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Background and Purpose
Eight faculty members in the Department of Biological Sciences used clickers (also know as “audience or personal response systems”) in their BIO11 and BIO12 courses during the 2006-2007 academic year. While clickers have been used in the past at Dartmouth (I’m aware of their use in Physics, Psychological and Brain Sciences, and in Engineering), until recently their use has been largely by individual instructors with little support or coordination. In contrast, the effort in Biology involved several faculty members and was supported by Academic Computing through the Computing Technology Venture Fund. 

The project in Biology has generated increased interest in clickers, with faculty members across campus considering their adoption. The purpose of this report is to present the data collected as part of the project in Biology and help Dartmouth faculty members decide whether or not to use “clickers” in their classes. 
Dartmouth Student Feedback

Faculty members teaching BIO11 and BIO12 during the 2006-2007 academic year allowed me to survey their students. The purpose of the survey was to get student feedback on the use of clickers in class. The survey included the 10 Likert-scale questions listed in Table 1 and a space for general, written comments. For each of the 10 questions in Table 1 students were asked to circle a number from 1 to 5, where 1 represented “strongly agree,” 2 represented “agree,” 3 was “neutral,”  4 was “disagree,” and 5 represented “strongly disagree.”
Table 1: Biology Clicker Project Student Survey Questions
	1. By using clickers, I got feedback on my understanding of course material.

	2. Using clickers helped me to learn more in this course than I would have by the “standard” lecture mode.

	3. Clickers were easy to use.

	4. I chose my answers to clicker questions carefully.

	5. Clicker questions encouraged me to be more engaged in the classroom process.

	6. Clickers should be used in other classes on campus.

	7. I paid attention to whether or not my answers to a clicker question were right or wrong.

	8. Clicker questions helped me to gauge how well I was learning the material.

	9. When I got a clicker question wrong I thought carefully about why it was wrong.

	10. Overall, the use of clickers in this course was a positive experience.


The Likert-scale questions were adapted from a clicker study conducted by Jackson and Trees (2003) and may be separated into the following categories: Student Perceptions on Learning (questions 1, 2, 5, and 8), Student Behaviors (questions 4, 7, and 9), and General Questions (questions 3, 6, and 10). 
Students in three sections of BIO11 and 2 sections of BIO12 were surveyed at the end of the term. As listed in Table 2, the overall survey response rate was relatively high (71% of the students enrolled in these courses returned the survey). The response rate for BIO11 in the Fall of 2006 was the lowest (39%), likely due to the fact that an optional online version of the survey was distributed whereas in the other courses a printed copy was distributed in class.

Table 2. Survey Responses and Rate by Course
	Term/Course
	Survey Responses
	Total Enrollment
	Response Rate

	Fall 2006/BIO11 – Sect 1
	45
	116
	39%

	Fall 2006/BIO11 – Sect 2
	100
	112
	89%

	Winter 2007/BIO12
	23
	36
	64%

	Spring 2007/BIO11
	105
	127
	83%

	Spring 2007/BIO12
	71
	92
	77%

	Overall:
	344
	483
	71%


As shown in Table 3 and Figure 1, overall the feedback was positive, with all of the average response values tending toward Strongly Agree (more favorable in this case) and all with values less than 3.0 (a value of 3.0 corresponds to “neutral”). With the exception of question 2, over 50% of the responses for each question were “strongly agree” or “agree.” The data used to create Table 3 and Figures 1-4 includes the student responses from ALL classes (344 total responses).
Table 3. Overall Average Survey Responses

	Question
	Average Value

1 = st.  agree

5 = st. disagree
	Percent of Responses = st. agree or agree

	By using clickers, I got feedback on my understanding of course material.
	2.47
	58%

	Using clickers helped me to learn more in this course than I would have by the “standard” lecture mode.
	2.79
	45%

	Clickers were easy to use.
	1.72
	83%

	I chose my answers to clicker questions carefully.
	2.17
	68%

	Clicker questions encouraged me to be more engaged in the classroom process.
	2.34
	61%

	Clickers should be used in other classes on campus.
	2.55
	52%

	I paid attention to whether or not my answers to a clicker question were right or wrong.
	1.78
	85%

	Clicker questions helped me to gauge how well I was learning the material.
	2.45
	58%

	When I got a clicker question wrong I thought carefully about why it was wrong.
	2.26
	68%

	Overall, the use of clickers in this course was positive.
	2.25
	65%


Figure 1. Overall Survey Results
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Figure 2 shows the results for the four questions associated with student perceptions on learning. On the four learning questions the percentage of students agreeing or strongly agreeing ranged from 45% to 69%. These results are consistent with studies at other campuses. For example, 53% of the 2,684 University of Wisconsin students agreed or strongly agreed with the statement “Clickers have been beneficial to my learning” (Kaleta and Joosten, 2007). 

While this data does not answer the question “do clickers improve learning?,” students perceive that their use helps improve their learning. I wish I could point to a study that showed how clickers impact learning but as yet this data does not seem to exist. A review of clicker use and studies by Caldwell (2007) indicates that while there is some evidence that clickers improve learning it is difficult to determine what is causing the benefit (changes in teaching or the actual clicker use) and too few controlled studies have been completed to draw conclusions.
Figure 2. Impact on Learning (Student Perceptions)
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Figure 3 presents student responses when asked about their behavior – i.e., did they take the clicker questions seriously and think carefully about their answers? Student responses to these questions were very favorable, more favorable even than toward the learning questions. To the statement, “I paid attention to whether or not my answers to clicker questions were right or wrong” 83% agreed or strongly agreed and less than 10% of the students disagreed or strongly disagreed with this statement. To me the message here is that they are paying attention – so the key as a faculty member seems to be coming up with good questions.

Figure 3. Student Behavior (Self-Report)
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The remaining three general questions are presented in Figure 4. Based on student responses to question 3, students found the clickers very easy to use with over 80% agreeing or strongly agreeing with the statement that “Clickers were easy to use.” 

When responding to the statement related to whether or not clickers should be used in other classes only about 50% agreed or strongly agreed and 20% disagreed or strongly disagreed. At first I found this puzzling – students seemed to like clickers but didn’t want them used in other classes. I speculate that the issue is that while they might agree that clickers should be used in certain types of classes they don’t feel they should be used in ALL classes (e.g., first-year seminars). 
The final statement, “Overall, the use of clickers in this course was a positive experience,” probably best represents the students opinion of clickers. While 15% of the students disagreed or strongly disagreed with this statement the majority of the students (65%) agreed or strongly agreed that the experience was positive. 

Figure 4. General Questions
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Figure 5 shows the overall average response by course – in random order (actually, I sorted based on the average response to question 1 from lowest score to highest score). I debated whether or not to include this figure but opted to leave it in because the differences, at least between course 1 (C1) and course 5 (C5) are significant (over 1.5 points different on a 5 point scale for a couple of the statements). 

My main reason for including Figure 5 is to point out that using clickers may not be appropriate for everyone (I teach courses at the Thayer School of Engineering and haven’t used clickers yet… though I am considering using them for a couple of lectures next term). My guess is that the professor(s) teaching C1 really embraced the use of clickers and approached them with a positive attitude. Whereas the professor(s) of C5 were possibly less convinced of the utility of clickers and that attitude was passed on to the students. While this is purely my speculation, there is some evidence of this in the written student comments; for example, one student made the following comment: “Prof XXX made jokes about how s/he hated dealing with them, jokes which I took more personally, i.e. that s/he didn't want to deal with students not understanding than the technology itself.” Additionally, most of the negative comments (reported later in this report) came from course 5 (C5).
The bottom line, in my opinion, is that clickers are another possible “trick” for your bag of teaching tricks to be chosen when and if you feel they are appropriate and will work with your teaching style. Teaching is not all about tricks but it doesn’t hurt to have some different options. I will never advocate for everyone across campus using clickers in their classes – they seem to work great for some and not as well for others.
Figure 5. Response Averages by Course
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Written Comments

Of the 344 students who responded to the survey, 121 included written comments. I separated these 121 comments into the nine different categories listed in Table 2. Note that all of the written comments are included in the Appendix of this report.
Table 2. Coded Written Comments
	Category
	Number of Comments
	Percent of Comments
	Positive, Negative, or Neutral?

	1. Cost/Distribution
	24
	20%
	Negative

	2. Technical Difficulties
	5
	4%
	Negative

	3. Frequency of Use
	14
	12%
	Neutral

	4. Engagement/Learning
	9
	7%
	Positive

	5. Clicker Questions
	18
	14%
	Neutral

	6. Student Participation
	7
	6%
	Negative

	7. Negative
	14
	12%
	Negative

	8. Positive
	16
	13%
	Positive

	9. Neutral
	14
	12%
	Neutral

	Total:
	121
	
	Negative = 50 (42%)

Positive = 25 (21%)
Neutral = 46 (38%)


As shown in Table 2, 24 of the comments were related to Cost or Distribution. All of these comments tended to be negative – students did not like having to pay for the clickers (they were charged $40 for the clickers and received $30 back when they returned them; the initial charge has since been reduced to $30 with the students receiving $20 back when they return the clicker). The students also did not like the fact that different types of clickers were being used across campus.
All of the 14 comments related to frequency of use basically said that more clicker questions should be included in the lectures.

Students who commented on their Engagement or Learning were generally positive. For example, one student commented that “They [clickers] are a good way to break up lectures.” 

When commenting on the questions themselves, students felt that the questions could be better. They also noted a difference between the clicker questions and the exam questions – this might be something that could simply be addressed in class (e.g., “my clicker questions will typically be easier than exam questions because…”).

Seven students commented on participation as it relates to the use of clickers. While one student commented “Responses should continue to be anonymous to encourage participation” another student commented that the use of clickers “…would be better if it counted for participation.” Whether to use clickers for participation and quizzes is a personal choice – anonymous use seems to be easier to implement but many faculty members use them for quizzes and participation (including faculty members in the Physics Department and in the Psychological and Brain Sciences Department at Dartmouth).

I categorized the remaining comments that didn’t really fit into any of the other categories as either “positive,” “negative,” or “neutral.” These comments (16 positive, 14 neutral, and 14 negative) ranged from “ridiculous and useless” (negative) to “I didn’t have a clicker” (neutral) to “they are helpful” (positive).

The comments are not all positive but many are informative and might help steer future use and development. In particular, if we, as a campus, are able to eliminate the cost/distribution issues many of the negative comments (20%) should disappear.

Logistics
We are still ironing out the logistics on campus but this is where we are to date (I’ll update this section as information changes). 

Getting Started

Most of the faculty at Dartmouth are using clickers and software from Turning Point Technologies (Physics is using a different system but considering switching to Turning Point). 

To get started you will need to download the software, which is free from the Turning Point website (http://www.turningtechnologies.com/?knc-google). The Turning Point Software is really just PowerPoint with an extra toolbar for adding clicker slides. Both a PC and Mac version of the software are available (the Mac version still has some bugs from what I understand). The software if free but you’ll need a receiver that plugs into the back of your computer (USB). As far as where you get a receiver… Biology has several receivers and DCAL has one (faculty are welcome to borrow the DCAL receiver but not for an entire term; we envision our clicker set-up as more a trial set-up). Malcolm Brown, Director of Academic Computing, will get receivers for faculty who decide to use clickers in their Dartmouth courses (Malcolm.B.Brown@Dartmouth.edu).
Technical Support

· Nicole Hamilton - provides computing support for the Biology, Chemistry, Earth Sciences, and Environmental Studies departments. 204 Fairchild - 646-3144 - nicole.l.hamilton@dartmouth.edu
· Kevin Grady - provides computing support for the Computer Science, Mathematics, and Physics and Astronomy departments. Kemeny Hall, Room 240 - 646-6450 - kevin.m.grady@dartmouth.edu
Questions
I think developing good questions is a key to success. So what is a good question? That depends on your objectives – are you trying to motivate the students, get them to discuss their answers with their classmates, check their understanding before you present a topic? Defining a poor question might be easier – a poor question seems to be one that is fact-based and trivial. As Professor Roger Sloboda cautioned during the last Teaching Science Seminar, textbooks now often include banks of clicker questions that are fact-based and trivial – avoid these. Challenging questions that are conceptual in nature seem to work best for most faculty members. Some say the ideal question results in an even split on the responses; by then having the students discuss their decision with another student in the class (peer instruction) you can re-poll the students and often see an increase in the correct answer (Mazur, 1997).
So how do we develop these kinds of questions? Banks of conceptual questions exist (Physics seems to be way ahead here but other disciplines are starting to develop databases of questions as well). I put links to banks of questions from other campuses on the Teaching Science Seminar Blackboard site (if you don’t already have access let me know and I’ll add your name). I also added a blog to the Blackboard site so that Dartmouth faculty may share questions and tips.
How often should you pose a question? I don’t think there is one correct answer here. Professor Eric Mazur (a Physics Professor at Harvard who has been using clickers, questions, and peer instruction for many years) includes a new question about every 10 minutes (1997). A review article by Caldwell (2007) reports that faculty typically include 2 to 5 questions during a 1-hour class period. 
Additional References
This report is not meant to be all-inclusive. Some references are included at the end of this report. The recent overview article by Jane Caldwell (2007) is a good place to start as is the book (very short) by Duncan (2005).  I’ve included links to these and other references on the Blackboard site for the Teaching Science Seminar.
Conclusions

So if a faculty member asks me, “should I use clickers in my class?,” I think I’ll have to respond with a “maybe.” Based on the reading I’ve done and the feedback I collected last year, they seem to work for some faculty (students are more engaged anyway) but not for all. They might be a good choice but there are other choices available. It depends on your teaching style and goals. Faculty buy-in and question development seem to be the keys to success.

Another approach might be to try them for a few lectures to see if you like them (or just use them for a few lectures for a change of pace). I can help you out here – DCAL has a receiver and a set of 30 clickers (note: for classes with more than 30 students you can have the students work in groups to answer the questions) that you can borrow. And if demand for this trial set of clickers increases, we can probably convince DCAL to purchase more. 
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Appendix – Written Comments

Cost/Distribution:

1. I don't think purchasing one should be mandatory

2. Should be free and should be given out in class at the beginning of the term.

3. The clickers were expensive and not worth it. The prof only had a few slides that related to the clickers. I would have been mad if I had spent money on one.

4. More students would have used them if they were provided to us.

5. Clickers should not be a cost to the student.

6. Should be free.

7. I think Dartmouth should automatically provide all students with the clickers, then various teachers can either use them or not…

8. Clickers were expensive, and used too infrequently for them to be really worth it.

9. Clickers should be made available free of charge or available for sale in class via DASH.

10. Clickers should be provided in class. Professors should have enough for students to grab one when they walk in the classroom and then return it at the end of class. Buying a clicker is just another cost on top of everything else we have to buy.

11. I like the idea of returning the clicker at the end of the course so that they aren't wasted and can be greatly discounted. I also thought that the store in the library was a good place to sell them

12. You have to coordinate with Physics. I spent almost $100 on clickers.

13. $45 for a clicker was too expensive- especially since we didn't use it that often and it didn't matter if we had it in class or not. (even though we do get $35 back if we return it).

14. I think the department should purchase them.

15. Clickers are easy to lose.

16. They were too expensive

17. Clickers are expensive and not often employed. Recommend a cheaper low-tech system- paper placards with numbers.

18. While the clickers are a nice idea, they aren't worth 10 dollars every term and I don't plan on purchasing/renting one again for any future course.

19. Could have been used more frequently, not with the $10 fee (very annoying).

20. Make them free- I am on financial aid and did not buy one because it is not worth an hour of work-study for these devices

21. The questions themselves were great, but the cost of the clickers definitely out weighted the benefits. I don't like clickers!

22. They should be free of charge.

23. Clickers are a waste of money.

24. Not worth the cost.

Technical Difficulties

1. I bought one and it didn't work!

2. It often took the professor a while to set it up.  There were technical difficulties.

3. Sometimes they were a waste of time due to technical difficulties.

4. Teachers sometimes wasted time with technology issues.

5. Having conceptual questions about the material is always a good idea, but I feel the clicker part is unnecessary and often causes a lot of confusion/ wasted time when it does not work.

Frequency of Use

1. There could have been more opportunities to use them.

2. Please use more clicker questions especially in science courses.

3. Could have been used more.

4. We barely used them. I would have liked about 5 questions a class.

5. They should have had clicker questions more often.

6. Should have more clicker questions.

7. I think the clickers were useful, but I think we could have benefitted for more clicker questions that asked general questions throughout the lecture.

8. Need to use them more often to be effective.

9. Perhaps use them more?

10. I would have liked to see more clicker questions in the class.

11. I would recommend having more clicker questions in the lectures.

12. Clickers would be more effective if there were several clicker questions per class. They are not that beneficial for learning if there is only 1 or 2 questions in a period.

13. We should have more clicker questions during the lecture.

14. The clicker works very well as long as the professor uses it to ask enough questions.  Often, through a clicker question, the professor realized a point that was not clear to the class.

Engagement/Learning

1. Clickers add a sense of being actively involved in lecture. Like brain-teasers, clicker questions are born fun and helpful in getting a taste of concepts necessary to master for exams.

2. The clickers were an excellent way to keep students attention during lecture, and added an important participatory element to lecture.  I really enjoyed clicker questions, and would strongly recommend continued use of clickers!

3. The only good thing about clickers was that it provided an excuse for the prof to actually engage us; if they would do it otherwise, clickers would not really be necessary. On the other hand, it did seem to help promote participation in class; people tended to answer more often when they could do so with the clicker than without.

4. The clicker questions were fun and made me think.

5. They are a good way to break a lecture up.

6. I feel like the clickers are nice as a sort of break and letting students be more involved (which I really liked.) However, I'm not sure people learned better or more from the questions.

7. I was somewhat indifferent to clickers, but saw them as a nice change of pace to the basic lectures.

8. I think they were helpful in our learning material.

9. I really think that effective application of material right after it's learned is very valuable and that clickers helped with this immensely.

Clicker Questions

1. I didn't buy a clicker but the clicker questions were really helpful - in retrospect I probably should have bought one.

2. The questions are asked right after we learn something, without giving us time to process the new information. We could look at our notes and regurgitate an answer but it wasn't something truly learned. If we have to use clickers they would better serve review sessions, etc. than day-to-day lectures. Generally, though, I felt like my classmates' questions helped me understand the material better than the contrived slides.

3. Questions could have been better.  Some of the questions seemed more concerned with sticking in a clicker question at an arbitrary time than actually utilizing the clickers to encourage active learning.

4. They might be useful in a different course with a prof who could actually write a useful/helpful question.  

5. Need to be used more effectively, answering questions relevant to important course material; often more specific questions regarding lecture material so that professors actually realize student's weaknesses.

6. We didn't use them for thought questions. I think. More survey questions were posed which were interesting but didn't help me learn anything relevant.

7. Questions weren't necessarily relevant to course material we were responsible for.

8. Some of the questions were kinda trivial. (e.g. 'what are the three largest food crops in the world?").

9. The questions usually were not usually for testing knowledge. Questions seemed a bit random, but did make it a bit more interesting in class.

10. Clickers were used a lot as opinion question- so did not help understand material better.

11. Many clicker questions were opinion based. Also, some tested the general knowledge about a disease and not knowledge acquired in class.

12. Questions were more about opinions of the class than the material itself.

13. Just asked about facts so wasn’t testing your understanding of material or opinions or things (so qualitative).

14. Clicker Questions should be actual quiz-like. Not surveys.

15. I felt that the clicker questions were easier than questions on the test, I feel questions should be more representative of questions on the test.

16. The clickers seem most appropriate for a more problem solving based course. Perhaps the inclusion of more (and slightly more difficult) clicker questions in the lecture periods would have made them feel more useful.

17. The idea behind clickers- making students take on active role in their education- is great. However, I feel that writing/typing the question and trying to answer it on my own is much more useful. I also feel that clicker questions are much easier than test questions, etc.- thus, making them a little unuseful.

18. It would be nice if all the clicker questions, answers, and explanations were available to study with! Also, there should be more than one question at a time. Maybe an end of lecture quiz (no grade of course!)

Student Participation

1. Maybe selling them in the classroom on the first day of class or using them for attendance would increase student activity/use.

2. Responses should continue to be anonymous to encourage participation.

3. They should be required because only having a few kids with them is less helpful.

4. Entertaining, would be better if it counted for participation.

5. It would be much more beneficial if more people had the clickers to gauge the class better but this could only really happen if we didn't have to buy them. It is still good to put clicker questions in the lectures even if only a few people have clickers though.

6. Perhaps we could have a quiz once in a while with clickers for very small extra credit. This helped in physics.

7. Not everyone in the class actually got one which made it difficult when ~30/80 people would actually answer the question. To remedy this it might be nice to have a class set of clickers.

Negative

1. I don't think the clickers themselves actually add to the class.

2. benefits of the clickers would be easier to gauge had the class been better and the professors better at teaching information-- even when I had a question wrong with the clicker, I couldn't figure out why.

3. Ridiculous and useless.

4. I think that they were used ineffectually. Prof XXX made jokes about how s/he hated dealing with them, jokes which I took more personally, i.e. that s/he didn't want to deal with students not understanding than the technology it’s self. It would make sense to me if you have a response that shows a difference that is not statistically significant, it would behoove you to explain those questions and the theory behind them in a DETAILED fashion, instead of just being like 'who answered 'C'?' calling on someone, having them explain and move on. I think that the clickers are a great idea. I am obviously very familiar with Dartmouth's honor code, but I also think that the class was filled with a lot of over-zealous and competitive pre-med freshman, who made the median much higher than it ever would have been if the tests were proctored. For an intro course which was supposed to pull me into the department or at least facilitate my experience in the bio department, it completely failed. That was quite longwinded, but I wanted to explain my HIGH regard for clickers, but my LOW regard for this course. Hope that feedback is helpful!

5. I felt like they were unnecessary.

6. It's kind of pointless. People didn't take it seriously. I didn't even buy one.

7. They suck. We should stop using them.

8. No clickers.

9. Who came up with this clicker deal anyway? Stop towing to the evil executives of the clicker company!!!!

10. Seemed sort of pointless, wasted time without gaining much in the way of learning.

11. Clickers were pointless and unhelpful.

12. Clickers should be banned from a school as prestigious as Dartmouth. They are a complete joke and demonstrate an utter lack of attention to real methods of teaching

13. They also take up a lot of class time - in waiting for responses.

14. They take time to set up and we spend lots of time waiting for people to decide on an answer.

Positive

1. They are helpful.

2. Professor xx's clicker slides were very helpful, whether you had a clicker or not. They should never be required. Definitely an entry-level thing.

3. It was a very helpful tool that helped all of us to engage in the discussion without having to raise our hands.

4. I personally think that the clickers should be used for every lecture-type class that includes over 50 students.

5. very helpful

6. I think clickers are a great idea. They really force you to be engaged, see how well you are understanding the material, and make you think during class, instead of writing down notes mindlessly, only to return to them later having no idea what they mean.  

7. I liked the clickers and felt it was a useful way to ask questions.

8. I liked the 'Feed back button.'

9. Although I did not personally use a clicker, I found them beneficial to the class.

10. They are fun to use. Interesting to see outcome. I don't think much would have been lost without them- but they added some dynamic.

11. I like clickers!

12. They were helpful showing me how well I was able to understand certain aspects of the lecture.

13. Clickers are amazing! I wish we had used them more often. They really help to focus your attention on the course material and engage you and make you think critically about the material. They also help you realize when you my not understand things or recognize parts that you have to go back and look at.

14. I love them- very helpful in studying for exams later on.

15. Should be used in other science classes.

16. They are a fantastic way to process the information as you learn it!

Neutral

1. I felt pretty neutral about them. Not enough people used them and while sometimes responses were interesting, they had little impact on my education.

2. I didn't purchase/ use a clicker.

3. They were fine.

4. I think just posing questions to the class would be just as effective.

5. Didn’t have a clicker.

6. I didn't use a clicker but I pretended I had one and wrote down my answer before the answer came up on the screen.

7. Clickers are a little helpful but not enough to make me want to use them more.

8. I didn't have one.

9. Not a bad idea, but not completely necessary either.

10. I didn't buy one, but I still paid close attention to all questions. I don't think we need a clicker in order to make us focus on the question being posed. If the teacher has a question on the board or powerpoint, the students should just have an answer and get ready to be called on. 

11. There should be more questions like that regardless of whether or not there are clickers.

12. They certainly don't hurt in teaching the lecture material, but I don't believe they make of a positive difference.

13. I didn't use them. I just watched the class answer and gauged my own,

14. They are unnecessary…I think they benefit the professor more than us,
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