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Abstract:

In this paper I first make a case to justify the use of the term 'understanding', claiming that this is the central motivation of both students and teachers engaged in an educational process, and denying the significance of the fact that it is not a directly observable aspect of behaviour. 

I then go on to outline the main ideas in the theoretical framework of my work, namely the notions of mental space, frame, blend and compression, as developed by Fauconnier and Turner, amongst others. These ideas are discussed in terms of everyday use, and also in the context of students seeking to understand new concepts in disciplines such as mathematics, physics and computer programming. The central assertion is that understanding develops as frame structures emerge from experience, rather than coming from learning definitions of concepts.

Finally this framework is used to analyse  data recently collected at a Birmingham College of Further Education, using interviews with volunteer students on vocational courses related to computer programming. These students were presented with 5 pseudo-code program fragments, and asked 'what would this program do?' Their responses displayed a wide range of understanding and ways of looking at the problems,  but the responses could be interpreted as resulting from different frame structure perspectives.
Introduction
The current normative approach to the design of a qualification places a heavy emphasis on 'learning outcomes',  defined by Watson (2002:208)  as ‘ something that students can do now that they could not do previously'. This implies that a learning outcome involves observable behaviour which can be judged objectively, an idea that can be traced through the behaviourist psychology of B. F. Skinner, through the ideas of the Vienna Circle, back to logical positivism. At first sight this approach  seems clear and straightforward with obvious benefits - for example potential students have a clear idea of what they will get in exchange for their fees.
Within the learning outcomes domain, use of the verb 'to understand' is forbidden, since understanding itself does not constitute observable behaviour. Beyond that, it is not self-evident what 'understanding' means, and so the usual approach is to not even consider the question as to whether the student understands, but simply to ask if they can actually perform the intended learning outcome actions.

Consider an example - understanding the mathematical concept of 'function'. That idea has changed significantly over the centuries in the history of  mathematics (Youschkevitch 1976), and today a student might think of a function as
1. A graph

2. A formula

3. A 'machine' which takes input, processes it and produces output

4. A possibly piece-wise definition

5. A mapping between sets

6. As an object, which could be an element of a set

Dubinsky (1991:95-123) has developed  APOS ( Action Process Object Schema ) as a structure within which students' conceptual development can be placed. Clearly this is not straight-forward. It is clearly impossible to answer the question 'does this student understand functions'. Nor would it be possible to devise equivalent learning outcomes in terms of observable behaviour. We could have learning outcomes relating to one of these - for example to find out if the student can answer questions about functions as formulae. 

But the real aim is to develop understanding (of functions or whatever) in a rich deep polysemic way. The fact that understanding is so subtle and hard to define, and hence to assess,  is not a good reason for abandoning the effort to achieve it.
This current work tries to develop an idea of how students understand computer programs as they start to read and write them.
Mental Spaces 

The idea of a mental space was devised by Fauconnier   (Fauconnier and Turner 2003) as an way of explaining sentences which are easily understood but cannot be interpreted by logic. One famous example, originally from Jackendoff (1975), is
"In the picture the girl with green eyes has blue eyes"

Logically the subject of this sentence is specified by an attribute (green eyes) which is then denied, so it should be meaningless. Yet the meaning is clear - that there is a mistake in this painting, in that the girl who is shown to have green eyes in reality has blue eyes. Fauconnier explains this by positing that the sentence evokes two related mental spaces -  that of the painting and that of reality. These two spaces have an element in common - the girl - but the girl is different in the two spaces.

Some mental spaces are fictive, such as 
"If I were you I'd hate myself."

This example also illustrates a key notion of Fauconnier's work, that of a conceptual blend. In the imagined mental space, there is a blend of the 'you' and 'I' characters into a single person. The ethical standards of the 'I' character are carried over into the blend, but the 'you' character carries over their past misdeeds. 

Fictive mental spaces and blends will be placed into the context of learning programming later.

Frames

The idea of a frame, as something which structures cognition, has a long history. It is similar to Piaget's schemes and operations  (for example Piaget 1953). The term was used by Minsky  (1974) in the context of Artificial Intelligence. The idea of frame semantics is primarily associated with Fillmore (1982 for example), and is the idea that meaning depends on the context of the communication. The  most commonly quoted  example is the COMMERCIAL EVENT frame, which has slots of BUYER, SELLER, GOODS and MONEY, plus probably many more. Knowledge of this frame means that

John bought the car for a good price

delivers the meaning that the price was low, while

John sold the car for a good price

means the price was high. The meaning of good depends on knowledge of the BUYER and SELLER roles in the COMMERCIAL EVENT frame.

A frame can be seen as an entrenched mental space - that is, as a series of experienced mental spaces which contain corresponding slots, and therefore emerges as a structure which can be recognised. 
Frames and education

Many frames are acquired outside formal education. Minsky describes the ROOM frame, with slots for walls, windows, doors and so on. We must acquire that frame from infancy. Similarly Fillmore's COMMERCIAL EVENT frame is not taught, but acquired through everyday experience. However much of the discourse in a classroom refers to new frames which students need to acquire. - this is synonymous with 'understanding'. For example in a physics class the ELECTRICAL CIRCUIT frame has slots for voltage, current and resistance. The student must develop concepts for these  semi-abstract notions, and this is typically done by combinations of  experience of practical experiments, explicit analogies (such as the water circuit, where voltage is like a pump and so on ), definitions ( V=IR ) and worked through calculations. 

Frames in a computer programming classroom

Seventeen student volunteers at a College of Further Education were interviewed. The students were enrolled on vocational courses involving programming. They were presented with 5 program fragments, written in pseudo-code, and asked 'what does this program do?' Their responses were codified, and they were also asked to put the programs into order of difficulty.

The students displayed a very wide range of depths of understanding. For example the first program presented was very simple :

a = 4

b = 5

c = a + b

output c

All but one student found this very straightforward, but one did not, as the following interview transcript shows (student statements are in italics):

So number 1 was in the middle

Yeah

What was difficult about that?

Er number one like, the difficult was this just about how to do it its the 4 when you go the a equals to 4 

Yeah

b goes to 5, and you know, and  c equals to a, plus the b, know what I mean like, it muddles you up even more, 

Why does it muddle you up? 

I don't know like, its just when I put a equals to 4 like, b equals to 5, I don't know which I should choose, from, numbers, 

OK

and the output c when you're saying c equals a to b, a plus b, output c I didn't get like that part.

OK

By contrast,  only two students could see what the fourth program did:
a = 0

repeat 5 times


input b


if b>a then a = b

output a 

The following shows a student who works at it and comes to understand:

So what will that do?

You put something in for b, yeah?

Yeah

Then if b is greater than a, then a becomes b, a is equal to b

Yeah

..Oh, OK yeah, so I guess it will um whatever you put in for the input to b, 

Mm

then um if its greater, if its greater than a then the um number for a becomes b because its greater, yeah?

Yeah

Then after doing that 5 times if the numbers are higher than what a is yeah higher than what a is it keeps doing that but if its not then at the end of the while it displays whatever a is at the time so 

OK 

There is a pause before the '..Oh, OK yeah' and after that point she rapidly articulates what will happen, so it seems likely that at that point she had understood. 

I guess like if you were to lets say you were to lets say you a starts at zero so it doesn't really have a number so whatever you put in for b becomes a 

Yeah

So its equal to 3 then after that if you put 4 in it becomes 4 but if you put like 3 again then a still stays at 4 because its higher then you do that 5 times I guess whatever the highest number that's put in then that's what a outputs at the end of it 

Here she is doing a 'mental trace' in the sense of choosing input values and thinking what would happen, but without writing it down. However she has already indicated what the program does, so this is likely to be for the sake of explanation, rather than trying to see what it would do.

The interviewer asks for an explicit statement of what she thinks the program does:

Right

Is that right?

So this program - how many numbers does this program input?

It inputs 5

OK, and what does it output? 

It outputs the highest number

Right, OK

Is that right?

Yes, yes.
Three frame structures

How can we explain the varying responses which are given? We could say that some students are 'better' at programming than others, but that simply re-words the question - why are some better?
To start with, all students must engage with some sort of fictive frame. They are asked 'what will this program do?' so they must imagine in some way  a mental space where the program runs, and to 'see' what it does. 
We can explain the varying responses if we suppose that these students have different frame structures through which to understand the code. 


A student with this frame structure only has the actual program text to consider. He believes that close examination of the program text will reveal 'what the program does'.


. 

This student is aware that there is a second frame which needs to be considered, the execution frame. This includes the changing values of variables as execution of the program proceeds - the machine state altering during execution and therefore affecting what subsequent program statements will do. 

Some students will progress from structure A to structure B within a few minutes of seeing a computer program for the first time. Others remain in structure A for a long time. This explains how the student shown above can be 'muddled' by program 1. He only has the program text frame, and does not realize that he needs to consider the values of variables as execution proceeds.
There is a third structure involving a blend of program and execution space:





A student with some experience of analysing programs can form entrenched frames of program and execution, and can start to develop a blend, which includes mini-patterns like a++, and mini-algorithms like

a=0

while a not equal to 4


a++

These are directly grasped in themselves, not as a consequence of working through a program trace. The trace only leaves a collection of statement executions, which individually have little meaning, where as in the blend the relation between program text and function is intimate. The student shown above understanding program 4 is working in this blend.
Often the content of the blend in C is a familiar algorithm, such as in program 4, finding an extreme value. But sometimes code is encountered which does not fit a known pattern, and in these situations it is necessary to reverse the blend and revert to carrying out the trace. This is what happens when debugging.

Superficially structure C resembles A, and this misleads weak students. Students using C appear to focus on the program. In fact they are also thinking about how variable values change in relation to the code, but since this is in the blend it is not very visible. After a few classes there are two groups of students, those in structure A and C. The students in A observe those in C (and the tutor)  who appear to pay close attention to the code, and are able to write their own code using these ideas. The A students try to copy this apparent focus on program code alone, but 'just don't get it'. They resolve to try harder, or just drop out. 
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