Engaging Students through Interactive Lectures

Mini-lectures interspersed with one or more short individual, pair, or small-group activities

Heather Macdonald, Barb Tewksbury, and Greg Hancock

Promoting interactive lectures with think-pair-share

To promote active involvement of students in learning, we need to consider strategies for making a lecture-based class more interactive. Many of us try to involve students during lectures by asking questions of the class at various times during a class session. Floating questions in class, however, typically does not proceed as well as we would like, often because:

· A few eager, bright, or talkative students typically volunteer to answer nearly every question, and involving other students requires singling out a reluctant student to answer a question. 

· Many students will expend their mental energies hoping that the instructor won't call on them, rather than thinking about the question at hand.

· Some questions that we pose get no response at all.  

One strategy to promote active learning in lecture-based classes is to break up a lecture with short segments of work in which students work individually and respond to each other about questions you would normally ask in class and that would normally be answered by calling on a single student. The instructor then gets responses from some or all of the groups. This technique is called think-pair-share, and may take many forms.  A general strategy for developing and executing think-pair-share exercises is as follows:

· As you organize your lectures, in places where you would normally pose a question to the class as whole and/or where you would normally describe a graph or solve a problem for them, attempt to substitute a question or activity that allows the students to take direct, active involvement.

· In class, float the question/problem, and ask each person to think through an answer. In addition, you could ask students to write down their thoughts in their notes or to do the work on a short handout distributed to the class.  

· Have students form groups of two or three to compare and discuss answers for a few minutes (or longer) to arrive at a group answer. 

· Bring the class back together again, and solicit responses from the groups. One way to do this is to ask each group to designate a spokesperson (who should be different for each day or question), and ask groups, or selected groups, depending on the size of the class, for their responses. Another way to so do this is to put several possible answers on the board and have the groups vote. 

· Have the students evaluate the range of answers before you add too many of your own thoughts/opinions. 

· Take the time to question students about how they arrived at incorrect answers, as this can be very illuminating.  

After students work individually and discuss their answers in small groups, get responses from several groups and discuss the responses. Note that if you want to quickly compare students' answers, it is useful to give them the expected units of the answer. Also, you may want to collect the work for class-participation points.    

This technique works well for engaging students in demonstrations.  Instead of simply performing a demonstration, describe what you intend to do and have student groups predict what will happen and why. Have them commit themselves on paper, and solicit responses from groups before you do anything. Alternatively, you might ask students to vote on possible predicted outcomes.  Do the demonstration, and ask groups to explain any discrepancies between what they predicted and what actually happened. This will also give you a good chance to find out about some of the perceptions and misconceptions the students may have about physical phenomena.  

This strategy may be easily modified to include an individual writing step at the outset (write-pair-share) or to eliminate the individual work and have pairs of students work out answers together (pair-share). A variation and expansion on this technique (described in more detail later in the workbook) is Peer Instruction, developed by Eric Mazur for his physics class http://mazur-www.harvard.edu/education/educationmenu.html
Benefits

While a bit more time consuming than a standard in-class question and answer, this technique accomplishes several very important things.  

· It is a simple and effective way to engage students in the material during class.  Many students take notes mechanically without really engaging the brain, or take notes hoping they will figure it out later. Students can't be passive as easily if you ask everyone in class to answer the questions that would normally be answered by only one student. 

· It gives everyone in the class time to figure out the answer. Many students can solve in-class problems perfectly well if they are not paralyzed by worry about whether they will be called on or not. 

· It allows more than one person to be successful in answering the question. 

· Reticent students can shine in a group and have the backing of their group when called on later to give an answer. 

· It gives students practice in "talking science", i.e., using the language of the discipline. 

· It changes the atmosphere in the class and students respond by opening up and asking more questions and volunteering more observations.  

Drawbacks

This technique has very few drawbacks.  It does take slightly more time than a standard question-and-answer. It decreases the time available for lecture by five to ten minutes (or more), depending on the complexity of the questions and the number of questions you ask. Given that most students are actively engaged, this is a small price to pay.  

Critical aspects for success

· Ask good questions that do not have trivial answers but ones that students have a good chance of solving successfully. 

· This techniques works most reliably when questions are placed carefully with a particular purpose - winging it during class is not as reliable. 

· Start this strategy on day one and use it often. 

· Gauge the time by walking around the class and eavesdropping. Some students will work quickly and then chat about other things. That's OK. You just don't want to have most of the class off track by giving them too long a time to work.  

· In large classes, you may need an incentive to make sure that students actually work on the questions. Some people collect the written portion from the beginning part of the think-pair-share session and check off that the students did the work. 

· Find an effective way to bring the class back together again. Some instructors use a whistle to bring the class back, some raise their voices, some turn the lights off and on, and some use the "Girl Scout method" of raising a hand. As students see the raised hand, each person stops talking and raises his/her hand. The ripple effect is fast and dramatic. 

· Be confident and committed when using this technique, rather than tentative and apologetic. 

· Accept the reality that your classroom will be noisy for short periods, and relax about the unpredictability of student answers.  

· Do not be arrogant or insensitive to wrong answers. Students will clam up if humiliated. 

Examples
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GRAPH INTERPRETATION 
Tombstone weathering rates. The following example illustrates this technique (from Greg Hancock and Chuck Bailey, College of William and Mary). Show the figure on PowerPoint or hand out copies of the figure to the right and the questions

1. Is there a correlation between tombstone age and weathering depth?  

2. At what rate (mm/century) are the tombstones weathering?  
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Ozone abundance and the development of an ozone hole over Antarctica.   We start by discussing the process of ozone destruction by chlorine released from CFCs, and I then show them a graph of ozone concentrations above Antarctica measured over several years (graph at right, from Horel and Geisler, “Global Environmental Change: An Atmospheric Perspective”).  Working in pairs, students are asked to make a list of the key patterns, trends, and timing of ozone change, and then the results are shared and listed.  We then decide which of these patterns or observations should be met by any theory developed to explain the presence of the ozone hole.  With this in mind, we embark on an explanation of the ozone hole (Greg Hancock, William and Mary)
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Is sea level really rising?? In the first meeting of Environmental Geology, I ask students one of the main hazards associated with global warming.  The most common answer is sea level rise.  Each of them then receives one of three graphs like the one at right from different locations around the world, and have them calculate the average rate and direction of sea level change in each location.  After giving them a few minutes to perform the calculation, I ask the class which direction sea-level is going and how fast.  Because I have given them graphs from one coastal location that is subsiding, one location that is rising tectonically at approximately the same rate of sea level, and one that is rising faster than sea level (the one at right), the class provides three different answers, inspiring a bit of controversy.  We then pair up to see if we can determine why sea level might be changing at different rates in different places, and whether this might mean that sea level is not necessarily rising due to global warming.  Typically, the discussion that follows involves some really wacky ways to allow this to happen, until invariably a light bulb goes off in a few heads once they start thinking about the locations of each station (i.e., tectonically active vs. stable).  Then, quickly the idea of relative sea level change in recognized, and we can then discuss the difficulty of actually assessing sea level change. (Greg Hancock, College of William and Mary).

SLIDE INTERPRETATION

 Slide of the Week and variations.  Students are asked to describe what they see and make plausible interpretations.  This can be done in writing and then discussed with one or two other students before discussing with the entire class.  Bob Newton (Smith College) first introduced us to the Slide of the Week idea. Steve Reynolds and Simon Peacock (1998) describe how they use "slide observations" in a learning cycle, consisting of three phases: exploration, term and concept introduction, and concept application. "The exploration phase involves students observing a geologic photography, listing observations, and posing questions and possible explanations. This is followed by a term- and concept-introduction phase, involving instructor-guided introduction of terms and elaboration of concepts, starting from the student observations and questions. The final concept-application phase … involves application, extension, and generalization of the lesson to new situations or locates." (Reynolds and Peacock, 1998, p. 421).  

Earthquake effects. After a lecture on earthquakes, the instructor shows students a slide of the effects of a particular earthquake and asks them to interpret the type of faulting that has taken place. The slide contains several clues, some obvious and some not. After students have made their initial interpretation and discussed it with their neighbors, the instructor asks them to indicate their decision by a show of hands. The instructor then points out significant features in the slide that they may have overlooked. This new information leads to further discussion with neighbors and to revisions in the initial answers.  Afterwards, the instructor leads a general class discussion about the interpretation of the faulting.  (Ken Verosub, UC-Davis).  One could also show a slide of an outcrop with a fault and ask students to make a simple sketch and give the relative movement.

PREDICTIONS FOR DEMONSTRATIONS/EXPERIMENTS

Urbanization and hydrographs.  Following a discussion of flow pathways that fallen precipitation can follow to streams and the rate of movement of water in each pathway, we discuss how urbanization might change these pathways.  We then make predictions about how stream hydrographs might change following urbanization (increased peak discharge, etc.).  Following the predictions, the stairway leading up one side of the lecture hall is designated as a stream channel, and each student becomes a raindrop following an assigned flow pathway and moving at the speed of that pathway.  Students “flow” to the stream, down the stairs, and out the door of the classroom.  A pair of students stationed at the door acts as a gaging station, counting students passing out the door per 5 second interval.  The “studentograph” is plotted on the board, and we then repeat the experiments for different landscape uses (urbanized, etc.) by allocating different numbers of students to each flow pathway. Although time consuming, it manages to fix in student minds the idea of flow pathways, the controls on hydrograph shape and discharge magnitude, and the concept of baseflow vs. stormflow, and it gets students moving and talking during the exercise.  (Greg Hancock, College of William and Mary)
CALCULATIONS AND ESTIMATES

Give students a diagram showing the position of the shoreline at various time in the historical past and ask them to calculate the rate of shoreline migration, determine whether the migration has been constant over time, and/or determine the net direction of longshore transport (Heather Macdonald, College of William & Mary). Give students a scatter plot of the mean annual temperature of a nearby location over the last century and ask them whether the data show a trend and to determine the overall change in temperature in degrees/century (Greg Hancock, College of William & Mary).     

BRAINSTORMING

Chimps vs. Humans/ Ask students to brainstorm a list of the differences between chimps and humans before talking about hominid evolution (Barb Tewksbury, Hamilton College)

Locating a Nuclear Waste Repository. Give students in introductory geology courses an interactive exercise that requires them to integrate their knowledge of earth materials and surficial processes to address a pressing societal problem (what to do with nuclear waste). After giving a ten-minute mini-lecture on nuclear waste (what it is, how it is produced, why it is bad, etc.), divide the class into groups of three or four students. Each group is given information about three sites and is asked to list the advantages and potential problems for each and to recommend the best and worst location for storing high-level nuclear waste.  The information includes a geologic cross-section with the repository location, the water table, age of the rocks, mean annual rainfall, and population density). After ~15 minutes of group student, poll the class on the best and worst locations.  Get them to contribute the advantages and disadvantages of each site, with associated discussion and then have them vote again.  (Chuck Bailey, College of William & Mary)

The "one-minute" paper  In the last few minutes of class, ask each student to answer one or more of the following questions on an index card or small piece of paper:  What was the most important point(s) of today’s class, the muddiest point, or what question(s) remain unanswered?  Review some or all of the answers and at the beginning of the next class period address issues raised by the cards.  
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