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The problem
Discussion during class is commonly fraught with problems. 

•
Discussion commonly falters as a result of students being unprepared. 

•
Discussion can degenerate into an explanation session for those who do not understand the issue by the ones who did, even when all students try to come prepared. After several such sessions, well-prepared students typically begin to resent having to come to class to bail out the underprepared.

•
If everyone is well-prepared, discussion can be desultory, particularly if everyone is simply asked to “discuss the article” or “discuss the answers to the questions”.

•
Not everyone participates equally, with some students not participating at all and others dominating the discussion.

Techniques
There is no one recipe for successful discussion in class. Here are a number of suggestions:

•
Be sure that it is clear in your mind why you are having the discussion and what you hope students will gain from the discussion.

•
Select a discussable topic. Constructing a discussion by asking students to “discuss the reading” or “discuss the answers to the homework” is difficult. 

•
A topic with a number of possible sides or answers makes a good discussable topic. Choosing a topic that is relevant to students increases the likelihood that students will actively participate in the discussion. Environmental issues are typically good topics for discussion.
•
If an issue has two “sides”, consider assigning half the class to one side and half to the other side of the issue. Have each defend his/her side in the discussion.

•
If you have students prepare for the discussion outside of class, consider using the preparation as a springboard for discussing a related or extended topic during class, rather than having students simply discuss their preparation. You might, for example, ask students to apply what they have learned to analyze a new topic or a new aspect of the topic during discussion in class. Or you might ask students to read two articles in preparation and ask students to compare the articles during discussion in class. While each student will have done the same reading, each will be asked to go beyond the homework assignment during class discussion. Discussion then advances past mere recitation of a prepared assignment.

•
Classroom discussion can also be used to engage the students intellectually in solving a problem by discussion.

Benefits
The primary benefit is intelligent discussion by students during a class in which students are engaged in thinking and analyzing or in defending a side, rather than in listening to lecture. Students must also respond to one another, rather than interacting intellectually only with the instructor. 

Drawbacks
This technique has several potential drawbacks:

•
The primary drawback is that the technique can consume more time than lecture would for a comparable amount of material to be delivered. In discussion, though, students actively engage the material.

•
Some students tend to dominate discussions. Some students come poorly prepared, no matter what the incentive.

•
Discussion can go astray from the intended topic. This does not necessarily mean disaster, if the discussion leader can either steer the discussion back on track or profit from the digression.

•
Assessing student learning associated with a discussion is potentially difficult. Ways of dealing with this include 1) giving students a grade for the discussion based on quality of comments, 2) asking questions about the topics on an exam, 3) giving a follow-up written assignment, and 4) grading the written preparation for the discussion.

Critical aspects for success

•
Students must be prepared for the discussion. If they are not prepared, discussion will not work. One solution is to select a topic for which students do not need to make preparation in advance. Another solution is to have students prepare individual written responses to carefully selected questions in advance (a work sheet or a list of questions), which forces students to think in ways that will prepare them adequately for discussion. Collecting and grading the written preparation is an option that serves as a stick. Giving a short quiz before discussion starts is effective but is less in keeping with the spirit of discussion and the notion of making students more responsible for their own learning.

•
Structure the room so that students talk to one another, rather than to the professor, during the discussion. Avoid standing at the front of the room. Instead, sit to one side, where you will be less likely to serve as a magnet for student eyes and attention or to be tempted to interfere as “the authority”.

•
Come to a mutual agreement with the class about what the mechanics will be for the discussion (e.g., who talks when, etiquette about disagreeing, and so forth). Many instructors find it useful to have students develop these rules for discussion. Requiring students to make reference to a previous student comment can help keep a discussion from becoming scattered.

•
Avoid the temptation of butting in to the discussion unless the class is completely stymied. If you bite your tongue and hold out for a bit, one or more students are likely to offer a reasonable answer. 

•
Many students may still be reticent to participate in a class discussion, even when they are prepared. Adding a session of think-pair-share (described under interactive lecture) before the whole-class discussion can help solve the problem by first involving all students in small-group discussion, thus giving students the support of a partner or a group when it is time for whole-class discussion.

•
Above all, do not be arrogant or insensitive to wrong-headed comments during the discussion. Students will clam up if humiliated.

When this works the best
This technique works best is classes smaller than 30-35. In larger classes, students can more easily disengage and hide during an all-class discussion. Small-group discussion followed by by whole-class discussion can be effective for conducting discussions in larger classes.

Short example
Paper or plastic? In a large introductory geology class, the instructor asks students whether they ask for paper bags or plastic bags at the grocery store and why. As students give their responses, the instructor records the reasons in either the paper or the plastic column on an overhead transparency. Once the class is satisfied with the list, the instructor conducts a discussion about whether paper or plastic is actually more environmentally “friendly”. This topic requires no preparation on the part of students and allows the instructor to have the class address the complex issue of environmental impact (Kenneth Verosub, U.C., Davis).

An example of a discussion assignment
On the following two pages, you'll find a discussion assignment that can be used as a template for conducting a discussion on a topic for which students need to prepare in advance and which is not of intrinsic interest to students. Below, you find an analysis of what makes this assignment work as a good discussion.

Purpose of the discussion:

•
The topic was chosen to give students practice using geological reasoning to draw a conclusion for themselves, rather than listening to a lecture about the topic. The instructor could lecture to students about the issue and draw conclusions for the students. However, the students in the class have enough background to draw the conclusions for themselves and to discuss what role an understanding of geology might play in decisions that involve society.

•
Because students come prepared to class, the issues can be addressed in approximately the same length of time by discussion as they could have by lecture.

•
For this particular assignment, the overall goal is to have students understand that groundwater in the Sahara is essentially a non-renewable resource and that decisions to exploit Saharan groundwater extensively must balance growing water needs with serious environmental implications and sustainability issues.

Part I: preparation before class
•
The written preparation asks students to answer specific questions, because students rarely come adequately prepared if the instructor simply asks students to read and assignment and come prepared to discuss it.

•
Each student turns in a copy of his/her preparation at the start of class; the written preparation will be graded later by the instructor. Students without written preparation sit in the gulag in the back of the room – they can listen, but they can’t participate.

Part II: discussion in class
•
At the start of class, students are given Part II of the discussion assignment, which consists of additional information plus questions to discuss. Students put their written preparation together with the new information to tackle the questions in small-group discussions, rather than simply re-hashing their written preparation.

•
After small-group discussions, the instructor leads a class discussion to process the ideas generated by each small group.

Part III: follow-up written assignment
•
In order to consolidate what students have learned from the discussion (and to provide an incentive for participating in and paying attention to discussion), each student writes a follow-up analysis.

The assignment
Solutions for the Sahara
Part I: preparation before class
Before class on Tuesday, read the following:
Pearce, Fred, 1984, Why Gaddafi’s wells may run dry: New Scientist, 6 September, p. 4.

To prepare for Tuesday’s discussion, prepare written responses to the following:

1)
Describe 14C dating of groundwater, including where the 14C comes from, what happens to the proportion of 14C in groundwater and why, and how the proportion of 14C in groundwater can be used to give the age of the groundwater.

2)
What would you say to someone who told you that he/she had obtained a date of 60,000 ybp on groundwater from the Sahara, and why?

3)
Briefly outline the scope and purpose of the project outlined in Pearce’s article on Gaddafi’s project.

Bring two copies of your written answers to class. I will collect one copy at the beginning of class.

Part II: discussion during class
In class on Tuesday:

1)
Consider the following statements: 

–
Major groundwater reserves occur in the Nubian Sandstone underlying the Sahara. In the basin underlying the Western Desert of Egypt alone, the Nubian Sandstone is estimated to contain 18,000 km3 of water (that’s 18,000 billion m3, over 200 times the total annual discharge of the Nile!).

–
Remember that you calculated ages of groundwater samples taken from the Nubian Sandstone aquifer and that those ages range from 20,000 to more than 35,000 ybp.

–
Groundwater recharge by modern rainfall is believed to be negligible in the Sahara.

–
Flow rates of groundwater in the Nubian Sandstone have been estimated to be on the order of a few meters per year.

2)
In your small group, discuss the implications of these statements for exploitation of water resources in the Sahara and evaluate how you as a geologist would view Ghaddafi’s project. Discuss the question of whether international aid should be provided to encourage development of similar projects in other Saharan countries. Make a list of your group’s most important points to prepare for class discussion.

Part III: written work after class
Follow-up writing assignment: 

–
Take a position on the issue of whether technological advances in extraction and use of water resources have been and will be a good thing for the Sahara.

–
You must pull together everything that you have learned about the Sahara for the past two weeks, including traditional and modern water use, historic rainfall fluctuations in North Africa, population patterns in North Africa, the groundwater model (the “ant farm”), 14C dating of groundwater in the Sahara, Egypt’s New Valley Project, Libya’s Great Man-made River, and what you have learned about the nature and behavior of Saharan groundwater and surface water. 

–
In the material supporting your contentions, you must show specifically how a knowledge of geologic processes involving groundwater and surface water allow you to evaluate the effects and efficacy of 20th and 21st century water exploitation programs and to draw conclusions about whether technology is a good thing for the Sahara. Don’t forget what you have learned about the Nile and effects of perennial irrigation, either.
