Cooperative Learning

“The best answer to the question, ‘What is the most effective method of teaching?’ is that it depends on the goal, the student, the content, and the teacher. But the next best answer is, ‘Students teaching other students.” McKeachie, W. (1994) Teaching Tips, 9th ed. Lexington, MA, Heath & Co.

As you might guess from the name, cooperative learning (CL) involves students working in groups on structured tasks. However, CL is not students sitting around a table studying together or assigning group projects where one student ends up doing most of the work. According to countless studies, there are five absolutely critical aspects of successful cooperative learning. Omit one or more of the items on the following list and group work will almost certainly fail in your classroom. The five defining aspects of CL are:

1. Positive interdependence. Team members have to rely upon one another.

2. Individual accountability. Each member is responsible for doing their own fair share of the work and for mastering all the material.

3. Face-to-face interaction. Some or all of the group effort must be spent with members working together.

4. Appropriate use of interpersonal skills. Members must receive instruction and then practice leadership, decision-making, communication, and conflict management.

5. Regular self-assessment of group functioning. Groups need to evaluate how well their team is functioning, where they could improve, and what they should do differently in the future.

These criteria can be found throughout the literature. If you are interested in more details visit Richard Felder’s website www2.ncsu.edu/effective_teaching/ or read D.W. Johnson, R.T. Johnson, and K.A. Smith, Active Learning: Cooperation in the College Classroom, 2nd Ed. Edina, MN, Interaction Book Co., 1998. Many of the ideas listed here come from these two sources.  

The benefits of CL include improved student-faculty and student-student interaction, information retention, academic achievement, higher-level thinking skills, attitudes, motivation to learn, teamwork and interpersonal skills, communication skills, self-esteem, attendance, race/gender relations and reduced levels of anxiety. Although this seems like a huge list, there are numerous studies where these results have been carefully documented. Of course, for the teacher there are fewer and better papers to grade. There is quite a bit of educational psychology behind why CL techniques work so well (if all 5 aspects are present). These include the fact that the learning is done in an active manner, groups keep going when individuals might give up, students see alternative problem-solving approaches, more and higher quality questions are produced, there is less fear in class, and as noted in the quotation above, people learn best when they teach.

There are basically two different strategies for implementing cooperative learning: informal and formal. The informal methods can be put into practice “on the fly” during class. 

Informal CL Structures 

For all of these techniques, be sure you clearly explain the task, randomly call on students to report, circulate around the room and listen, and don’t get into a pattern of always alternating short lectures with CL. Variety is the spice of life!

(In-class teams: Divide students into groups of 2 to 4 students and choose a recorder (“Who has the longest last name in your group?”, “Who got up earliest this morning ?” or similar questions are icebreakers and automatically select a variety of recorders.) Give the teams a couple of minutes to recall prior material, answer a question, start a problem solution, work out the next step in a derivation, think of an example or application, figure out why a given result may be wrong, identify underlying assumptions in a solution, brainstorm possible answers to a question, generate an exam problem, summarize material, etc. Collect some or all the answers.  

(Think-Pair-Share: Ask a question that requires careful consideration (perhaps from Eric Mazur’s Peer Instruction: A User’s Manual, 1997, Upper Saddle River, NJ, Prentice-Hall). Give students a minute or two to think about the problem individually. Have them pair up to discuss and produce an answer agreeable to both, and then select teams to share their answers with the class. Be sure to elicit comments on answers that changed and why the pair decided a particular answer was right or wrong. Students don’t need to say which member of the pair had the original, incorrect answer so you will be more likely to hear reports of the kinds of misconceptions that are commonly seen. If students don’t mention a particular misunderstanding that you know is widespread, bring it up for discussion. You can be sure that someone in the room was thinking along those lines and could benefit from a re-examination of their understanding.

(Cooperative Note-Taking Pairs: At the beginning of class, pair up the students. Every once in a while during class, pause and have one partner summarize their notes to the other. The other person can add information, ask for clarification, or make corrections. The goal is for everyone to improve his or her note taking ability.

(Guided Reciprocal Peer Questioning: Have students work in teams of three or four give them a collection of “generic question” stems like these:



How does … relate to what I’ve learned before?
What if …?



What conclusions can I draw about …?
Explain why …



What is the difference between … and …?
Explain how …



What are the strengths and weaknesses of …?
How are … and … similar?



What is the main idea of …?
What is the meaning of …?



What is a new example of…?
How would I use … to …?



What is the best … and why?
How does … affect …?



What is … important?


Have each student prepare several thought-provoking questions. Form groups of two or three and have members answer the individually-created questions. Bring the whole class together to discuss particularly interesting or problematic questions. For additional ideas, see King, A. (1993). “From sage on the stage to guide on the side,” College Teaching, 41 (1), 30-35.

(TAPPS (Thinking Aloud Pair Problem-Solving): Have students do this with key problems or an important derivation. This activity takes a lot of time, but it is very powerful. It works well in conjunction with the different steps of the GOAL problem-solving protocol. Start by forming pairs, with one student being the problem-solver and the other the listener. Present the problem to the teams and assign a specific portion to be the focus of effort. The solver talks through the first part of the solution while the listener questions, prompts the solver to keep talking (that’s the thinking aloud part), and gives a few clues, if needed. After a few minutes, collect partial solutions from several listeners (not solvers) and reach a classwide consensus. Reverse the roles and have the teams continue. More detailed instructions can be found in Lockhead, J. & Whimbey, A. (1987). “Teaching analytical reasoning through thinking aloud pair problem solving. In J. E. Stice (Ed.), Developing critical thinking and problem-solving abilities: New directions for teaching and learning, No. 30, San Francisco: Jossey-Bass.

Formal CL Structures 

One thing you don’t want to do when getting ready to implement formal CL approaches is to let students select their own groups. In order for everyone to be treated fairly, the groups must be heterogeneous in ability. This can be done by reviewing GPA or other background information provided by your university. Another method that is useful is to give students a diagnostic test at the beginning of the semester. Not only will this help you form groups, but it gives you a “before snapshot” so that you (and your students) can see how far they’ve come by the end of the semester. Once you have a ranked list of students in a class, simply divide them into top, middle, and bottom thirds. (Don’t tell the students how the groups were selected or they’ll spend the rest of the semester worrying about whether they are the “slow kid on the team.”) Select a student from each ability level to form groups of three. There are additional constraints on these selections: (1) Don’t pick people you know are already friends to be teammates. The other person in the group may not fit in well. (2) If you can collect schedule information, try to make sure there are common times the teams can get together outside of class. (3) Don’t let underrepresented populations (usually women or minorities) be outnumbered in a group. Studies have shown that this precaution reduces the tendency for contributions from these students to be minimized.

You will need to explain to your students why you are having them work in groups. This may be a new idea to them. If they are engineering students, simply remind them that they must work with other people before they can get their professional license. This is certainly the way the workplace operates now. There are numerous employee surveys illustrating that team skills are a top hiring criterion. If nothing else, explain how it will help them learn!

Once groups are formed, keep them intact for at least a month while students work out the any difficulties that arise. Again, remind them that they generally won’t get to pick who they work with on the job. With guidance from you, have each team write a contract listing goals and expectations. Have each member sign their contract, make copies for the team, and submit the original for your files. It helps to have samples available. Brainstorming characteristics of a successful group is also a useful exercise. You will almost certainly need to provide teamwork instruction. Visit the excellent Collaborative Learning Website at www.wcer.wisc.edu/nise/cl1 or download the Team Training Workbook from www.eas.asu.edu/~asufc/teaminginfo/teams.html.

Make a concerted effort to support the five criteria mentioned earlier. To help promote positive interdependence, assign different roles (manager, recorder, skeptic) to group members. Give critical information only to the manager. Rotate roles periodically or for each assignment. Provide one set of resources and require a single product. Don’t forget to require individual accountability​—use primarily individual testing. Have someone in the group routinely checking everyone’s understanding. Call on individuals to present and explain results (while groups are working and after work is complete). Make groups responsible for seeing that non-contributors don’t get credit. Get each member to rate everyone’s contribution, including their own. Make sure they explain their ratings. Provide last resort options of firing a group member or quitting. Although this seems silly, if a substantial portion of the grade comes from group work, there is considerable motivation to be part of a group if that is the only way those assignments can be submitted. 

It is especially important that you do not curve course grades. It should be possible for everyone in the class to earn an “A” (or an “F”). If students know that their grade depends on them doing better than others in the class, there isn’t much motivation for cooperation. Establish a set of objectives for each topic and provide students with a syllabus that clearly delineates cutoff points. Students are much more motivated to perform if they know exactly what is required of them and the consequences of not performing.

Several formal structures to facilitate collaborative learning are listed below. More can be found in the references noted throughout this section and on the web. Forms to support team self-assessment along with instructor checklists for each of the techniques below are available on the SCALE-UP website.

(Team homework: Assignments are completed and handed in by teams. (Only active participants’ names are included on materials submitted for grading.) One grade is given for the entire team, although it is possible to adjust the academic score by incorporating members’ “teamsmanship” scores. For problems sets, it is a good idea to have each individual outline a solution to each problem before getting together to complete the solutions. You can enforce this by occasionally collecting everyone’s outlines. Beware of the tendency of groups to “divide and conquer” an assignment by having individuals finish entire problems on their own and simply collecting the results. They don’t get the benefit of group thinking and it’s hard to make sure that everyone understands all aspects of the assignment.

(Team projects: You can illustrate the value of groups by giving assignments that would be too difficult or too much work for an individual to complete in a reasonable amount of time. These can include designing something, creating web pages discussing the physics of familiar devices or situations, giving presentations to the class, etc. See the Jigsaw technique for a way to facilitate this type of effort. Each team gets a single grade that may be adjusted for individual contributions.

(Jigsaw: Individual group members have access to resources that the others don’t have. These could be something as simple as a handout describing a specific portion of their task or even specialized instruction that only one member of a team receives. This fosters interdependence within the group and encourages learning as each individual shares what they know with the others. To set up the “expert areas” within each group, give each team member a number: 1, 2, or 3. Gather all the #1 people together and give them their particular set of information.  Do the same with the #2 and #3 people. Then they can get together (either in class or out of class) to complete the task. This approach also works nicely when students study for a test. Each member becomes an expert on a particular topic and makes sure his or her teammates thoroughly understand it.

(Group bonus: If the average exam score for a group is above 80 or some other value you decide upon in advance, each member of the group gets an additional 5 points added to their score. (Do not require that each individual score be above the cutoff. This puts tremendous pressure on the lower performing student.) This technique has been very successful in promoting learning. It is a wonderful way to motivate the more advanced student to participate in group work rather than feel “pulled down” by the others in the team. Of course, if you recall from when you first taught a course, it is in teaching others that we really gain understanding. So the brighter student benefits at least as much as the others in the group.

(Individual Test followed by Group Test: Hand out exams as you normally do. After a specified time, collect the tests but then allow teams to work together on the same problems. Incorporate performance on the group test into the individual scores, perhaps by giving a bonus if the group test is above 90% or add some fraction of the points earned on the group test.
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