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Extra Visual Information May Aid

Discovery Learning Of A Visual-Motor Task

An Internet-based discovery learning task involving associating six unseen symbols with six keyboard keys attempted to build on evidence that learning can be augmented by unattended visual information during learning phases.  Although some promising results were found, significant improvements between coherent/random/control conditions were only detected during learning, and although hinted at were insignificant for the test phase.  Future research may look at improving on poor sample size and possible over-attention to the ‘unattended’ extra information.


Introduction

“There are,” wrote Cratty & Hutton in 1969, “nearly as many ways to instruct a skill as there are sensory channels available for information input in the human animal.”  At first obvious, this is an important insight.  For too long we have assumed that verbal instruction or demonstration is the best way to impart new skills and knowledge to a person.  In fact, Hodges & Lee (1999) found that participants’ performance on learning a motor task was independent of whether they received instruction or not.  It is only recently that some recognition has been given to the new idea that the best person to teach someone a skill could be that same person.  Only as recently as the mid-90’s have there been results such as Wulf & Weigelt (1997) which demonstrated that explicit instruction in using a ski simulator was actually less helpful than simple discovery learning.

The reason that the explicit instruction approach fails so badly seems to be rooted in the fact that the new information is encoded very differently from person to person.  Self-help books such as Gallwey(1975) stress that motor skills are handled by our unconscious mind, and thus concentrating hard and instructing the conscious mind serves only to hinder the learning process.  This is very similar to the “subliminal semantic activation (SSA)” that Draine et al(1998) reported, despite heavy scepticism.  Hardy, Mullen & Jones (1996) found that implicit learning of a motor skill continues to improve even in a stressful situation, whereas explicit learning does not.  This result seems to back up the idea that there is indeed a division between the conscious mind, which is easily distracted and stressed, and the subconscious mind which keeps on storing and processing information regardless.

In 1920, Hull conditioned naive participants to associate seemingly random Chinese symbols with heard nonsense syllables.  The syllables, in fact, were consistently associated with constituent parts of the symbols, called radicals.  Although none of his participants had any knowledge of Chinese, after a time they were responding correctly at better than chance levels, to unseen symbols that contained the same radical as seen and learned symbols.  Thus, despite receiving no instruction to do so, they had learned more than simple association: they had reduced the symbols into constituent parts and associated with those parts.

Twelve years later, Bartlett (1932) remarked, “how I make [a tennis] stroke depends upon the relating of certain new experiences, most of them visual to other immediately preceding experiences.. When I make the stroke I do not, as a matter of fact, produce something absolutely new, and I never merely repeat something old.”  This idea of the formation of a schema for a task is repeated throughout memory research and it is now widely accepted that memory is based more upon schema definition than upon single-instance lookup tables.  Philbrick & Postman (1955) read aloud long lists of words to participants, who were required to answer with a number.  Of course, at first the numbers were random, but feedback was given of “right” if the number was one less than the number of letters in the word presented or “wrong” if not.  The task was divided up into “blocks”, at the end of which the participant was invited to take a guess at the principle behind the numbers.  Philbrick & Postman discovered that, even though “significant learning takes place prior to verbalization of the principle,” there was a sharp jump in accuracy in the block at the end of which the principle was verbalised.  Thus, insight to the principle produced hugely more reward than the storing of huge numbers of examples, which are forgotten more readily over time in any case. (Posner & Keele, 1975)  This is clear evidence of spontaneous schema formation in the face of instruction-free experimentation.

Philbrick and Postman (1955) found that some of their participants did not verbalize the principle correctly even by the end of the experiment.  This could be seen as evidence that only some people have a propensity for schema formation.  However, they also found that “the eventually successful group improved at a faster rate prior to verbalization than did the unsuccessful group over the total series of learning trials.” (p.423, italics theirs)  This, they claim, is clear evidence that even the slower group would have reached the principle, given enough time.  It seems intuitively advantageous to compile efficient schemata rather than vast libraries of instances, and Posner & Keele (1970) have shown that the brains of their participants forgot instances much more readily than the schema they had formed for the task   This suggests a predisposition to working with schemata rather than instance records, once those schemata are formed.

Schmidt (1975) tried to analyse the process of schema formation.  He pointed out that although it is best served by experiment, it is very important that the learner is provided with “KR” – or, knowledge of response.  This qualifies every attempt and either strengthens, or refutes, the schema thus far.  He identifies four stages in schema formation:

· Initial conditions

The prevailing situation, in which the response must be generated

· Response specifications

The exact form of the response required, as produced by the schema so far.  If there is no schema, these specifications will be random, or qualified against previously learned schemata which are deemed relevant. (also Thorndike & Rock, 1934)

· Sensory consequences

The feedback from the senses as the action is produced

· Response outcome

The KR, the success/failure response as produced by the equipment or researcher

Schmidt writes that we must not forget the importance of the two middle stages, where the response is selected based on the current schema, and the sensory consequences matched with an expectation of such consequences.  For example, when balancing a bicycle for the first time, one will qualify one’s own success based on the schema-in-development for balance, much more than one will receive concrete feedback such as falling off (excuse the pun).  Schmidt notes that as long as this sensory feedback is not completely detached from expectation, there will be no reason to change the existing schema – and what is more, perception of such feedback must be affected by the expectation.  If you will, the brain is keen for the existing schema to be correct and will bend the rules to accept feedback as relevant, and supporting the schema as it stands.  It is, therefore, important in an experimental setting that feedback occurs at every possible point and is as unambiguous as possible.

Karlin et al (1963) appear to have garnered interesting data relating to the type of feedback given during the appropriation of a complex visual-feedback motor skill.  They claim that verbal feedback is best for rapid learning, followed in sequence by visual, auditory (tones) and a control condition with no feedback.  However, the experiment is confounded by the fact that the latter two feedback conditions provided immediate, trial-by-trial information and the verbal instruction only came at the end of each session.  However, the superiority of visual over auditory trial-by-trial feedback is of relevance.

Thorndike & Rock (1934) found similar results to Philbrick& Postman, in teaching people word associations without giving any instruction as to the existence of a schema.  They found a very strong subconscious insight effect – that is, no verbalization of the schema, but better-than-chance results on unseen stimuli nevertheless.  Again, like Philbrick and Postman, nearly 25% did not learn anything at all, and one participant cracked it by the end of task 3 (of 20).  The previous year, Newhall & Sears (1933) had shown that participants could be conditioned to produce responses of which they were not aware to stimuli of which they were not consciously aware – namely retracting fingers from an unfelt electric shock, in response to an unattended faint light.

This ties in with the work discussed earlier, which showed that learning of tasks is best done without conscious intervention.  Cratty & Hutton (1969) state that one should ascertain important factors and instruct based upon hose emergent factors, but it would seem to be more in line with past research to investigate ways of constructing a task that has such factors built-in such that mere random experimentation will bring about their discovery, and storage.

There are other factors that can be taken from the research already discussed.  For example, Thorndike & Rock (1934) point out that emphasis on speed led to more errors but also limited conscious analysis, allowing for overall faster encoding of the raw results.  Could this be minimising the “feedback evaluation” described by Schmidt? Writing in, perhaps, a more innocent age, they leave a footnote on the final page apologising for instructing participants to concentrate on factors other than those relevant to acquisition of the task.

In summary, then, there is room for research into the specifics of manipulating the trial and error approach to learning a task.  If it is taken as read that this is the most stable manner in which to acquire ability in a task, is it possible to produce a learning environment which is schema-promoting to the majority of participants, without being a distraction, thus minimising the time spent learning the task without introducing any conscious concentration on relevant factors?

The task chosen for this investigation was the typing tutor, due to the restriction in stimulus range, and the simplicity of the response – either the correct key is pressed or it is not.  To eliminate previously formed schemata,(Thorndike & Rock, 1934) unseen symbols were invented, and to restrict time required to learn the task, only six keys of the keyboard were used.

As per Wulf & Weigelt (1997), the task would involve trial-and-error learning phases, during which schema-promoting stimuli would be presented but deliberately unattended,(Gallwey, 1975, Hardy, Mullen & Jones, 1996, Thorndike & Rock, 1934) and a subsequent test phase, with no such stimuli.  Feedback was to be given for every keystroke, and summarised at the end of each session of presentations. (Karlin et al, 1963, Schmidt 1975)  It was considered that visual feedback would be superior to auditory (Karlin et al, 1963) and that, due to the visual nature of the task, the feedback should appear some distance from the task fixation area.  To minimise the need for refixation, the two symbols denoting correct and incorrect were to be clerly coloured differently.  The four sessions were to have identical keypress sequences so that they might be precisely compared statistically.  Repetition effects are a possibility but the length of the sessions (42 strokes) would appear to cancel this. (Posner & Keele, 1970)  The exact form that the schema-promoting code could take is, of course, debatable and individual (Cratty & Hutton, 1969) but with the lack of previous research in this area one can but guess.  More conditions can be implemented later to discover such factors.  Thorndike & Rock (1934) point out the danger of not including enough trials for everybody to crack the code, but also warn of boring those who understand earlier on.  A trial study ascertained from rough graph data that three learning sessions were adequate for a significant improvement in performance.


Hypotheses

The Hypotheses were:

1 Those receiving a coherent, schema-promoting stimulus would make, of all conditions, least errors while learning the task

2 Those receiving no such stimulus would make more errors, but fewer than those who received a jumbled stimulus

3 Those receiving a coherent, schema-promoting stimulus would find the correct key faster while learning the task

4 Those receiving no such stimulus would be slower, but still faster than those who received a jumbled stimulus

5 Those receiving a coherent, schema-promoting stimulus would make, of all conditions, least errors during the test phase

6 Those receiving no such stimulus would make more errors during the test phase, but fewer than those who received a jumbled stimulus

7 Those receiving a coherent, schema-promoting stimulus would find the correct key faster during the test phase

8 Those receiving no such stimulus would be slower during the test phase, but still faster than those who received a jumbled stimulus


Method

The method of presenting the symbols and capturing the keystrokes appears to be best served by a simple computer program.  It was considered that experimentation would not only be more convenient, but also more ecologically relevant, if it were carried out on computers to whose screens and keys the participants were individually accustomed.  The tester program was created in Macromedia Flash 5.0 and posted on the World Wide Web.  It can still be seen at http://carl.pappenheim.net/ and a brief explanation of its construction, along with a complete code listing, is appended to this report.  The applet’s screen presence was restricted to the default 400x580 pixel area used by the majority of Flash animations and presentations on the Internet.  This was considered to be a familiar size to which participants would have no problem attending.

The symbols were drawn more or less at random, with no obvious relation to the keys with which they were to be associated.  The coded shapes, to appear behind the symbols in conditions 1 and 2 were drawn large enough that the symbols were completely surrounded by them.  The coherent condition (1) code was defined in a two dimensional matrix to impart the location of the relevant finger.   The two axes were left/right (circle/square) and ring/middle/index fingers (red/green/blue).  The resulting code looks like this:

	Symbol
	1
	2
	3
	4
	5
	6

	Colour & Shape
	red circle
	green circle
	blue circle
	blue square
	green square
	red square

	Finger
	ring
	middle
	index
	index
	middle
	ring

	Key
	E
	R
	G
	J
	I
	O

	Hand
	Left Hand
	Right Hand


It was considered that it made more ecological sense to mirror the colours, rather than set them out left/middle/right on each side.  Keyboard keys were chosen to be ergonomic rather than appropriate or familiar.  Participants were specifically instructed not to attend to the shapes, but only to the symbols.  Keystrokes were captured and the following statistics stored:

· Number of incorrect strokes per phase

· Total time from presentation to correct keystroke per phase

· Number of incorrect keystrokes per symbol per phase

· Total time from presentation to correct keystroke per symbol per phase

· Age

· Sex

Time was measured in 1/30 of a second, and is referred to in such units throughout the results section.

Participants were solicited through public international bulletin boards, University of Sussex email lists and by word of mouth.

Disappointingly, comparatively few results were obtained.  This could be attributed to the lack of any incentive beyond emotional blackmail, and the length of the test - it is perfectly possible that many simply got bored and gave up before their results were submitted.  Several results were rejected on the grounds that they were clearly not a first attempt - a set of results showing more than one symbol scoring 0 errors in the first phase was regarded as suspicious.  One mistake made early on was to allow  participants to choose their own condition - 80% of the first 30 to take the test chose condition 2 (the middle button).  The title screen was re-coded so that no matter which button was pressed, the choice was random.  However, the damage was done and many condition 2 results had to be discarded.  After all traffic had ceased for a week, the total useable results were from 30 participants, 10 for each condition.

Age seemed to be strongly associated with sex, which was hugely biased for some reason.  In each condition, only three of the ten participants were women.  Obviously, the test appealed more to men than women, and only to older women and younger men.  Here are the ages of the participants according to the conditions in which they participated.
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Participants are assumed to have no ethnicity, country of residence or other factor in common, beyond a familiarity with the Internet.

Results were retrieved in the form of emails and entered by hand into SPSS for Windows 10.1


Results

Due, in part, to the small sample size, definite results were hard to come by.  However, some interesting matters were raised.  The data confirmed many parametric assumptions, despite the small sample size.  Mauchly’s test of non-sphericity was significant at p<0.01, however this was not a problem as both the Huynh-Feldt and Greenouse-Geisser were between 0.75 and 0.33 and significant at the p<0.01 level.  This was true of both overall time measurements and overall erroneous keystroke totals.  On average for all four phases, both time and errors were normally distributed, with the Kolgorov-Smirnov statistic insignificant at the 5% level.  This was true of all three conditions, both individually and as a group.  When these scores were divided up, errors appeared (phase B time in conditions 1 and 3 and phase T time in condition 3) but the K-S statistic is normally only applied to the whole sample, to test its representation of the overall population, which must be assumed to have normal distribution, so this was not regarded as important.  Levene’s test of unequal variances was insignificant.

ANOVAs were performed on the data to ascertain the confounding effects of any variables which should have been random.  Between-symbol effects, overall, were non-existent for both error numbers and total time, so clearly any primacy effects, recency effects or familiarity effects were not enough to differentiate performance from one symbol to another.  Additionally, the worrying skew of sex and age was ignored after neither showed a significant effect.

A 1-way ANOVA was applied to the Time and Error scores in the T phase, to test hypotheses 5 to 8.  This was insignificant.  Given the following two error bar plots, this is not wholly surprising.
Error Bar Plot for incorrect keystrokes in Test phase
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Error Bar Plot for Total Time to Correct keystroke in Test phase
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Given these analyses, hypotheses 5 to 8 must be rejected.  However, there was some support for hypotheses 1 and 2.  A series of GLM Repeated Measures tests were performed on the learning phase data, which, like the test phase data, fitted all necessary assumptions.  All three conditions showed significant improvement in both error rates (F[1]=56.4, p<0.01) and time-to-correct-key (F[1]=17.9, p<0.01) across the three phases.  However, only error rates were significantly different across conditions (F[2]=3.4, p<0.05) as time seemed more uniform in its decrease.  Thus hypotheses 3 and 4 were rejected, and hypotheses 1 and 2 were tentatively accepted.

It is worth noting, however, that the lack of difference at the test phase was strong enough to swamp this significant difference: in other words, the task was easier for some to learn, but they had not learned the end test significantly better than their counterparts.  The graphs confirm that the overall trend was as expected, the random condition is clearly most difficult, followed by the unaided, with the coherent hint condition being easiest to learn (although not significantly helpful in the no-hint test phase).

Error Bar Plot for incorrect keystrokes in learning phases
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Error Bar Plot for Total Time to Correct keystroke in learning phases
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Apart from these results, some other interesting points came to light.  Firstly, the improvements in error rates and times seemed to improve in markedly different ways.  As the following two graphs show, the error rates appear to reduce in even stages, but the times reduce quite suddenly between phase 2 and phase 3.  The scores have been adjusted across individuals to control for individual deviation from the condition mean. In the light of the overall insignificance of this factor, it may seem somewhat arbitrary but the significant error difference in the learning phase suggested that it was worth keeping.  Adjusting to the grand mean produced such similar results it is not worth reporting them separately.

Error Bar Plot for Total incorrect keystrokes in each phase (adjusted)
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Error Bar Plot for Total time taken in each phase (adjusted) [image: image7.png]95% CI
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Furthermore, a correlation table shows a surprising number of significant relationships between some scores:

	A time
	B time
	C time
	T time
	A errors
	B errors
	C errors
	T errors
	

	
	
	-.531
	-.444
	
	
	-.402
	
	A time

	
	
	-.545
	-.702
	
	
	
	
	B time

	
	
	
	.822
	
	
	.704
	
	C time

	
	
	
	
	
	
	.491
	.399
	T time

	
	
	
	
	
	.371
	
	
	A errors

	
	
	
	
	
	
	
	
	B errors

	p<0.01  p<0.05
	
	
	
	
	
	.513
	C errors

	
	
	
	
	
	
	
	
	T errors


This is perhaps clearer on a factor analysis table:

Factor analysis of adjusted time and error scores with age and sex

(values under 0.55 suppressed)
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Here it is clear that the time taken in the first two phases loads negatively compared to the last phase, and the test phase.  Similarly, the first two learning phases load heavily onto the same factor, whilst the final learning phase and the test phase load onto a different factor.  The distinction, however is important: whilst the time taken can be said to be negatively correlated with later performance, the error rate is merely independent.  This might explain the more dramatic error bar plot for time.  This table also confirms the existence of a somewhat suspicious relationship between sex and age, and its irrelevance to the results of the experiment.

Post-hoc tests on the between-phases ANOVA confirm this.  The only significant means differences were:

Phase A
conditions 1 and 2
p<0.01

Phase B
conditions 1 and 2 
p<0.01



conditions 1 and 3
p<0.05



conditions 2 and 3
p<0.05

Phase C
conditions 1 and 2
p<0.01

Phase T
no significant difference

Error bar plot for phases across conditions, with contrast significances
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Discussion

The great disappointment of this study was the low number of participants.  However, it is possibly not worth exploring the reasons for this too deeply; if the problem of inciting online interaction had been solved, there would still be money in online advertising.  However, the fact that with even such a small sample, some coherent (i.e. parametric) results were obtained, suggests that this may well be a valid method of data collection in the future.

Technically, the experiment ran well.  Future experiments might run more smoothly if data was submitted automatically at the end of each phase, rather than at the end.  Data should also be transmitted without explicit button-clicking, to eradicate the effect of people giving it a try, and then only submitting their second attempt.  Data should also be passed to a server-side script, which can file information more efficiently than the experimenter’s email inbox.  Appended is a sample output email from the present study - it is not exactly concise.

It might be pertinent, in the future, to record statistics about the platform on which the applet is run, to ascertain whether different implementations of the Flash engine (e.g. Macintosh/Windows/Linux etc) process the frames in exactly equal amounts of time.  The present study was on far too small a scale to perform such a test, and the data were not collected, in any case.

It is worth noting that some participants did indeed find similarities between the symbols and the target keys - although the between-symbol test was not significant, it may be pertinent for future research to be careful on this matter.  However, one participant complained that one of the symbols appeared similar to a Swastika - this suggests that the participants were trying to match the unseen symbols with anything from past experience that might allow them to classify, and remember, them (Schmidt, 1975)

That hypotheses 1 and 2 were accepted is encouraging.  It is also not difficult to see that the coherent shapes might be helpful during the learning phase but their removal could cancel out this advantage - the participants may come to rely on it.  Interestingly, there is a ghost of the overall trend in the T phase graphs, suggesting that there is some advantage in training with the coherent shapes.  If this effect does exist, it would require a more robust experiment to reveal it.  Using a statistical power calculator at http://www.dssresearch.com/SampleSize/Betaavg2.asp it was calculated that in order to gain a significant difference between, for example, conditions 2 and 3 for T phase time, a sample size in the region of 1,200 per condition would be required.  The current power for this contrast, with the sample size of 10, is only 7.2%.

Increased improvement even with the presence of erroneous additional information is as expected, in line with Ahissar and Hochstein (1998), who found that participants gradually pared down any irrelevant cues, to concentrate only on those that were consistent, and useful.  This is a natural reaction, which can of course be swamped by providing little or no relevant information (Herzog and Fahler, 1997).

The reason for a lack of significant improvement may be explained by teh theoriy of Hayes and Broadbent (1998) who argue that learning takes place in two modes:

S-Mode - conventional conscious learning, awareness of lookup tables

U-Mode - subconscious: subjects cannot report verbally what they have learned.

U-Mode learning involves the “unselective and passive integration of information about the co-occurrence of environmental events and features” (Hayes and Broadbent, 1988, p.251)  It is possible that, by combining a conscious S-Mode effort to learn the symbols, with unconscious U-Mode learning through the shapes, the two came into conflict and did not work together as expected.  Another criticism would come from Svendsen (1991) who, when investigating solution of the Towers of Hanoi problem found that direct manipulation of problem space led to more experimentation, more errors, but better overall learning.  Conversely, command-driven manipulation led to swifter work in the learning phases but poorer retention of solutions. One improvement to this end in the present study could be to progress to the next symbol whether the correct key is pressed or not, thereby allowing more, low-effort experimentation, and a greater possibility of the solution being absorbed.

There may also be problems with the uniform and statistically balanced order of presentation, which meant that every symbol was presented the same number of times as every other.  "Serial presentation of paired associates does not necessarily facilitate learning" (Martin and Saltz 1963, p.609)  However, random presentations can also be detrimental (Herman and Lobel, 1965)  "In motor and verbal learning, random practice schedules produce poorer acquisition performance but superior retention relative to blocked practice." (Carlson and Yaure, 1990, p. 484)

The learning phase data revealed some unexpected results.  It is easy to write off the sudden leap in speed between phases B and C on the grounds of insignificance and the lack of such a leap in the error results, however it is consistent with theories of insight learning (See Anderson and Schunn, 2000) and is worth noting in case it shows up in further research.

One improvement in the implementation of the shapes stimulus could be to present a more obvious cue as to which finger to use, but in a “subliminal” fashion (e.g. Meyer and Waller, 2000), perhaps with a highlighted finger on a drawing of a hand, which appears for a fraction of a second before presentation of the symbol.  This could reduce reliance on the cue stimulus without reducing its helpfulness in the learning phases.

In conclusion, then, there were some interesting results, but no definite conclusion to draw about the experimental manipulation.  Possible further research should expand upon the number of participants, and attempt to tease out a more dramatic difference in results between conditions by reducing the obviousness of the helpful stimuli.  The leap in time improvement is a signal that, as the pilot study showed, the number of presentations was probably sufficient for the majority of the group; however, it is worth noting that it was obviously too long for many who did not finish the task before becoming bored.  Perhaps some kind of reward for finishing the task would improve this.

Overall, the experiment raised some interesting issues, and lays a decent foundation for further research in this area.
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Applet Construction

Flash works by having ‘movie clips’ of a set number of different frames, which play through at a set rate unless otherwise instructed.  The applet for this project comprised a six-frame ‘symbols’ movie clip above a six-frame ‘shapes’ movie clip, which could be manipulated separately.  In fact, the ‘shapes’ clip had an extra, blank, frame.

A third movie clip called ‘timer’ looped through two frames at 30 frames a second, adding one to the ‘timer’ variable with each frame.

The script attached is associated with the main movie (‘entirety’) which has an introductory part, a test part and a thanks part, including a ‘submit results’ button.  It both controls the status of the enclosed clips (‘timer’, ‘symbols’, ‘shapes’) but also shares variable names with them so that ‘timer’ might pass information back up the chain to tell the control script how much time has elapsed since it was set in motion.

// text preceded by a double slash is a comment, irrelevant to function

Some lines spill over, but should not actually have a carriage return in the middle.

Program Listing (MacroMedia Actionscript)

// Motor Skill Tutor script by Carl Pappenheim 2001

// carl@pappenheim.net * http://carl.pappenheim.net

// 

onClipEvent (load) {


// Priming, handling function definitions


// Define variables


function Variables (sess) {



SequenceA = [1, 5, 6, 4, 3, 2, 3, 5, 6, 4, 1, 2, 6, 1, 4, 2, 3, 5, 6, 1, 3, 2, 4, 5, 1, 6, 2, 5, 3, 4, 1, 5, 6, 4, 3, 2, 6, 1, 3, 2, 4, 5, 7];



SequenceB = [1, 5, 6, 4, 3, 2, 3, 5, 6, 4, 1, 2, 6, 1, 4, 2, 3, 5, 6, 1, 3, 2, 4, 5, 1, 6, 2, 5, 3, 4, 1, 5, 6, 4, 3, 2, 6, 1, 3, 2, 4, 5, 7];



SequenceC = [1, 5, 6, 4, 3, 2, 3, 5, 6, 4, 1, 2, 6, 1, 4, 2, 3, 5, 6, 1, 3, 2, 4, 5, 1, 6, 2, 5, 3, 4, 1, 5, 6, 4, 3, 2, 6, 1, 3, 2, 4, 5, 7];



SequenceT = [1, 5, 6, 4, 3, 2, 3, 5, 6, 4, 1, 2, 6, 1, 4, 2, 3, 5, 6, 1, 3, 2, 4, 5, 1, 6, 2, 5, 3, 4, 1, 5, 6, 4, 3, 2, 6, 1, 3, 2, 4, 5, 7];



a = ["Session "+sess];



session = sess;



counter = 0;



miniwrong = 0;



wrongarray = [0,0,0,0,0,0];



timearray = [0,0,0,0,0,0];



wrong = 0;



timetot = 0;



finished = 0;



success = 0;



outputTitle = " ";



outputText = " ";


}


function displayFor (sha, sym) {



tellTarget ("/entirety/shapes") {




gotoAndStop (sha);



}



tellTarget ("/entirety/symbols") {




gotoAndStop (sym);



}


}


function getnum (Sess) {



if (Sess == 1) {




rnd = SequenceA[counter];



}



if (Sess == 2) {




rnd = SequenceB[counter];



}



if (Sess == 3) {




rnd = SequenceC[counter];



}



if (Sess == 4) {




rnd = SequenceT[counter];




rnd2 = 7;



} else {




rnd2 = rnd;



}



counter = counter+1;



if (rnd == 1) {




keyid = 69;



}



if (rnd == 2) {




keyid = 82;



}



if (rnd == 3) {




keyid = 71;



}



if (rnd == 4) {




keyid = 74;



}



if (rnd == 5) {




keyid = 73;



}



if (rnd == 6) {




keyid = 79;



}



if (rnd == 7) {




keyid = 200;



}


}


function endDisplay (Sess) {



outputTitle = " Session"+Sess;



if (Sess == 1) {




outputA = a.toString();




WrongA= wrongarray.toString();




timeA= timearray.toString();




tinyA= [timetot, wrong]



}



if (Sess == 2) {




outputB = a.toString();




wrongB = wrongarray.toString();




timeB= timearray.toString();




tinyB= [timetot, wrong]



}



if (Sess == 3) {




outputC = a.toString();




wrongC = wrongarray.toString();




timeC= timearray.toString();




tinyC= [timetot, wrong]



}



if (Sess == 4) {




outputT = a.toString();




wrongT = wrongarray.toString();




timeT= timearray.toString();




tinyT= [timetot, wrong]




outputTitle = " Test-Session";



}



outputText = "You completed "+(counter-1)+" trials and pressed ";



if (wrong == 0) {




outputText += "no wrong keys at all!";



} else {




outputText += wrong;




if (wrong == 1) {





outputText += " wrong key.";




} else {





outputText += " wrong keys.";




}



}



if (session == 4) {




outputText += "\nOn average you took "+(int((timetot/(counter-1))/3)/10)+"sec to get each symbol right.";




outputText += "\n\nPress Space to finish up";




finished = 1;



} else {




outputText += "\n\nPress Space to begin session "+(session+1)+"..";



}


}


function keyStrike (key) {



if (key == keyid) {




tellTarget ("/entirety/yesno") {





gotoAndStop (2);




}




success = 1;




a = a.concat(miniwrong, key, timer+"=t ");




miniwrong = 0;




timetot += timer;




timearray[rnd-1] += timer



} else {




tellTarget ("/entirety/yesno") {





gotoAndStop (3);




}




success = 0;




wrong = wrong+1;




wrongarray[rnd-1] += 1;




miniwrong +=1



}


}


function keyRelease (sess) {



if (success == 1) {




getnum(sess);




if (sess<4) {





shape = int(Math.random()*5)+1





displayFor(shape, rnd);




} else {





displayFor(7, rnd);




}




if (rnd == 7) {





endDisplay(sess);





tellTarget ("/entirety/timer") {






gotoAndStop (1);





}




} else {





tellTarget ("/entirety/timer") {






gotoAndPlay (1);





}




}



}



tellTarget ("/entirety/yesno") {




gotoAndStop (1);



}



if (timer == 0) {




if (counter == 0) {





if (keyCode == 32) {






tellTarget ("/entirety/timer") {







gotoAndPlay (1);






}





}




}



}


}


function RunIt (sess) {



Variables(sess);



getnum(sess);



displayFor(rnd2, rnd);


}


// Get things going


RunIt(1);

}

// When key is pressed, identify & qualify

onClipEvent (keyDown) {


if (_currentframe == 1) {



keyCode = Key.getCode();



if (finished == 0) {




if (rnd == 7) {





if (keyCode == 32) {






RunIt(session+1);





}




}




if (keyCode<>32) {





keyStrike(keyCode);




}



} else {




if (keyCode == 32) {





tellTarget ("/entirety") {






gotoAndPlay (2);





}




}



}


}

}

// On key release, return tick / cross to default state

// and draw next symbol / shape

onClipEvent (keyUp) {


if (_currentframe == 1) {



if (finished == 0) {




keyRelease(session);



}


}

}


Appendix B

Symbols and Shapes
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Symbols are shown with their relevant coloured shape behind them.  See method section for the appropriate finger and key associated with each.


Appendix C

Sample output email

-------------------------- Message from Site ---------------------------

 (just woke up) on Friday, March 15, 2002 at 16:41:39

_______________________________________________________________

a: Session 4,0,69,1=t ,0,73,54=t ,1,79,378=t ,0,74,72=t ,5,71,380=t ,1,82,398=t ,3,71,524=t ,0,73,74=t ,2,79,182=t ,0,74,66=t ,0,69,50=t ,0,82,52=t ,1,79,96=t ,0,69,52=t ,2,74,176=t ,1,82,204=t ,0,71,46=t ,0,73,46=t ,0,79,88=t ,0,69,48=t ,1,71,114=t ,0,82,106=t ,0,74,64=t ,0,73,46=t ,0,69,44=t ,0,79,44=t ,0,82,112=t ,0,73,64=t ,0,71,110=t ,0,74,94=t ,0,69,48=t ,0,73,42=t ,0,79,58=t ,2,74,256=t ,0,71,78=t ,0,82,38=t ,0,79,114=t ,0,69,48=t ,1,71,104=t ,0,82,46=t ,0,74,40=t ,0,73,32=t 


session: 4


counter: 43


wrongarray: 0,2,10,4,0,4


timearray: 291,956,1356,768,358,960


wrong: 20


timetot: 4689


finished: 1

success: 1


outputTitle:  Test-Session


outputText: You completed 42 trials and pressed 20 wrong keys.
On average you took 3.7sec to get each symbol right.
Press Space to finish up


outputA: Session 1,2,69,120=t ,1,73,114=t ,2,79,154=t ,1,74,100=t ,2,71,102=t ,0,82,6=t ,8,71,82=t ,4,73,26=t ,8,73,76=t ,2,74,100=t ,0,69,66=t ,1,82,92=t ,0,79,64=t ,0,69,52=t ,5,69,196=t ,1,74,100=t ,1,82,82=t ,0,71,52=t ,1,73,116=t ,0,79,72=t ,0,69,56=t ,1,71,96=t ,4,82,156=t ,1,74,84=t ,0,73,52=t ,0,69,48=t ,0,79,66=t ,3,82,178=t ,0,73,70=t ,0,71,68=t ,0,74,92=t ,0,69,62=t ,1,73,84=t ,3,79,158=t ,2,74,130=t ,0,71,72=t ,0,82,64=t ,3,79,154=t ,0,69,60=t ,0,71,72=t ,0,82,16=t ,5,74,168=t ,0,73,104=t 


WrongA: 7,9,11,12,15,8


timeA: 660,594,544,774,642,668


tinyA: 3882,62


outputB: Session 2,0,69,1=t ,0,73,70=t ,2,79,266=t ,2,74,118=t ,2,71,132=t ,0,82,108=t ,5,71,232=t ,0,73,198=t ,3,79,180=t ,1,74,110=t ,0,69,48=t ,1,82,114=t ,2,79,196=t ,0,69,46=t ,3,74,186=t ,2,82,164=t ,0,71,66=t ,0,73,62=t ,1,79,146=t ,0,69,102=t ,1,71,92=t ,5,82,278=t ,1,74,122=t ,0,73,112=t ,0,69,50=t ,0,79,74=t ,0,82,104=t ,0,73,62=t ,0,71,64=t ,1,74,158=t ,0,69,46=t ,0,73,54=t ,0,79,88=t ,0,74,64=t ,0,71,80=t ,0,82,90=t ,0,79,78=t ,0,69,48=t ,2,71,138=t ,0,82,106=t ,0,74,90=t ,0,73,66=t 


wrongB: 0,8,10,8,0,8


timeB: 341,964,804,848,624,1028


tinyB: 4609,34


outputC: Session 3,0,69,1=t ,0,73,74=t ,2,79,120=t ,0,74,150=t ,10,71,632=t ,0,82,96=t ,4,71,502=t ,3,73,480=t ,0,79,10=t ,2,74,196=t ,13,69,630=t ,0,82,238=t ,3,79,172=t ,1,69,274=t ,2,74,160=t ,2,82,148=t ,4,71,372=t ,1,73,90=t ,1,79,90=t ,0,69,42=t ,1,71,102=t ,2,82,140=t ,1,74,122=t ,0,73,52=t ,0,69,50=t ,2,79,120=t ,2,82,128=t ,1,73,52=t ,3,74,194=t ,2,74,210=t ,8,73,62=t ,2,73,124=t ,3,79,208=t ,0,74,68=t ,0,71,70=t ,0,82,98=t ,1,79,112=t ,0,69,80=t ,2,71,126=t ,0,82,76=t ,1,74,122=t ,0,73,44=t 


wrongC: 14,6,21,11,15,12


timeC: 1077,924,1804,1222,978,832



tinyC: 6837,79


outputT: Session 4,0,69,1=t ,0,73,54=t ,1,79,378=t ,0,74,72=t ,5,71,380=t ,1,82,398=t ,3,71,524=t ,0,73,74=t ,2,79,182=t ,0,74,66=t ,0,69,50=t ,0,82,52=t ,1,79,96=t ,0,69,52=t ,2,74,176=t ,1,82,204=t ,0,71,46=t ,0,73,46=t ,0,79,88=t ,0,69,48=t ,1,71,114=t ,0,82,106=t ,0,74,64=t ,0,73,46=t ,0,69,44=t ,0,79,44=t ,0,82,112=t ,0,73,64=t ,0,71,110=t ,0,74,94=t ,0,69,48=t ,0,73,42=t ,0,79,58=t ,2,74,256=t ,0,71,78=t ,0,82,38=t ,0,79,114=t ,0,69,48=t ,1,71,104=t ,0,82,46=t ,0,74,40=t ,0,73,32=t 


wrongT: 0,2,10,4,0,4


timeT: 291,956,1356,768,358,960


tinyT: 4689,20


age: 20


sex: m


_______________________________________________________________
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