Reflecting on the Learning Process in the Math Classroom

Notes:
This document is a compilation of responses I have received in response to an email to three math education discussion lists, in which I asked teachers how they are getting students to reflect on their learning.

If I were asked to summarize the comments below in one sentence, it would be: Teachers are saying, “I value the reflection process, I am making some progress in incorporating it in my classroom, but I am not yet where I want to be.”

No one that responded was requiring students to reflect in written form at the end of each lesson, which is what is (seemingly) expected in NYC.  I am not surprised by this – if students are asked to write their reflections, then someone (the teacher, presumably) has to read them (otherwise, why should students write them?) and respond to them.  More commonly (and I think more logically), students are being asked to reflect at the end of a learning cycle (which might be 2 or 3 lessons, or a unit of work).

I have recently been reading Making Sense (teaching and learning mathematics with understanding) by James Hiebert et al.  A major theme of the book is that communication and reflection are the keys to developing understanding.  While getting students to reflect is, for most of us, a work in progress, they claim that it is an essential step in developing deeper understanding.

Thanks to all who took the time to write (often lengthy) replies.  I have learned much from them.  I would be interested in re-visiting this question in the future, as the answers aren’t all in yet.  

I have removed the names of the responders, as I didn’t seek permission to use their names.

My initial email

In NYC public schools, one of the components of a math lesson is the reflection at the end of the activity.

I would be interested in hearing how math teachers incorporate this into their lessons, and if they explicitly teach students how to do this, how they do it. 

My experience is that without being taught how to reflect on the learning process, students are not very good at it.

When you ask students to reflect, what do you specifically ask them?  Are there some questions that are particularly effective at eliciting better responses?

Are there any resources on this topic that are worth purchasing?

After so many questions, one comment.  Reflection, I think, is only valuable if the activity has required the student to think, hypothesize, investigate, etc.  With an exercise-driven lesson (here is how you do it, now you go and do 20 more like it), I don't think there is a need for a reflection, as there is nothing to reflect on.

I am looking forward to an interesting discussion!
 

**

We recently adopted MathScape for our grades 6-8.  The program encourages students to write/reflect about what they have been doing.  There is even a "Dr.Math" section in some homework assignments which has the student respond to a letter written by an anonymous student.  Response to these letters allows me (the instructor) to see how much is really understood.  Here is where I thank God that I teach reading as well because the response needs to readable.   I set up a rubric which addresses the content as well as the mechanics required when responding to a letter.  

Today's student does not write letters often (they IM just fine) and the art of letter writing needed to be taught to my students. Greetings and salutations were a foreign concept.  Introductory paragraphs were unheard of.  Concluding paragraphs were 'dumb' (to quote a student). All this needed to be taught in addition to the ability to intelligently express their opinions for the mathematics under discussion.   

As for reflections - I never have enough time to do true justice to reflections.  They need to be responded to in a timely manner.  Reflections, for me need to be an open dialogue between student and teacher.  I do try a "quick write" every 3 or 4 weeks about the topic we are learning. Perhaps a response to something in a local newspaper that relates.  In a quick write, a student has 5 minutes to write on the topic.  They need to write in whole sentences and complete thoughts.  They then (on my cue) pass their response to another student (usually to the left) who has 10 minutes to respond to the initial response and express their own observations as well.  Then I collect it and respond as needed. 

I've gone from brief, uncaring responses to some good stuff being shared. It is time consuming and therefore not something I do on a daily or weekly basis (I have 90 math students).  

**

Great question! I've been thinking a lot about this topic in the last few weeks as I've been thinking about evaluating one of the Math Forum's most active services. My answer is long, but I hope other people out there will read it and help me continue to think about it.

About two years ago, the people who develop the Math Forum's Problems of the Week <http://mathforum.org/pow/> decided to make reflection an expected part of each student's submission. We have some anecdotal information about how teachers are using the problems and the reflection requirement in the classroom, but I'll write about it from the Math Forum point of view. First, a little background, and then I'll explain how we encourage reflection.

We used to score all solutions "credit/no credit" and send a personal reply to help students correct or improve their solutions and math communication. This worked well for a few years, but it was not scalable and it was quite expensive for us to provide the free service to thousands of students each week. We decided to develop a rubric so that when we had volunteer mentors they would be using the same guidelines as the Math Forum staff used. The rubric would also allow teachers to score their students' work. Our rubric is split into two main categories with 3 subcategories for each. The main categories are Problem Solving and Communication.  Reflection is one of the communication subcategories. To read more:     http://mathforum.org/pow/scoring.html

There were two main reasons we decided to make reflection such an important part of solving the problems. First, we knew we couldn't reply to every submission, so we wanted students to learn to use our answer check (which gives an answer without explaining how we got it), compare it to their own answer and reflect on what went right and what might have gone wrong. After they have submitted their solution they have the option to view the answer check. The second reason we made it so important was that we believed it was essential to developing strong problem-solving skills. We want students to think about what they've done, what's easy, what's hard, what strategies they used, how the problem relates to their lives, etc, so that the experience with that problem will help them when facing future problems. We have not yet done research to see how our approach is going, but we do know that we see many kids doing some pretty impressive reflecting, especially if their teacher or parent reinforces this with them.

In addition to showing an answer check, we give them bulleted ideas about what they can do to compare their answer to ours and what they might think about if they think they solved the problem effectively. 

Here's an example of an answer check for our Math Fundamentals (aimed at grades 3 through 5) problem.

Answer Check for "More Recess" (posted April 19, 2004):

It takes Camilla an average of 2 minutes and 41 2/3 seconds each day to get the kickball and go out to the playground.

If your answer does not match our answer,

· did you get decimal approximations for the number of minutes? Do they convert to our fraction answers?     

· did you calculate the mean of the three amounts of time it took Camilla to make it out to the playground?     

· have you checked your calculations?

· have you reread the problem to make sure you answered the question asked?

If any of those ideas help you, you might revise your answer, and then leave a comment that tells us what you did. If you're still stuck, leave a comment that tells us where you think you need help.

If your answer does match ours,

· does this problem remind you of any real experiences you've had?     

· are there any hints that you would give another student?     

· are you confident that you could solve another problem like this successfully?     

· did you reread your explanation to see if you could make it clearer or more complete?   

· did you make any mistakes along the way? If so, how did you find them?     

· did you try the Extra question?

Revise your work if you have any ideas to add. Otherwise leave us a comment that tells us how you think you did - you might answer one or more of the questions above.

My experience is that without being taught how to reflect on the learning process, students are not very good at it.

We found this to be true. At first we were asking them to reflect, but we weren't clear with them or ourselves what we meant. Here are some tips we give mentors (paid and volunteers) for scoring the reflection component:

To be considered a practitioner in problem solving reflection, the student needs to do at least two things that are "reflective"      

· check their solution/answer

· reflect on its reasonableness

· summarize the process they used

· discuss any errors they made along the way and how they found and fixed them

· connect the problem to prior knowledge or experience

· write a comment after checking the answer check

· explain where they're stuck

The comment that the student leaves after checking their answer might count as reflective.

When you ask students to reflect, what do you specifically ask them?  Are there some questions that are particularly effective at eliciting better responses?

Again, we haven't had a chance to study which prompts are most effective. For younger kids we are satisfied with an explanation of what part of the math was hard or easy. They are also able to identify what type of hint they would give a friend. ("I would tell a friend to remember to write the units because otherwise this problem gets confusing"... "I would tell him to make sure he answered the right question. I answer the wrong question the first time even though I did the math right.")

For older students we like to see an effective check step where they don't just redo the problem in the same order, but reverse it or check it with another strategy.

It's harder to get kids to talk about the mistakes they make - but since we have an electronic record of each attempt we can often tell how they've used the answer check to rethink the problem. This would be hard in a classroom because students have the ability to erase/delete their initial mistakes.

**

I teach 8th grade Algebra in a K-8 school in California.  Our school is a Title I school, and four years ago in order to meet federal mandates, we purchased the services of America's Choice.  It was through this company, our school began teaching with the Reader's and Writer's workshop model.  Math was added the third year, which I attended the training sessions.  It has been two years, and I am still struggling with the reflection piece.  I have observed there are many obstacles to overcome.  

First, my students have never been required to reflect on anything.  (However, a few teachers at the primary level have begun reflection, and are having successes.  The theory being that if it continues by the time I got them in 8th grade, the students would be very comfortable with that piece.)  

Another problem I have is that they don't have enough math knowledge to reflect.  Many students do not see any relationship between numbers and what we are asking them to do with the numbers.  It's difficult to have an in-depth discussion when they are having difficulty with basic operations.  For the students who do have some basic understanding, no one has any idea how to reflect.  I have put up chart papers with sentence starters such as "I wonder why I got that answer...."  I made this observation and ....  My partner and I discovered ... "Does my answer make sense and this is why...  I have also modeled what reflection "looks" like.  I have taken problems and thought aloud, hoping students would begin to absorb.  I have had students share a problem and given them the sentence starters, asking them to repeat them and then give their explanation.    

Another problem is that most 8th graders do not want to draw attention to themselves.  To try and work around that, I have put them with partners or small groups and allowed them to share and discuss that way.  I have to say I have had some success doing it that way.  The students who are ready for Algebra do better, obviously, and actually enjoy discussing problems in small groups.  While I have not had enormous success with the reflection piece, I think it is an important piece and will keep plugging away.  

I agree with you, however, that it is not done everyday.  I usually try to use it after I've taught a new concept, and have given the students time to practice the procedure.  Then I try to present something where they have to use the procedure, but the problem is not just a straightforward problem.  That is very difficult.  Trying to get them to make that leap of using what they know to apply to solve something they don't know.  I know that the kids I get have been allowed to be very passive in their math classes.  I'm not saying this to be negative or critical.  At our school we have started a discussion about how to teach math, and many primary teachers are teaching it the way they were taught.  Many don't feel comfortable enough with their own depth of knowledge and hesitate to add a reflection piece.  

I try very hard not to always just show kids how to do a problem and then let them practice.  I try to get them to take what they know and apply it.  BUT, they are very smart buggers.  They have been trained that if they wait long enough, the teacher will give them the answer because the bell is going to ring!  I'm sorry if this went a bit long, but I'm very interested, myself, what others are doing in this area.    

**

Are there any resources on this topic that are worth purchasing?  

I'm reading the George Polya classic, How To Solve It, and he has quite a bit to say about how to handle the look-back process of learning. I don't have time right now to describe it, but the book is still widely available (great book btw)

**

I get students to write a written reflection at the end of every 2, 3 or 4 week module of work.  (On top of the usual quick oral reflection at the end of a lesson based on content.)   This written reflection however is based more on the learning cycle and process than on the actual subject matter.
The reflection page was designed with an English teacher who had been doing this sort of thing for a long time.  I found out a lot about this sort of thing and other non-traditional-math techniques like Cooperative Learning while teaching in a middle school team with teachers from other subject areas.
If you want to have a look at the page it is here:
http://www.otrnet.com.au/IntegratedMathsModules/Student%20Reflection.pdf
The reasons for using it are here:
http://www.otrnet.com.au/IntegratedMathsModules/Student_Reflection.html
And a great page as completed by one of my students is here:
http://www.otrnet.com.au/IntegratedMathsModules/Student%20Reflection%20Response.pdf
As the students do this about 30 to 40 times over their 3 years they become very good at it with help and direction and feedback.  To start with I went over purpose and expectations and did show them one I had written but I didn't "teach" them explicitly.  As you can see by Brooke's example above, they do get very good at it.
When I decided to incorporate this I wasn't able to find much on the process at all so used the knowledge of colleagues from other subjects.
M

**

In response to my (Rex’s) request for some details about his ‘oral reflections’ at the end of the lesson, M wrote:

End of lesson oral reflection consists of going over the outcomes we are developing during that module of work and questioning/discussion as to which of these we covered during the lesson and what we found.  It is fairly quick, 2 to 5 minutes, managed by me, and done orally.  This is not ideal I guess but is practical for a per lesson reflective review.  

I do also try to build reflection into the tasks in each learning experience and we do discuss the purpose of this reflection in terms of its place in the learning process.  

