3. Cooperative Group Problem

Solving in Discussion Sections

This chapter contains some materids we use in teaching problem-solving and cooperative group skills to our

sudents. These materias are described briefly below.

Why Cooper ative Group Problem Solving?

This brief summary explains why we use cooperative-group problem solving in our
introductory physics courses, and what we see as the advantages and disadvantages of
cooperative group problem solving (see dso Heller, Keith & Anderson and Heller &
Hoallabaugh, 1992, American Journal of Physics, 60: 627-644).

Frequently Asked Questions (FAQ) About Cooper ative Groups

We use this handout in our TA Orientation. It gives abrief introduction to the structure
of our labs, and answers the following questions:

What is the optima group sze?

Should students be dlowed to form their own groups? If not, what should be the
gender and performance mix of the groups?

How often should groups be changed?

How can problems of dominance by one student and conflict avoidance within a
group be addressed?

General Plan for Teaching a Discussion Section

Thisisahandout we usein TA Orientation. It gives detailed (and repetitious) teaching
tips for how to conduct cooperative-group problem solving discussion sessons. More
detailed descriptions of ingtructor actions can be found in Active Learning:
Cooperation in the College Classroom by Johnson, Johnson, and Smith (1991).

Chart of Group Roles

We pass out this chart to students the first day they work in cooperative groups. This
chart introduces sudents to their problem-solving roles. The 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 premises and plans; the recorder, who organizes and writes
what has been done so far; and the summarizer, who keeps track of decisons and
reasons for different actions (see a'so Heller & Hollabaugh [1992], American Journal
of Physics, 60: 637-644). We normally assign groups of three (Manager,
Recorder/Checker, and Skeptic): the fourth role of Summarizer is used when the Sze
of the dassis not divisble by three, so some groups will have four members. In groups
of three, the Manager takes on the summarizer role.
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Cooperative group Problem Solving Discussion Sections

Group Functioning Evaluation Form

Thisis one of the evaluation forms we use that helps sudents learn how to function well

in cooperdtive groups (see aso Heller & Hollabaugh [1992], American Journal of
Physics, 60: 637-644).

Typical Objectionsto Cooperative Groups

Thisisaso ahandout we usein TA Orientation. With a new technique like cooperative
grouping, there is atendency 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 tdll a
class something (traditiona teaching), not everyoneis listening, and of those who are
ligening, not everyone is understanding. This handout helps ingtructors see that there
are usudly anaogous objections to both traditiond recitations and cooperative group
problem solving.

Page 38

Page
49

50



Cooperative group Problem Solving Discussion Sections

Why Cooper ative Group Problem Solving?

Students in introductory physics courses typically begin to solve a problem by plunging into the dgebraic and
numerica solution -- they search for and manipulate equations, plugging numbers into the equations until they
find a combination that yields an answer (eg., the plug-and-chug drategy). They sddom use ther
conceptua knowledge of physcs to quditaively andyze the problem stuation, nor do they sysematicdly
plan a solution before they begin numerica and agebraic manipulations of equations. When they arrive a an
answer, they are usudly satisfied -- they rarely check to seeif the answer makes sense.

To help students integrate the conceptua and procedura aspects of problem solving so they could become
better problem solvers, we introduced a structured, five-step problem solving strategy (see Part 2 of this
booklet). However, we immediately encountered the following dilemma:

If the problems are smple enough to be solved moderately well using their novice strategy, then
students see no reason to abandon this strategy -- even if the structured problem-solving strategy
works aswell or better.

If the problems are complex enough so the novice strategy clearly falls, then sudents are initidly
unsuccessful a using the structured problem-solving strategy, so they revert back to their novice

Strategy.

To solve this dilemma, we (1) designed complex problems that discourage the use of plug-and-chug
drategies, and (2) introduced cooperdtive group problem solving. Cooperative group problem solving has
severd advantages.

1.

The dructured problem-solving dtrategy seems too long and complex to most sudents.
Cooperative-group problem solving gives students a chance to practice the strategy until it becomes
more naturd.

Groups can solve more complex problems than individuds, so students see the advantage of alogical
problem-solving strategy early in the course.

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

Students get practice developing and using the language of physics -- "taking physics.”
In their discusson with each other, students must ded with and resolve their misconceptions.

In subsequent, whole-class discussions of the problems, students are less intimidated because they
are not answering as an individua, but as a group.

Of course, there are severd disadvantages of cooperative-group problem solving. Initidly, many students do
not like working in cooperative groups. They do not like exposing ther "ignorance” to other students.
Moreover, they have been trained to be competitive and work individudly, so they lack collaborative skills.
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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), Teaching
problem solving through cooperative grouping. Part 2: Designing problems and structuring groups, American
Journal of Physics, 60: 637-644.

What isthe optimal group size?

We have found that groups of three work allittle 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 the class Sizeis not divisble by three, however, we end up with a few pairs or groups of four. In
generd, we prefer groups of four over pairs.

Should students be allowed to form their own groups? If not, what should be the gender and
performance mix of the groups?

We found that mixed-ability groups (based on past performance on problem-solving tests) worked
better than homogeneous-ability groups. Therefore, we assgn members to groups based on test
performance (one from the top third, one from the middle-third, and one from the bottom third of the
class).

We dso found that groups of two men and one woman did 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 ingtructors get to know their students well, we advise assgning groups of three men, three women,
or two women and one man.

How often should groups be changed?

Formal cooperdtive groups need to stay together long enough to be successful. On the other hand, they
should be changed often enough so students redlize they can make any group successful -- that their
successis not dueto being ina"magic’ group.

Our students work in cooperative groups for three hours each week (1 hour in discussion section, 2
hours in lab). In the first quarter, we change groups every two to three weeks (i.e, 4 times in 10
weeks). In the second and third quarter, we change groups only twice.

In the beginning of the course, it isimportant to give students a rationde for assigning them to groups and
changing groups often. Wetdl our students thet:

(1) We want them to get to know everyone in the class, so we will change groups often. By the end of
the quarter, they will should have worked with dmost everyone in their class (section). This helps
build a sense of community -- we are al working together to help each other learn physics.

(2) No matter what career they enter, they will have to work cooperatively with many different kinds of
people (not just their friends). So they should begin to learn how to work in successfully in groups.
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FAQ Cooperative Grouping

How can problems of dominance by one student and conflict avoidance within a group be
addressed?

We use three key elements of cooperative learning groups to aleviate these difficulties:

D

2

3

One Group Product: To promote interdependence in discusson sections, we specify that only one
problem solution can be turned in by the groups, and al members must sign the solution.

Roles  Students are taught specific roles (Manager, Checker/Recorder, Skeptic, and
Energizer/Summarizer). The roles were sdlected to correspond to the planning and monitoring
drategies individuds must perform independently when solving problems -- the manager who
designs plans of action; the skeptic, who questions premises and plans; the recorder, who organizes
and writes what has been done 0 far; and the summarizer, who keeps track of decisons and
reasons for different actions. In addition, each person has a responsbility to make sure the group
functions effectivdly. The Manager must ensure that everyone in the group participates and
contributes. The Checker/Recorder must ensure that dl group members can explicitly explain how
the problem was solved. The Energizer/Summarizer must energize the group when moativation is
low.

We normally assign groups of three (Manager, Checker/Recorder, and Skeptic): the fourth role of
Energizer/Summarizer is used when the Sze of the classis not divishble by three, S0 some groups will
have four members. In groups of three, the Manager takes on the summarizer role, and al members
are asked to energize the group when motivation islow.

The firgt time students work together, esch member is assigned one of these roles. Each
subsequent time the group works together, the roles must rotate. The groups stay together long
enough so each group member has each role at least once.

Group Processing: Set aside time a 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.

At the beginning of the quarter, we do this every class session. After three to four weeks (i.e., after
students have worked in two different groups), we do group processing every two to three weeks, as it
seems necessary -- usudly the first time new groups are working together.

How can individual accountability (hitch-hiking) be addr essed?

We use four techniques to dleviate the "hitch-hiker" problem (one student relying on the other group
members to do dl the work):

@
2

3

Assign arole to each student, and alow time for group processing (see above).

Make sure the segts are arranged S0 students are facing each other, "knee-to-knee." This makes it
much harder for a student to remain uninvolved with a group.

In both discusson sections and lab, individud students are caled on randomly to present their
group'sresults. Thispersonisnot usudly the Checker/Recorder for the group.
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FAQ Cooperative Grouping

(4) In discussion section, occasionaly a group problem counts as a test question. The group test

problem is given the day before the rest of thetest. If agroup member was absent the week before
the group test (i.e., did not get to practice with his’her group), then s’he cannot take the group test
question. (Note: Towardsthe end of the first quarter, we let the rest of the group members decide
if the absent group member can take the group test problem.)

In lab, each member of the group receives bonus points if al group members earn 80% or better on their
individud reports.
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Outlinefor Teaching a Discussion Section

Wheat the Students Do Wheat the TA Does
» Stingroups. . Get to the classroom early.
Opening | *« Read problem. 1. Brigfly introduce problem.
Moves » Checker/Recorder puts names on|2. Pass out group problem and
2min. answer shest. answer shest.

. Tdl dass time they need to
sop and remind managers to
keep track of time.

» Do the assgned problem: 4. Take atendance.
Middle - paticipaesin discusson, 5. Monitor groups and intervene
Game - work cooperatively, when necessary
. A few minutes before you
- check each oth K. .
check each ofhers wor want them to stop, remind the
dudents of the time and to
finih  working on thar
problem. Also pass out group
functioning forms a thistime.
* Finish problem. Sdect one person from each
. group to put their results on
End Game: the board.
510min. | ¢« Check answer.

Participate in class discusson.

Lead a class discusson of
these results.

If necessxry, lead a class
discusson of group
functioning

10 Pass out the solution.
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Detailed Advice for TAs about
General Discussion Section L esson Plan

0. Get totheclassroom early.

When you get to the classroom, go in and close the door, leaving your early students outside. The best
time for informa talks with sudentsiis 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 on the board at this
timealso. Let your students in when you are prepared to teach the discussion session.

1. 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 tdl them why this particular problem has been chosen. DO NOT
LECTURE YOUR CLASSON PHYSICS

2. Passout group problem and answer shest.

Give a copy of the problem to each student, but only one answer sheet to each group. Thiswill help the
students work in groups since they can only turn in one answer sheet for the group.

3. Tdl classwhen (at what time) they need to stop and remind managersto keep track of time.

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

4. Takeattendance

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

5. Monitor groupsand intervene when necessary

When students work in cooperative groups, they make hidden thinking processes overt, so these
processes are subject to observation and commentary. Y ou will be able to observe how students are
congtructing their understanding of physics concepts and the problem-solving strategy.

While groups are working, a significant fraction of your time should be spent monitoring (observing and
listening to group members) in order to see
» what they do and do not understand, and

» what problems they have working together cooperatively.
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Plan for Teaching a Discussion Session

With this knowledge, your interventions can be more efficient. DO NOT get trgpped into going from
group to group explaining the task/physics or answvering questions. If you begin intervening too soon, it is
not fair to the last groups. By the time you recognize that al groups may have the same difficulty, the last
groups will have wasted congderable time.

a Monitoring

» Egablish a circulation pattern around the room. Stop and observe each group to see how essily
they are solving the problem and how wel 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 notes about student difficulties with the task and with group functioning so you know what
end-game moves to make.

* If saverd groups are having the same difficulty, you may want to sop the whole class and darify
the task or make additionad comments that will help the students get back on track (e.g., | noticed
that you aredl ... Remember to ...) Another strategy is to stop the class and have one group (or
severa groups) show the class how they decided to draw their diagrams or what steps they are
usng. You can then spend a few minutes discussng how that drawing or plan could be done
mogt effectively.

b. Intervening

» From your observations (circulation pattern), decide which group (if any) is obvioudy sruggling
and needs attention most urgently. Return to that group, weatch for a moment and then join the
group a eye level. One way to intervene is to point out the problem and ask the agppropriate
group member what can be done about it. This establishes your role as one of coach rather than
answer-giver. Another way to intervene isto ask them (a) What are you doing? (b) Why are you
doing it? and (c) How will that help you? Try to give just enough help to get the group on track,
then leave.

* Oneway to coach is to firgt diagnose the type of problem (e.g., managerid, came to decison too
quickly without considering al the options, can't agree on what procedure to use, etc.) Then ask:
"Who is the manager (or skeptic, or checker)? What should you be doing to help resolve this
problem?’ If the student doesn't have any suggestions, then you could modd severd possibilities.

* |If you observe a group in which one student does not seem to be involved in the discusson and
decisons, ask that student to explain what the group is doing and why. This emphasizes the fact
that al group members need to be able to explain each step in solving the experimenta problem.

* If agroup asks you a question, try to turn the question back to the group to solve. Again, try to
give just enough help to get the group started, then leave.

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 at this time (if necessary, about every 2 - 3 weeks). (Note:
Another common teaching error is to provide too little time for students to process the 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 ther actions may be more
effective, and plan how to be even more skillful during the next lab or discussion session.)
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Plan for Teaching a Discussion Session

9.

When you were an undergraduate, your instructor probably did not stop you to have a class discussion
at the end of the period. Doing thisis one of the hardest things you will haveto do asaTA. You may
be tempted to let students 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 students 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 the whole 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
arein charge of the class, and if you makeit clear that you want the students to stop, they will.

Select one person from each group to put their resultson the board.

Typicaly, the checker/recorder in each group is not sedected. In the beginning of the course, sdlect
students who are obvioudy interested, enthusiagtic, and articulate. Later in the coursg, it is sometimes
effective to occasondly select a sudent 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.

Lead a class discussion of these r esults.

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

* to summarize what 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 discussions should aways be based on the groups, with individuas only acting as representatives
of agroup. Thisavoids putting one student "on the spot.” The trick isto conduct a discussion about the
results without (a) telling the students 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 fed stupid or
resentful. To avoid these pitfals, you could try starting with generd, open-ended questions such as:

- How are these results the same?
- How are these results 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 hdps avoid the problem of you becoming the fina "authority” for the right answer.

If necessary, lead a class discussion about the group functioning.
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Plan for Teaching a Discussion Session

Discussing group functioning occasiondlly is essentiadl. 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.

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

10. Passout the solution.

Passing out the solution is important to the students. They need to see good examples of solutions to
improve their own problem solving skills. Again, it isimportant to pass them 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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Group Roles

In your discusson and laboratory sections for this course, you will be working in cooper ative groups to
solve written and experimenta problems. To help you learn the materid and work together effectively, each
group member will be assgned a specific role. Your responshilities for each role is defined on the chart
below.

ACTIONS

WHAT IT SOUNDSLIKE

MANAGER
DIRECT THE SEQUENCE OF STEPS.
KEEP Y OUR GROUP "ON-TRACK."

MAKE SURE EVERYONE IN YOUR
GROUP PARTICIPATES.

WATCH THE TIME SPENT ON EACH
STEP.

"LET'SCOME BACK TO THISLATERIF WE
HAVE TIME."

"WE NEED TO MOVE ON TO THE NEXT
STEP."

"CHRIS WHAT DO YOU THINK ABOUT THIS
IDEA?"

RECORDER/CHECKER
ACT AS A SCRIBE FOR YOUR GROUP.

CHECK FOR UNDERSTANDING OF ALL
MEMBERS.

MAKE SURE ALL MEMBERS OF YOUR
GROUP AGREE ON PLANS AND
ACTIONS.

MAKE SURE NAMES ARE ON GROUP
PRODUCTS.

"DO WE ALL UNDERSTAND THIS
DIAGRAM?"

"EXPLAIN WHY YOU THINK THAT."
"ARE WE IN AGREEMENT ON THIS?"

SKEPTIC

HELP YOUR GROUP AVOID COMING
TO AGREEMENT TOO QUICKLY.

MAKE SURE ALL POSSIBILITIES ARE
EXPLORED.

SUGGEST ALTERNATIVE IDEAS.

"WHAT OTHER POSSBILITIESARE THERE?"

"LET'STRY TO LOOK AT THISANOTHER
WAY."

“I'M NOT SURE WE'RE ON THE RIGHT
TRACK."

ENERGIZER/SUMMARIZER
ENERGIZE YOUR GROUP WHEN
MOTIVATION IS LOW

«  BY SUGGESTING A NEW IDEA;
«  THROUGH HUMOR; OR

.+ BY BEING ENTHUSIASTIC.

SUMMARIZE (RESTATE) YOUR GROUPS
DISCUSSION AND CONCLUSIONS.

"WE CAN DO THIS"
"THAT'SA GREAT IDEA!"
"SO HERE'SWHAT WE'VE DECIDED . . ."
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Courses Manager:
Section: Recorder/Checker:
Skeptic:

Energizer/Summarizer:

GROUP FUNCTIONING EVALUATION

In your group teke a few minutes to discuss and answer these questions about this particular cooperative
learning experience. Focus your discussion on the process -- what you experienced, felt and thought while
doing the ectivity.

1. What are three waysyou did well in functioning as a cooperative group?

2. What problems did you have interacting as a cooperative group?

3. What isaspecific action that would help you function and interact even better next time?
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Typical Objections to Cooperative Groups
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Typical Objections to Cooperative Groups
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Typical Objections to Cooperative Groups
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