Active Learning and Metacognition using a Data Projector and Paper “Clickers”

Setup
[bookmark: _GoBack]The teacher needs a computer and data projector to display the multiple choice questions. I have my questions assembled in a PowerPoint presentation, organized lesson by lesson[endnoteRef:1]. Students need paper multiple choice response cards. My template for the cards is located in the appendix and an electronic version is available as well[endnoteRef:2]. I print the cards on three different colours of paper, laminate them and link them using a binder ring. A simpler strategy I have seen is to just print them out and staple the tops together. I like to have the cards in handy reach of my students so we lose little time preparing for a question. In our classroom tables, I have an “inquiry basket” for each group. The baskets contain the multiple choice cards along with other items we often use like rulers and whiteboard markers. To help with applied-level classes, other teachers have taken this one step further: their inquiry boxes include calculators, pens and pencils, so everything a student needs is ready to go.  The use of the paper clickers is, in my mind, a significant improvement over electronic clickers. There is no annoying setup, no dead batteries, and no computer glitches beyond using regular school board computers: it’s dead simple. This makes it convenient to use, even for just one quick question here and there, or for an improvised question that I wasn’t planning. Our educational system often seems to promote technology for is own sake, introducing expensive devices into a pedagogical vacuum. We should look at it that other way around:  decide what is our educational goal and then find the simplest and most effective technology to reach that goal. I think we have done that here: our goal is to increase strength discussion and engagement, and paper clickers are a very simple way of doing this. [1:  For example, see the Course Guides on the resource page of my website: http://meyercreations.com/physics/resources.html ]  [2:  www.meyercreations.com/physics/resources/equipping.zip ] 

Our “inquiry baskets” with multiple-choice response cards.

The Peer Instruction Process
One reason I use paper clickers in my class is to help students build their content knowledge or conceptual understanding. For this type of question, I use the Peer Instruction process to help structure the student discussions. I train my students carefully in the process to help them get the maximum learning out of each question and use an introductory PowerPoint presentation[endnoteRef:3] that leads them (and new teachers!) through all the steps. The following is an outline of the process and the logic behind it. You can also watch this process[endnoteRef:4] in action by clicking on the images in this document. [3:  www.meyercreations.com/physics/resources/Peer%20Instruction.zip ]  [4:  https://youtu.be/KapH6wDdgXU?t=5m49s, SPH3U curriculum expectation: B3.2 distinguish between, and provide examples of, scalar and vector quantities as they relate to the description of uniform and non-uniform linear motion  ] 
A video showing the Peer Instruction process. Click to watch!
Click to watch!

(1) Think: The teacher displays a question for the class and instructs students quietly and privately choose a response. There is no sharing or discussion. Students place their cards face down when they are ready. This step gives each student time to process the question and take a position on a response. This helps students to become aware of their own thinking before any discussion takes place. 
(2) Reveal: The teacher asks students to face the front and hold up their cards. They should not look at anybody else’s answers. At this stage the teacher receives very valuable feedback from the class, providing some insight into students’ current thinking.
(3) Decision: The teacher now makes an important decision based on the student responses. If the vast majority of the class has the correct answer, the process is concluded by skipping to step 6 below. If around 40-70% of the class has the correct answer, the situation is ripe for student discussions. If less than 40% of the class is correct, the students might not have enough useful ideas to engage in a productive discussion. In that case, I usually offer some hints, reminders or advice to prepare them for the discussion phase. In certain cases, I will provide other kinds of verbal cues to help the discussion phase, like: “the class score is about 60%”, “the class score is only 20%, there is an important idea we are overlooking”, or “be careful! There is a good chance that each member of a group has the incorrect answer!” (They often mistake agreement for being correct!)
(4) Discussion: The teacher assigns an order to the student discussions that will take place in groups of three or four. I use the colour of the multiple choice cards to determine order; other teachers have used height, hair length, birthday, or whatever comes to mind. Students must go in order and reveal their answers to the group along with a quick justification for it. If an answer is the same as a previous student, they should explain why they agree. If they change their mind during the discussions, they should still present their original choice and explain the reasoning that lead them to this answer: clarifying the thinking bring our mistakes is extremely valuable for both the individual and the group. Only after the last student shares should they realize whether they all agreed on the question or not. Often a free-flowing discussion follows the individual sharing. Finally, students choose a final response to the question. 
(5) Reveal: As the discussions settle down after about one or two minutes, the teacher asks students to hold up their answers. If the discussion have been fruitful, it is quite common to see class scores move from 50% to 90% correct. Again, this is valuable information for the teacher to assess how students are doing with a particular skill or concept.
(6) Wrap up: If most students are correct, the teacher or a chosen student can offer a quick explanation of the answer. Often I will ask a student to explain the thinking behind one of the wrong answers that was popular. I strongly encourage students to publicly share the reasoning that lead to a wrong answer, emphasizing the great value of learning from our mistakes. If there is a significant proportion of the class that still has the question wrong, the teacher can decide to give a mini lesson on the topic or have a quick discussion.

Pedagogical Applications of Content Questions
There are many different pedagogical purposes for asking a content question, each playing a different role in the learning process.
(1) Refresh an old idea: Sometimes a lesson makes use of an idea that students haven’t seen for a number of classes. Rather than verbally remind them of this idea, a question gets them thinking and discussing the idea. This way, there is a much greater chance something is going on upstairs! This is an example of assessment for learning because it helps you see where students are with their prior knowledge in preparation for the new lesson. In a grade 11 physics lesson on speeding up and slowing down, I began with the question shown to the right[endnoteRef:5]. A key technique we were using that day was the slope of a tangent to a position graph. We had studied this the previous week but not used it since, so I was curious to see what they remembered. The answer was not much, at least initially! The students had a very productive discussion that helped prime them for the coming lesson. [5:  https://youtu.be/995a6LZW64A, SPH3U curriculum expectation: B2.2 analyse and interpret position–time, velocity– time, and acceleration–time graphs of motion in one dimension  ] 

A clicker question refreshing students’ memory of an “old” idea (from the previous week). Click the image above to watch a video of this question.

(2) Check understanding of a new idea: This can serve as a check up on an idea from the previous class or homework. It can also help assess students’ growing understanding of an idea during the lesson. This is an example of assessment for learning since it gives you a picture of what they currently understand. It also gives you valuable feedback on the effectiveness of your teaching or, alternatively, how genuinely difficult or subtle the idea is. My students’ response to the question to the right was particularly interesting[endnoteRef:6]. We had spent most of a class carefully studying freefall motion using a motion detector and had discussed the results a good deal. I decided to add in a follow-up question to check how well things had sunk in. I figured response (c) might be tempting, but I was surprised by the number of students who choose it. This helped me understand how subtle the concept was, how challenging it is to make inferences from the graphical data, and how much reinforcement is actually necessary for students to “get it”. [6:  https://youtu.be/P6GvmWzx72w?t=15m14s , SPH3U curriculum expectation: B2.4 conduct an inquiry into the uniform and non-uniform linear motion of an object] 
A question probing student understanding. Click to watch the video.


(3) Predictions: Demonstrations are a highlight of the lesson for both students and teachers. However, research has shown that students can learn surprisingly little from demonstrations, and can even mis-remember the results to match their prior knowledge[endnoteRef:7]. Often students will not even realize that an observation from a demonstration conflicts with their deeply held, naïve scientific beliefs. A remedy for this is having students predict the demonstration result and explain their predictions. I use the paper clickers to do exactly that: students choose a prediction and engage in a short discussion with their neighbours. Research suggests this process raises students’ awareness of their prior knowledge and helps them feel the cognitive conflict due to their observations. This increases the likelihood they actually learn from the demonstration. The example to the right is a question I pose based on a demonstration shown in a classic (1960s) physics video[endnoteRef:8]. I used to run the video start to finish.  Now I stop it just before the demonstration: students gasp in frustration as I force them to predict and discuss what will happen.  This example showing the ball taking from a moving cart it is very interesting: the class score for the prediction is about 50% correct, but after the discussions, the class predicts the correct result with a very high proportion.  Witnessing the demonstrated result provides a strong and powerful reinforcement of the correct understanding. I regularly hear students whispering “yes…” as the observe the result: they have become emotionally invested in the outcome, making accurate recollection more likely. [7:  Miller, Kelly, et al. "Role of physics lecture demonstrations in conceptual learning." Physical review special topics-physics education research 9.2 (2013): 020113.]  [8:  https://youtu.be/KPxvru3AhUs?t=8m54s, SPH4U curriculum expectation: B3.1 distinguish between reference systems (inertial and non-inertial) with respect to the real and apparent forces acting within such systems ] 

A question predicting the results from a video demonstration. Click to watch the video.

Because of the active and collaborative nature of the discussion process, Peer Instruction often serves as a form of assessment as learning, where students monitor and critique their own understanding. Peer Instruction also draws its power from the immediate nature of the feedback students receive. Students learn best when feedback is immediate and focused[endnoteRef:9] and the PI process provides exactly that, to each student in the class, all at once, making this a very powerful technique. [9:  “How People Learn: Brain, mind, experience, and school." Committee on Developments in the Science of Learning (2000), National Research Council.] 

The choice of content for these questions can vary widely. The original Peer Instruction pedagogy employs questions that focus on concepts. These tend to reduce or eliminate any mathematics, to short circuit any type of algorithmic or plug-and-chug approach, and focus on simple situations. The questions are often challenging with a goal of around 50% correct on students’ first attempt. I have also used this process for questions that serve as a quick skill check, where class scores are commonly 80%+ These questions don't usually lead to student discussions, but they provide a quick way for me to gauge the ability of the class and identify any students I need to help right away.

Pedagogical Applications of Metacognition Questions
A recent trend in education has been an emphasis on process and the skills students need to succeed in the modern world. The focus on process can range from carefully explained problem solving[endnoteRef:10], to emphasizing the process of scientific inquiry[endnoteRef:11], to monitoring the process of learning, otherwise known as metacognition7.  Students who have well-developed skills of metacognition are able to recognize when their understanding is deficient and find appropriate strategies to correct it. They are more likely to understand whether further learning is required and become more intrinsically motivated to pursue that learning. These are the characteristics of the life-long learner. I regularly use multiple choice questions to help students practice this type of thinking, employing questions that encourage students to: [10:  Cooperative Group Problem Solving, http://groups.physics.umn.edu/physed/Research/CGPS/CGPSintro.htm ]  [11:  Investigative Science Learning Environment, http://paer.rutgers.edu/ ] 
Setting and evaluating goals.

· Set learning goals for a new unit or course 
· Plan improvement based on recent feedback 
· Evaluate the quality of their group work 
· Raise awareness of their feelings of challenge or progress
· Monitor their behavior and build skills of self-regulation 
A common set of skills identified as important for students’ future success, often called twenty-first century skills, are communication, collaboration, creativity and critical thinking[endnoteRef:12]. To improve in anything, people need to understand the level of their current abilities, make plans for improvement, and monitor the results of those plans. My physics classes are based on cooperative group work (we don't have traditional lectures). This relies heavily on the skills of collaboration, but students will not improve these skills unless they are encouraged to reflect and improve. I use multiple choice questions to ask students about the functioning of their groups, their personal contributions to the group effort, the fulfillment of assigned group roles, the quality of discussions and plans for improvement[endnoteRef:13]. I find this very valuable feedback and can council any groups reporting difficulties (students seem to be very honest in their responses).  [12:  Partnership for 21st Century Learning, http://www.p21.org/]  [13:  https://youtu.be/afqqhWNkBPM?t=16s ] 
Check-up on group work skills. Click to watch the video.

A Flexible Technique
Paper clickers and the Peer Instruction process provides a very flexible approach that allows teachers to foster high-quality student discussions and quickly assess the entire class. This approach strongly supports an inquiry-based classroom, allowing the teacher to easily monitor students’ exploration of concepts. Content from any course at any level can easily be used with this technique: the senior sciences, junior sciences and even math! Use questions that focus on concepts along with the structured discussion process to produce the highest quality discussions. Or, use quick and simple skill-based questions for a rapid check-up or practice. Students really enjoy the question process and get excited when I ask them to take out their multiple choice letters. Give it a try!
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(F) Be better prepared for class / on time
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