Debugging and Just in Time Learning
“Traditional Learning”
Perhaps to best illustrate what I mean by “traditional learning” we should re-visit the words of Rhodes Boyson...
“Discovery methods though useful in stimulating the mind are dangerous if people grow up thinking that they can in their life-time discover what it has taken 10,000 years of human history to achieve. Men are arrogant to believe that this can be achieved for its only result would be to revive the dark ages. People must learn the theorems of Euclid and the grammar of a foreign language. Traditional methods of study are generally short cuts to knowledge. Many new methods have been introduced as experiment for experiment's sake and to help bored teachers, not bored children.” (Boyson, 1969)
So, here is the question; is it true that, “People must learn the theorems of Euclid and the grammar of a foreign language”.  Perhaps it would help to develop appreciation of the subject, but should the sentence include the word “must”?
“Never memorize something that you can look up.”
Or at least that is what Albert Einstein believed.
Perhaps “traditional learning” may best be seen as part of a “traditional” University module.  Lectures are presented with a huge dose of information that you are required to process, tutorials are in place to help the learner to assimilate that knowledge and at the end there is an essay handed in to demonstrate that the assimilation has taken place.  Sure, there is learning but is it the best way?
How much “stuff” are we learning in this context that is totally redundant?
Is the emphasis on the knowledge rather than the skills to acquire that knowledge
What is Education for?
“Education should prepare young people for jobs that do not yet exist, using technologies that have not yet been invented, to solve problems of which we are not aware”
Richard Riley
Programming and Learning
Writing computer code changes the rules of how we need to learn.  The first problem is that if we set out to learn every key word and component of the language at hand, we would simply never start writing any code.  As a programmer of over forty years I am fully aware that there is more I don’t know about programming than I do know.
There is also a second potential problem with learning programming, even in something as user friendly as Scratch.  
It is very easy to feel lost and overwhelmed.
You may feel that you are lost and alone in a dark place with no idea of what to do next.  When writing code this feeling is unfortunately very normal and one you will need to deal with.
The central issue presented to the learner in writing code is the need to debug code. It is perhaps from debugging that we may obtain some important insights into how people learn.
Debugging
The origins of the term “to debug” are uncertain but one possible explanation is that early radio engineers would find insects in their electrical equipment stopping the system from working.  By removing the bugs or de-bugging they would get the equipment working again.  
The concept of debugging code is the same.  There will be times when as a programmer we will introduce errors into the program that must be removed for the program to work.
Most programs don’t work as they should first time round- professional programmers have this experience all the time! One of the most rewarding aspects of programming is finding and fixing these mistakes. 
The process of debugging often involves:
· identifying that there is a fault
· working out which bit of the program (or underlying algorithm) has caused the problem,
· thinking logically about how to fix it
In the classroom, this can provide a great opportunity for collaborative work.
On the module web site there is a link to Brenan & Resnick, 2012, look at page 7 describing Renita’s debugging strategies.
Renita described the following stages…
· identify (the source of) the problem
· read through your scripts
· experiment with scripts
· try writing scripts again
· find example scripts that work
· tell/ask someone else about the problem
· take a break
There is as indicated above another side to the process of debugging and that is the feeling of being lost and overwhelmed, to address this there needs to be appropriate scaffolding in place for the learner.
Modes of Learning
When writing code student learning appears to take place in three learning modes, they are (Dean, 2017)…
· Individual learning
· Social learning
· Collective learning
Learners appear to shift between these different modes. 
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Programming is a practical subject which takes the form of students trying the code examples themselves.  It is at this point that issues arise. To resolve this, they will seek to address the problem as an individual.
We may see this in Renita’s approach above…
· identify (the source of) the problem
· read through your scripts
· experiment with scripts
· try writing scripts again
· find example scripts that work
At some stage there comes a point where these strategies fail and the learner turns to what I would describe as “social learning”.
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The second mode of learning is that of social learning.  There are two aspects to social learning, that is the support of the tutor and the support of peers. 
For programming the primary focus of social learning is seeking help from the tutor supplemented by discussing issue with peers. (Dean, 2013). 
Learners may quickly find themselves lost.  In order to alleviate this problem, the tutor needs to be available and approachable.  The tutor is indeed seen as an expert however there are more attributes required than that.  Students might describe the ideal characteristics of the tutor as available to help, wanting to help and able to help whilst respecting the student despite their potential sense of ignorance of the subject. The students do not just want knowledge they also want dignity and respect. Nor do they want the tutor to simply tell them the answer, they want the tutor to enable them via appropriate challenge, signposting the solutions rather than necessarily giving them to them. 
[bookmark: _Toc492376672]Social Learning and the Role of Peers
The other strand to social learning is the role of peers.  
The value of the team to the students is illustrated by the following student quote.
“If you work in a team, you get a chance to see lots of different techniques that can help you solve real life problems, as well as the programming problems.”
When the knowledge has been “distributed” amongst the team and discussed it must be re-integrated into the individual team members (Malamed, 2017).  
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The term “collective learning” has been chosen in order to highlight the importance of the teaching, notably lectures, to the students. (Dean, 2017)
Students have previously noted the social nature of lectures.  In comparing the experience of learning via on-line video compared with attending a lecture, students have made the distinction of going to the cinema (a lecture) versus watching the same film at home (on-line video) (Dean, 2013). Collective learning should in no way imply passive learning.  Lectures may be enhanced by building in a social component for example discussion and question and answer sessions. 
Just in Time Learning
“Just-in-time learning conjures up an educational system that responds rapidly and flexibly to changing societal needs… JITL implies that the learner’s need is what drives the delivery of information. Educator reformers who use JITL are often those who advocate learner-directed, constructivist modes of learning in contrast to information delivery systems or programmed learning tutorials. They are not focused on delivery of information as much as on the skill that the learner must have to find the information that they need. Student learning is described as a process of constructing, elaborating and modifying representations of knowledge” [e.g. links to Piaget and Bruner]. (Baruah, 2013: 54-55)
Some ideas related to Just in Time Learning…
· Learners as consumers and builders of knowledge
· Learner centred
· Time and place independent
· “Need to know” knowledge
It also seems to me that Just in Time Learning mirrors how human beings process information at a biomechanical level.
Just in Time Learning and Cognitive Load Theory
If you have ever had the experience of sitting through a long lecture and feeling that you are not taking any of it in, this illustrates the limitations of human cognition.
Miller, (1956) noted that working memory comes with certain limitations suggesting that it has a limited capacity of seven items plus or minus two. 
Cognitive load theory assumes that human cognition comes in two forms, cognition associated with long term memory and that associated with short-term memory.  
Cognitive processing associated with the short-term memory relates to new knowledge being generated through random exploration.  For example, having a go at writing some code in Scratch. (Or perhaps you might call it play?)
Cognitive load theory recognises that problem solving takes a role in the learning process; however, it also asserts that relying solely on problem solving may not be the most efficient way of learning. The theory notes that there are limits on people’s ability to process data, the theory proposes that data enters working memory in “chunks”.  These chunks are then internalised as “schema” (Chase, Simon, 1973).
Perhaps the human brain may best be seen as a funnel on a jar.  Pour the right amount in and the fluid flows easily into the receptacle.  Pour too fast and the “fluid” (knowledge) will spill over the sides. Clearly the size of the funnel is also a limiting factor which relates to the current knowledge/skill level of the learner.
What this means is that the larger the problems, the greater the volume of information presented to the learner the more difficult it is for the learner to process and cognitive overload results.
Just in time learning overcomes this by providing knowledge to the learner when they most need it.  Debugging code is a really good illustration of this.
When I am writing code; I am on my own and I get stuck.  I have a go at different solutions, try re-writing my script and looking for examples on the internet.  If there is still no success, I may contact a friend to see if they can help but perhaps the person I really want to talk to first is my tutor my more knowledgeable other?
[bookmark: _GoBack]Finally, this is also not to say that there is no place for reading, discussion and even lectures and rote learning. Knowledge residing in a person’s long-term memory has been “borrowed” from another person’s long-term memory. Sweller, (2006) notes that new knowledge may by generated by combining existing information via imitation, listening or reading.  
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