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SUMMARY 

The experiments presented in this report were designed to measure 

the strength and direction of population stereotypes in the use of 

machine-tool handwheel controls. A close simulation of the real-life 

task was attempted. 

It was found that, where stereotypes existed, experienced machine tool 

operators conformed with nomen machine tool design practice in their 

expectations. Secondary school boys (potential operators) had no ex- 

pectations: university students' expectations were not always in line with 

design practice. The stereotypes of apprentices were often weaker versions 

of those of operators. 

The effects of allowing each subject to perform several different 

tasks involving handwheels were examined: expected directions of motion 

were not affected, but the overall tendency to respond clockwise was 

affected. There was some sequential dependence in the responses. 

The conclusion is reached that standardization of control-display 

relations is important but in most cases there are no "natural" stereotypes 

(obvious ones were not studied) - the stereotypes are learned by the 

operators, from the machines they operate.
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1.1 

SECTION L INTRODUCTION AND HISTORICAL SUMMARY 

1.1 The Nature of the Problem 

This study is concerned with the relations between the controls and 

displays which form the links between the human being and the hardware in 

any man/machine pystem. Two aspects of such relations which are of 

interest are the configuration - the relative positions of control, 

display and operator - and the direction-of-motion relation: which way does 

the display nove in response to a given direction of movement of the 

control? The experiments to be reported later (Section 2, et. seq.) are 

concerned with specific tasks: handwheel-operated traversing motions of 

a simulated machine tool: but in this section the field of direction-of- 

motion relationship in general will be reviewed. 

Typically, there are three requirements for any experiment in this 

field. First, a task involving a control and a display: this may or 

may not be abstracted from a task found in a "real-life" men-machine system. 

Secondly, a criterion by which to judge the worth of alternative config- 

urations and relations of the control and displey: tiic depends on the type 

of task but usually involves operating-time or error scores. Thirdly, a 

set of variable conditions is required. Either some features of the task 

may be varied or chenges may be made in the conditions under which subjects 

attempt the task (stress, secondary task, etc.) or in the type of subject 

(age, experience, etc.). 

1.2 Early Work at Cambridge. 

Between 1944 and 1950, several experiments were carried out at 

Cambridge under the general title of "Direction of Movement of Machine 

Controls". Not all of these are still in print but examples are Vince (1944), = 

Mitchell (1947), Mitchell (1949), Vince (1950), end Mitchell and Vince (1951).
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The last is a summary paper which deals with the whole series of 

experiments, The work was started by the late K.J.W. Craik end carried 

on by Vince and Mitchell. 

Initially a control-displey configuration in which the sense of the 

"expected" direction-of-motion relation could be taken for granted was 

studied: Vince (1944). The display was a pointer which moved vertically, 

the task was to cause the pointer to follow a track on a revolving dmm, 

and the control was a horizontal lever whose end moved vertically ina 

plane at right-angles to the operator's Line of sight. (In fact, the lever 

could also be considered as a rotary control but the importance of this 

ambiguity was not to emerge until later, e.g. Simon and Fitts (1952) ). 

The purpose of the experiment was to measure the effect on task- 

accuracy of the "expected" and "unexpected" direction of motion relations. 

pthabe were of course taken to be "up for up, down for down" and "up for 

down, down for up" respectively. It was found that the "unexpected" 

relation did indeed have a deleterious effect on performence (increased 

error score) in the two types of task studied: compensatory tracking and 

discrete binary Byitening, provided that a certain rate of stimulus - 

presentation wes exceeded. It was further shown thit performance on one 

direction-of-motion relation was degraded if the subject had previously 

practised on the opposite relation. The importance of this first paper in 

the field was that it formally verified the practical importance of an 

optimum control-display relation in tracking end continuous switching tabks, 

and pointed to the trouble which could arise if such relations were not 

standardized among tasks. The latter conclusion was missed by Hick (1945), 

who looked into factors affecting handwheel design (for a Naval gunnery 

application) and concluded from a literature survey that direction-of-notion an 

relations were not important because they only affected the initial = 

training stages of a task, Later, Fitts and Seeger (1953) were to show that 

such effects showed no sign of diminishing after 24 months of daily 

practice, 
*
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Mitchell (1947) used the same set-up to measure performance on 

various control-display relations other than "up for up" and its opposite. 

The display remained itap/aown" but the control was put in "left/right" 

and "to/from" positions, moving horizontally. These horizontal controls 

produced similar performance, giving an error-rate halfway between that 

for “up for up" and that for "up for down". The eddition of a secondary 

task for the left hand (the main task was for the right hand) made very 

little difference to the rank order of the error scores for the different 

configurations. 

Later (Mitchell, 1949) a two-handed tracking task was studied, still 

using the seme apparatus. Only the right-hand task was scored, although 

to the subject the left was equally important. For the switching task the 

right-hand performance was made worse by the addition of the second task 

but, unexpectedly, in the compensatory tracking task, performance of the 

right hand task was improved when the left-hand task was performed as well. 

This was put down to a lack of motivation in the one-hand tracking task: it 

was "too easy". 

Vince (1950) rounded off this pioneering series of experiments by 

looking at the effect of stress on the ability to retain a learned 

direction-of-motion relation. Of a dozen supposed stressors tried, only 

one caused a significant reversion to previously-learned stereotypes: the 

introduction of irrelevant and unexplained stimuli-into the display, A by- 

product of this experiment was the discovery that measured intelligence 

was correlated with performance on the "unexpected" relation, but not on 

the "expected" one. (These were the same tasks that Vince used in her 

fi original 1944 experiment). Once again, motivation difficulties on the ae: 

easier task were found to confuse the results,
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1.3 Early Work in the U.S.A. 

The starting point for human engineering as a separate discipline in 

the United States seems to have been the work of the late Paul M. Fitts 

and others on the causes of "pilot error' in military aircraft, The 

vital finding was that the faults were more often attributable to the © 

design of the aircrafts' control and display systems than to the 

unfortunate pilots. One contributory factor was the prevalence of 

"incompatible" controls and displays, i.e. hoee having unexpected 

movement relations or configurations. 

A new type of experimental method was introduced by Warrick (reviewed 

by Loveless, 1962) whose original 1947 paper is now difficult to obtain, 

Previous studies had measured the performance of subjects who were in a 

position to know what control-display relation wes embodied in the task, 

either because they were allowed a practice session or simply because the 

task was scored orer an extended interval of time. The "expected" relation 

was defined as the one under which the most accurate performance of the 

task occurred. Merrion, on the other hand, presented the subject with 

an unknown direction-of-motion relation: ‘the sense of the initial 

Tesponse was recorded and thus the subject's "expected" relation was 

discovered, If a large enough majority of a sample of subjects responded 

in the same way, an expected relation for the population could be inferred. 

This later came to be called a "population stereotype", All Warrick's 

tasks involved a rotary control (a Imob) and a linear display: a pointer 

moving against a straight uncalibrated scale, Where the axis of the 

khob was at right-angles to the plane of the display the "expected" 

relationswre found to obey a general principle (leter known as "Warrick's 

principle"): the pointer was expected to move in the same sense as the 

nearest part of the knob. Exceptions to this "rack-and-pinion" model 

have since been found (e.g. Thylen,1966).
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In the cases where the axis of the knob was not at right-angles to the 

plane of the display, no significant expected relations were found. 

1.4 Attempts to Quentify Compatibility. 

Mitchell and Vince in their work and Warrick in his, used the 

performance of the subjects to determine which direction-of-motion 

relations were compatible. A different approach was taken by Morin and 

Grant (1953): they devised a task in which an a priori compatibility 

of the control and display could be calculated. Subjects' performance 

was measured separately so that the relation between compatibility and 

performance could be explored. In their experiments the display was a 

row of eight lamps end similar row of eight keys placed below the lamps 

constituted the control, Any key could be wired to any lamp, giving 

8 possible control-display configurations. 23 of these combinations 

were used: one where each key operated the lamp above it, one where 

each key was connected to the lemp which was symmetrically opposite 

the key, about a central vertical axis, and 21 intermediate arrangements 

in seven groups of three, each group having the same calculated value of 

compatibility. The measure of inherent compatibility was Kendall's 

rank correlation coefficient (tau). Reaction time and errors were the 

performance criteria and the relation between these and the inherent 

compatibility turned out to be as follows: best performance on both 

time and errors was given by the direct connection of each key to the lamp 

above it (tau = 1.0); time end errors were doubled in the next-best 

arrangement, symmetrical cross-connection of keys and lamps (tau =-1.0); 

all other arrangements were worse still, reaching a quadrupling of time 

and errors for the three arrangements giving tau = -0.29 (Not tau = zero — 

as might be expected).
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This non-operational way of looking at control-display competi inaty, 

has not been followed up in later work, perhaps because the type of task 

to which it can be applied is not common in practical situations, and 

perhaps because the answer it gave was, from a practical design point of 

view, obvious anyway. The next work to be discussed concerns differences 

in configuration which it would be difficult to quantify. In fact, the 

attempt was not made, subject's performance being the measure of com- 

patibility once again. The work in question is that of Fitts and Seeger 

(1953). Their aim was 5 "demonstrate the utility of the concept of 

stimulus - response compatibility". To this end they devised a measure 

of compatibility based on the application of the methods of information 

theory to the subjects' performance. The ratio of information lost in 

the passage from stimulus to response to the original uncertainty of the 

stimulus was the measure used. 

The task consisted of various lemp-matrix displays and a number of 

stylus mazes which corresponded to the displays. All combinations of 

lamp-matrix and maze layout were tried separately and the groups of 

subjects were scored on reaction time, errors, end tie information 

measure described above. All three measures were found to rank the nine 

tasks almost identically. In addition, the three tasks which were 

intuitively most compatible (similar geometry of lamp-matrix and maze 

layout) ranked highest on all the measures. As a conclusion the hypo- 

thesis was put forward that low compatibility involves extra steps of 

information coding, each step taking up time and containing the possibility 

of error, The itost important finding resulted from a further experiment 

in which the same tasks were extended over 32 training sessions during 

a period of 2: months: the differences emong the nine tasks in terms 

of the three measures were maintained throughout this time and showed 

no sign of convergence at the end.
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1.5 Exploration in Detail. 

The early 1950's saw a change in the direction of research. It 

began to be realised that no one experiment was likely to produce a 

general theory of control-display compatibility: there were far too 

many variables present in a practical control situation for this to be 

possible. Expected relations had been shown to exist in various exper- 

imental set-ups.: effort now turned to the examination of these relations 

in experiments which resembled particular practical cases. 

A good example is the interest which was now shown in the back- 

ground of the subjects. Previously it had been quite common to omit all 

reference to the age and occrpation of the subjects, as though any expected 

relations found in one group could be sefely generalised to the whole 

population, Simon and Fitts (1952) graded their subjects on the basis 

of "sophistication" - a combination of age and experience which ranged 

from five-year old children to engineering students. They were interested 

in the problem of conflicting stereotypes: given a rotary control coupled 

to a circular dial there is e position of the pointer at which Warrick's 

principle would suggest one direction-of-motion relation ("linear model") 

while a "clockwise-for-clockwise" rule would suggest the opposite relation 

("curvilinear model"). The results of the experiment showed that with 

increasing sophistication there was a systematic shift from the linear to 

the curvilinear model. The task in this experiment was a pencil-and-paper 

simulation, a method that is frowned upon nowadays. 

Norris and Spragg (1953) investigated a task on a stendard piece of 

apparatus, the S4M two-handed co-ordination test. Here two handwheels 

  

were operated simultaneously to control the X and Y co-ordinates of the 

marxer in a two-dimensional tracking task. The best positions and direction- 

of-motion relations for the two handwheels were found, for a population of 

students, :



The expected relations were found to be: 

Left hand: Clockwise fdr movemeat to the right. 

Right hand: Clockwise for movement from the operator. 

It is stated that these were already known to be the "natural" relations, 

but no evidence is quoted for this. 

Bradley (1954) concentrated on a particular display device: the mov- 

ing-scale indicator, in which the index mark is a hairline engraved on a 

window. Through the window can be seen part of the moving graduated scale, 

The three variables in this device are: 

Direction-of-motion relation between rotary control and scale. 

Direction of scale-number increase. 

Relation between control direction and scale increase. 

The last variable depends on the first two. As each has two values there 

are four combinations of the first two variables. Intuitively the 

"desirable" values are: 

Direct drive (clockwise for clockwise). 

Scale numbers increase from left to right. 

Clockwise turn of control increases scale reading. 

Three of the four combinations satisfy two of these conditions: the fourth 

satisfies none of them. A very thourough exploration was made of the types 

of error produced by the various combinations, and a development programme 

of modified and novel types of indicator was carried out. The result is 

a definitive design manual for moving-scale indicates which should be of 

direct practical use. 

Holding (1955) attempted to summarize the known expected relationships 

for both linear and rotary controls end displays. He went on (1957a) to F 

look at the effects of a new variable, initial pointer position, The 

effect was that if the pointer started from one end of the scale there 

was a weakening of the stereotype. The subjects were students and 

Warrick's single-response method was used.
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In Holding (1957b) the cases where the axis of a rotary control 

lies parallel to a linear scale were investigated. Some significant 

stereotypes were found in cases where Warrick had found none (Loveless 

1962). Nevertheless Holding concluded that the stereotypes were not 

sufficiently strong or reversible to warrant the use of such configura 

tions. He also confirmed the overall clockwise bias in right-hand 

operation of rotary controls noted by Warrick. 

Ross, Shepp, and Andrews (1955) applied the pencil-and-paper test 

method to a variety of control-display configuarations. 

Humphries (1958) investigated the interaction between control-display 

relation and the position of the operator relative to the machine. He 

found that the control-display relation, specified in isolation, was nol 

suffieient to guarantee adequate performance: the operator's position 

must be specified as well, 

Bradley (1959) concerned himself with e non-moving display, namely 

a lamp whose brightness was controlled by a knob. He found a strong 

clockwise-to-increase/aniiclockwise-to-decrease stereotype among male and 

female college students. In right-handed subjects there was also a stimulus- 

independent clockwise bias. This was not found in left-handed subjects. 

The stereotype was weakened when the instructions were given in negative 

form, e.g. "increase the dimness of the lamp". 

Loveless (1959a) and Thylen (1966) were interested in the problem of 

conflicting stereotypes. Loveless tackled the circular dial/rotary control 

problem, featured in Simon and Fitts (1952), from a different standpoint. 

He verified a simultaneous-equation method for measuring the strengths of 

the co-acting stereotypes by working with a pointer in different quadrants 

of the circular dial. Thylen showed that Warrick's principle and a clock- _ 

wise-for-right expectation could be made to conflict by arranging that a 

knob was mounted vertically above a horizontal straight dial. Hither 

stereotype could be dominant, depending on the proximity of the pointer 

to the central part of the scale, immediately below the knob.
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positioned either below or to the right of a horizontal and a vertical 

straight dial. The two knob positions produced stereotypes in the same 

sense. However, the stereotype was weaker when the line of action of the 

display passed through the centre of rotation of the knob, so that only a 

clockwise-for-right or a clockwise-for-up stereotype was possible, with 

no help from Warrick's principle. 

The same control and display, in the same configurations, were used 

by Chapanis and Gropper (1968). They studied the effect of left-handedness, 

use of the non-preferred hand, and the direction of scale-numbering, 

They found that performance with the non-preferred hand deteriorated more 

for right-handers than for left-handers. (Measured as frequency of dial- 

setting errors). Both types of subject, when using the non-preferred hand, 

performed better when the scale numbers increased from right to left. 

1.6 Conclusions from the Review. 

While the work described above has advanced our knowledge of 

human behaviour, its applicability to the design of man-machine systems is 

rether limited. In particular, the types of display which have been in- 

vestigated are few: lamps and dials being the almost exclusive choice 

of the experimenters, 

No work has been done on the case where the display is a large moving 

piece of machinery, or where there is a one-sided aspect to the display: 

setting an indicator to a point which may not be passed. Since the present 

writer's interest is in machine tools, the experiment described in the re- 

maining sections of this paper is concerned with the ‘relations between the 

handwheel/crank controls of these machines with the relative movements of a 

workpiece/machine-table assembly and a spindle/cutter assembly. There is ample 

evidence to show that the stereotypes for this situation cannot be inferred 

from the dial-and-knob experiments. Furthermore the influence of experience 

cannot be ignored. Machine tools must be designed for actual and potential 

machine-tool operators, so these typesof subject must be used in any exper- 

iment in this field, 
‘



SECTION 2 THE DESIGN OF THE EXPERIMENT 

2.1 The Kange of Methods Available 

Methods for the. measurement of population stereotypes are not 

standardized, workers in this field having adapted the details of their 

methods to the requirements of the practical problems to which their 

results were to be applied. The min methodological differences are 

discussed below. 

2.1.1 Initial-response versus continuous performance criteria. 

Methods in which only the subject's initial response is recorded are 

very popular, because they arise from a problem which occurs fxquently 

in practice. There are many situations in which some kind of cost accrues 

if an operator, in response to a stimulus, should move a control the 

‘wrong way': a tap or valve which mist be closed in order to relieve a 

dangerous condition may instead be opened; a cutting tool which requires 

to be withdrawn from the vicinity of a workpiece may be plunged into that 

workpiece, etc. The common feature of such cases is that "second thoughts! 

are too late - it is the initial response that is all-important. 

When a situation of this kind is to be simulsted in the laboratory 

it seems appropriate to take this initial response as the dependent 

variable and to ignore any subsequent behaviour. 

There are other practical tasks in which the sense of the initial 

response assumes only minor importance and the main requirement is for 

continuously accurate performence over a period of time. These ere 

generally tracking tasks, both compensatory and target-following, in one 

or two dimensions, or tasks involving steering along a path. The 

simulation of tasks of this type gives rise to experiments in which the SSS 

initial response is not a criterion of performance and an appropriate 

time or error score is measured instead.
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There are important differences between the two types of 

experiment but in both the conditions should be so arranged that the 

subjects will reproduce the behaviour which would occur in the 

corresponding 'real life' situation. One question which must be 

answered is, should the subject now which aspect of his behaviour is 

under scrutiny? If he does know (in cases where the initial-response 

criterion is in use) his response may be determined by conscious thought 

about the control-display relationship, whereas if he can be discouraged 

fran thinking about this his responses are more likely to reflect his 

previous experience and innate response tendencies (if such exist), which 

may never consciously have been organized. Pencil-and-paper tests have 

sometimes been applied to the investigation of population stereotypes, 

and these necessarily involve the subject's knowing that the sense in 

which he would prefer to operate a control is to be recorded. On the 

other hand, it is often the operation of a control under time-stress that 

is of interest in the practical case: it is just when there is not tim 

to think about which way a control should move that moving it the right 

wey; first time, can be important. 

\then a continucus performance criterion is used the subject learns 

which control-display relation is built into the task very early in the 

trial but a case can still be made out for withholding knowledge of the 

objectives of the experiment, on the grounds that an initial preference 

for one particular control-display relation could have a differential 

effect on motivation. 

An important methodological difference between experiments using the 

initial-response criterion and those using a continuous performance 

criterion is in the effect of submitting the same subject to a series of 

trials. In the former case the subject obviously cannot be given the 

same task twice: his first attempt gives him an opportunity to learn the
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correct response. An extension of this idea Suggests that ie should not 

be given two similar tasks in one experiment lest the experience of a 

trial on one task effects the response in the other. Some workers, even 

a majority, go further and state that the subject should never make more 

than one response, on one task, during the experiment end should never be 

re-tested, even a a different teak!) Continuous-performance experiments 

are not limited in this way so often, since it is possible to measure, 

and allow for, the effects of learning and of transfer of training between 

tasks. 

Another basic difference arising from the limitations imposed on 

repeated testing is in the amount of information which can be obtained 

from each subject. Under the initial-reszonse criterion, with a two choice 

response, only one bit per trial is generated. With continuous perform-~ 

ance the amount of information is limited only by the length of the trial. 

This means that the random element in the responses can only be overcane 

in the former case by submitting a large number of subjects to one trial 

each on the same task while in the latter a significant difference between 

two control-display arrangements or two direction-of-motion relationships 

can be established for each subject. ‘The result is that samples can be 

much smaller in a continuous performance experiment while still represent— 

ing the population accurately. 

From the foregoing discussion it can be seen that the various 

experimental methods in use actually estimate different parameters of 

population behaviour although these are all given the name 'population 

Stereotype'. To summrize, the following questions are answered by 

different types of experiment:- 

Given a particular control-display arrangement, 

1. Which way do a majority of members of the population consciously 

think they would move the control in order to effect a given 

change in the display? (Pencil-and-paper tests end initial— 

response type experiments with knowledge of objectives.)
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Re which way would the majority eeauig move the ecntrol? 

(Initial-response experiments without Inowledge of objectives.) 

3. hich of the possible direction-of-motion relationships would 

allow a majority of the population to give the most accurate/ 

rapid performence? (Continuous performance experiments. ) 

2.1.2 Reversibility of Stereotypes 

Most practicable control-display arrengements embody a two-way 

relationship between the control movements and the changes which occur in 

the display, e.g. if a lever is moved to the right to increase the reading 

on a dial then it mst be moved to the left in order to reduce it: a 

switch that goes down for 'on! goes up for ‘off' etc. Population 

stereotypes, however, are not always reversible. iihen confronted with the 

lever and the dial, 70 per cent of a group of people might move the lever 

to the right in order to increase the reading, but it does not follow 

that 30 per cent of the same group would have moved it to the left if they 

had been instructed to reduce the reading. It is well established that, 

in addition to preferred direction-of-motion relationships, there exist 

preferred responses. An exemple of a preferred response is the tendency, 

Seen in several studies, for rotary controls operated by the right hand 

to be turned clockwise. Thus there are two Parameters which must be 

measured in order to describe a population's expectations about a control- 

display arrangement; these are correlation between stimulus and response   

variables and bias amoung the values of the response variable. In 

experiments under the initial-response criterion it is necessary to make 

Separate sets of tests, using different groups of subjects, for the differ-— 

ent ways (usually two) in which the display may change (up/down, increase/ 

decrease, etc.)
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2.1.3 Serial Effects 

In any experimental situation the response to Besticaien stimlus 

depends not only on the nature of that stimulus but also, in varying degree, 

upon the whole history of the subject's perceptual experience. The 

strength of the effect that any given perceptual event exerts upon the 

response to the current stimulus will be a function of the vividness, 

frequency and recency of the event and of its relevance to the current 

situation. If, therefore, in any experiment the subject undertakes a 

series of similar tasks then, for all tasks except the first, there will 

be recent, relevant experiences whose effect upon the current response 

may be added to that of the current stimulus. 

For exaaple, an experiment may consist of a series of trials, one of 

which might be: 

stimulus: instruction to move the display ‘up' or 'down! 

response: knob is turned wither clockwise or anticlockwise. 

There seem to be four variables in this trial which could affect the 

response to a subsequent trial on a different task. They are: 

ay The spatia). arrangement of the control and the display 

2. The sense (up or down) of the stimlus 

3. The sense (clockwise or anticlockwise) of the response 

4. The outcone of the trial (display moves in 'correct! or 

‘error' sense). 

The possible effects of one trial upon the response in a later trial are: 

1. An increase in stinulus-response correlation, or in response 

bias. 

2. A reduction (in extreme cases a reversal) in correlation, or 

bias. 

These effects can be measured by controlling the order in which the four 

variables appear in a series of trials, but this has not been done 

hitherto.
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2-1-4 Demarcation of Populations 

The populations studied most consistently up to now have been 
students and the military. There is often no evidence to show that 

civilian or industriel populations have similar stereotypes to those of 
the groups in question. Students in particular are Suspect because they 
are a selected group with a lower mean age and higher measured intelligence 
than the general population. An important question is, how finely mast 
the general population be broken down in order to obtain sub-populations 
with reasonably homogenous stereotypes on a given type of task? 

2.1.5 Healism and Simulation 

Just as little is known about the validity of generalisations fron 
one population to another, so there is a lack of data on generalisations 
amoung different types of task. Most studies concentrate on direction of 
motion as the main variable in the display but there are others which can 
be important, as the Studies on direction of scale-numbering recognise. 

Thus a stereotype found in a dial-and-pointer experiment might not appear 
in a machine-tool teek if direction of motion happened to be less important 
than increasing/recucing the depth of cut. ‘the nature of the control is 
important in the same way: a control perceived as a potentiometer would 
be likely to give rise to different responses from a control which was 

taken to be a hydraulic valve, for example.
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Bee The experimental method in the present study 

The purpose of this study was to obtain reliable data on population 

stereotypes which could be applied directly to the choice of control- 

display relationships commonly found in machine tools. A secondary 

Purpose was to investigate the serial effects which occur when the same 

subject performs more than one task in an experiment. 

To attempt to develop a general theory would have been beyond the 

scope of the study, although the absenee of such a theory is surpising 

in view of the amount of research which has been done in the past. The 

reason for this is that nobody has attached enough importance to the 

problem to invest in it the prodigious amount of co-ordinated research 

which would be required in order to develop and test a comprehensive 

theory: studies have been diverse and application-orientated. The pres- 

ent work is no exception to this trend, in that it is confined to the 

study of handwheel-controls as applied to milling machines of the 

horizontal and vertical type only. ‘The simulation of the real work 

situation is as realistic as circumstances would permit, but only a 

costly validation study could remove all doubt as to whether the level of 

realism is high enough to permit effective application of the results to 

be made, 

2.2.1 The Variables 

(a) Dependent Variables 

The basic dependent variable was the ‘response! produced by each 

subject on each task. This was the initial sense on which the handwheel 

was turned in response to a stimulus: it had two values, 0 = clockwise, 

1 = anticlockwise. 

For a group of subjects there were two further dependent variables, 

‘stimulus-response correlation! and ‘response bias'. These were measures
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of the strengtn and direction of the stereotype and the strength of 

any ‘overall clockwise' response-tendency respectively. They are 

described fully in peceice 2.256. 

; (b) Independent Variables 

in the first of the two experiments which were performed there were 

two independent variables: 

(i) Tasks (i.e. control~display configmations). 

ach configuration involved a handwheel control and either a 

spindle-traverse or a table-traverse motion on the simulated machine 

tool. ‘The twelve tasks are illustrated in Figure 2.1. 

(ii) Subject's occupation. (ne group of subjects had no experience 

of machine tools, one had limited experience and one had extensive 

experience. Section 2.2.3 contains a full description of these 

groups (group number 2, 3 and 4). 

This experiment measured the strength of any stereotypes for the 

twelve tasks and three groups of subjects. The second experiment 

was designed to emphasize some of the serial effects which might 

occur. It had the following independent variables: 

(iii) Order of presentation of tasks. 

Certain tasks were presented to the subject in two alternative 

positions, either at the beginning of the series of twelve or in the 

middle. 

(iv) Previous errors (over five trials) t 

One task was always presented to the subject at the end of his 

series of twelve. The outcomes of the previous five trials were 

controlled by the experimenter so that the subject experienced either 

five correct or five error outcomes consecutively, and then attenpted 

the final task.
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(v) Subject's occupation. 

One group had no experience and the other had extensive 

experience of machine tools. (Groups 1 and 5 in section 2.2.3). 

After both experiments had been carried out, the results of the 

first experiment were re-analysed in order to obtain further 

information about serial effects. Two further independent variables 

were involved namely: aS 

(vi) Previous errors (over one trial). 

All the tasks were grouped together and the results were 

classified according to whether they came from a trial following one 

with a correct or an error outcome. Any general change in the 

strength of correlation or bias which was related to the previous- 

trial outcome could then be seen. 

(vii) Previous response (over one trial) 

In this case all the results (from all tasks) were classified 

in terms of the response (clockwise or anticlockwise) which occurred 

for the same subject on the previous trial. 

Taken together, the two experiments provided information about the 

strength of stereotypes and of response biases in twelve tasks, the 

variations in these resulting from different occupational experience, the 

effect on sone of them of varying the order of presentation of the tasks 

end the effects of two parameters of the preceding task: the outcome end 

the response. For one task only, the effect of a run of identical 

outcomes on the previous five tasks could be studied. 

The two remaining previous task parameters, control-display 

configuration end stimulus sense, were not investigated: the former had 

too many values (twelve) to produce usefully large samples; the latter 

was held constant for each subject. It would be possible to design 

further experiments wherein these variables were studied.
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2.2.2 The Simulation 

Loveless (1962) concluded that motion stereotypes are vulnerable 

to minor configural changes. It follows that the results of experinents 

upon knobs should not be applied to the design of a machine porte ining 

handwheels, and experiments involving dials are not necessarily relevant 

to machines in which the display is a moving cutting-tool or workpiece. 

If the results are to be applied to practical designs, the experiment 

wnould resemble the appropriate work situation as closely as may be 

contrived. It is the responsibility of the designer making the application 

to judge whether the experiment adequately simulates the real-life 

situation: that is why the conditions of the experiment and the design 

of the apparatus are presented in fairly full detail in this report. 

when the simulation is close the field of application is correspond— 

ingly limited. The present study is concerned with twelve specific 

control-display configurations, all involving a handwheel linked to a 

machine-tool manual-traverse motion. The tasks are illustrated in 

Figure 2.1. In six of them the machine table and workpiece are moved by 

the handwheel: in the remainder it is the spindle/cutter assembly which 

moves. All the tasks resemble real-life configurations to be found in 

various types of milling and drilling machines, and the apparatus was 

designed to look and to handle as much like a machine-tool as possible 

within practical limits. Its construction is described in section 3. , 

Figure 2.2 illustrates the nature of the subject's task: froma 

‘stimulus' configuration (e.g. Figure 2.2., left), in which either the 

cutter or the workpiece has been offset in any direction, the subject 

responds by turning a given handwheel so as to return the element which 

moved to the symmetrical 'tarzet' position. The procedure is described 

in detail in section 2.2.5.
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2.2.3 The Grganisation of Experiments I and IL 

An important feature of the experiments was that the outcome of 

each trial could be controlled. ‘hat is, the experimenter could determine 

in advance whether the subject's initial response would ceuse the display 

to move towards the target posA tion (correct outcome) or away from the 

target position (error outcome). Different ways of manipulating this 

variable, and of manipulating the order of presentation of the tasks, 

constitute the differences between the two eee 

Experiment I (subject groups 2, 3 and 4; as defined in section 2.2.4) 

in this first experiment the straightforward measurement of stereo- 

types was attempted, so that serial effects had to be minimised by 

making them cancel ovt. The tasks were, therefore, presented to the 

subjects in an order determined by random permutations of twelve numbers. 

The subjects in each group were taken in pairs and the members of each 

pair performed the tasks in the same (random) order, one of them being 

presented with the 'O' sense of each stimulus and the other with the 'l! 

sense (as defined in Table 2.1). 

The order in which controlled correct or error outcomes were to occur 

was chosen so that it would be uncorrelated with the task-order, as well 

as realistic from the subject's point of view. Since the task-order wes 

random, the sequence of outcomes could be fixed: errors were made to 

occur on whichever tasks fell in second, fifth end tenth places, an 

approximately logarithmic order such as would be experienced by a subject 

successfully learning a skilled task. (Had all twelve outcomes been the 

same, and in some cases if the outcomes had been uncontrolled or random, 

the subjects might have concluded that unusual directional relations were 

present, and modified their responses accordingly). 

Experiment Il (Subject groups 1 and 5, as defined in section 2.2.4) 

The object of the second experiment was to observe the effects of 

subnitting each subject to a series of similar tasks rather than toa .-
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single task, the latter Decniane being one that is often recommended 

while the former had been used in Experiment I._ 

Particular tasks which had yielded significant stereotypes in the 

first experiment were held in fixed positions in the task order, as 

shown in table 2.2. Each group of subjects, as well as being paired and 

split into subgroups so that the two values of stimulus-sense could be 

presented, was further subdivided into the groups 'a' and 'b' shown. 

Selected tasks were placed at the beginning or in the middle of the task 

order for the respective groups so that the two methods mentioned above 

might be compared. In addition, the last six positions in the order 

(irrelevant to this variable) were arranged © that one particular task 

always lay in position twelve: the outcomes of the previous five tasks 

were controlled - all correct for one group and all errors for the other, 

to demonstrate the effect of runs of similar outcomes. 

2.2.4 The Subjects 

Five groups of subjects were employed. They were engaged in 

different occupations and consequently had had varying amounts of machine- 

tool experience, as tollows:- 

Experiment II, Group 1: 76 schoolboys aged 14 ~ 15 from a secondary 

modern school. All the boys had studied 

metalwork, but none had operated a machine 

tool. 

Group 5: 62 experienced production machine-tool 

operators working in two machine-tool 

manufacturing companies. The men were mainly 

millers and turners, together with a few older 

apprentices to these trades.



Experiment II, Group 2: 

Group 3: 

Group 4: 
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66 undergraduates reading non-engineering 

subjects. Only male students without 

machine-tool experience were included. 

3h engineering apprentices in the training 

school of a light engineering company. Their 

general machine-tool experience ranged from 

six to 2) months- 

58 fitters and technicians. These were 

time-served craftsmen drawn from a machine 

shop in a research establishment, a tool room 

in an engineering works, and a university 

production-engineering department. In all 

cases these men had general machine-tool 

experience amounting to several years.
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2.2.5 The Experimental Procedure 

Each experimental trial was conducted in the following wey:- 

The experimenter selected the handwheel to be used by means of the 

1-position handwheel switch (control channel selector) at the left of 

Figure 3.2. By means of the 5-position display-direction selector he 

then selected one of the five motions of the machine, and with the 

'sense' switch he determined which way the subject would be instructed to 

move the machine element. Next he set the 'response' switch to ‘correct! 

or 'error' and extinguished the 'response' lamps by means of the ‘reset! 

button. He then gave the following standardized instructions to the 

subject: - 

'This is a model of a mechine tool. It doesn't cut ot but it 

goes through all the motions. that we are studying is the way people in 

different occupations handle this machine. I would like you to make 

some simple positioning movements with it. What happens is this: this 

is the cutting tool, and this block represents the workpiece. At the 

moment the cutter is in a symuetrical position, in the centre of these 

two slots, and the end of the cutter is level with the top of the block. 

I am going to make either the cutter or the block move to a different 

position. After it has moved, and when it stops, one of these yellow 

lights will come on, to show you which handwheel I want you to use. ALL 

I want you to do is to wind the cutter or the block back, slowly and 

carefully, into the position it's in now, as accurately as you can judge 

it by eye. ALL right? ! 

The experimenter then answered any questions put by the subject. If 

they asked ‘which way do the handwheels turn? ' the answer was 'It doesn't 

matter, some gO one way and some another, you will find out when you try 

them'. When the subject appeared to understand the instructions he was 

told 'we are going to do this twelve times. Ready? Here is the first 

movement ... and the first hendwheel is ... this one.' While saying this
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the experimenter first pressed the 'move' button, Figure 3.2, and held 

if until the selected machine element had moved approximately one inch. 

He then switched on the 'pilot lemps' switch, illuminating one of the 

eleven pilot lamps, adjacent to the selected handwheel. The subject 

responded by turning the handwheel. If the 'response' switch was in the 

position marked 'correct' the initial handwheel movement caused the cutter 

or the workpiece to ater towards the symmetrical target position, but 

if it was in the ‘error' position, the movement initially was away from 

symmetry. These initial display movements were independent of the 

sense, clockwise or anticlockwise, in which the first handwheel movement 

was made. Thus the control~displey relationship was indeterminate until 

the handwheel began its first movement, and the relationship was then 

imnediately determined by a combination of three factors: 

1. The sense of the original 'stimulus' movement, 

2. The sense of the initial response, 

3. The position of the ‘error’ switch, 

Subsequent reversals of the handwheel caused the machine element to 

reverse its motion, as if there had been a fixed mechanical linkage 

between control and display. 

The sense of the initial response was recorded by the illumination 

of one of the 'response' indicator lamps on the experimenter's panel, 

The subject went on to adjust the position of the cutter or workpiece 

until he judged that the initial configuration had been re-established, 

and the next trial proceeded without further instructions. Each subject 

carried out twelve trials, each with a different control—display 

combination. From the 55 possible control-display combinations, the 

twelve selected as tasks for the experiment were as shown in Table 2.1 

and Figure 2.1. The numbering of the controls and the definitions of the 

display directions are given in Figure 3.3.
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Each group of subjects was divided into two equal sub-groups, one 

of which moved the displays in sense 'O' and the other in sense 'l'. 

The subjects from the sub-groups were paired, 

the tasks in the same order. 

the members of 
and /each pair carried out 

For groups 2, 3 and 4 this order was 

determined by the use of a table of raniom permutations, so that it was 

different for each pair of subjects. 

Table 2.1 Description of tasks used in the experiments 

  

  

  

            

Control | Display | “splay sense 

+08 ‘yt 

1 Workpiece up down 

@ ‘ to from 

3 : up down 

. 2 right | left 

? y right | left 

é : right | left 
7 cutter down up 

8 " dou a 

9 i down, up 

10 # down up 

nay 0 can a 

a a to from 

Note; the sense shown ia the). sense of the required response.
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Table 2.2 Arrangement of tasks and errors in experiment il” 

Group la 

Task order Si retes or errs a 5) 10 

Outcome order 00000000000 0 

Group lb 

Task order eart oor Sr are eer nl LO 

Ostcome order 0°70 0 10 0 0 1 2-12 1°25 52 

Group 5a 

Task order eter rat a 5 rer rier 10 

Outcome order 00000000000 0 

Group 5b 

Task order So rer 6 re rer ror 10 

Outcome‘order 90) 0°00 °0 02 1 2 2°21 2 

Key ri task selected at random. 

0: correct outcome 

1: error outcome



2.2.6 The Method of Analysis 

For each canbination of task and subject group, the responses were 

added up to form a 2 * 2 contingency table: 

  

Response 

clock anticlock 
  

Stimilus '{' a Die oie 

    Sense Oe c d 
    

(atb+e+d=n) 

The values a, b, c and d are the frequencies with which the four possible 

stimulus-response pairs occurred in the experiment. The measure of a 

population stereotype is taken to be the degree of correlation between 

stimulus and response, in order to allow both reversible and irreversible 

stereotypes to be counted. Any monotonically increasing function of a 

and d which also decreased monotonically with b and c would be a suitable 

measure of correlation: the chi-square test, for instance, depends on 

(a*d-b*c). For the purpose of graphical presentation of the results 

in this ebuay. the measure ((a + d) - (b + c)) * 100/n is used. Complete 

correlation (all subjects follow the same reversible stereotype) gives a 

measure of +100 or -100 and complete absence of correlation gives a 

measure of zero. 

The other measure of interest is the response bias. This is calcul- 

ated as ((a + c) - (b +d)) * 100/n, giving +100 for 100 per cent clockwise 

responses, -100 for 100 per cent anticlockwise, and zero for equal frequen- 

cies of clockwise and anticlockwise. The last result is the expected one 

on a hypothesis of 'no bias', since the frequencies of stimulus-sense 

values 'O' and '1' were made equal in the design of the experiment. 

As well as measures of correlation and bias, tests of significance 

are required. For each contingency table the null hypotheses are:-



2.19 

a) ‘No correlation between 

stimulus and response! atd=sbte 

b) 'No bias in favour of one 

valle of the response! atc=bed 

The choice of a test of pypothas:s (a) lies between the chi-square test 

and Fisher's exact probability test (Siegel, 1956). Neither of these has 

maximun power for the particular experimental design in use, because they 

both assume that the row and column totals are fixed when enumerating the 

‘possible' results. Barnard (1947) has pointed this out and indicated a 

enperior test, but the necessary tables for its use in the present case 

have not apparently been calculated and it could not, therefore, be used. 

The assumptions of the chi-square test are violated by the experimental 

design of the present study (Lewis and Burke, 1949) and, therefore, 

Fisher's test has been applied throughout. 

For hypothesis (b) a modification of Fisher's test has been used. 

Instead of the row and column totals being fixed din order to define the 

sample space, the row and diagonal totals are considered to be fixed at 

the values found in the experiment. The total probability of all possible 

results under this constraint which show more bias (a +c 4 b +d) is then 

the two-tail rejection probability for hypothesis (b). (In practice it 

was necessary merely to interchange the values of c and d in the table 

before going through a normal Fisher test.)
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SECTION 3 DESCRIPTION OF APPARATUS 

Figure 3.1 is a general view of the apparatus, which was specially 

built for this study. It comprises a simulated machine tool (left) and 

an experimenter's control box (right). ‘hen it is in use the subject 

stands in front ‘of the machine and the control box is positioned where 

the subject cannot see it. 

The lighter-coloured parts of the machine are the moveable elements: 

the head, the spindle, the table and the mee. The cross-slide, which is 

also moveable, is just visible below the table. There are eleven combined 

handwheel/crank controls: four are mounted on the body of the machine, 

above the head; one projects downward, beside the head; two are mounted 

on the ends of the table end four are on the lmee. 

The machine can simzlate five linear traverse motions as found on 

horizontal and vertical milling machines. These are:- 

Table up/down (knee moves) 

Table left/right (table moves) 

Table to/.trom operator (cross-slide moves) 

Spindle to/from operator (head moves) 

Spindle down/up (spindle moves) 

Any one of the eleven handwheels may be coupled to any one of the five 

traverse motions. A pilot lamp close to each handwheel can be illuminated 

to show that that handwheel is coupled to one of the motions. 

All combinations of handwheel and motion have the same control- 

display ratio: one revolution of the handwheel moves the machine element 

through a distance of 0.125 inches. 

Because different motions must be coupled to the sane hendwheel, and 

because the direction-of-motion relationship of handwheel to motion is not 

determined until the handwheel has begun to turn, the coupling between 

handwheels and motions is electrical, the machine elements being driven
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by stepping motors and leadscrews. Each handwheel drives : pulse 

generator (showm in Figure 3.4) giving 90 pulses per revolution. ‘The 

pulses are output on three lines in turn so that rotation in either 

sense gives a unique phase relationship emong the pulse trains on the 

three lines. 

Figure 3.5 shows how, by means of a solid-state logic circuit, the 

pulse trains on the three inputs are combined and channelled to one of 

two outputs: output 'X' for clockwise rotation or output 'Y' for 

anticlockwise rotation. After the memory circuits have been reset 

manually two pulses are required in order to define the phase relation- 

ship of the input pulse trains. Pulses on A, B or B, C or C, A define 

clockwise rotation and on A, C or CG, B or B, A anticlockwise rotation. 

This means that the first input pulse is stored for comparison with the 

second pulse, but does not generate an output pulse: the first output 

is produced by the second input pulse, and the consequent delay is 

perceived by the subject as backlash in the drive. The magnitude of the 

backlash (up to 8°) is no greater than that found in real. mechine tools. 

The pulses appearing on lines A, B and C are of sufficient duratim 

to create a danger of overlapping when combined into output X or Y. For 

this reason the circuit of Figure 3.5 is arranged so that the leading 

edge of each input pulse generates a shorter output pulse of fixed time- 

duration. Overlapping pulses cannot be output unless the handwheel is 

turned at a higher speed than is humanly possible (about 250 Pane 

A second logic circuit (Figure 3.6) selects the requisite direction- 

of-motion relationship between the handwheel and the machine element. The 

experimental design requires that the outcome of a trial be always ‘forced! 

if an 'error' outcome is forced then the initial rotation of the handwheel 

causes ‘the tinachine element to move in the same sense as the stimulus 

movement while if a 'correct' outcome is forced the movement is in the



  
    

3.3 

opposite sense. ‘Thereafter, any reversal of the handwheel must reverse 

the sense of the machine movement. Figure 3.6 shows how this is effected. 

There are three points at which the connections between the inputs X, Y 

and the outputs to the stepping motor may be reversed. The first reversal 

is governed by the sense of the initial rotation of the handwheel: the 

circuit at the top of Figure 3.6 'remembers' whether the first pulse 

arrived on input X or input Y and reverses the connections permanently if 

it was on input X. At the same time an indicator lamp on the 

experimenter's panel shows which input received the first pulse. Further 

reversals of the input-output connections occur if the 'sense' switch, 

which controls the sense of the stimulus, is in position 1, or if the 

lerror' switch is in position 0 (forcing a correct response). 

The experimenter-controlled stimulus movement is produced by the 

square-wave oscillator shown. 1t causes the selected machine element to 

traverse at approximately one foot per minute in the sense determined by 

the sense! switch. 

‘Because the electrical coupling imposes no load on the handwheels 

they are provided with artificial 'feel' in the form of added viscous 

friction. Each handwheel is mouced on “the shaft of a continuous rotary 

dashpot, set to give a friction torque of two lb-in. at 1.0 radian per 

second (approximately). 

The diameter of the handwheels is five inches, each handwheel being 

fitted with a fixed crank at right-angles to the rim, 2.5 inches long.
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SECTION 4 RESULTS 

4.1 Original Data 

The twelve trials with each subject produced a block of data 

consisting of: 

  Subject Number (1 - 300) 
Occupation category (1, groups reduced to five for the present 

analysis) 
Length of experience code 
Preferred hand code 

Stimlus senge (Oor 1. see Table 2.1) 
Repeat 12 times Task No. (1 - 12) 

Outcone code (0 = correct, 1 = error) 

Not used in the present analysis 

Response code (1 = clockwise, 2 = anticlockwise)     Computer stop code (-10 = no more date, -9 = more data to come ) 
  

The original data is filed in the Department of Applied Psychology. An 
example of the format is shown in the appendix. 

4.2 Effect of control-displey conficuration 

Each of the twelve tasks embodied a different control-display 
configuration. The results obtained on the twelve tasks are shown in 
Gable Joly wich ia a direst tabulation fran the original data. 

The table shows the results of two different experiments, the first 
of which involved Occupation-groups 2, 3 and 4 - with the tasks in 
rendom order and a fixed, logarithmic arrangement of error outcomes, as 
explained in section 2.25. ‘the results of the second experiment, on 
groups 1 and 5, are included in the table although the purpose of this 
experiment was to study serial effects, and the random order of the 

tasks is disturbed. (See note at the end of the next section) Table 2.2~ 
shows which tasks were in fixed positions, and which were in random 
positions. The serial-effect variables are ignored in this tabulation. 

* 
: é The Occupation~groups are defined an section 2.2.3.
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The first column in Table 4.1, labelled Sroup gives the 

occupation-group. The second colum 'N! is the number of subjects in 

that group. Colums 4 to 7 give the Tuber of subjects whose initial 

response fell into each of the four stimulus-response categories. These 

are the a, b, c end d frequencies of section 2.2.6. They are given as 

percentages of N, for ease of comparison between the groups. Column 8, 

‘cor' is the stimulus-response correlation measure, which when positive 

Astivetiee a greater correlation in the sense of the headings of colums 

a and d and when negative shows a greater correlation in the opposite 

sense, i.e. that of colums b end c. 

Similaty,.coluan 9, 'bias', shows the strength and sense of the 

response-bias, positive for Conwnee (majority of results in columns a 

and c) and negative for anticlockwise (majority in columns b and da). The 

last two colums give the Significence level of the correlation ami bias, 

respectively, calculated by Fisher's exact probability test with 2-tail 

rejection region. 

Figures 4.1 to 4.3 illustrate the correlation and bias measures 

found for each task, in grephical form. 

4.3 Serial Effects - separate experiment 

The second experiment involved groups 1 and 5 only, and was designed 

to show the effect of a) position of a task in the trial order, and 

b) a series of consecutive 'error' outcomes, on a subsequent trial. The 

results of this experiment are shown in Table 4.2 and illustrated 

graphically in “igure 4.4.. For tasks 2, 3 and 5 the subjects were 

divided into two equal sub-groups. One group always performed the 

relevant task as the first of twelve, while the other came to the same -— 

task as the sixth or seventh of twelve. Both groups were forced into 

‘correct' outcomes throughout this first part of the series as shovm in 

Table 2.2. For tasks 2, 3 and 5 the third colum, 'pos', gives the 

position in the-series at-which the group came to the task.
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ihe tasks apart from tasks 2, 3, 5 and 10 were eilocated at random 

to positions other than those mentioned above. Note that the distortions 

of task order and outcome order in the second experiment lessen the 

validity of the results for groups 1 and 5 in the context of Table 4.1. 

Those combinations of task and group that appear in Table 4.2 will be the 

worst affected. (The lable 4.1 frequencies for these are equal to the 

sums of the frequencies for the two sub-groups in Table 4.2.)
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2UeU 

=3363 
-50-0 

“4.76 
=Utel 

19.0 
g.00



TABLE 464 

TASK 1 

PRE GROUP Res n 

2 45 

iS 

18 
14 

Ww 

P
O
 

Db
a 

28 
28 

4 Cc 
A 

  

N 

2 Cc 41 
Arg 

3 C16 
A 16 

4 C32 
A 23 

TASK <3 
PRE 

GROUP RES N 

e Cc 35 
A 24 

3 Cc 18 
A 14 

4 C eg 
A 23 

TASK 4 
PRE 

GROUP KES N 

e C 36 
A 26 

3 Gr? 

4 C 26 
A 26 

DN: Cw 

20-04% 
20-02 

11-12% 
21-24% 

14.32% 
14-32% 

  

DN: Cw 

28-62% 
33-32% 

27-82% 
14.32 

20-7% 
21.7% 

LT:cw 

33.3% 
38-52% 

17-62 
40.6 

DN:ACW 

31-61% 
26+7% 

3E9% 
256 6% 

35.7% 
35-72% 

FR:ACW 

341% 
15-52 

12.5% 
25.0% 

968% 
Be 70% 

DN: ACW 

14.3% 
25.0% 

33-32% 
21-42 

17-22% 
43-45% 

LT:ACW 

11.1% 
19.22 

    

UP: Cw 

24-24% 
20-02% 

38.9% 
21-42% 

28-6% 
25-0% 

TO: Cw 

36-62% 
S792 

31-22% 
16-72% 

35-52% 
0.00% 

UP: CW 

51-24% 
333% 

22.2% 
50-02% 

44.6% 
26012 

RT: Cw 

47-22 
42-33% 

35-3% 
2.0% 

46-27% 
11.52% 

UP:ACW COR BIAS 

24042-1101 -1101 
33-32 6667 -20.0 

11.61% -55.6 0-00 
26.6% 0-00 -14.3 

21-24% -28.6 -14.3 
25.0% -21.4 -21.4 

TO:ACW COR BIAS 

7032% -412-5 1Fent 

Se26% -472-4 57-9 

31-622 12.5 12-5 
16-7% 1265 12.5 

SorGk oes — 9.l68 
BI<7k 62.6 9961 

UP:ACW COR BIAS 

Se71% -31.4 60-0 
Be33% -1667 33-3 

16.7% -11-1 0-00 
14.32 -42.9 28.6 

17-62% -24.1 31-0 
8-70% -39-1 -4.35 

RT:ACWw CORK BIAS 

8e33% -16+7 6161 
G-00% -2361 6165 

23052 -1756  Ssee 
200604 eeu euel 

15-24% -15-4 46.2 
26.9% 23.1 -7.69 

CONTINUED. «ee



TABLE 4-4 (CONTINUED) 

TASK = 5 
PRE 

eroup RES N 

2 C 44 
A 16 

3 c 12 
A 20 

4 C 31 
A al 

TASK 6 
PRE 

GROUP RES N 

2 Cc 38 
A 24 

3°. 19 
A 13 

4 oe CHS 
& 21 

TASK 7 
PRE 

GROUP RES N 

2 Cc 46 
= 44 

3 Crs 
A 14 

4 Cc 31 
A 19 

TASK 8 
PRE 

Grote KES N 

& Cc 35 
A 25 

3 Caey 
A 13 

4 C 24 
A 26 

LT:Cw 

25-02% 
12-52% 

16+7% 
10-02 

9-682 
9-522 

LT:Cw 

34-2% 
41-67% 

h
w
 

n
O
 

m
o
 

ao 
38 

22-62% 
520.4% 

UP:CW 

26-3% 
14.3% 

16-7% 
72142 

25-82% 
26-63% 

UuP:CW 

34.3% 
40-0% 

23+S% 
15-+4% 

25-0% 
15-42% 

LT:ACW 

22.7% 
43-47% 

25-02% 
45-60% 

32-32% 
52-47% 

LT:ACW 

13-22% 
12+5% 

0-002 
23-01% 

19-42% 
9-522 

UP:ACW 

190 6% 
42-29% 

389% 
35-77% 

19647 
31-66% 

UP: ACW 

S+71% 
24.0% 

2704h 
30.8% 

20-8% 
3&-52% 

RT: Cw 

20-52% 
15+7% 

50-02% 
30-02% 

45022 
33-32% 

RT: Cw 

47242 

20-68% 

21-12% 
15-42 

25-28% 
9-522 

DN: CW 

30-42% 

Tel 4% 

22-22% 
42-92% 

3G+7% 
15682 

DN: CW 

42.09% 

24.0% 

C90 4k 

15-42% 

29-22% 
231% 

RT: ACW 

31-82% 
25-02% 

633% 
15-02% 

12-9% 

40762 

RT: ACW 

5+26% 
25-04% 

42-01% 
15642 

32-32% 
26-64% 

DN: ACW 

21-67% 
35+ 7% 

22-62% 
14-63% 

16612 
26+3% 

DN: ACW 

17-12% 
12-0% 

17.6% 
36-52 

25-02% 
23-12% 

COR 

13-6 
-25-0 

-50-0 
~50-0 

-54-8 
-71-4 

cOk 

~2Qlel 
33-3 

S79 
2361 

9+ 68 
6169 

COR 

-22-2 

=57e1 

~1661 
5-26 

COR 

2-86 

4-00 

~17+6 
7-69 

0-00 
“2361 

BIAS 

-9-09 
“37-5 

33-3 
-20-0 

9-68 
“1463 

BIAS 

6302 
25-0 

“3-23 
23-8 

BIAS 

1764 

-S7e+l 

-22.2 

6-00 

BIAS 

S43 
28-0 

5-66 
-3665 

6-33 
~2361 

CONTINUEDs ee



TABLE 4+¢4 (CONTINUED) 

TASK 9 

PRE 
GROUP RES N UP:CW UP:ACW DN:Cw DNS ACW COR BIAS 

a Cc 41 Al¢S% 19652 2943% 99-76% 2.44 4165 
A 20 20-02 10-02 45.0% 25.0% -10-0 30-0 

3 Cols 26-23% 2653% 26632 21.1% -5-26 S-+26 
All 1-22 27-63% 18622 364% 9.09 -27.3 

4 € 37 Bi-6% 29.7% 37.82 10062 <95.4 18-9 
AWD  BlelZ” 26032 316%. 21.1% Hiss 5.26 

TASK 10 
___ PRE 

GROUP RES N UP:CW UP:ACW DN:CW DN:ACW COR BIAS 

2 C 43 37-22 94-30% 32-66% 20.9% 16.3 39-5 
A 21 524% 46762 26-62 1463% 33.3 61-9 

3 Cc 16 31-22 18-67% 50-0% 0-002 -37.5 6265 
A 14 25-62% 21442 21-64% 28.6% 1463 G-00 

4 Cc 30 13-32% 2667% 46-67% 1363% -46.7 20-0 
A G4 29-2% 33632 29.2% 8.33% -25.0 16-67 

TASK 11 
PRE 

GROUP RES N UP:CW UP?!ACWw DN:CW DN:ACW COR BIAS 

2 Cc 40 37-5% 10-0% 37-5% 15.0% 5-00 so-0 
A 21 26-66% . 23-82 38-1% 99-52% -23.6 3363 

3 c 20 30-0% 15-02 30-02 25.02 10.0 20-0 
Alp 40-0% 20-02 0-00% 40-0% 60.0 -20.0 

4 C 26 23-1% 15+64% 34-66% 26.9% 0-00 15-4 
A 28 25-02 35-67% 32.1% 72142 -35.7 14.3 

TASK 12 
PRE 

GROUP KES N FR:Cw FR:ACW TOU:CW TO:ACW COR BIAS 

2 C37 35-12 10-68% 29.7% 24.327 18.9 2967 
A 26 40-02 20-0% 15.02% 25.0% 30-0 10-0 

w ° lo “201% AUeS# 26s3% 21215 
Al 27-63% 168-2% 45.5% 9.09% -2 

4 Cc 25 20-0% 40-0% 40-02 0.00% -60-0 20-0 
A 31 V9.4% 22662 35.7% 19.4% -22.6 16+) 

END OF TABLE 4.4



TABLE 40S 

EFFECT OF PREVIOUS OUTCOME ON CORRELATION (MEDIAN FOR 12 TASKS) 

GROUP 

ALL 

TABLE 

CORRELATION CORRELATION 
WHEN PREVIOUS WHEN PREVIOUS 
OUTCOME IS OUTCOME IS 
“CORRECT™ “ERROR™ 

16-689 12.858 

15-958 39-258 

27-156 26-859 

18-359 26-693 

4-6 

PRe OUTCOME 
ASSOCIATED 
WITH HIGHER 
CORRELATION 

“CORRECT” 

“ERROR"™ 

"CORRECT" 

“ERROR 

SIGNIFICANCE 
ON 2-TAIL 

N U MANN-WHITNEY 
SUE TEST 

12 66.9 s 

12 36-0 P<@.95 

12 71-6 = 

36 538-0 = 

EFFECT OF PREVIOUS OUTCOME ON CLOCKWISE BIAS (MEDIAN FOR 12 TASKS) 

GROUP 

ALL 

CW BIAS CW BIAS 
WHEN PREVIOUS WHEN PREVIOUS 
OUTCOME IS OUTCOME IS 
"CORRECT" “ERROR” 

47-358 23-698 

19-958 -10-695 

14-756 17-689 

18-608 726968 

PRe OUTCOME 
ASSOCIATED 
WITH HIGHER 
CW BIAS 

“CORRECT” 

"CORRECT" 

“ERROR™ 

"CORRECT" 

SIGNIFICANCE 
ON 2-TAIL 

N U MANN-WHITNEY 
CU TEST, 

12 43-5 =a 

12 36¢5 P<@.G5 

12 6969 = 

36 486-5 P=G-86



TABLE 4.7 

EFFECT OF PREVIOUS RESPONSE ON CORRELATION (MEDIAN FOR 12 TASKS) 

CORRELATION 
WHEN PREVIOUS 

GROUP RESPONSE IS 
CLOCKWISE 

2 14.959 

3 17-683 

4 29-188 

ALL 17.159 

TABLE 4.8 

EFFECT OF PREVIOUS RESPONSE ON CLOCKWISE BIAS 

Clu BIAS 
WHEN PREVIOUS 

GROUP RESPONSE IS 
CLOCKWISE 

2 40-5098 

3 91998 

4 17-158 

ALL 18-150 

CORRELATION 

RESPONSE IS 

23-455 

21.559 

24.959 

23.109 

CW BIAS 

RESPONSE IS 

29-088 

8-89095 

@-45S9 

11.259 

PREV. 
WHEN PREVIOUS ASSOCIATED 

WITH HIGHER N U 
ANTICLOCKWISE CORRELATION 

ACW 

ACW 

ACW 

ACW 

PREV. 
WHEN PREVIOUS ASSOCIATED 

WITH HIGHER 
ANTICLOCKWISE CW BIAS 

cw 

cw 

“cw 

cw 

RESP. 

RESP. 

SIGNIFICANCE 
ON 2-TAIL 
MANN-WHITNEY 

= COUN TEST 

12 51.8 

12 66.9 

12 52.9 

36 531.9 

(MEDIAN 

12 S608 

12 51-8 

12 41-5 

36 469.5 

FOR. 12 TASKS) 

SIGNIFICANCE 
ON 1-TAIL 
MANN-WHITNEY 
ot! TEST 

P<@.85 

P=0.92



5.1 

SECTION 5 DISCUSSION CF B=STLts 

5-1 Introduction 

The strengths of the stereotypes found for the five eccupational 

groups on the twelve tasks constitute the main results of this study, 

They are listed in Table 4.1 and illustrated in Figures 4.1 to 4.3, but 

before they are discussed the conditions under which they were obtatnay 

will be recapitulated. The occupational §roups were schoolboys, students, 

apprentices, general operators end production operators, numbered as group 

(or cat.) 1 to 5 respectively. Groups 2,5 and 4 were studied in 

Experiment 1, the main experiment, in which the order of presentation of 

the tasks was random and errors were made to occur in positions 2,5 and 10 

in the series. Groups 1 and +5 took part only in Experiment 2, the sub- 

sidiary experiment concerned with serial effects, Group 1 was presented 

with tasks 2 and 3 in positions 1 and 6 or positions 6 and 1. Group 5 

had tasks 2 and 5 in positions 1 and 7 or positions 7 and 1. Both groups 

were given task 10 in position 12, and a series of five all-correct or 

all-error trials were given on other tasks leading up to thie, 

5.2 The Strength of the Stereotypes Found 

Holding (1957) suggests that a division of Tesponses between clock-wise 

and anti-clockwise should be at least as extreme as 70:30 if it is to be 

of importance to engineering design. A reversible stereotype of this 

strength would give a correlation of +40 or -40 by the method of measurement 

employed in the present experiments. Out of the 60 correlations shown in 

table 4.1 only nine reach this level: it follows that useful stereotypes 

were not Pereratiy found in this study. For the set of control-display 

configurations tested, few strongly-preferred control-display relationships 

seem to exist.



2:3 The Significance of the Stereotypes Found 

60 correlations were measured: 14 were significantly different 

from zero at the .05 level, when tested by Fisher's Exact Probability 

Test. 60 measures of clockwise bias were associated with these 

correlations: 25 were significant at the +05 level, according to a 

modification of the same test. Three of each measure (5%) woula be ex- 

pected to reach this level by chance. However, when several groups 

produce correlation or bias measures which are all in the same sense for 

a particular task, the combined result can be significant when the 

individual measures are not, Formally, it is illegitimate to combine the 

results in this way: the results to be combined would be selected in order 

to justify a post-hoc hypothesis: but it does allow the tentative 

inference of certain trends from the data. 

5.4 The Effect of Experience, 

In terms of length of exposure to machine tools, groups 1 and 2 

had no experience, group 3 had from six to eighteen months and groups 

5 and 6 had several years, 

In tasks 1 to 6 the trend is for stereotypes to increase in strength 

with increasing experience, as shown by the correlation diagrams in 

Figures 4.1 end 4.2. A notable exception is task 4, which shows a 

progressive reversal of the sense of the correlation. Also the result for 

task 2, group 2 is anomalous. (and significant at p = -001). Task 10 

is indicative, too, of a reversal of Ete stereotype with experience, In 
tasks 2 and 10 the reversal occurs in the direction of increased confomi=y7 

with machine-tool design practice as experience increases. Unfortunately; 

task 4 does not correspond with any real machine-tool configuration, but 

it is interesting in that it lies between a “rack-and-pinion" layout and 

a'right-hand-screw" layout like task 6. The less-experienced groups s¢¢ 

it is a rack-and-pinion configuration while the more-experienced obey +he 

right-hend-screw principle, turning "clockwise for left",



5-3 

There was a noticeable lack of consistency in the tasks involving 

&@ moving cutter/spindle assembly, just as there is in the design of 

machine-tools in this area, The fact that occasional highly-significant 

correlations appear might be put down to the experience of particular 

groups with particular machines, but no evidence on this point was sought, 
2-5 Clockwise Bias in the Responses 

The bias measure in Figures 4.1 to 4.3 is related to the correlation 

measure in that the observed value of each controls the limits within 

which the other may very. In the absence of other factors, low 

correlation tends to be associated with high bias and vice-versa, 

Group 1 hes significant clockwise bias on all the tasks (except task 

5, which was not measured). The bias results in general confirm that an 

overall clockwise-turning tendency exists, regardless of the nature of the 
stimulus. Where anti-clockwise bias occurs, it is found (with one exceptio: 

task 9: group 3) on handwheels positioned at the left-hand side of the 

machine, but the values are much lower than those of the clockwise bias see: 

on the other handwheels, A possible explanation of these findings is that 

@ strong clockwise tendency end a weaker wrist-supination tendency coexist 

for all the tasks. 

5.6 Comparison of Results with Design Practice 

In Figure 4.5 the experimental results are compared with data compiled 

by Houldsworth (1968) on some control-display relationships found in 

machine-tool design practice, and in various published standards. In order 

to look at the general picture, a significance level of 0.1 was adopted 

for this illustration only, 

For tasks 2, 3, 4, 5 and 6, all of which involved movement of the table, 

workpiece assembly, there was €00d agreement between the expectations of 
groups 4 and 5 on the one hand and existing practice and standards on the 

other.
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The less-experienced groups show less agreement: no expectations for 

group 1, two for group 2: one with and one against existing practice, 

and three for group 3, all in agreement with existing practice. This 

suggests that, in the particular context of machine-tools, stereotypes 

are acquired “on the job". Group 1 comprised subjects from the same 

academic/social background as the men in groups 4 and 5, who were 

machine tool operators. Thus the lack of significant stereotypes in 

group 1 suggests that "pre-experience" operators have not learned any 

expectations about the direction-of-motion relations. Luckily, the 

subjects of group 2, university (non-engineering) students, are unlikely 

to become machine tool operators: some of their expectations are at 

variance with machine-tool practice. In the tasks involving movement of 

the cutter/spindle assembly there is disagreement among the published 

standards and existing practice is not as consistent as Figure 4.5 would 

suggest. The lack of significant stereotypes in this sector is notable. 

Taken in conjunction, the two sets of results suggest that consistency 

of practice and standards is much more important than "right" or "wrong" 

direction-of-motion rzlations. 

5-7 Serial Effects ~ Experiment 11. 

Figure 4.4 shows the results of experiment 11. Numerical values 

and significance levels are given in Table 4.2. 

5.7.1 Effect of Task Order on § - R Correlation. 

Reference to the left-hand column of Figure 4.4 will show that 

the direction of the correlation was the same whether the task was 

presented at the beginning of the order or in the middle, for the four 

combinations of task and subject group tested: 2/1, 2/5, 3/1 and 5/5. 

This was confimed by ranking the two sets of correlations: the rank 

order of the four cases is identical whether they are ranked by first- 

position correlations or middle-position correlations, giving a Spearman's 

rank correlation coefficient of 1.0, significant at the 0.1 level for 

n«= 4 (2 - tail).
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That is to say, there is less than one chance in ten that task order 

affected the strength of the stereotypes in the main experiment. 

5.7.2 Effect of Task Order on Response Bias. 

The results for the bias measure (Figure 4.4, right-hand column) are 

not so clear-cut. For group 1, both tasks showed significant clockwise 

bias in both conditions. For group 5, on the other hand, the sense of the 

bias was reversed between conditions in both tasks tested. There is thus 

a suggestion, far short of statistical proof, that the response bies of 

more experienced subjects is affected by task order. 

2-1-3 Effect of Consistent Previous Outcomes on Correlation. 

The fourth row in Figure 4.4 shows the results for task 10 when the 

outcomes of the five preceding trials were controlled, 

To explain the nomenclature, “position 13" means that the task was 

presented in position 12 ard the outcomes of the five preceding trials 

were nominally "correct", while Position 14" means that the task was 

presented in position 12, but in this case it followed five controlled 

"error" outcomes on other tasks. 

Task 10 was chosen for this test on the assumption, since shown to 

be erroneous, that groups 1 and 5 would behave like groups 2 and 4 res- 

pectively, since they were matched for machine-tool experience. As is 

evident from Figure 4.3, row 2, the latter groups produced strong stereotypes 

on this task, but groups 1 and 5 did not. Figure 4.4 shows that both these 

groups reversed their expectations between the two previous-outcome con- 

ditions, but unfortunately all four correlation values, and the reversal 

itself, were non-significant. 

5-7-4 Effect of Previous Outcomes on Response Bias. 

Group 1 showed greater clockwise bias under the "previous-error" 

condition: group 5 had greater bias under the other condition. The 

differences were not significant.



5.6 

5.8 Serial Effects - Further Analysis of Experiment 1 

Experiment 11 was designed to emphasise the serial effects which 

were arranged to cancel out in experiment 1. However, it was found to be 

possible to add up the results of the first experiment in a different way 

in order to throw a little more light on these effects. 

2:81 Effect of Previous Outcome. 

Table 4.3 contains the same results that made up table 4.1, with the 

difference that they are classified into twe sets. For each task/group 

combination the response frequencies are split into two: line "Q" contains 

all the responses to tesks which heppened to follow a task with a "correct" 

outcome and line "1" contains the responses to tasks which immediately 

followed a task where the outcome was an “error"., It will at once be 

obvious that the frequencies in each line are very low, particularly in 

the "error" line, The correlation and bias measures are therefore 

significant only in rare cases. However, it is possible to combine the 

correlation and bias scores of all twelve tasks and so examine any general 

effects of the "previous outcome" variable. This procedure is carried out 

in Table 4.5 for the correlations and in Table 4.6 for the bias results, 

In Table 4.5 only the magnitudes (ignoring sign) of the correlations 

have been considered, because the signs are arbitrary- they have different 

meanings in the different tasks. The correlations shown in the table are 

medians for 12 tasks, for groups 2,3 and 4 separately and combined. A 

Mann - Whitney "U" test shows that group 3 produced stronger stereotypes 

when performing on tasks which followed a previous-tesk "error" outcome 

than when the previous outcome was Ncorentt, There is thus reason to 

suspect, for this group only, that previous outcome has an effect on the 

response in the subsequent trial.
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In Table 4.6 the bias results are treated in the same way, except 

that the sign is taken into account (a means clockwise; "-" means 

anticlockwise). Again it is group 3 which shows a significant effect: the 

group shows bicctaieeruien on tasks following a "correct" outcome and 

anticlockwise bias after an"error" outcome. 

What characteristic of this group caused it to be sensitive to this: 

particuler previous-task parameter? A possible hypothesis is that because 

group 3 was a group of apprentices (and undergoing training in the oper- 

ation of machine tools) they were in the habit of observing their own 

performance and modifying their strategies in order to improve it. Thus 

en "error" outcome would cause them to take thought about all aspects of 

the next trial so that their expected direction-of-motion relation would 

be more in line with their experience of machine tools, and hence more 

consistent within the group. This would explain Table 4.5. If they also 

tended to reverse their response compared with the response on the previous 

trial, when that trial had an “error outcome, the reversal of bias seen 

in Table 4.6 would result. 

5.8.2 Effect of Previous Response. 

One of the most probable effects that one tril can have on another | 

is that consecutive responses will tend to be the same (both clockwise or 

both anticlockwise), regardless of the sense of the stimulus and the 

nature of the task. In order to check whether such an effect <oceurred in 

experiment 1, Table 4.4 was compiled. This splitsthe response frequencies 

into two groups, as before, but now the criterion is the sense of the 

immediately preceding response. Lines "C" are for the case where the 

previous response was clockwise and those marked "A" are for anticlockwise 

previous responses. As in the case of Table 4.3, the split frequencies in — “> 

Table 4.4 are too small to give significant results so all 12 tasks have 

been combined: the median correlation and bias for the combined tasks are 

shown in Tables 4.7 and 4.8 respectively.
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In Table 4.7 the magnitude of the median correletion, on all three 

groups, is higher after an anticlockwise response, but not significantly 

so. Table 4.8 shows, however, that the previous response does have a 

significant effect on the bias which is, as expected, greater in the 

clockwise sense for the set of trials which followed previous clockwise 

responses. For groups 3 and 4 the bias approximately vanishes for the 

set of trials where the previous response was anticlockwise. The effect 

is significant for group 4 alone and for the three groups combined. It 

is therefore established that sequential dependence occurred among the 

responses.



SECTION 6 : CONCLUSIONS 

6.1 Conclusions about the Method. 

It has been shown that the device of allowing each subject to 

provide data for several tasks does lead to effects involving the influence 

of one trial upon another. However, stereotypes measured in the middle 

of a series of 12 tasks were not weaker than those measured first, when 

the subject was completely new to the experiment. The effect seems to have 

been chiefly confined to the measure of clockwise bias in the Response esea 

this is strongly affected by the response to a previous trial. 

The group of apprentices were particularly susceptible to these effects. 

For practical purposes, however, the amount of clockwise bias is much less 

important than the sense of the stereotypes, which does not appear to have 

been affected by serial effects. There is some rather weak evidence to 

show that the stereotype me; be effected by long series of consecutive 

errors on previous trials, but the effect of isolated errors was shown to 

be mild. 

6.2 Conclusions about the Choice of Subjects. 

It is clear from the results that the measurement of population 

stereotypes is dependent on the selection of subjects who really represent 

the population concerned. As well as the appropriate degree of relevant 

experience it is necessary to choose subjects with a suitable general 

background. There were differences between the schoolboy and student 

groups even though neither were experienced in the tasks studied. 

6.3 The Effect of Experience. 

In most of the tasks, inexperienced subjects showed a stronger tendency 

to turn everything clockwise than experienced subjects did. For the 

moving-workpiece tasks, inexperienced subjects showed generally weaker 

stereotypes than experienced ones. Two or three tasks suggested that a 

reversal of the stereotype can occur between experienced and inexperienced 

subjects.



6.2 

6.4 Recomnendations for Design. 

Tasks 1 and 3 show that if a handwheel/crank control is used to 

raise and lower the machine table, it should be connected in the sense 

"clockwise-for-up", 

Task 2 shows that the "right-hand screw rule", i.e. "clockwise-for- 

away" is obeyed by operators and less strongly by apprentices, but strongly 

reversed by the students. It is suggested that the latter may have noticed 

that it requires a left-hand thread on the leadscrew to produce this 

right-hand screw effect. Where the handwheel travels with the display 

element this anomaly does not occur: in tasks 5 and 6 the inexperienced 

groups showed no stereotype. The experienced groups showed stronger 

stereotypes on task 5 than on task 6: table traverse handwheels are therefore 

move effective if mounted on the left-hand end of the table. The best 

solution for cross-traverse handwheels (task 2) is not easy to determine. 

The logical relation between control and display leads to conflict with the 

logical arrangement for handwheels which travel with the table, and so the 

existing practice of using a left-hand thread may to better, 

Task 4 clearly shows the confusion which can ke caused when a conflict 

of stereotypes occurs. Such conflicts should be avoided by fitting a 

different type of control or repositioning the handwheel. 

Tasks 7 to 12 indicate that for some reason clear stereotype do not 

emerge for the spindle-traverse controls mounted in the usual positions on 

the head of the machine. There was disagreement among the three experienced 

groups in the results for these tasks. It follows that handwheels are not 

the ideal type of controls, for these tasks. 

In general then, existing practice should be followed in the design — - 

of table-traverse handwheels, non-conforming machines being brought into line 

with the majority. For the spindle-traverse controls, handwheels should be 

avoided unless standardised locations and direction-of-motion relations can 

be adopted. It does not seea to matter which particular relations are
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