign/rotate roles (for computer labs,
recorder has the keyboard).

5. Tdl students the class time they need to
stop and remind managers to keep track
of time.

Diagnose problems
Intervene when necessary
When appropriate, grade journals

Ten minutes before you want them to
stop, tell students to find a good
stopping place and clean up their area.
Make sure you are finished grading
journals. Also pass out group
functioning forms at this time.

Middle
Game

© o N O

10. Select one person from each group to
put their results or data on the board.

11. Lead aclassdiscussion of these results.
12. Lead aclassdiscussion of group
functioning, if necessary. (This should
be done at the end of the day and the
decision should be ateam decision.
Y ou should also be able to explain your
decision to the mentor TA)

13. Tell students what exercise to do
predictions for next week.

14. Erasethe board.

End Game:
10 min

Totd:
Grade:
Total Steps Performed Grade
14-15 3 points
11-13 2 points
7-10 1 point
0-6 0 points
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Grading Sheet for Homework #3, #5, #7 or #8
When You Arethe Practice Teacher: Discussion Session

What the TA Initids
TA Does

0. Get tothe classroom early.

Opening | 1. Briefly introduce problem.

Moves 2. Passout group problem and answer
10 min sheet.
3. Tdl dassthetimethey need to stop
and remind managers to keep track
of thetime,

4. Take attendance.

Middle |5. Monitor groups and intervene when

Game necessary.

6. A few minutes before you want them
to stop, remind the students of the
time and to finish working on their
problem. Also pass out group
functioning forms.

7. Select one person from each group
to put their diagram/plan/agebraic
solution on the board.

8. Lead adassdiscusson smilarities
and differences.

End Game:
10 min

9. If necessary, lead aclassdiscussion
of group functioning.

10 Passout the problem solution.

Totd:
Grade;
Totd Steps Performed Grade
9-10 3 points
7-8 2 points
6 1 point
0-5 0 points

Page 134




TA Orientation Activity #11

Instructor's Notes for Characteristics of Good Problems
(about 2 hours)

Activity #11:Designing a Group Problem
Homework #6:  Judging Group Problems

One of the most difficult aspects of cooperative-group problem solving is designing good group
problems. If the problems are too easy, then thereis no point in working in groups, and students
will complain. If the problems are mathematically complex or difficult, then again, they are
better done by individuas, not groups.

Professors will often ask their TAsto critique a draft of agroup problem that the professor has
developed, or to congtruct afirst draft of a group problem (in pairs) for the team to critique. The
purposes of these activities are to: (1) introduce the TAsto the criteriafor good group problems,
(2) give them practice in designing a group problem, and (3) give them practice using criteriato
judge whether adraft problem isagood group problem.

Activity #11: Designing a Group Problem (about 2 hours)

a) Mativation/Introduction: "You may be asked by your professor to either congtruct afirst
draft of a group problem (in teams of two), or to critique a draft of a problem the professor
developed. It isvery difficult to design agood group problem. It turns out that you cannot
just use a standard textbook problem.”

Show thefirst overhead (see page 211) and dicit some responses fromthe TAs. Thisisa
review of the Heller and Hollabaugh (1992) article. Then show overheads about appropriate
group tasks (overheads #2 and #3 on page 212).

Show Overhead #4 (page 213). Ask the TAswhy thisversion of the textbook problemisa
better group problem. Discuss. Then show Overheads #5 and #6 (page 214).

Show Overhead #7 (page 215) and ask the TAsto list which of the five characteristics of a
context-rich problem are missing from this textbook problem. Discuss. Then show
Overhead #38 (page 216), which is the context-rich verson of this textbook problem.

Repeat this process for Overheads #9 & #10 and Overheads #11 & #12 (pages 217 - 220).
"So now let'stry to design our own group problem from a textbook problem.”

b) Passout the Activity Sheets (see page 221 - 225), assign roles, and briefly explain the task:
the TAs are to dart with a textbook problem and turn it into a context-
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Instructor's Notes for Characteristics of Group Problems

rich problem. Each context-rich problem should be written on alarge sheet of paper and
taped to awall. Be sureto assign the same problem to at least three groups, so the TAs can
see the same physics gpplied to different contexts.

Closure: After the groups have put their context-rich problems on the wdls, havethe TAs
walk around and read each problem. The groups take turns giving one "piece of advice' to
another group about how to make their problem better.

Homework #8: Judging Group Problems (about 0.5 hours)

The purpose of this activity isto have TAs begin to use some criteria to judge whether a problem
isagood individud problem, group practice problem (which can be completed in about 25
minutes), or agood group test problem (which requires afull 50 minutes to complete).

a)

b)

Motivation: ™Y ou have designed a problem, but you aso need to be able to critique a draft
problem to decide if it can be used as a group practice problem, a group test problem, or
whether it would be best to use it as an individuad homework or quiz problem. This
homework activity will help you learn some criteria you can use to judge problems.”

Pass out the Activity sheets (see pages 227-230). Introduce the judging criteriaand moded,
by thinking out loud, how to judge the two example problems.

During the next class session, review the judgments made by the TAs and discuss any large
discrepancies between their judgments and your own. We have found that there are usudly
two factors that account for awide disparity of judgments either among the TAs or between
you and the TAs. First, some TAs (particularly foreign TAS) tend to solve the problemsin
sophisticated ways that students in introductory courses would not use. For example,
problem #1 (Oil Tanker Problem) is rgjected by some TAs because it can be solved with one
equation in a moving frame of reference. In fact, this problem is a difficult group problem
for sudents who have just started to study linear kinematicsin the first weeks of an
introductory course. The second factor that sometimes leadsto alarge disparity in judgments
isthe inability of some TAsto solve the problems themselves. For example, TAs who do not
understand Newton's Third Law have difficulty judging problem #4 (Ice Skating problem).
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Key to Decisions:

Problem and Timing

Difficulty Rating

Decision

Example #1- Skateboard
Problem: Assume that
students have just started to
study the conservation of
energy and momentum in
collisons.

Rating = 2

* no explicit target variable
* assumptions needed

This would make a good group
practice problem, or a medium-
difficult individud test problem.
It istoo easy for agroup test
problem.

Example #2 - Log Problem:

Rating = 2

Thisistoo easy for agroup

Assume that students have . - oo | prectice or test problem. It would
just finished studying the o i‘gt'g'rtgrggo‘r’g;{?e' make a good medium-difficuit
gpplication of Newton's individud test problem.

laws.

1. Qil Tanker Problem: Raing=3-4 Since this problem would be used
Assume students have just . : . at the beginning of the coursg, it
darted studying linear more information would be avery difficult group test

kinematics (i.e, the
definition of average

 more than two subparts
* assumptions needed
e dm. egs. or caculus

problem. It gives students practice
visudizing aphysca Stuation,

velocity and average drawing a coordinate diagram, and
acceleration). caefully defining varidbles.
2. Ice Skating Problem: Rating =2 Thiswould make a good easy to
Assume students have just e : medium-difficult individud test
o difficul
finished studying the (N evd:/t éﬁfsttﬁ%si :N) problem. Since sudents are
gpplication of Newton's « vector components) finishing their sudy of Newton's
Laws of Mation. Laws, it istoo easy for agroup
practice or group test problem.
(Note: 1t would be avery good
group practice problem if sudents
were just Sarting their sudy of
Newton's Laws)
3. Safe Ride Problem: Raing=4 This would make a good group
Assume that students have o : practice or test problem. It could
just finished studying (g'rf;ﬁ'tﬁiﬁf also be used as adifficult
m:_esmd uniform circular « no explicit target varicble individua test problem.
on. * vector components
* trig. to diminate unknown
4. Cancer Therapy Rating=3 Thiswould make a good group

Problem: Assume students
have judt finished studying
the conservation of energy
and momentum.

« unfamiliar context
* vector components
e dm. egs. or caculus

test problem. The algebraistoo
long/complex for agroup practice
problem. It could dso beused asa
difficult individua test problem.
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5. Kool Aid Problem:
Assume that students have
just finished studying
caorimetry.

Reting=4-5

» more than two subparts??
* no explicit target variable
* more information
* missing information
* assumptions needed

Given the number of decisons that
need to be made and the missing
information that needs to be
supplied, thiswould make a good
group test problem. It is probably
too "difficult" for agroup practice
problem (i.e,, it would take
students more than 25 minutes to
discuss and solve) . 1t would make
avey difficult individud test
problem.

Activity #11a (Optional): Judging More Group Problems

If you have time, type the context-rich problems the TAs designed and have them judge each
problem using the same criteria. Then assign one problem to a group (a differert problem than
the one they designed), and have them edit and rewrite the problem so it is either a good group
practice problem or agood group test problem. Model the process for one problem before they

begin.
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Ly
4

Exercises
Promote the Plug-and-Chug Strategy?

Cart A, which is moving with a constant velocity
of 3 m/s, has an inelastic collision with cart B,

What Characteristics of Textbook W

which is initially at rest as shown in Figure 8.3.
After the collision, the carts move together up an
inclined plane. Neglecting friction, determine the
vertical height h of the carts before they reverse

|
t direction. I
v=3mhs / g
2 —_
700
| : ; |
\\ Figure 8.3 i
R 4
E—-— e

Notes;
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[ Appropriate
Tasks

|
The problems must be challenging enough so there is a real il
advantage to working in a group. ]I

best student in the group can
I not solve the problem

1. The problem must be T Fis force @
complex enough so even the on ball?
o
N

quickly.

The problem must be simple
enough so that the solution,
once arrived at, can be
understood and appreciated.

L]

Vo :
i <i\@/>{ Appropriate
Tasks I
2. The problem must be designed so that i
|

« there is something to discuss initially that everyone
can contribute to (e.g., the problem is difficult to
visualize);

o there are several decisions to make in solving the
problem (e.g., several different variables that
could be calculated to answer the question; several
ways to approach the problem);

* the problem cannot be solved in a few steps by
plugging numbers into formulas.
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Notes:

Why is This a
Better Group

Problem?

You are helping your friend prepare for her next skate
board exhibition. For her program, she plans to take a
running start and then jump onto her heavy duty 15-1b
stationary skateboard. She and the skateboard will
glide in a straight line along a short, Ievel section of
track, then up a sloped concrete wall. She wants to
reach a height of at least 10 feet above where she started
before she turns to come back down the slope. She has
measured her maximum running speed to safely jump
on the skateboard at 7 feet/second. She knows you have
taken physics, so she wants you to determine if she can
carry out her program as planned. She tells you that
she weighs 100 lbs.

Activity #11
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Context-rich

Problems
1. Each problem is a short story in which the
major character is the student. That is,
each problem statement uses the personal
pronoun "'you."

2. The problem statement includes a
plausible motivation or reason for "you'
to calculate something.

3. The objects in the problems are real (or
can be imagined) -- the idealization
process occurs explicitly.

4. No pictures or diagrams are given with
the problems. Students must visualize the
situation by using their own experiences.

5. The problem can not be solved in one step
by plugging numbers into a formula.

((Hﬂ Context-rich Problems \\

In addition, more difficult context-rich problems can
have one or more of the following characteristics:

!
i
;I
" The unknown variable is not explicitly specified in the
‘!
|

problem statement (e.g., Will this design work?).

More information may be given in the problem
statement than is required to solve the problems, or
relevant information may be missing.

Assumptions may need to be made to solve the |
problem.

The problem may require more than one fundamental
principle for a solution (e.g., Newton's Laws of
Motion and the Conservation of Energy).

The context can be very unfamiliar (i.e., involve the
interactions in the nucleus of atoms, quarks, quasars,
etc.)
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problem?

A 44-kg mass is suspended by two ropes, as shown in
Figure 4-3. Find the tension in each rope.

20° 40°

l( Why is this not a context-rich }
|
|
;
{ 3
|

44 kg

K Figure 4-3

Which of the five characteristics of context-rich problems are missing?
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Instructor's Notes for Characteristics of Group Problems

{// Sculpture Problem \‘\

You are part of a team to help design the atrium of a }
|
1

e ———

new building. Your boss, the manager of the project,
wants to suspend a 20-1b sculpture high over the room
by hanging it from the ceiling using thin, clear fishing
line (string) so that it will be difficult to see how the l
sculpture is held up. The only place to fasten the
fishing line is to a wooden beam which runs around the
edge of the room at the ceiling. The fishing line that
she wants to use will hold 20 1bs (20-Ib test) so she
suggests attaching two lines to the sculpture to be safe.
Each line would come from the opposite side of the
ceiling to attach to the hanging sculpture. Her initial
design has one line making an angle of 20° with the
ceiling and the other line making an angle of 40° with
the ceiling. She knows you took physics, so she asks

W you if her design can work. / Vi

e e e e e :

e

Which of the additional characteristics of context-rich problems are present?
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- SN\
/ Why is this not a context-rich problem?

If an aircraft is properly banked during a turn in
level flight at constant speed, the force F, exerted by
the air on the aircraft is directed perpendicular to a
plane which contains the aircraft's wings and
fuselage (Fig. 6-25). Draw a free-body diagram for
such an aircraft. (Hint: Note the similarity to the
conical pendulum in Example

6-7.) An aircraft traveling at a

speed v = 75 m/s makes a /
properly banked turn at a

banking angle of 28°. What is

the radius of curvature of the

turn? $ mg

Figure 6-25
| N

Which of the five characteristics of context-rich problems are missing?

—

Activity #11
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Ly}
1 Airplane Problem

You are flying into Chicago when the pilot tells you that
the plane cannot land immediately because of airport
delays, and will have to circle the airport. This is
standard operating procedure. She also tells you that the
plane will maintain a speed of 400 mph at an altitude of
20,000 feet while traveling in a horizontal circle around
the airport. To pass the time, you decide to figure out
how far you are from the airport. You notice that to
circle, the pilot "'banks" the plane so that the wings are
oriented about 1(° to the horizontal. An article in your in-
flight magazine explains that an airplane can fly because
the air exerts a force, called "lift," on the wings. The lift
is always perpendicular to the wing surface. The
magazine article gives the weight of the type of plane you
are on as 100 x 10°pounds and the length of each wing as
150 feet. It gives no information on the thrust from the

\Wwfww//

o Y4

e e e e e

T P R A R S T L e = S

B e ——
e e e

Which of the additional characteristics of context-rich problems are present?
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Why is this not a context-rich

problem?

As you are driving to school one day, you pass a
construction site for a new building and stop to watch
for a few minutes. A crane is lifting a batch of bricks
on a pallet to an upper floor of the building. Suddenly
a brick falls off the rising pallet. You clock the time it
takes for the brick to hit the ground at 2.5 seconds.
The crane, fortunately, has height markings and you
see the brick fell off the pallet at a height of 72 feet
above the ground. Your friend in the car with you
asks, "I wonder how fast the pallet was rising before
the brick fell off?"" Since you are taking physics, you
quickly calculate the answer for him.

Which of the five characteristics of context-rich problems are missing?

Activity #11
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Brick Problem

"':-:-.'-r..:.:;\‘

e s . s et
T I, Sy e e
e T e e e

As you are driving to school one day, you pass a
construction site for a new building and stop to watch
for a few minutes. A crane s lifting a batch of bricks
on a pallet to an upper floor of the building. Suddenly
a brick falls off the rising pallet. You clock the time it
takes for the brick to hit the ground at 2.5 seconds.
The crane, fortunately, has height markings and you
see the brick fell off the pallet at a height of 72 feet
above the ground. A falling brick can be dangerous,
and you wonder how fast the brick was going when it
hit the ground. Since you are taking physics, you
quickly calculate the answer.

I
o el
e
=

/4»?’—'
(

‘Which of the additional characteristics of context-rich problems are present?
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Activity #11 (2 points)

Designing a Group Problem

GROUP TAKS:

16. Individudly read through the following three pages which describe (a) the twenty-one
characterigtics that make a problem more difficult, and (b) how to create a good group
problem.

17. Use these criteriato design agroup problem from the standard textbook problem assigned to
your group.

18. Write your group problem on the large white sheets.

COOPERATIVE GROUP ROLES:

SKeptic: Ask what other poss ble contexts or motivations there are for the problem; keep the
group from creating a problem that is too easy or too difficult (refer to What Are the
Characteristics of a Good Group Problem?); agree when satisfied that the group has
explored dl posshbilities.

Manager: suggest aplan for designing a problem (refer to How to Design a Good Group
Problem ); make sure everyone participates and stays on task; watch the time.

Checker/Recorder: ask othersto explain their reasoning process so it is clear to dl that their
suggestions can be discussed; paraphrase, write down, and edit your group's problem.

TIME: 45 minutes.

PRODUCT:
Tape your (sgned) group problem to the wall.
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What Are The Characteristics of a Good Group Problem?

Group problems should be designed to encourage students to use an organized, logical problem-
solving srategy instead of ther novice, formula-driven, "plug-and-chug” srategy. Specificdly,
they should encourage students to (a) consider physics concepts in the context of redl objectsin
the real world; (b) view problem-solving as a series of decisons; and (€) use their conceptud
understanding of the fundamenta concepts of physicsto quditatively andyze a problem before
the mathematicd manipulation of formulas.

Group problems should be more difficult to solve than easy problemstypicdly given on an
individua test. But the increased difficulty should be primarily conceptua, not mathematical.
Difficult mathematics is best accomplished by individuds, not by groups. So problems that
involve long, tedious mathematics but little physics, or problems that require the use of a

shortcut or "trick" that only experts would be likely to know do not make good group problems.
In fact, the best group problems involve the straight-forward application of the fundamental
principles (eg., the definition of velocity and acceleration, the independence of motion in the
vertical and horizontal directions) rather than the repeated use of derived formulas (e.g., 2 - Vg2

= 2ad).

There are twenty-one characterigtics of a problem that can make it more difficult to solve than a
Standard textbook exercise:

Approach
1 CuesLacking

A. Noexplicit target varigble. The unknown variable of the problem is not explicitly
stated.
B. Unfamiliar context. The context of the problem is very unfamiliar to the sudents (eg.,
cosmology, molecules).
2 Agility with Principles
A. Choice of useful principles. The problem has more than one possible set of useful
concepts that could be applied for a correct solution.
B. Two generd principles. The correct solution requires students to use two major
principles (e.g., torque and linear kinematics).
C. Very abdract principles. The central concept in the problem is an abstraction of
another abstract concept. (e.g., potentia, magnetic flux).
3 Non-standard Application
A. Atypicd stuaion. The setting, congraints, or complexity is unusud compared with
textbook problems.

B. Unusud target variable. The problem involves an atypicd target variable when
compared with homework problems.
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Analysis of Problem

4 Excessor Missing Information

A.

B.

C.

Excess numerical data. The problem statement includes more data than is needed to
solve the problem.

Numbers must be supplied. The problem requires sudents to either remember or
edimate a number for an unknown variable.

Smplifying assumptions. The problem requires sudents to generate a smplifying
assumption to diminate an unknown varigble.

5 Seemingly Missing Information

A.
B.
C.

6 Add
A.

B.

C.

Vague statement. The problem statement introduces a vague, new mathemetica
Statement.

Specid conditions or condraints. The problem requires sudents to generate
information from their andlysis of the conditions or congraints.

Diagrams. The problem requires sudents to extract information from a spatia diagram.
itional Complexity

More than two subparts. The problem solution requires students decompose the
problem into more than two subparts.

Five or more terms per equation. The problem involves five or moretermsin a
principle equation (e.g., three or more forces acting along one axes on a single object).

Two directions (vector components). The problem requires students to treet principles
(e.g., forces, momentum) as vectors.

M athematical Solution

7 AlgebraRequired

A.
B.

C.

No numbers. The problem statement does not use any numbers.

Unknown(s) cancel. Problems in which an unknown variable, such as amass,
ultimately factors out of the find solution.

Simultaneous equations. A problem that requires smultaneous equations for a solution.

8 TargetsMath Difficulties

A.

B.

Cdculus or vector dgebra. The solution requires the students to sophisticated vector
algebra, such as cross products, or calculus.

Lengthy or Detailed Algebra. A successful solution to the problem is not possible
without working through lengthy or detailed agebra (e.g., a messy quadratic equation).

BEWARE! Good group problems are difficult to construct because they can easily be made too
complex and difficult to solve. A good group problem does not have all of the above difficulty
characteridics, but usudly only 2- 5 of these characterigtics.

How to Create Context-rich Group Problems
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One way to invent group problemsisto start with atextbook exercise or problem, then modify
the problem. 'Y ou may find the following steps helpful:

1. If necessary, determine acontext (real objects with red motions or interactions) for the
textbook exercise or problem. 'Y ou may want to use an unfamiliar context for avery
difficult group problem.

2. Decide on amativation -- Why would anyone want to calculate something in this
context?

3. Determineif you need to change the target variable to
(& makethe problem more than a one-step exercise, or
(b) makethetarget variable fit your motivation.

5. Deermineif you need to change the given information (or target variable) to make the

problem an gpplication of fundamentd principles (eg., the definition of velocity or
acceleration) rather than a problem needing the application of many derived formulas.

Write the problem like a short story.

5. Decide how many "difficulty” characteristics (characteristics that make the problem
more difficult) you want to include, then choose among the fallowing:
(& think of an unfamiliar context; or use an atypical setting or target varigble;

(b) think of different information that could be given, so two approaches (e.g.,
kinematics and forces) would be needed to solve the problem instead of one
approach (e.g., forces), or so that more than one approach could be taken

(c) writethe problem so the target variable is not explicitly stated;

(d) determine extrainformation that someone in the Stuation would be likely to have;
or leave out commontknowledge information (e.g., the boiling temperature of
water);

(e) depending on the context, leave out the explicit statement of some of the problem
idedlizations (e.g., change "masdess rope’ to "very light rope"); or remove some
information that students could extract from an analyss of the Stuation;

(f) takethe numbers out of the problem and use variable names only;

(9) think of different information that could be given, so the problem solution

requires the use of vector components, geometry/trigonometry to eliminate an
unknown, or calculus.

6. Check the problem to make sureit is solvable, the physicsis sraight-forward, and the
mathematics is reasonable.
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Some common contexts include:

physicad work (pushing, pulling, lifting objects verticdly, horizontaly, or up ramps)
suspending objects, faling objects

gports stuations (faling, jumping, running, throwing, etc. while diving, bowling, playing
golf, tennis, football, baseball, etc.)

Stuations involving the motion of bicycles, cars, boats, trucks, planes, etc.
astronomica Stuations (motion of satdlites, planets)

heating and cooling of objects (cooking, freezing, burning, etc.)

Sometimesiit is difficult to think of amoativation. We have used the following motivetions.

Youare. ... (in some everyday stuation) and need to figureout . . . .

You arewatching . . . . (an everyday Stuation) and wonder . . . .

Y ou are on vacation and observe/notice. . . . and wonder . . . .

You are watching TV or reading an article about . . . . and wonder . . .

Because of your knowledge of physics, your friend asks you to help hinvher . . ..

Y ou are writing a science-fiction or adventure story for your English classabout . . . . and
need to figureout . . . .

Because of your interest in the environment and your knowledge of physics, you are a
member of a Citizen's Committee (or Concern Group) investigating . . . .

Y ou have a summer job with acompany that . . . . Because of your knowledge of
physics, your bossasksyouto. . ..

Y ou have been hired by a College research group that isinvestigating . . . . Your job isto
determine. . ..

Y ou have been hired as atechnical advisor for a TV (or movie) production to make sure
the scienceis correct. Inthescript . . . ., but isthis correct?

When redly desperate, you can use the mativation of an artist friend designing akinetic
sculpture!
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Textbook Problems

1. Locusts have been observed to jump distances of up to 80 cm on aleve floor. Photographs
of their jJump show that they usudly take off a an angle of about 55° from the horizontdl.
Cdculae theinitid velocity of alocust making ajump of 80 cm with a takeoff angle of 55°.
(Jones & Childers, 1990, p. 84, prob. 3.33)

2. A goneisdropped from rest from aheght of 20 m. At the sametime, astone is thrown
upward from the ground with aspeed of 17 mv/s. At what height do their paths intersect?
(Jones & Childers, 1993, p. 54, Problem 2.62)

3. (8 What isthe minimum time in which one can hoist a 1.00-kg rock a height of 10.0 miif the
string used to pull the rock up has a breaking strength of 10.8 N? Assume the rock to be
initidly a rest. (b) If the string is replaced by one that is 50% stronger, by what percentage
will the minimum time for the hoist be reduced?  (Jones & Childers, 1993, p. 126, Problem
4.60)

4. What minimum force is required to drag a carton of books across the floor if the forceis
applied at an angle of 45° to the horizontal? Take the mass of the carton as 40 kg and the
coefficient of friction as0.60. (Jones & Childers, 1993, p. 126, Problem 4.61)

5. A 500-kg trailer being pulled behind a car is subject to a 100-N retarding force due to
friction. What force mugt the car exert on thetrailer if (a) the trailer isto move forward a a
constant speed of 25 kmv/hr; (b) the trailer isto move forward with an acceleration of 2.0
m/<%; (c) starting from rest, the trailer and car areto travel 150 min10s? (Jones&
Childers, 1993, p. 126, Problem 4.59)

6. A 40-kg. child Stsin aswing sugpended with 2.5-m long ropes. The swing is held asde so
that the ropes make an angle of 15° with the vertica. Use conservation of energy to
determine the speed the child will have at the bottom of the arc when sheislet go. (Jones &
Childers, 1993, p. 184, Problem 6.48)

7. Anautomobile having amass of 1900 kg and traveling at a speed of 30 m/sis braked
smoothly to astop without skiddingin 15s. (a) How much energy is disspated in the
brakes? (b) Wheat is the average power ddivered to the brakes during stopping? (c) If the
total heat capacity of the braking system (shoes, drums, €tc.) is.75 kcd/oC, what isthe
temperature rise of the brakes during the stop? (Jones & Childers, 1993, p. 323, Problem
11.63)

8. A beam of 10 kev eectronsis shot between two pardld plates toward the screen of a cathode
ray tube. If the plates are separated by 0.2 mm, have alength of 5 cm and have a separation
distance of 16 cm between the screen and the front of the plates, determine the plate potentia
needed to produce a deflection of 5 cm up the screen.
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9. Determineif any of the circuit breakers will be tripped for the following three household
circuits. The power rating of each dement is given for a 120 Volt source.

(@ A 20-amp circuit breaker with a 2000 Watt microwave oven and four 100 Watt light
bulbs.

(b) A 15-amp circuit bresker with a 1500 Weatt refrigerator and two 100 Watt light bulbs.

() A 15 amp circuit breaker with a 200 Watt television, a 500 Watt computer, a 500 Waitt
vacuum cleaner, and four 60 Wait light bulbs.
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NOTES:
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Teaching Cooper ative-group
Problem Solving

Related Readings -- Articles

Hdler, P., Keith, R., and Anderson, S. (1992). Teaching problem solving through cooperative
grouping. Part 1. Group versusindividud problem solving. American Journal of Physics,

60, 627-636.

Heller, P., Hollabaugh, M. (1992). Teaching problem solving through coopertive grouping.
Part 2. Designing problems and structuring groups. American Journal of Physics, 60, 637-
644.

Smith, K., Johnson, D. and Johnson, R. Cooperation in the College Classroom. Handout.
Univergty of Minnesota. pages 2-6 and 14-16.

Related Readings -- Instructor's Manual
The following readings from the Indructor's Manud are included in this bookl et:
Frequently Asked Questions About Cooperative-group Problem Solving (pages 167-169)
Detalled Advice for Teaching the Lab Sessions (pages 149-153)
Detailed Advice for Teaching the Discusson Sessions (pages 171 - 174)

Activities

Activity #12: Typical Objections to Cooperative Group Problem Solving (pages 241- 244)
Activity #13. What Do You Do Next? Intervening in Groups (pages- )
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Instructor's Notes for Teaching the Discussion Sections
(about 2 hours)

Activity #12: Typical Objectionsto Cooper ative-Group Problem Solving
Activity #13: What Do You Do Next? Interveningin Groups

The purposes of these activitiesareto: (1) digpe some of the lingering doubts and
misconceptions TAS have about the advantages of cooperative-group problem solving, (2) have
TAsredizethat they can and should, a times, intervenein agroup to help it function better, and
(3) givethe TAsafew "one-liner™ responses (rationaes) for sudentsin some typical Stuations.

Activity #12: Typical Objectionsto Cooper ative-Group Problem Solving
(about 0.5 hours)

We tried having the TAs think about the advantages and disadvantages of cooperative-group
problem solving compared to traditiond recitation sections. We found, however, thet the
disadvantages of cooperative-groups the TAs come up with are aso disadvantages of traditiona
sections, but they do not redize this. With anew technique like cooperative groups, thereisa
tendency to focus on the few students in the class who may not like the technique or may not be
learning. We tend to forget that when we show or tell a class something, not everyoneis
ligening, and of those who are listening, not everyone is understanding.

The purpose of this activity isto digpel some of the lingering doubts and misconceptions TAs
have about the advantages of cooperative-group problem solving. Asa change of pace, you can
do this as awhole-group activity.

a) Mativaion: "You have been reading about and we have just discussed some of the reasons
we decided to use cooperative-group problem solving a the Univ. of Mn. When welearn a
new teaching technique, there is a tendency to focus on the disadvantages of the new
technique -- we forget that dl techniques, including the traditiona techniques with which we
are comfortable, have disadvantages. In this activity, you will have an opportunity to
compare some common objections to cooperative-group problem solving with the andogous
objections to traditiond recitation sections.”

b) First have TAs brainstorm some of the characterigtics of "traditiona” recitation section (on
board or a blank overhead) to "get the picture.”

c) Adivity: Onoverhead or board, show and modd by thinking out loud the andogous

objections to #1 and #5 (see page 238). Then have TAsturn to page 239 and try to do #7
together as awhole class (don't accept ideas that are not ana ogous objections).
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Turn to page 237 -- explain task, have students rotate roles and Start.
As groups start working, give each group a blank overhead of one (or two) objection(s) to
complete.

d) Closure: Cadl on groupsto present analogous objections -- get other possible ana ogous
objections from other groups. (If short on time, be sure to do #3, #8, and #9.)

e) If thereistime, have TAs brainstorm other possible objections to cooperative group problem
olving.

"The mgor point is that you can't reach dl of the sudents al of the time, regardless of the
ingtructiond technique. The research indicates that cooperative groups have the advantage of
resching more of the students more of the time than traditional lecture methods.”

Answer Key:

1. Indructors can not get indde students minds to see if they are forming dternative
conceptions.

2. Some students aready know how to solve the problem that is being done on the board, so
thereisalot of wasted time.

3. Some students do not ask questions, have not prepared, or are not thinking about the materidl.

4. You are only answering one student's question, so you don't address the concerns of the other
sudentsin the class.

5. Theamount covered depends only on how fast the instructor can speak or write. It does not
require red timeintellectua engagement of the students.

6. Traditionaly the weaker students get left behind and the best students are bored.

7. Theresearch indicates that traditional instruction tends to only teach to about the top 15% -
20% of the class. See Claim #7 in Wandersee et. al., 1994 in the reading packet.

8. Lecturing is not teaching because you are concentrating on what you say and do instead of
concentrating on what your students think.

Recitations are egotistical and authoritarian (i.e., teacher-centered) by nature.

9. Traditiond recitations are authoritarian because everyone must interact only with the
indructor and must think like them to follow their solutions.

10. Students are bored by being forced to play therole of listener.

11. Students do not want to go to arecitation section which rarely addresses their problem in
undergtlanding the concepts. Questions of other students are either so "advanced" that they
can't follow or so "smple" that they are bored.

Page 160



Activity #13: What Do You Do Next? Intervening in Groups (about 1 hour)

Most new TAs are very reluctant to intervene with groups to help them function better. They
seem to be unsure of their authority in aclassroom. Moreover, they are not very confident or
adept at communicating to students the purpose or rationde for the cooperative-group structure
of the labs and discussion sessions. The mgor purposes of this activity areto (1) have TAs
redlize that they can and should, a times, intervene in agroup to help it function better, and (2)
givethe TAsafew "one-liner" responses (rationaes) for sudentsin some typica Stuations.

There are many ways this activity could be structured. One possibility isto havethe TAs
individualy respond to each Stuation on the Activity Sheet (see pages 242-244). Aseachis
completed, they can be discussed. Another possibility is to have three experienced TAs briefly
role-play some of the Stuations. The new TAs are asked firgt, "What happened? What did you
see?' then "What would you do/say next?' After reflecting individudly wheat they would do
next, an experienced TA demonstrates one possible response. Thisresponseis discussed, along
with other possibilities. This processis repeated for as many Stuations as seem reasonable.

Below are plansfor athird, shortened verson of the activity:

a) Mativaion: In both the lab and discusson sessons you will teach, you need to monitor
groups and intervene when necessary. In this activity, you will be presented with typica
cases and asked "What would you do next?'

b) Adivity: Have TAsturnto page 241. Explain task briefly.

After groups start working, pass out overheads with assigned Stuations.

¢) Closure: Have one member from each group come up and present their group's scenario of
what they would do next.

"The mgor point is that thereis no ‘one right answer' in the way to intervene or respond. So
much depends on the context of the Stuation, your persondity, and the students persondities.”

Page 161



Page 162



TA Orientation 1999 Name:

Activity #12 (2 points)

Typical Objectionsto Cooperative Group Discussion Sections

When we |learn a new teaching technique, there is a tendency to focus on the disadvantages of the
new technique -- we forget that all techniques, including the traditiond techniques with which

we are comfortable, have disadvantages. In this activity, you will compare the advantages and
disadvantages of cooperative-group discussion sections and traditional recitation sections.

GROUP TASKS:

1. Individually read through the eleven typical objections to cooperative-group discusson
sections and the possible replies on the attached sheets. Try to think of apardle or
anadogous objection to the traditiond recitation section (instructor solves assgned homework
problems on the board).

2. Inyour group, first write an analogous objection to the traditiond recitation section for the
"Typica Objections to Cooperative-group Discusson Sections' assgned to your group.

3. Thendiscussin your group the remaining anaogous objections.

COOPERATIVE GROUP ROLES:

Keptic: Ask what other possibilities there are, keep the group from superficia anaogies by
not alowing the group to agree too quickly; ask questions that lead to a deeper andlysis
of the objections, agree when satisfied that the group has explored dl possihilities.

Manager: Suggest a plan for creating the analogous objections, make sure everyone
participates and stays on task; watch the time.

Checker/Recorder: Ask othersto explain their reasoning process so it is clear to al that their
suggestions can be discussed; paraphrase, write down, and edit your group's analogous
objectionsto the traditional recitation sections.

TiME: 30 minutes.

One member from your group will be randomly selected to present the analogous objections
assigned to your group.

PRODUCT:
Overhead of analogous objections.
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Activity #12

(Page 1 of 3)

Typical "Objections"” to Cooperative
Group Discussion Sections

How Would You Reply?

Analogous Obijection in
Traditional Recitations

#1. Instructors cannot always be there
to stop alternative conceptions from

being reinforced in a group.

There is actually less chance of
alternative conceptions being maintained
in groups because of the interaction
between students.

The instructor can usually observe the
evidence of alternative conceptions by
listening to the group discussion or
looking at their group solution as it is
being constructed.

Instructors cannot get inside students* minds
to see if they are forming alternative
conceptions.

#2 . Some groups get done before
others, so there is a lot of wasted time.

Yes, so be prepared with something for
them to do -- either an extension to the
problem or have them go to the board
and start their solutions.

There is a lot of wasted time because some
students

#3. Some students do not contribute --
they "hitch hike" their way through the

problem.

This is a sign of a dysfunctional group.
You need to intervene.

Some students do not

#4. There is no time to answer student
guestions about the homework or the

lecture.

There are other times available for this --
office hours, review sessions, maybe even
during the lab session.

There is no time to
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(Page 1 of 3)

#5. It takes more time to teach with
cooperative groups, so less material
can be covered.

True. The intention is to teach better a
firm understanding of the fundamental
concepts upon which to build later
applications.

The amount covered depends only on how fast
the instructor can speak or write. 1t does not
require real-time intellectual engagement of
the students.
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Activity #12 (Page 2 of 3)

Typical "Objections" to Cooperative
Group Discussion Sections

Analogous Obijection in

?
How Would You Reply: Traditional Recitations

#6. Cooperative groups hold back the | Physics education research indicates that | The research indicates that with traditional
best students, and the weaker students | cooperative groups seem to help all Instruction

can "freeload.” students because the best students get to
"teach" and the weaker students get peer

coaching. See Heller, Keith and Anderson
(1992) in the reading packet.

#7. Often groups are dysfunctional. Most groups function reasonably well Hint: See Claim #7 in Wandersee et.al. in
from the outset, although careful reading packet.

intervention and group processing will
make them function better. For the
approx. 20% of groups that are
dysfunctional, you should intervene.

No instructional method will reach all

students.
#8. Cooperative grouping is not Observing cooperative groups working Lecturing is not teaching because
teaching because anyone can do it. allows you to diagnose how the students
You just stand around and watch. are thinking, and coach them to

overcome their conceptual difficulty
(when the other students in the group
can not).

Recitations are egotistical and authoritarian

Cooperative groups are egalitarian and (e.g., teacher-centered) by nature.

respectful (i.e., student-centered) by
nature.
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Activity #12

(Page 2 of 3)

#9. Cooperative group work is
authoritarian because it forces
everyone to work together even if they
don't like to.

Cooperative groups respect the different
ways that students think. They allow
students the opportunity of validating
their thought process or getting the
precise instruction they need.

Traditional recitations are authoritarian
because
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(Page 3 of 3)

Typical "Objections"” to Cooperative
Group Discussion Sections

How Would You Reply?

Analogous Obijection in
Traditional Recitations

#10. Students hate to play group roles.

In effective groups, the roles occur
naturally and shift among the students.
Role playing is a technique to get

dysfunctional groups working together.

Roles help students who have not
learned to work together in teams
develop that capability.

Be patient. The roles do work, but for
some students, it takes time for them to
sink in.

Hint: What "role" are students forced to play
in traditional recitation sections?
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Activity #12

(Page 3 of 3)

#11. Students do not want to work in
groups because they believe that they
learn better on their own.

Learning is a complicated process. To
learn something correctly, it is usually
necessary for most people to "bounce"
their ideas off someone else. For most
students, learning is a combination of
individual reflection and group
interaction. After they get used to it,
most students prefer to work in groups.
Unfortunately, many students have not
developed the simple skills necessary for
really effective group work. Practice,
especially with roles, will hone these
skills.

Empathize with those that are
uncomfortable, but keep them working in
groups. Teamwork is a powerful
learning tool and a necessary component
for succeeding in the modern world.

Students do not want to attend traditional
recitation sections because
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TA Orientation 1999 Name:
Activity #13 (2 points)

What Do You Do Next?
Intervening in Groups

In this activity, you will learn when and how it is appropriate to intervene in groups.

GROUP TASKS:

1. Individually read through the seven situations on the attached sheets. Try to think of
what you would say/do next (and why) for each situation.

2. With your group, first write some possible responses to the situation(s) assigned to
your group -- what would you say/do next?

3. Then discuss with your group possible responses to the remaining situations.

COOPERATIVE GROUP ROLES:

Skeptic: Ask what other possibilities there are, keep the group from superficial
responses by not allowing the group to agree too quickly; ask questions that lead
to a deeper analysis of the situations; agree when satisfied that the group has

explored all possibilities.

Manager: Suggest a plan for generating possible responses to the situations; make
sure everyone participates and stays on task; watch the time.

Checker/Recorder: Ask others to explain their reasoning process so it is clear to all
that their suggestions can be discussed; paraphrase, write down, and edit your

group's possible next actions.

TiME: 30 minutes.

One member from your group will be randomly selected to present your group's
decision about what you would say/do next for the situation(s) assigned to your

group.

PRODUCT:
Answer Sheet for Activity #13.
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Activity #13

TA Orientation

What Do You Do Next? Intervening in Groups

What you see and/or hear

What do you say/do next?

#1. Your class has been working on agroup
problem for about 15 minutes when you notice that
one of your groups seems to have split up. Bill and
Bob are gtting with their chairs together and talking
to each other. The group problem isin front of them,
and Bill is recording their progress on the answer
sheet. Martha, the third group member, isgtting a
little distance away from them, bent over her own
paper and working on the problem by hersdf. You
aso notice that Bill and Bob are wearing T-shirts
from the same fraternity.

#2. Assoon as you pass out the group problem for
the day, you notice that one of your groupsis
unusualy quiet. You leave them done for awhile so
that they can read the problem. After about five
minutes, al the other groups have finished reading
the problem and are Sarting to talk about it. The
group that you noticed earlier, however, issill quiet
and each person iswriting on their own paper. You
go over and ask them why they are not talking to
each other, and one of them says. "None of uslike
working in groups, so we decided wed work aone
on the problem.”

#3. You have just assigned students to new groups
and as soon as the class gets going, one of your
students comes to you and says. "'Y ou've got to get
me out of thisgroup! | just can't work with Charlie.
He drives me crazy with his annoying wisecracks.”

#4: One of your students, Henry, has been late to
classfor the last three sessons. He never offersyou
an excuse or talks to you at al. One day, ten minutes
before the end of your lab session, you notice that he
isgone-- he has|eft early.
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TA Orientation

Activity #13

What you see and/or hear

What do you say/do next?

#5: Inyour discusson session, the problem for the
week is essentialy the Modified Atwood Machine.
Waking by one group, you see thet they are il
drawing force diagrams and you stop to listen. One
of the group membersis someone you usudly
notice because he has a strong persondity and
usudly gets good grades. When you listen closdy
you hear that heis gating quite confidently that the
normd force of the ramp on the block is equd to the
weight of the block. Y ou aso notice that the other
group members are ligtening to him, and the
recorder/checker iswriting this down.

#6. You are teaching lab and students are taking
datato seeif the mass of an object in freefdll
affectsits acceleration. One group seems not to be
asfar dong inthelab asthe other groups. You
decide to keep an eye on them to see why.
Watching them closdly, you notice that one person
in the group has al the contact with lab equipment.
First everyone in the group watches him make a
spark tape, then everyone goesto the triple-beam
ba ance to watch him masstheir object, then
everyone watches him measure the spark tape.

#7. 1t's partway through the semester, and you have
just returned the graded lab reports on two-
dimensionad mation to your lab section as your
students start work on the Forces Lab. After afew
minutes, one student leaves her group, comes up to
you, and asks you why the acceleration of abal
thrown up in the air is not zero at the top.
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TA Orientation 1999 Manager:
Activity #13 Answer Sheet (2 points) Recorder:
Skeptic:
Skeptic:

Answer Sheet

Situation # :

Situation # :
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Professionalism
and
Establishing a
Positive Classroom Climate

Related Readings

Equa Opportunity and Affirmative Action a the Univergity of Minnesota (1999). University of
Minnesota.

Shymansky, JA. and Penick, JE. (1979). Do laboratory teaching assistants exhibit sex bias?
Journal of College Science Teaching, 8, 223-225.

Seymour, E. (1992). Undergraduate problems with teaching and advisng in SME mgors -
explaining gender differencesin attrition rates. Journal of College Science Teaching, 21,
284-292.

Standards of Student Conduct Enforceable by University Agencies (1993). Booklet,
University of Minnesota.

Activities

We spend gpproximately three hours on issues related to professonaism and establishing and
maintaining a pogtive classoom climate. To help TAs fed comfortable discussing these issues,
the mentor TAs lead the discussion and there are no faculty present for thisday. TAs have read
the above articles and University of Minnesota booklets before they complete the following
activities

1. Egablishing a Pogtive Classroom Climate and Chesting (page 251)
Activity #15: Scholagtic Dishonesty is. .. (pages 253 - 256)

2. Maintaining a Positive Classroom and Department Climate (page 259)
Activity #16. Case Studies: Diversity and Gender Issues (pages 261 - 271)
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Activity #15 TA Orientation

Instructor's Notes for
Establishing a Positive Classroom Setting and Cheating
(about 1 hour)

Part a: Setting the climate discussion:

1) Moativation/Introduction: "You will be asked by your professor to proctor and grade exams.
Y ou will dso need to proctor your sudents when they work on group quizzesin your
discussion sections. In each of these settings you will need to establish a positive classroom
climate, which includes preventing chesting.

You arein adifficult and new dtuation as TAs. Y ou are both a graduate student and a
teacher. Y ou need to be aware that you are an agent of the University when you are acting as
aTA, and responsible for enforcing university policy. However, you are dso subject to these
same regulations as a graduate student. As a graduate student, you will find it easy to
empathize with your students, but you cannot forget that you are foremost their teacher.

Y ou can help yoursdlf asaTA by establishing a " positive classroom dimate.”

2) Show thefirst overhead (see page 253) and introduce the term Classroom Climate and why it
isimportant.

3) Dividetheroomin haf. Let haf the groups brainstorm factors that contribute to a positive
classroom climate. The other haf of the groups will brainstorm factors that contribute to a
negative classroom climate. (Give them about 4 minutes.)

4) For the next five minutes, collect positive and negative factors from the groups, and write on
an overhead. Be aware that the converse of most positive factors could be considered
negative, and vice-versa

5) Trangdtion: "In spite of our best efforts, problemswill occur. That iswhy we are Spending
this morning on how to maintain a pogtive classroom climate. We will first consder how to
avoid chesting on tests, then look at diversity — cultural and gender issues.”

Part b: Activity #15: Scholastic dishonesty is...

1) Didtribute the T/F questionnaires (see page 254). The TAswere required to read the
Univergty’s Academic misconduct policy for homework. Give them about 4 minutes to
complete. (Note: First impressionsare dl that is needed.)

2) "Any fdseanswers?' Note that #7 and #10 are ambiguous and would depend on the
gtuation. Question 7 will hopefully come up and dlow atrangtion into c).

3) Cheating and Cooperative groups. "When students are working in cooperative groups, the

line between collaboration and cheating may appear to be blurred. This does not have to be.
If you establish clear expectations of product and level of cooperation required, it should be
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4)

5)

obviouswho is chesting.

For example, if everyone in agroup is contributing to the fina product, then there is no
cheating. If someoneis copying the group’ s data without contributing to its acquisition, then
that group is chesting - the whole group, not just the student who is copying.

Y ou need to make your expectations clear to your students from the onset about what you
congder to be ingppropriate group behavior and what qudifies as chegting.”

Discuss measures to be taken to avoid cheating. "What can we do to prevent cheating? As
expert sudents, you probably have some experience with friends who have cheated. Firg,
think of al the ways you know of people cheating and second, think of how we can prevent it
from happening to us™ Allow 10-15 minutes.

Hintsfor proctoring are included on page 59 in the Instructor’ s Handbook (see pages 256 -

257 in thisbooklet). ™Y ou should discuss your team's cheeting guiddinesin your first team
mesting.”
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Activity #15 TA Orientation

Classroom Climate

A positive Classroom Climate can play an
important role in determining academic
misconduct and sexual harrassment.

In your groups:

1. Recall examples of positive/negative classroom
climates.

2.. Brainstorm factors that contributed to the
positive/negative classroom climate

Notes:
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TA Orientation Name:

Activity #15 (2 points)

Scholastic Dishonesty is...

Directions. Circle T if the statement accurately completes the above sentence;
Circle F if the statement does not accurately complete the above sentence.
T/F 1. The act of passing off someone else's work as your own.

T/F 2 Extensve assistance from other people on an assgnment without
recognition.

T/F 3. Using sections of someone else's homework assignment.

T/F 4. Looking at another student's examination during a testing situation.
T/F 5. Conferring with fellow students during an examination period.

T/F 6. Allowing another student to copy from your examination.

T/F 7. Using notes stored on a calculator during a closed-book examination.
T/F 8 Usng another person'sidea without acknowledging that person.
T/F 9. Allowing another student to copy sections of your paper.

T/F 10. Signing another student's name on an attendance sheet.
T/F 11. Permitting another student to Sign your name on an attendance sheet.
T/F 12, Collaborating with afellow student on a take home exam.

T/F 13. Copying an answer to a problem line-for-line from a textbook or
solution manual without identifying where it came from.

T/F 14. Anactthat can result in expulsion from the University.

Adapted with permission from the Teaching Enrichment Program at the University of Minnesota.
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Activity #15

* As expert students, you probably have some experience

Cheating

with friends who have cheated. First, think of all the

ways you know of people cheating.
* Brainstorm how you can prevent it from happening to

you.

TA Orientation

How Students Cheat

How to Prevent
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NOTES:
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Activity #15 TA Orientation

Instructor's Notes for Classroom and Department Climate:
Diversity and Gender |ssues
(about 1.5 -2 hours)

Activity #16: Case Studies: Diversity and Gender |ssues

We use case sudies for students to begin to think about their attitudes and respongbilities with
regard to (1) students from diverse cultures, (2) possible sexud harassment, and (3) fellow
graduate students in the department.

The case studies (see pages 251 - 261) arein three groups.

Case Studies #1 through #6 describe cultura/gender situations that TAs might encounter in
their teaching. The TAs are asked about their respongbilities, what they could do to prevent
the situation, and/or what they could do to resolve the Situation.

Case Studies #7 and #8 describe encounters between people from the U.S. and international
students. The purpose of these case studies isto raise awareness about how cultura
differences can influence attitudes and behaviors. The TAs are asked to describe the
gtuation, give causes or an interpretation of the Stuation, and brainstorm possible solutions.

Case Studies #9 through #1.1 describe encounters among physics graduate students or
between graduate students and professors. The purpose of these case studiesisto raise
awareness of attitudes and behaviors necessary to create a positive climate within the physcs

department.

The three sets of case studies could be used in three different activities, or they could be used in
one, long activity.

a) Moativation/Introduction: "In the physcs department, we have graduate students from dl
over theworld. To create a positive climate for yourselves in the physics department, it is
helpful to be aware of Stuations that can arise because of culturd differences in expectations
and behaviors. You will aso teach students of different genders, ethnicities, and
exceptiondities. We are going to examine the case studies that you read as part of your
homework as a vehicle for discussng our reactions and respongbilities.”

b) Assign one (or more) case study to each group. The group discusses the criticd incident and

answers the questions. They then decide how they are going to lead a class discussion about
the incident.
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Activity #15 TA Orientation

c) Closure Cdl on each group to lead a class discussion about their case study. Y ou may need
to ask questions occasiondly (or play devil's advocate) to keep the discusson going or to
bring a different viewpoint into the discusson. We have found, however, that our graduate
sudents usualy have very lively discussions about the case studies and come up with many
dternate solutions.
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TA Orientation 1999 Name:

Activity #16 (3 points)

Case Studies: Diversity and Gender |ssues
Group Task:

This exercise uses "critica incidents' derived from encounters among and between teachers
and sudents at the University of Minnesota. The critical incidents are, as the name implies,
incidents or Stuations that are of importance in understanding the behavior, vaues, and
culturd differences of those described in theincident. Case Studies#1 through #6 ded with
incidents you might encounter as a graduate teaching assstant. Case Studies #7 and #8
describe encounters between people from the U.S. and international scholars. Case Studies
#9 through #11 ded with incidents with fellow graduate sudents.

The incidents are open-ended, with no absolute right answer to be guessed or learned. 1n our
discussion of the incidents, severa explanations, aternatives, or solutions could be proposed
depending on the persondity, style, or culture of theindividuas.

Discussthe four critica incidents assigned to your group. Use the guiddines listed under
each critical incident to begin the discusson. Thereis no need to limit your discusson to just
the questions provided.

Group Roles:

Skeptic: Ask what other possibilities there are, keep the group from superficid andysis by
not dlowing the group to agree too quickly; ask questions that lead to a deeper analysis,
agree when stisfied that the group has explored al possibilities.

Manager: Suggest aplan for discussing each incident and answering the questions, make
sure everyone participates and stays on task; watch the time.

Checker/Recorder: Ask othersto explain their reasoning process so it is clear to al that their
suggestions can be discussed; paraphrase, write down, and edit your group's response to
each incident.

TIME: 25 minutes

The Checker/Recorder will be asked to make the opening comments about one of the
assigned case studies when we return to the larger group.
Group Product:

Answer Sheets for four assigned Case Studies.
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TA Orientation Activity #16

Case Study #1*
One of your physics sudents is a highly achieving undergraduate who is very bright, personable,
and attractive. 'Y ou enjoy working with this student, but are not otherwise interested in a

relationship. Unexpectedly, the student leaves you a note, professing an interest in establishing a
close rdationship, dong with a bouquet of flowers.

* Adapted from University-wide sexud harassment training

1. What are your responghilitiesin this Stuaion?
2. How can you maintain the kind of teaching relationship you want?

NOTES:
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TA Orientation Activity #16

Case Study #2*

One day, as you are waiting for sudents to come in and settle down for your discussion session,
you notice that one of the sudents enters wearing a T-shirt which is emblazoned with a sexudly
obscene and violent dogan. The student sits down as the bell rings for the classto begin. Just as
you are about to begin your opening game, another student states loudly that he cannot Sit in the
class and attempt to learn if that T-shirt is dlowed to stay there. The two Students then engage in
ashouting match.

*Taken from Universty-wide sexud harassment training

1. What are your responshbilitiesin this Stuaion?
2. What are some possible solutions?

NOTES:
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TA Orientation Activity #16

Case Study #3

Y ou are discussing with your dlass the physics of sound, specificaly why longer musica
instruments make deeper sounds. To provide aquick demongtration, you have one mae student
and then one female student stand up and say "oooh." After the session, the femae student goes
to the professor and says that she felt singled out since sheisthe only woman in the class.
Further, she was upset and embarrassed since saying "oooh’ loudly in aroom full of men seemed
to her to be too sexud athing to do.

What could you have done to prevent the Situation?

What could you do to resolve the Stuation?

What could your professor have done to prevent the Situation?
What could the professor do to resolve the Stuation?

El A

NOTES:
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TA Orientation Activity #16

Case Study #4

Jose, astudent in your section, isin awhedchair. His brother Pedro isin the same section, and
isvery protective of Jose. (Pedro registered for al the same classes as Jose on purpose o that he
can help him out.) The brothers want to be in the same group, but you want to have diverse
groups so that students can get to know one another. However, because of Jose's disability you
givein to the brothers and put them in a group with two other people. When there isa group test
problem, the brothers surprise you by speaking Spanish to one another. Y ou ask them to speak
English so thet everyone in the group can understand. They tell you that they don't think they

read English aswell as other people in the class and are just talking to each other in Spanish to

be sure that they understand the quiz problem.

1. What could you have done to prevent the Situation?
2. What can you do to resolve the Situation?

NOTES:
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Case Study #5

You areareaxed TA, often chatting and laughing with students in your section before you start
class. Oneday before lab, you discover that you share an interest in racquetball with one of your
students and you make an gppointment to play. Soon you are meeting every Wednesday at lunch
for aracquetbal game with this student and becoming friends. The other studentsin your

section know about this and are upset about it. Y ou think it's no big dedl, Snceit's not as though
you are romanticaly involved with your student.

1. What are your responghilitiesin this Stuaion?
2. What can you do to resolve the situation?

NOTES:
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Case Study #6

Early in the spring semester, one of your fellow team members stops by your lab section and
darts chatting and visiting with one of your students during the lab. 1t is soon obvious thet the
two arein areationship. After lab, you find out that this sudent wasin the TA’slab last term.

1. What are your responshilitiesin this Stuaion?
2. What can you do to resolve the situation?

NOTES:
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TA Orientation Activity #16

Case Study #7*

Abddkader, Mohammed and Ngji, sudents from the same country, are close to completing their
fird semester a the University. When they first met at the new student orientation program and
discovered they were dl in the same engineering department, they arranged their schedules so
they could take most of their classes together. Every day before their physics class they met to
study each other's notes and to discuss the assigned reading and homework they had done the
night before.

Their physics professor noticed that the three students made nearly the same errorsin the first
exam of the semegter. At thetime, he assumed it was because they were from the same
educationd background. However, when he noticed that dl three students had exactly the same
problems incorrect on their second test, he decided they had to be cheating. The professor caled
the students into his office and explained that this type of behavior was unacceptable. Hetold
them that he was going to cdl the foreign-student advisor to see what action could be taken
because of their cheating.

* Adapted from Florence A. Funk's "Intercuturd Critical Incidents'
1. What happened? (Describe the Situation.)

2. Why? (Give causes/interpretation of the Stuation.)

3. Alternatives'Solutions:

a. What could have been done to prevent the Situation?
b. What can be done to resolve the Stuation?

NOTES:
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TA Orientation Activity #16

Case Study #8*

Chong, anew internationa student & the University of Minnesota, arrived on campus two weeks
before classes began so he could find housing, register for classes and become familiar with the
St. Paul-Minnegpolisarea. During this two week period everything went well. Hefound an
gpartment to share with a U.S. student from his department, was able to register for al the
classes he needed, and made the acquaintance of afew other students. Once classes began
Chong discovered that he was thrilled with the discussion that took place between the students
and professorsiin his classes, he enjoyed the company of his roommate's friends and he enjoyed
the easy access to movies, shopping, and fast food establishments.

About three weeks into the term, Chong began to find the endless classroom discussons awaste
of time. He was frugtrated with the ridiculous antics of his roommate's friends and it seemed that
everything he needed cost too much. He found that he was now seeking the company of his
countrymen and that their discussons most often centered on how "screwed-up” everything was
inthe States. He ate lunchin alocd ethnic restaurant and avoided contact with students from the
U.S. unlessit was required to fulfill cdlassroom assgnments.

*Taken from Horence A. Funk's "Intercultural Critica Incidents'
1. What happened? (Describe the Situation.)

2. Why? (Give causes/interpretation of the Situation.)
3. Alternatives/'Solutions:

a. What could have been done to prevent the Stuation?
b. What can be doneto resolve the stuation?

NOTES:
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TA Orientation Activity #16

Case Study #9

Borisisafirg year physics graduate sudent from Russia. Although he speaks English with a
heavy accent, heisfluent and is given his own discussion and lab sectionsto teach. After afew
weeks he becomes puzzled by his sudents behavior. Even though he can tell from their test
scores that they are confused about physics, they never ask questions or come to his office hours.
They come to class late and have to be asked two or three times before they will respond when
he asks them to go to the board. Boris comesto you and asks what he should do.

1. What happened? (Describe the Situation.)

2. Why? (Give causes/interpretation of the Situation.)

3. Alternaives/Solutions
a. What could have been done to prevent the Situation?
b. What can you do to help resolve the Stuation?

NOTES:
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TA Orientation Activity #16

Case Study #10

Mary was having some difficulty in one of her 5000-level physics classes.

She had trouble with the homework assignments and then scored below the median on the first
two exams. About hafway through the term, Mary went to see the professor to ask him for help.
Hetold Mary that she should redly be ashamed at her performance in the class and that she
would probably fail. He refused to help her and told her that she should drop out of school, since
it was unlikely that she would ever be aphysicigt. After meeting with him, the student was so
upset that she went to the top of atal building and considered killing hersdf.

1. What happened? (Describe the situation.)

2. Why? (Give causes/interpretation of the Stuation.)

3. AlternativesSolutions:

What could Mary have done to prevent the Situation?

What can Mary do to resolve the Situation?

What could the professor have done to prevent the Stuation?

What could you (as one of Mary's classmates) do to prevent or resolve the Situation?

op oo

NOTES:

Page 195



TA Orientation Activity #16

Case Study #11

In one of her sections Susan had a mae student, Joe, who was very self-assured. During her
office hours, he often sat very close to her and put his arm around the back of her chair. One day
inlab, as Susan helped a group a the next table, Joe reached behind him and stroked her leg.
She said, "Don't do that,” and asked to spesk to him after class. When the other students had
gone, Susan sad, "l don't know what you thought you were doing when you touched my legin
class” Joesaid that it had been an accident, and Susan ended the conversation. Immediately
after that, she went to see the lecturer for Joe's class and told him the whole story. The professor
laughed.

1. What happened? (Describe the Situation.)

2. Why? (Give causes/interpretation of the situation.)

3. Alternatives/Solutions

What could the TA (Susan) have done to prevent the Stuaion?
What could Susan do to resolve the Stuation?

Wheat could the professor have done to prevent the situation?
What could the professor do to resolve the situation?

opoTo

NOTES:
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Proctoring and Record Keeping

1. Proctoring Exams

The purpose of proctoring is to make the sudents as comfortable as possible in the stressful
environment of taking an exam. Y ou can achieve thisgod by:
" being familiar with the test and prepared to
be fadt, friendly and helpful when students have questions;
going over the exam with the professor
before it is given to determine what help you may or may not give;
announcing to the whole class any answer
for an individud student's question that you fed might be generdly helpful. It must
gppear to dl students that you are not showing any favoritiam;
being especidly helpful in explaining the
meaning of words or Stuations to foreign sudents;
protecting the students from the small
minority of students who try to chest.

Before the exam starts:

TAs given the assgnment of proctoring will pick up exams from Room 148, the
Undergraduate Offices. Count the number of exams you picked-up and enter the
necessary information into the Proctoring Book.

If the course to be proctored is 1xxx level, the TA must pick up exams 15 minutes before
the class begins; 3xxx and 5xxx class exams should be picked up 10 minutes prior to
classtime. Didtribute tests according to the professor'singtructions.

Also, be sure that you are clear about what the professor wants you to do if you fed that
cheating is occurring during the test.

At the start of the exam:
Read any specid ingructions from the professor to the class.

Explicitly tel the sudents what materias they may use and may not use (i.e. caculator,
textbooks, etc.). This may mean reading the exam's ingtructions aoud to the class.

Be sure the students are Sitting every other seat. Watch for people who ingst on Sitting
diagondly behind someone else.

After you are sure dl student materiads are properly stored, you should pass out the
exams as efficiently as possible. Y ou may want to explicitly state where the students can

store their backpacks, books, etc...(for example: undernegth the chair.)
Announce when the exam is scheduled to end.

During the exam:
Count the number of studentsin the room. Check your count with your proctoring
partner.
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Write the time remaining on the board at least every five minutes. Announce when there
are 5 minutes | eft.

It isimportant that you remain active. Thiswill let the students know that you are not too
busy to help them and it will discourage cheeting. Quietly and unobtrusively, walk
around the room watching the studentswork. Do not just St in the front of the room.

Try to answer a student's question as quickly and as quietly as possible. Try not to
disturb the other students. If you get asked the same question more than twice, announce
your answer to the class.

Today's caculators can store an enormous amount of information and some can exchange
information with other calculators over ashort distance. Watch for students who are
overusing their caculators.

If you do suspect that someone is cheating, discretely explain your reasons to your
proctoring partner and both of you should watch for the behavior.

If you both are reasonably sure that cheating is occurring, carry out the ingtructions from
the professor in charge of the class. (Prior to the exam, ask the professor what he/she
wants you to do when chesating occurs.)

If you both are not reasonably sure that cheeting is occurring, but you still suspect that it
might be, you can move the sudents involved.

Do not tell jokesto your proctoring partner. The students might think that you are

laughing & them. Many students have complained about proctors who are laughing
during exams. Remember exams are deadly serious for your students.

At the end of the exam:
* Watch for students who use the commotion of the end of the exam to cheat.

Count the number of exams received and compare it to the number of students at the
exam.

Check the room for logt items - some of them might be "cheat sheets™

After the exam is complete, bring ALL tests back to Room 148. Count the number of testsagain
and enter the necessary information into the Proctoring Book. Place al extraexamsin a separate
pile to be picked up by the professor.

2. Grading Exams/Homewor k

TAs picking up homework problems and exams to grade must count the number of assgnments
and fill out the necessary information in the Grader Book before taking them out of the Physics
office. Upon returning the graded exams, they must again be counted and signed back into this
book.

Grades should be entered into the gppropriate spreadsheet available in room 216. See page 120
for ingructions for entering grades into the computers.
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Graders mugt do fill out aPaper Grading Form indicating how many hours were necessary to
grade that particular assgnment. Thisis an important record thet the office needs each time a
graded assgnment comesin. It isfrom this information that work load assgnments are made.

3. Keeping Lab Scores|n the Class Record Book

TAswill record lab scores for each |ab section they teach. Scores will be kept according to the
professor's ingructionsin agreen Class Record Book. These books, as well as red pens for
grading, can be obtained in Room 148.

IMPORTANT:

These procedures have been used successfully in the Physics Department for years. While some
seps may seem inggnificant or redundant, they are necessary in safeguarding you and your
students work assgnments in case of chesating, loss or error.
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TA Orientation Name:

Homework #4 (5 points)
Using a Strategy to Solve Context-rich Problems

Assume that you have been asked by your professor to write the solutions for the five
problems on the following pages. Since the solutions will be posted (or photocopied to pass
out to your students), your professor asks you to use the problem-solving srategy from The
Competent Problem Solver. Y ou must use the physics equations shown below each problem,
and the mathematical relationships and congtants shown at the bottom of this page, because
these are the relationships the students were alowed to use a the time the problem was

solved in adiscussion section or for an individuad exam. Of course, the problems may call

for other common information that sudents are expected to know, like the boiling

temperature of water or the relationship between dengity, mass, and volume.

Hint: It may be hepful to browse through the example solutions in The Competent Problem
Solver and read page 3-2 (motion diagrams), pages 4-2 to 4-7 (free-body and force
diagrams), and pages 5-3 to 5-5 (conservation of energy diagrams) to see how the "physics
description” step is completed for different kinds of problems.

Useful Mathematical Relationships:

For aright triangle: sinq:%l ,cosng ,tanqzé,
; a @+b2=c2 srq+cos2q=1
For acirclee C=2pR,A=pR?
B For a sphere: A=4pR2,V=g pR3
B+ '\/ 2.
If Ax2+Bx + C=0,then x= Bx\B 4AC; ave(sinzz):ave(coszz):1
2A 2
n .
dz") _ el d(cosz) —_dnz. d(snz) - cosz . df(2) _ df(z) dz , dd—w)dz:w,
dz dz dz dt dz dt dz
d N d Zn+1
—olw)dz=w , z')dz =
Clzo( ) dz") 1

Useful constants: g=9.8 m/s?=32ft/s?, 11b=4.45N, 1 mile= 5280 ft,
1gd =3.785 liters
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TA Orientation Name:

Homework #4 (5 points)

1 Oil Tanker Problem: Because of your technica background, you have been given
ajob asastudent assistant in a University research |aboratory that has been investigating
possible accident avoidance systemsfor oil tankers. Y our group is concerned about ail
spillsin the North Atlantic caused by a super tanker running into an iceberg. The group has
been developing a new type of radar which can detect large icebergs. They are concerned
about its rather short range of 2 miles. Y our research director has told you that the radar
sgnd travels at the speed of light, which is 186,000 miles per second, but once the signa
arives back at the ship it takes the computer 5 minutes to processthe signa. Unfortunately,
the super tankers are such huge shipsthat it takes along time to turn them. Your job isto
determine how much time would be avallable to turn the tanker to avoid a collison once the
tanker detects an iceberg. A typicd sailing speed for super tankers during the winter on the
North Atlantic is about 15 miles per hour. Assume that the tanker is heading directly at an
iceberg that is drifting a 5 miles per hour in the same direction that the tanker is going.
(Remember you can only use the fundamental concepts listed below.)

_ Dr
Fundamental Concepts: Voy =—
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TA Orientation Name:

Homework #4 (5 points)

2. | ce Skating Problem: You aretaking care of two smdl children, Sarah and Rachd,
who aretwins. On anice cold, clear day you decide to take them ice skating on Lake of the
Ides. Totravel acrossthe frozen lake you have Sarah hold your hand and Rachel's hand.
The three of you form astraight line as you skate, and the two children just glide. Sarah

must reach up at an angle of 60 degrees to grasp your hand, but she grabs Rachd's hand
horizontaly. Since the children are twins, they are the same height and the same weight, 50
Ibs. To get started you accelerate at 2.0 m/s2. Y ou are concerned about the force on the
children's arms which might cause shoulder damage. So you caculate the force Sarah exerts
on Rachd's arm, and the force you exert on Sarah's other arm. 'Y ou assume that the frictiond
forces of theice surface on the skates are negligible. (Remember you can only usethe
fundamental concepts listed below.)

Di . _Dv __di __dv

Fundamental Concepts: Vg = o 3 ,V=—,d=—,SF=ma, Fp=Fy

a =
& pt dt dt

Under Certain Conditions: re= %aft2 +Viot + 1o, F = MgigingN , F £ MgtaticN
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TA Orientation Name:

Homework #4 (5 points)

3. Safe Ride Problem: A neighbor's child wants to go to a neighborhood carnival to
experience the wild rides. The neighbor isworried about safety because one of the rides
looks dangerous. She knows that you have taken physics and so asks your advice. Theride
in question has a 10-1b. chair which hangs fregly from a 30-ft long chain atached to a pivot
on the top of atall tower. When achild entersthe ride, the chain is hanging straight down.
The child is then attached to the chair with a seat belt and shoulder harness. When theride
gtarts up the chain rotates about the tower. Soon the chain reaches its maximum speed and
remains rotating at that speed. It rotates about the tower once every 3.0 seconds. When you
ask the operator, he saysthat theride is perfectly safe. He demondtrates this by sitting in the
gationary chair. The chain creaks but holds and he weighs 200 Ibs. Has the operator shown
that thisride safe for a 50-1b. child? (Remember you can only use the fundamenta concepts
listed below.)

_ Cr Dv _ _df av =
Fundamental Concepts: Voy=—, 8gy=—,V=—,a8=—,SF=ma,F,=F
ep =y Gav i ot ot 2=
. e 1 - _ \/2 _
Under Certain Conditions: re= Eart + Vot +rg, a= e F =ngidingN, F £ MgaticN

:-ks)(
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TA Orientation Name:

Homework #4 (5 points)

4, Cancer Therapy Problem: You have been able to get apart time job with amedica
physics group investigating ways to treat inoperable brain cancer. One form of cancer
therapy being studied uses dow neutrons to knock a particle (either a neutron or a proton) out
of the nucleus of the atoms which make up cancer cells. The neutron knocks out the particle
it collideswith in an indadtic collison. The heavy nudeus essentidly does not move in the
callison. After asingle proton or neutron is knocked out of the nucleus, the nucleus decays,
killing the cancer cdll. To test thisidea, your research group decides to measure the change
of internd energy of anitrogen nucleus after aneutron collides with one of the neutronsin its
nucleus and knocksit out. 1n the experiment, one neutron goes into the nucleus with a speed
of 2.0 x 107 m/s and you detect two neutrons coming out at angles of 30° and 15°.
(Remember you can only use the fundamenta concepts listed below.)

_ Dr Dv _ dr av -
Fundamental Concepts Voy=—, dy=—,V=—,8=—,SF=mra,F,=F
€P U v = ot ot 12=F2,
_ _1 2 _ N
DEsystem= DEtranster - KE—EmV , Etransfer—Q_ F.ar,
|

[0 =Dp A=V T _dfz
Dpsystem— DOtransfer: P=1MV, Pyransfer = Qu Fdt

Under Certain Conditions: re= %art2 + Vot +rg, = e F =ngidingN, F £ MgaticN

F=-kx.DU=- O F- o,
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TA Orientation Name:

Homework #4 (5 points)

5. Kool Aid Problem: You are planning abirthday party for your niece and need to
make at least 4 galons of Kooal-Aid, which you would like to cool down to 32 °F (0 °C)
before the party begins. Unfortunately, your refrigerator is dready so full of treats that you
know there will be no room for the Kool-Aid. So, with a sudden flash of ingght, you decide
to start with 4 gdlons of the coldest tap water you can get, which you determine is 50 °F (10
0C), and then cooal it down with a 1-quart chunk of ice you dready have in your freezer. The
owner's manud for your refrigerator states that when the freezer setting is on high, the
temperatureis-20 °C. Will your plan work? Y ou assume that the density of the Kool-Aid is
about the same as the dendty of water. Y ou look in your physics book and find that the
dengity of water is 1.0 g/cnB, the dengity of ice is 0.9 g/cmB, the heet capacity of water is
4200 J/ (kg °C), the heat capacity of iceis 2100 J/ (kg °C), the heat of fusion of water is 3.4
x 105 Jkg, and its heat of vaporizationis 2.3 x 106 Jkg. (Remember you can only use the
fundamental concepts listed below.)

Or

~ _dr V =
Fundamental Concepts: Vav :H , Agy = V= = a % ,SF=ma, Fp=Fy

_ 1 - _ iz
DEsystem = DEtransfer: KE—EmV 1Etransfer—Q_ F.dr,
|

9|9

[0 =D By T _ e
Dpsystem— DBtransfer: P= MV, Pyansfer = Qu Fdt

Under Certain Conditions: re= %art2 +Vt +rg, a= e F =nNgidingN F £ MgaicN
J

F=-k.DU=- er: dr, ?Enterna =CcmM ?T, ?Enternal =
|

mL
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TA Orientation
Homework #6 (4 points)

Name:

Judging Problems

Outlined below is a decision strategy to help you decide whether a context-rich problem
isagood individua test problem, group practice problem, or group test problem.

1. Rdectif

* the problem can be solved in one step,
* the problem involves long, tedious mathematics, but little physics; or

* theproblem can only be solved easily using a " trick” or shortcut that only experts
would be likely to know. (In other words, the problem should be a Sraight-

forward gpplication of fundamenta concepts and principles.)

2. Check for the twenty-one characterigtics that make a problem more difficult (see
Instructor's Handbook for complete definitions).

Approach Andyss Mathematical Solution
1. CuesLacking 4. Excessor Missng Info. 7. Algebrarequired
____A.Notarget varidble ___A.Excessdata ____A.Nonumbers

___ B. Unfamiliar context

2. Agility with Principles
____A.Choiceof principle
____B.Twoprinciples

_ C. Abdtract principle

3. Non-Standard Application
A, Atypicd Stuaion
___B.Unusud target

____ B. Numbersrequired
__ C. Assumptions

5. Seemingly Missng Info.
____A.Vague statement
__ B. Specid condraints
____C.Diagrams

6. Additiond Complexity
____A.>2subparts
____B.5+tems
___ C.Vectors

____B. Unknown(s) cance
___C. Smultaneous egns.

8. Tagets Math Difficulty
____A. Cdclvector dgebra
__ B.Lengthy algebra

3. Decide if the problem would be a good group practice problem (20 - 25 minutes),

agood group test problem (45 - 50 minutes), or agood (easy, medium, difficult)

individua test problem, depending on three factors: (a) the complexity of mathematics,

(b) the timing (when problem is to be given to students), and (¢) the number of difficulty

characterigtics of the problem:
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TA Orientation Homework #6

Type of Problem Timing Diff. Ch.
Group Practice Problemsshould just introduced to concept(s) 2-3
fﬁ:g:gi;f;ﬁgi:ﬁgw lyesser s o finished study of concept(s 3-4
Group Test Problems canbemore | just introduced to concept(s) 3-4
complex methemetically. just finished study of concapt(s) i
Individual Problems can be easy,
medium-difficult, or difficult:
Easy just introduced to concept(s) 0-1
just finished study of concept(s) 1-2
Medium-difficult just introduced to concept(s) 1-2
just finished study of concept(s) 2-3
Difficuit just introduced to concept(s) 2-3
just finished study of concept(s) 3-4

There is consderable overlap in the criteria, so most problems can be judged to be both a
good group practice or test problem and a good easy, medium-difficult, or difficult
individud problem.

TASK:

Check the itemsin the right column that apply to each context-rich problem you solved in
Homework #4. Then use the decision Strategy to decide whether you think each problem
isagood individua test problem, group practice problem, or group test problem [check
your decison(s) in the left column].  Findly, explain your reasoning for each decision.
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TA Orientation

Homework #6

1. Oil Tanker Problem: Assume students have
just started their sudy of linear kinematics (i.e., they

only have the definition of average velocity and average

acceleration).

Reect if:
____ Oone-step problem

___ tedious math, little physics

____ problem needs "trick"

Decison:
____ group practice problem (20 -

25 minutes);

____ grouptest problem (45- 50

minutes); and/or

___essy medium difficult

individua problem (circle one)

Reasons.

Approach Andyss Mathematical Solution
1. CuesLacking 4. Excessor Missng Info. 7. Algebrarequired
____A.Notarget variable ____A.Excessdata ____A.Nonumbers

___ B. Unfamiliar context

2. Agility with Principles
____A.Chaicedf principle
____B.Two principles

_ C. Abdtract principle

3. NonStandard Application
__A.Atypicd gtuation
___B.Unusud target

____ B. Numbersrequired
__ C. Assumptions

5. Seemingly Missng Info.
____A.Vague gatement
__ B. Specid condraints
___C.Diagrams

6. Additiond Complexity
____A.>2subparts
____B.5ttems
_ C.Vectors

____B. Unknown(s) cance
___C. Smultaneous egns.

8. Tagets Math Difficulty
____A. Cdclvector dgebra
__ B.Lengthy dgebra
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TA Orientation

Homework #6

2. | ce Skating Problem: Assume students have

just finished their sudy of the gpplication of Newton's

Laws of Mation.

Reect if:
____ One-step problem

___ tedious math, little physics

____ problem needs "trick"

Decison:
____ group practice problem (20 -

25 minutes);

____ grouptest problem (45- 50

minutes); and/or

___essy medium difficult

individua problem (circle one)

Reasons.

Approach Andyss Mathematical Solution
1. CuesLacking 4. Excessor Missng Info. 7. Algebrarequired
____A.Notarget variadble ____A.Excessdata ___A.Nonumbers

___ B. Unfamiliar context

2. Agility with Principles
____A.Chaicedf principle
____B.Twoprinciples
___ C. Abdtract principle

3. Non-Standard Application
____A. Atypicd dtuation
___B.Unusud target

____ B. Numbersrequired
___ C. Assumptions

5. Seemingly Missng Info.
____A.Vague gatement
___ B. Specid condraints
___C.Diagrams

6. Additiond Complexity
____A.>2subparts
____B.5+terms
___ C.Vectors

____B. Unknown(s) cance
____C. Simultaneous eqgns.

8. Targets Math Difficulty
____A. Cacl/vector dgebra
____ B. Lengthy algebra
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TA Orientation

Homework #6

3. Safe Ride Problem: Assume that students have

just finished their sudy of forces and uniform circular

Decison:
____ group practice problem (20 -

motion. 25 minutes);
____ group test problem (45 - 50
Reectif: minutes); and/or

____ One-step problem ___essy medium difficult

___ tedious math, little physics individua problem (circle one)

____ problem needs "trick"
Reasons.

Approach Andyss Mathematical Solution

1. CuesLacking 4. Excessor Missng Info. 7. Algebrarequired
___A.Notarget variable ____A.Excessdata ____A.Nonumbers

___ B. Unfamiliar context

2. Agility with Principles
____A.Chaicedf principle
____B. Two principles
_ C. Abdtract principle

3. NonStandard Application
__A.Atypicd gtuation
___ B. Unusud target

____ B. Numbersrequired
__ C. Assumptions

5. Seemingly Missng Info.
____A.Vague gatement

____ B. Specid condraints
___C.Diagrams

6. Additiond Complexity
____A.>2subparts
____B.5ttems
_ C.Vectors

____B. Unknown(s) cance
___C. Smultaneous egns.

8. Tagets Math Difficulty
____A. Cdclvector dgebra
___B. Lengthy dgebra
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TA Orientation

Homework #6

4, Cancer Therapy Problem: Assume students Decison:
have just finished their sudy of the conservation of ____ group practice problem (20 -
energy and momentum. 25 minutes);
____ group test problem (45 - 50
Reectif: minutes); and/or
____ One-step problem ____easy medium difficult

___ tedious math, little physics
____ problem needs "trick"

individua problem (circle one)

Reasons.
Approach Andyss Mathematical Solution
D. CuesLacking G. Excessor Missing J.  Algebrarequired
___A.Notarget variable Info. ____A.Nonumbers
___ B. Unfamiliar context ____A.Excessdata ____B. Unknown(s) cance

E  Agility with
Principles
____A.Chaiceof principle
___B. Two principles
___ C. Abdtract principle

F. Non-Standard
Application

A, Atypicd Stuaion
___B.Unusud target

____ B. Numbersrequired
___ C. Assumptions

H. Seemingly Missng
Info.
____A.Vague gatement
___ B. Specid condraints
__ C. Diagrams

I. Additiond
Complexity
____A.>2subparts
____B.5+tams
___ C.Vectors

___C. Smultaneous egns.

K. TagesMath
Difficulty

____A. Calc/vector dgebra
____B. Lengthy dgebra
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TA Orientation

Homework #6

5. Kool Aid Problem: Assume that students have
just finished their study of caorimetry.

Reect if:
____ One-step problem

____tedious math, little physics

____ problem needs "trick"

Decison:
____ group practice problem (20 -

25 minutes);

___ group test problem (45- 50

minutes); and/or

___essy medium difficult

individua problem (circle one)

Reasons.

Approach Andyss Mathematical Solution
1. CuesLacking 4. Excessor Missng Info. 7. Algebrarequired
____A.Notarget variable ____A.Excessdata ___A.Nonumbers

___ B. Unfamiliar context

2. Agility with Principles
____A.Choiceof principle
____B.Twoprinciples
___ C. Abdtract principle

3. Non-Standard Application
____A. Atypicd dtuation
___B.Unusud target

____ B. Numbersrequired
___ C. Assumptions

5. Seemingly Missng Info.
____A.Vague gatement
___ B. Specid condraints
___C.Diagrams

6. Additiond Complexity
____A.>2subparts
____B.5+terms
___ C.Vectors

____B. Unknown(s) cance
____ C. Smultaneous egns.

8. Targets Math Difficulty
____A. Cdcl/vector dgebra
____ B. Lengthy algebra
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