Learning to Learn…with specific information for chemistry learners

Adapted from an article by Dr. Ron Beavon
Learning is not instinctive
Knowledge does not fall into your head without any effort. Everyone who teaches has at some time had to go through the process of learning; there is no short-cut.  This page offers a guide as to what you might do to become a better learner. It does not, by any means, cover all that could be said. There are numerous books available to help you, but the core of what you should do is here.
 Knowing something….. 
is not the same as knowing the name of something. To know something takes time, real physical effort, and a period of assimilation and reflection. To know something you must develop a whole host of techniques; even if you have coped easily so far there, will come a stage where the rate at which you are required to obtain knowledge and understanding will tax any informal techniques that you have to their limit. And, perhaps, beyond – to the point where you start to give up or to lose interest.
 Knowing something takes time; do not be tempted to short-cut this time. At first you will feel that everything takes too much time, but do not worry. You are increasing your learning efficiency without realizing it, and the more you learn the easier it becomes to learn more. Your learning will become much faster and less effort, I promise you. 
Habits 
Habit governs quite a lot of what we do and are. To achieve something fresh, you will probably have to change your habits; that is, replace the old, weary, useless habits with fresh and profitable ones. Mostly it comes down to two things:
*       planning
*       self-discipline
Planning 
Busy people do not get through all the things that they have to do by luck; they plan. So must you. It will feel odd at first if you are not used to it, but stick with it and it will pay dividends.  The essentials are:
· Plan your week in outline; perhaps use your computer to generate a weekly diary which has regular commitments already inserted.
· Remember that you have to have a life outside your work, so include social or family items in your plan.
· Remember that if something can go wrong, it will. So your plan must have some space in it to allow for ‘emergencies’, where perhaps the work hasn’t gone as well as you expected or more than the usual demands are made on you.
· Carry a small notebook around with you so that you can use small amounts of time well. Perhaps you could have a list of reactions and you could learn a couple in the few minutes you spend in a supermarket queue or waiting for a bus or train. Learning two equations a day will get you into a lot of Chemistry! A friend of mine learnt German vocabulary while shaving; another learnt a lot of Modern Greek in the ten minutes walk to and from work every day.
· If you are doing nothing, make sure that you have planned to do nothing; don’t do nothing as your default state! If you sit down with your friends for coffee for an intended 20 minutes, don’t let it go to 30 minutes or you will have lost an hour every week, or a whole week in an A level course.
 
Self-discipline 
This sounds awful, doesn’t it! Don’t turn into a control freak – but you must exercise some self-discipline if your work is going to go well. Anthony Trollope wrote 40-odd novels as well as being a full-time official of the Post Office. He managed this (as well as a full social life) by writing before breakfast; he wrote on trains, too. He gave an account of his methods, which included detailed planning before he began to write, but also meant that when he sat down to work he worked and made a conscious effort to concentrate. He did not day-dream, or find all sorts of excuses to do peripheral things which amounted to work avoidance. 
Concentration requires effort. Make that effort.
 Learning Chemistry 
Many of the following points apply to any learning, but Chemistry (and other science) texts have particular characteristics that need care in the reading if they are to yield their secrets accurately. The essential points are, for each learning period:
· Plan to work for about an hour, but not for much longer without a break
· Use the first five minutes to review the material that you did last that is relevant to your present work
· Resolve to concentrate 
· Have a particular target in mind for the current period of study; then
· Skim the content of your target material so that you have an idea of the content and any problems that might arise during its study
· Read the material slowly and in detail; this crucial point is elaborated below
· Re-cast the material into different form, e.g. flow charts, diagrams, lists, mind-maps. Do NOT make pretty notes with carefully underlined headings; you want information in your head, not in your files.  (  Cornell style notes fit well into this strategy.)
· Skim the material again to get another overview, this time illuminated with greater knowledge
· TEST YOURSELF – also elaborated below
· Assess your understanding and go back over the points which have caused difficulty; if you cannot sort them out, WRITE DOWN QUESTIONS to ask your teacher. Do not fail to do this; you will forget, otherwise. This is not an opinion; it is true.
· A few days later, skim the material again to reinforce your learning.
 
Reading 
All of you can read. How do you read? Do you read quickly? Slowly? The speed is not as important as the understanding that is conveyed between what you read. You should vary your reading speed depending upon the content and context.
Have a look at the two extracts shown. 

The image on the top is and essay from page 3 of “Everyday Assessment in the Science Classroom,” NSTA Press, 2003. The article offers quick reading on “how people learn,” and, actually is quite relevant to this document. But the purpose of this example is to show how a “normal” book would read and words would quickly pass through to understanding.
The image below is page 540 from Chemistry, Brown, LeMay, Bursten 9th Edition (the last edition of the AP Chemistry textbook).
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Do not attempt to read all the words in either document. Stop reading and jot down the differences between the two pages and perhaps suggest how they might differ in the way that they are read.
Notice that the essay on learning consists of a block of text only. Unless you are reading it for the purposes of deep comprehension, your reading speed will be more or less constant, and you will start at the beginning of the page and turn over when you get to the end of it. Chemistry texts must be treated in a totally different way; if your reading speed is constant you will miss most of what the page contains.
This is because the page contains five of the six basic building blocks of any chemistry text; these are
1. Text 
2. Chemical equations and sample problems
3. Graphs
4. Diagrams
5. Mathematical equations and sample problems
6. Tables.
In addition you will often have photographs.  
The only one of these six that can even remotely be treated like an essay is the text part. Everything else requires action, physical activity. You cannot read a textbook without paper and pen.
 
Chemical equations.
These are the very stuff of chemical writing; but unless you make a conscious effort to deal with them, you are liable to skim them as though they were text. If you do this you will never learn them. It is not necessary to understand every aspect of them to learn them, so don’t use this as an excuse. Understanding comes from learning and reflection, much of it unconscious. So:
· Write out every equation you come across that is new to you.
· Check that it balances for charge and for mass – textbooks aren’t infallible.
· organic reactions should be written so that they balance, and should be written structurally, not as condensed formulae.
· learn the conditions associated with a particular reaction.
· try to see the reaction in your mind’s eye – does it describe liquids, solids, gases? What colors might you see? Are there precipitates?
NEVER encounter an equation without learning it. You cannot know too many.
 Graphs
A graph can contain a great deal of information. Sometimes it can be misleading – indeed most political parties will at some time or other use graphs with scales designed to puff up their own performance and denigrate that of their opponents. Hopefully chemistry texts do not do this. But you must extract all the information possible from a graph before leaving it. So:
· Sketch a copy of the graph
· Look carefully at the labels on the axes and at the starting and finishing points of the line; whether it is linear, or is a curve and if it is what special features there are about the curve. How do the slopes change? What do they mean? Where are the points of inflexion, if any? What is their significance?
If you cannot answer these questions, ask someone who can. You must understand a graph; it is not enough simply to be able to reproduce it. 
Diagrams
Many of the comments concerning graphs apply to diagrams as well.
· Make a copy of the diagram and be clear what sort it is; is it an energy-level diagram or that of a piece of apparatus?
· Note carefully any critical details - a refluxing apparatus, for example, does not have a stopper in the top
· Try to relate the diagrams of apparatus to the function; you should know what each part of the apparatus is for and how it forms part of the whole.
Mathematical equations in sample problems
Like chemical equations, mathematical equations are very dense in information content. Like chemical equations, they have to be perceived in detail, so:
· Copy the equation 
· Try to see what it means; if you cannot do so, ask someone who can. 
· Work through the steps of a mathematical argument for yourself and see if you can come to the same conclusion as the textbook. If you can’t, work at it until you can or are convinced that you need help.
· Once you have concluded the same as the text, work the problem on your own piece of paper. Try the problem without referring to the text example and see if you can model the problem solving strategies used by the textbook. 
Tables
Tables contain a great deal of information, and so they can be rather dazzling. A table needs to be treated with care; in particular you should 
· Look carefully at the column headings - note any units or multiplying factors, for example.
· Look carefully at the row labels, and see if there is a trend in these. For example the table may deal with a particular Periodic Table group, or with a homologous series of alkanes.
· Be prepared to re-cast the information to get the maximum value from it. A fairly obvious way is to plot a sketch graph of whatever part of the data you're considering, this having the advantage of registering in your visual memory. You remember pictures much better than you do tables.
Don't leave a table behind until you're convinced that you have seen all that it has to offer.
Testing, testing...
After you have completed your target work, it's essential that you test yourself. This can be done by seeing if you can write out the main points. Can you write out all the equations? Can you reproduce the diagrams? Can you understand the graphs and reproduce them? You must be able to do all of these things; if you can't, then you haven't learned the work. Self-testing is very important; do not neglect it.
 
Working Problems – homework, assignments
Three main points make homework assignments much easier and of much higher quality for learning.
1. Attempting the sample problems along with the text soon after the material is presented in class
2. Referring to sample problems from the textbook as you work the problems
3. Checking your work and re-checking your work in class the next class period following the assignment
Daily problems are assigned to make you THINK about what you are to learn. Problems are assigned to guide you through understanding the sometimes challenging concepts that are presented in class and read outside of class.
Attack problems like you would a reading assignment. 
Many times it is valuable to read portions of the text while attempting the problems. It is always advisable to use sample problems in the text to guide your homework problems. Your text offers side-by-side explanations of “how to do a problem” in an example box….use it!
Partners and work groups
It is often advantageous to work with a study partner while attempting homework problems. In today’s digital world this can be accomplished via telephone, online or via videophone. But, I believe it is most valuable to physically work in the same room at the same time on the same problems. Make a “work-together” pact with someone. Do not move on to another problem until both of you understand and agree upon answers to a problem. If you both work hard and eventually “get stuck,” write down your questions and contact your instructor before the next class session.
Lastly… 
Effective learning needs time, planning, effort, time, concentration, time. Follow the advice given here, and you will not only learn chemistry, but will acquire learning ‘skills’ (ghastly word) that will stand you in good stead whatever you choose to do.
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