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PROGRESSION AND HYPOTHESIS TESTING IN 

AN INDUCTIVE INFERENCE TASK 

Lindberg, L-Å., & Brehmer> B. Progression and hypoth

esis testing in an inductive inference task. Umeå 

Psychological Reports No. 121, 1977. - Subjects per

formance in a two-cue inference task was studied in 

three experiments as a function of (1) relative cue 

complexity, (2) relative cue validity, (3) task pre

dictability, and (4) cue-criterion function form. 

Cues were defined through the velocity (more complex) 

and starting position (less complex) of a moving 

light spot. Results indicate that while relative 

cue complexity does not affect performance, the 

statistical structure of the task determines sub

jects' relative cue weighting as well as the final 

level of task control. These results contradict the 

Progression hypothesis, formulated for perceptual-

motor skill development in tracking, and are con

sistent with earlier studies within the regression-

correlation paradigm. 

Skilled performance in tracking is characterized by the operator's 

ability to learn, with practice, to perceive and use subtle stimulus 

characteristics to achieve increasingly adequate error-minimizing 

responses. This systematic development from a simple level of control 

to a more complex level of control has been termed the progression 

hypothesis (Fitts, Bahrick, Noble & Briggs, 1961). As formulated by 

Fuchs (1962), "the progression hypothesis holds that in perceptual-

motor skill development subjects learn to respond to higher deriva

tives of the error signal's amplitude (e.g., velocity and acceleration 

characteristics) and to weight these selectively" (p. 177). 

Naylor & Carroll (1969) examined the progression hypothesis in a 

perceptual-cognitive learning task, where stimuli consisted of para

bolas drawn on cartesian coordiantes, and the correct response for 

each parabola was based upon an equation which involved (1) the value 

of the parabola at a specific point, (2) the first derivative and (3) 

the second derivative for that point. For this task, then, relative 

cue complexity was defined by the same criterion as that used by Fuchs 
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(1962) when he defined velocity and acceleration as higher order cues. 

The results supported the progression hypothesis in that subjects 

initially gave higher weights to the low order cues, and with train

ing increased their relative utilization of the more complex cues. 

The results from the Naylor & Carroll (1969) study indicate that the 

progression hypothesis has some validity for perceptual-cognitive 

tasks. On the other hand, the results from this study can be compared 

with the tracking situation only indirectly since the physical cue 

variables position, velocity, and acceleration were replaced by a 

set of geometric counterparts. 

To test the progression hypothesis in a cognitive-perceptual inference 

task without changing the original physical representation of the 

cues, Lindberg (1977) conducted an experiment in which the subjects 

were required to base their inferences on position, velocity, and 

acceleration characteristics of a moving light spot, presented on 

a TV screen. Results from this experiment were consistent with the 

above mentioned results from the Naylor & Carroll study, with the 

exception that there was little evidence that the subjects learned 

to use the acceleration cue. 

In Naylor & Carroll's and in Lindberg's experiments, each cue had 

the same validity, i.e., the cue-criterion correlations were the same 

for all cues, the predictability of the task, i.e., the multiple 

correlation between cues and criterion was unity, and the cues were 

related to the criterion by means of an additive, linear equation. 

That is, the statistical characteristics of the task systems were 

simple and they did not vary among experimental conditions. 

Recent studies on inference behavior within the regression-correlation 

paradigm (see Slocic & Lichtenstein, 1971, for an overview of results) 

show that subjects' inference strategies are affected by the statis

tical characteristics of the task, e.g., by its predictability, the 

validities of the cues, and the cue-criterion function forms: When 

task predictability is low, subjects* inference strategies are in

consistent; Subjects tend to use each cue in accordance to its validity; 

Non-linear cue-criterion functions are learned less efficiently and 

more slowly than linear ones. In summary, results from these studies 



-3-

suggest that the main determiner of behavior in cognitive inference 

tasks is the statistical structure of the task system, especially 

system characteristics (Brehmer, 1976), i.e., the structure of the 

cue-criterion relation. In contrast, cue complexity as defined 

above refers to observable stimulus characteristics, that is, to 

surface characteristics of the task system. Therefore, it seems 

important to analyze the effects of relative cue complexity for 

tasks which vary also with respect to the statistical character

istics, and to determine the relative effects of these factors with 

respect to progression and level of task control. This is the main 

purpose of the present study. 

The progression hypothesis holds that subjects increase their task 

control with practice by means of a change in the relative weigt-

ing of the cue variables. However, the progression hypothesis is 

only descriptive and does not offer any explanation about the 

nature of the cognitive processes involved. A more analytic account 

is provided by Brehmer's (1974) hypothesis sampling model, which 

states that subjects generate hypotheses about the cue-criterion 

function form. They then test these against the feedback information 

provided by the task. The hypotheses are generated according to 

a preestablished cognitive hierarchy, where linear hypotheses 

have a greater sampling probability than non-linear hypotheses. 

In terms of this model, subjects reach task control by means of 

elimination of incorrect hypotheses and by increasing their 

consistency with respect to rule (hypothesis) application. The 

hypothesis sampling model has, so far, been developed and tested 

only for the single-cue learning case. An aim of the present study 

is to test the validity of certain predictions from this model 

with respect to multiple-cue learning. 

METHOD 

Subjects 

Thirty-two undergraduates from the University of Umeå participated 

as paid volunteers. Subjects were randomly assigned to the four 

experimental conditions. 
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Design 

Three experiments were conducted, each one following a 2 (experi

mental conditions) x 4 (blocks of learning trials) factorial design. 

In Experiment I the effects of a variation of relative cue validity 

was investigated. In Experiment II subjects' performance was studied 

as a function of task predictability. In Experiment III finally, the 

experimental conditions differed with respect to the form of the 

cue-criterion function for one of the cues. Under all conditions, 

subjects learned a two-cue task, where cues differed with respect 

to complexity according to Fuchs' (1962) criterion. Furthermore, 

under all conditions, subjects performed the experiment in alter

nating learning blocks with outcome feedback and test blocks without 

feedback, with a total of four blocks of each kind with fifty trials 

in each block. Data were collected for the test blocks only. 

The hypotheses and results will be reported and discussed below 

for each experiment separately. 

Learning tasks 

In order to conduct the three experiments, four experimental condi

tions were required. Statistical characteristics of the four learning 

tasks are given in Table 1. For the sake of simplicity, the four 

tasks in Table 1 are presented in the order of occurence in the 

three experiments. The exact parameter values are given below for 

each experiment separately, with respect to task predictability, 

re, and cue validities, &v and 3g. 

Stimuli consisted of light spots presented on a TV screen, which 

moved from left to right. Stimuli varied with respect to start 

position, velocity (cue S, and cue V, respectively), and time of 

presentation. Only the two cue variables were systematically 

related to the criterion variable. 

The cue-criterion values for the tasks were generated by means of 

the stimulus generating program developed by Wherry, Naylor, Wherry, 

& Fallis (1965). The stimuli were then transferred to video tape 

via the display of a FDP 12 computer. In total four blocks of 

25 S-V combinations each were constructed for the learning stage. 

The actual correlation values differed from the desired theoretical 
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Table 1. Statistical characteristics of the four learning tasks. 

Experiment I 

Task 1: E=S(/)+V(/), equal cue validities, low task 
predictability. 

Task 2: E=S(/)+V(/), different cue validities, low 
task predictability. 

Experiment II 

Task 1: E=S(/)+V(/), equal cue validities, low task 
predictability. 

Task 3: E=S(/)+V(/), equal cue validities, high task 
predictability. 

Experiment III 

Task 3: E=S(/)+V(/), equal cue validities, high task 
predictability. 

Task 4: E=S(U)+V(/), equal cue validities, high task 
predictability. 

E= The criterion variable, 5-43. 

S= Cue S, position, 1-27 cm. 

V= Cue V, velocity, 3-50 cm/sec. 

(/)= Linear cue-criterion function. 

(U)= Quadratic cue-criterion function. 

sS= SV= SE 

rsv= 0 + .05 
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values no more than .05 correlational units. These blocks were 

combined in pairs into blocks of 50 trials, which in turn were 

randomized according to a latin square within each experimentell 

condition. For the test blocks, five S-values and five V-values 

were selected on an interval scale (Z), and 25 pairs were used 

resulting from a complete factorial combination. These pairs were 

presented twice in each test block, in randomized order. Stimuli 

were presented on a TV monitor with a screen of 54 x 42.5 cm, 

placed about 2.30 m in front of the subject. The room was dark

ened so that the visibility of the stimuli was maximized, but not 

so much that subjects had difficulities in handling their answer 

sheets. 

Procedure 

Subjects performed the experiment individually, seated by a table 

in front of the TV monitor. They were informed that they were to 

participate in a learning experiment, and that the task was to 

predict a number for each stimulus spot. This number was related to 

the starting position and the velocity of the spot. 

Subjects were also informed that there was no systematic relation 

between time of presentation and the criterion values, and that 

each spot moved with constant velocity. 
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Furthermore, the subject was informed about the nature of both the 

learning trials and the test trials, and that he should not expect 

to find the correct criterion value on each trial, but that he could 

improve by practice. 

Each subject went through four learning blocks with outcome feedback 

and four test blocks without feedback, each block consisting of fifty 

stimuli. For each learning trial (1) an auditory signal prewarned 

the subject, (2) the trial number was given to the left of the start

ing position, (3) the light spot appeared on the screen, (4) the 

criterion value was given in the centre of the screen, and so on. 

The inter trial interval was 5 sec. For each test trial (1) an 

auditory signal was given, (2) followed by the trial number, and (3) 

the stimulus spot, whereafter (4) the subject wrote down his predic

tion about the criterion on his answer sheet, and so on. The inter 

trial interval was 5 seconds. 

Response measures 

In each experiment, for each subject and block in the test stage, 

measures indicating (1) task control, (2) relative cue weighting, 

and (3) type of inference rules, were calculated. These measures 

were analyzed .by means of 2 experimental conditions x 4 (blocks) 

analyses of variance (ANOVAs) with repeated measures on the second 

factor. 

Task control, r^ ^ of task control, the correlation 

r^g between the subject's responses and the criterion cell means 

were calculated. Since there were no criterion values given in 

the test blocks, the response-criterion correlation, r , could 

not be calculated (see Eq. 1). 

r = G x r x r ^ a se 

where 

G is the correlation between the predicions derived from the linear 
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model of the task with the predictions derived from the linear model 

of judge. G measures the extent to which the subject's weight on 

the cues are proportional to the weights of the cues in the task; 

r is the consistency of the judge (the multiple correlation between b 
the cues and the predictions); rg is the predictability of the task 

(the multiple correlation between the cues and the criterion values); 

As could be seen from Eq. 1 (Tucker's, 1964, representation of the 

so called Lens Model Equation), task predictability, r , sets an 

upper limit with respect to achievement, r . This is not the case CL 
for the measure r - used here, which relates to the measure r Kb a. 
according to the following equation (Eq. 2). 

rRÊ 
= Vre = 6 x rs (2) 

The maximal possible value of r^g is 1.0, which is also the optimal 

level of task control, according to the normative statistical model 

implicite in the Social Judgment Theory (Hammond et al 1975). 

2 2 Relative cue weighting, (ai„ - ai0). The subject's utilization of y 
each cue was defined by the measures wu and wc, for the velocity • • V O _ 
cue and the position cue, respectively. The measure u indicates 

the extent to which the subject's response variance is systemati

cally related to the cue variable (Vaughan & Corballis, 1969). 
2 2 The difference (w^ - Wg) defines, accordingly, the subject's 

relative weighting of the two cues. 

2 2 2 Inference rules, .oy . In order to define the 

subject's inference^rules,^5^trenS^analysis was performed for each 

cue-response relation. In Experiment I-II, the linear component 

for each cue was calculated. In Experiment III also the quadratic 

component for cue S was calculated. For each component, the mea-
2 sure a) was then calculated. 

Before the ANOVAs, the measure rDr; was transformed into Fisher's 
2 K*-» 

Z scores, and negative w -values were set equal to zero. 

EXPERIMENT I: EFFECTS OF CUE VALIDITY AND CUE COMPLEXITY 

HYPOTHESES 

To analyze the effects of a variation in relative cue validity, 
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condition 1 (r^= rg^ = .50) was compared to condition 2 (r^= .61, 

i- = .36). Under both conditions, task predictability was the same OÏJ 
with rg= .70, and the cue-criterion relations were positive linear 

functions. 

The progression hypothesis predicts that subjects will initially 

control the task mainly by means of the less complex cue S, i.e., 
2 2 (iDy - üjg) < 0, and that subjects, with practice, will reach a higher 

level of task control, rD^, by improving their relative weighting 
2 2 of the more complex cue V, i.e., the difference - uig) will 

decrease. The progression hypothesis does not predict any effects of 

relative cue validity. 

Previous research within the regression-correlation paradigm shows 

that subjects' task control will be a function of task predictability, 

and that each cue will be utilized in accordance to it's validity 

(e.g., Slovic & Lichtenstein, 1971). 

The hypothesis sampling model (Brehmer, 1974) predicts that subjects 

will start out trying positive linear hypotheses about the cue-

criterion function forms, but due to the fact that each cue contains 

error variance, subject's will be inconsistent in their hypothesis 

selection and utilization of different inference rules. The degree 

of inconsistency will decrease with practice, thus allowing subjects 

to reach a higher level of task control. Since, for the present 

tasks, cue validity is inversely related to the amount of unaccounted 

for variance of the cue-criterion function, the hypothesis sampling 

model also predicts that subjects' consistency in using linear rules 

will be positively related to cue validity. The hypothesis sampling 
2 2 model, then, predicts (1) that (o> - to ) > o, under the unequal validity 

2 2 
condition and that (a>y - Wg) = o, under the equal validity condition, 

and (2) that subjects will improve their task control, r^g, by a 

more efficient utilization of both cues, indicated by the measures 
2  2 -

and w g which will increase by training. Although it is not 

possible to give exact predictions from this model with respect to 

different rates of learning under different conditions, the hypothesis 
2 2 model is not consistent with the prediction that (toy - Wg) will in

crease over blocks, as was predicted from the progression hypothesis. 

Finally, (3) the hypothesis sampling model predicts effects of 

(relative) cue validity on both the measures to^ and w^ , the 
LIN LIN 
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unequal validity group reaching a higher level on the first measure 

and a lower level on the second measure, as compared to the equal 

validity group. 

RESULTS 

Task control, 

Under both validity conditions, subjects increase their task control, 

r^g as a function of blocks (F 3/42= 4.73, p < .01), other effects 

being non-significant (p < .05). These results are illustrated in 

figure 1. As can be seen from this figure, subjects under the equal 

validity condition perform better than subjects under the unequal 

validity condition. The reasons for this, unpredicted, effect will 

be discussed below. 

2 2 Relative cue weighting, (ufy - to^) 

In contradiction of the progression hypothesis, the values of 
2 2 (ojy - <dg) are positive, and they do not increase over blocks (see 

figure 2). 

For this measure, subjects are at about the same level under both 

conditions, a result which is inconsistent with the hypothesis 

sampling model. An inspection of the absolute cue weights (not re

ported here) shows that subjects under the nonequal validity condi

tion underweight cue V in relation to its validity, which is the 
2 2 main reason why the difference (- Wg) is below the optimal value 

(.61- .36= .25), as predicted from the hypothesis sampling model. 

These conclusions are consistent with the ANOVA which yielded no 

significant effects. 

2 2 Inference rules, ft\7 , 
; ; LÏN—%ÏN 

Subjects' utilization of the optimal linear rules, as indicated by 
2 2 the measures ^ and , for cue V and cue S, respectively, is 

shown in figurek"^ - 4. 

Under the equal validity condition subjects tend to be more optimal 

with respect to both cues, than in the unequal validity condition. 

This result parallels that for and suggests that the group 

difference observed for the latter measure is due to the fact that 
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subjects use more optimal inference males under the equal validity 

condition. However, while the group difference with respect to the 
o 

aio measure is consistent with the hypothesis sampling model, 
LIN 2 the group difference with respect to the measure is not. For 

the latter measure, the unequal validity group was predicted to 

perform better than the equal validity group, due to different 

validities of cue V under the two conditions. 

2 Results also indicate positive learning effects except for wg 

under the unequal validity condition (under which condition as1 

validity of cue S was low). According to the statistical analyses, 

however, there were no significant (p < .05) effects for these 

measures. 

DISCUSSION 

In Experiment I, subjects under both conditions improve with 

practice, as indicated by reliable effects of blocks for the r^g 

measure. Subjects increase their task control mainly through in

creased linear consistency in their utilization of both cues, 

except for the unequal validity group which shows no evidence of 

learning with respect to the low validity position cue S. That is, 

subjects increase their task control without a concomitant change 

in relative cue weighting, which result contradicts the prediction 

based on the progression hypothesis. 

Under the unequal validity condition, subjects tend to underweight 

the velocity cue V in relation to its validity. The underweighting 

of cue V might be interpreted as a support for the progression 

hypothesis, i.e., that the complexity of cue V prevents subjects 

from using this cue in accordance with its validity. However, this 

tendency does not appear under the equal validity condition, under 

which subjects give about the same weights to both cues. There

fore, the evidence in favour of the progression hypothesis is weak, 

and it is concluded that the underweighting of cue V under the 

former condition is due to subjects' inability to discriminate 

between the two cue validities. This conclusion is supported by 

the fact that the absolute values of the relative cue weights are 

about the same under both conditions. 
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Subjects' inablility to discriminate between cue validities might, 

in turn, be attributable to interference between cues. Interference 

effects have been demonstrated when two single-cue tasks are learned 

concurrently (Brehmer, 1973), as well as in succession (Lindberg & 

Brehmer, 1976a, 1976b). Specifically, the amount of interference 

is positively related to the amount of unaccounted for variance of 

the interferring cue, so that a low validity cue interferes more 

with learning of a high validity cue, than vice versa. According 

to this hypothesis, interference should be more pronounced under 

the unequal validity condition, which includes a low validity cue 

(cue V). 

Interference effects could also provide an explanation for the 

absence of possible effects of relative cue complexity. However, 

since interference is presumably due to characteristics of the cue-

criterion relationship, the interference hypothesis is not consistent 

with the progression hypothesis since according to this hypothesis 

relative cue weighting depends on a surface characteristic, i.e., 

relative cue complexity, of the task. 

In summary, the present results contradict the progression hypothesis 

while they are partly concistent with the hypothesis sampling model. 

Effects not predicted from the hypothesis sampling model can, how

ever be accounted for, ad hoc, by means of a hypothesis of asymmetric 

interference effects with respect to learning cues of different 

validities. Thus, in order to develop the hypothesis sampling model 

from single-cue learning to multiple-cue learning, it would be 

necessary to take different types of cue interaction effects into 

account, e.g , interference, and to analyze these effects in more 

detail. 

In Experiment I, the lower level of optimality with respect to rule 

utilization under the unequal validity condition did not result in 

significant group differences for the measure of task control, rD=. 
Kb 

This is consistent with the prediction from the regression correlation 

paradigm, that subjects' task control is determined mainly by task 

predictability, rg. To study the effects of this task characteristic, 

we now turn to Experiment II. 



EXPERIMENT II: EFFECTS OF TASK PREDICTABILITY AND CUE COMPLEXITY 

HYPOTHESES 

The effects of a variation of task predictability, r , were investi

gated by a comparison between condition 1 (r^= .70, rVE= rSE= ,50) 

and condition 3 (r = 1.0, r^E= rgE= .71), with positive linear 

functions under both conditions. 

The expected effects of relative cue complexity, as predicted fron 

the progression hypothesis, are the same as in Experiment I. This 

hypothesis does not predict any effects of rg. 

According to previous research within the regression correlation 

paradigm, as well as the hypothesis sampling model, an increase in 

task predictability will have positive effects on subjects' in

ference behavior (see, e.g., Bréhmer, 1976). 

The hypothesis sampling model predicts that subjects are able to 

eliminate incorrect hypotheses to a greater extent under the high 

r condition, than under the low r condition, since under the high e e 
Ae condition the validity of both cues are higher than under the 

low A con dition. That is, an increase in r will result in (1) an e e 
increase in level of task control, rRp, due to increases in both (2) 
2 2 cay and 03g . However, under each rg condition, subjects will 

give^the same^weight to both cues, i.e., (3) (oi^ - w^) = o, and 

subjects' relative cue weighting will not change over blocks of 

training. 

RESULTS 

Task control, r^g 

Both groups increase their task control, r^g, as a function of 

blocks (F 3/4-2= 5 .90, p < .01), and the high rg group reaches a 

higher level of control than does the low r£ group (F 1/14= 26.10, 

p < .001). These results, illustrated in figure 5, are fully con

sistent with the predictions from the hypothesis sampling model. 

However, under no condition the subjects reach the maximal possible 

level of task control, rn== 1.0 
Kb 
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2 2 Relative cue weighting, (oj y - m g). 

Results for this measure are given in figure 6. The progression 
? 9 hypothesis is contradicted in that the difference (wy - »g) does 

not take negative values, and in that there are no reliable (p > 

.05) training effects or condition by blocks interaction. These 

results are compatible with the hypothesis sampling model. This 

model cannot, however, explain the tendency (nonsignificant, p > 

.05) to overweight cue V under high condition. This result will 

be discussed below. 

2 2 Inference rules, , w0 
LIN LIN 

Under the high r condition, subjects are able to use the linear rules © 
consistently for both cues to a greater extent than under the low rg 

condition, see figures 7 and 8. Although not statistically significant 

(p>.05), these results are consistent with, and provide an explanation 

for, the parallel results obtained with respect to task control, r^g. 

That is, under the high condition subjects reach a higher level 

of task control, , through a more efficient utilization of the opti

mal linear rules for both cues. Blocks effects and interactions were 

nonsignificant (p>.05) for these measures. 

DISCUSSION 

The results that an increase in task predictability has positive 

effects on subjects'rule selection and task control support the hypo

thesis sampling model. 

In Experiment II, the cues differed only with respect to relative cue 

complexity in both conditions. This should maximize the possibility 

of detecting the effects of this task characteristic, predicted by 

the progression hypothesis. Effects should be expected especially 

under the rg=1.0 condition, for which there is no error variance in 

the cue-criterion relation (as is the case in tracking and also in the 

Naylor & Carroll (1969) experiment). The fact that no effects of cue 

complexity are seen in results from Experiment II thus provides strong 

disconfirmation of the two predictions from the progression hypothesis. 

The fact that subjects tend to give too much weight to velocity cue V 

under the high rg condition, relative to position cue S, is contrary 
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to what is expected from the progression hypothesis. This result may 

be due to unspecific perceptual, or perceptual-cognitive, cue charac

teristics which make velocity a more "impressive'/ cue or a cue of 

greater ''Eindringlichkeit" to use the term of Bruner, Goodnow & Austin 

(1956), than the position cue. Naylor & Carroll (1969) observed the 

same kind of inverse effect, in that subjects under certain conditions 

could identify the second derivative of the parabolic function more 

easily than the first derivative. Naylor & Carroll concluded that this 

effect was due to the fact that the second derivative is a more obvious 

perceptual element than the first derivative, since it consists of the 

entire parabolic configuration. The first derivative, on the other 

hand, consists of a very small portion of the parabolic configuration. 

A similar explanation may be appropriate also with respect to the 

difference between velocity and position in the present tasks, since 

velocity is presented to subjects during the whole stimulus presen

tation period, while position information is of considerable shor

ter duration. 

The present results also contradict those obtained by Lindberg (1977) 

for a similar task. In that experiment the progression hypothesis 

was supported in -»"hat subjects initially gave a higher weight to the 

position cue and then increased their relative weighting of the veloc

ity cue with practice. In Lindbergs'experiment, however, the position 

cue was defined as the end position of the stimulus spot, while in the 

present experiments, the position cue is defined as the starting posi

tion. Therefore, results from Lindbergs'study and the present study, 

taken together, indicate that subjects'relative cue weighting for 

this kind of task is affected by the order of presentation among the 

cues, rather than by relative cue complexity. (This hypothesis cannot 

explain the Naylor & Carroll results, or results from tracking experi

ments, however, since in these cases, cues are present at the same time.) 

Although the cue variables in Naylor & Carrolls (1969) experiment 

differ from those of the present experiments with respect to mode of 

representation of relative complexity (i.e. geometric vs. physical 

representation), the two studies are similar in that the criterion 

variable is artificial in the sense that it has no interpretable physi

cal counterpart. In tracking experiments, on the other hand, this is 

not the case, since the criterion variable is presumably a future 

position of the target. This suggests that it may be necessary to 
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consider also the content of the task, e.g., possible interpretations 

of the criterion variable, as well as the statistical aspects, when 

relating the present results to those obtained in tracking studies. 

In summary, results from Experiment II are consistent with the general 

assumption that subjects progression and final level of task control 

is determined by the system characteristics of the task. However, 

with respect to relative cue weighting, the above discussion also 

indicates that perceptual differences between cues, temporal order 

of cue presentation, and the content of the task, have to be consider

ed as well. 

In Experiment II subjects very soon found the proper linear rules for 

both cues. There is therefore little room for improvement over blocks. 

In order to study subjects'ability to increase their task control 

through a change of inference rule, we now turn to Experiment III. 

EXPERIMENT III: EFFECTS OF FUNCTION FORM AND CUE COMPLEXITY 

HYPOTHESES 

The effects of a variation of the cue-criterion function form were 

analyzed by means of a comparison between condition 3 (positive 

linear cue-criterion function for both cues) and condition 4 (posi

tive linear cue-criterion function for cue V and U-shaped, quadratic, 

function for cue S). For both conditions rg= 1.0 andr^ = r^ = .71 

As in Experiments I and II the progression hypothesis predicts that 

subjects will originally control the task mainly through the less 

complex cue S and that they will learn also the more complex cue V 

with practice. The progression hypothesis does not predict any effects 

of cue-criterion function form. 

According to previous experiments within the regression-correlation 

paradigm, non-linear cues are learned more slowly and less efficiently 

than linear cues. 

These results are accounted for by the hypothesis sampling model, which 

predicts that subjects initially try linear hypotheses and inference 

rules, but that they are able to select and make use of more compii-
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cated hypotheses and rules, e.g. quadratic ones, if this is required 

by the task. When the subject is forced by the task to use the more 

difficult nonlinear hypotheses, his inference strategy will become 

less consistent in that he will alter between different kinds of in

ference rules. 

For the present case, the hypothesis sampling model suggests the follow

ing effects of cue S-function form: (1) with respect to task control, 

r^g, the linear group will initially perform better than the nonlinear 

group, a difference which will decrease over blocks, as the latter 

group learns the optimal quadratic rule for cue S. (2) While the linear 
2 2 group will be on the zero level with respect to (Wy - wg) in all blocks, 

the nonlinear group will start out with positive values. (The model 

does not admit specific predictions about effects of practice for the 

latter group. The effects of more optimal rule utilization may, or may 

not, be cancelled by inconsistency during the four blocks of training). 

(3) The linear group will rapidly reach a high level of performance 
2 2 with respect to both w,7 and Wo and it will not change very much 
LIN LIN with practice. The nonlinear group will start with lower values of 

2 u'q which will decrease, while there will be a parallel increase 

for Wo 
QUAD 

RESULTS 

Task control r^-. 
Kb 

Predictions from the hypothesis sampling model are verified in that 

the linear group reaches a higher level of task control than does 

the nonlinear group, and in that this difference decreases over blocks. 

These results, illustrated in figure 9, are supported by the ANOVA 

which yielded main effects of conditions (F 1/14 = 2 1.72, p<.001), and 

blocks (F 3/42 = 11.28, pc.001), as well as a blocks x condition 

interaction (F 3/42 = 3.42, p<.05). 

2 2 Relative cue weighting (to^ - o>g. 

2 2 As can be seen from figure 10, ( toy - Wg) for the nonlinear condition 

is higher than for the linear condition. For the former condition, 
2 2 (ojy - uig) tends to decrease over blocks. According to the ANOVA, 
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however, the effects do not reach statistical significance (p>.05). 

2 2 2 
Inference rules, o>,. , cu0 > 

LIN LIN QUAD * 

Results with respect to these measures, see Figures 11-13, are con-
2 2 sistent with those for r^g and (wy - Wg). As was predicted frcm the 

hypothesis sampling model, subjects in the linear group use the opti

mal linear rules in all blocks, while subjects in the nonlinear group 

start out with linear rules. These rules are later rejected in favour 

of the optimal quadratic rules for cue S. 

These interpretations are supported by the ANOVAs which yielded a main 

effect of conditions for Wg (F 1/14 = 12.96, pc.Ol), a nain effect 

of conditions also for oig (F 1/14 = 8.78, p<.05), a main effect of 

blocks for oig (F 3/42^=^4.19, p<.05), and, finally, a block x con

dition interaä:i8n for oj? (F 3/42 = 4.76, p<.05). 
QUAD 

DISCUSSION 

The results from Experiment III support the hypothesis sampling model 

in that subjects'performance is affected by the form of the cue criterion 

function in the way predicted by this model. 

With respect to the progression hypothesis, results from Experiment 

III confirm those from Experiments I and II in that subjects do not 

use the cues in accordance with their relative complexity, and they 

do not learn to increase the relative weight for the more complex 

velocity cue. 

The fact that subjects under the non-linear condition increased their 

relative utilization of the nonlinear position cue (nonsignificant) 

is not due to the weight given to this cue per se, or to any inherent 

characteristic of the cue information, e.g., its complexity, in the 

sense of the progression hypothesis. Evidently, the important factor 

is the cue-criterion relation rather than the surface complexity. 
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blocks in Experiment III. 

CONCLUSIONS 

The progression hypothesis, as based on Fuchs' (1962) criterion 

for relative cue complexity, is not compatible with results from 

the present experiments. Although subjects achieve a higher level 

of task control with practice, this improvement is not affected 

by relative cue complexity in the way predicted by the progression 

hypothesis. That is, there is no evidence that subjects learn to 

increase their relative weighting of the more complex velocity 

cue V compared to the less complex position cue S. 

Instead the subjects' behavior is affected by the system charac

teristics of the task, i.e., task predictability (Experiment II) and 
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cue-criterion function form (Experiment III). These results are consis

tent with earlier findings within the regression correlation paradigm 

(Slovic & Lichtenstein, 1971). furthermore, in accordance with the 

hypothesis sampling model, (Brehmer, 197*4), subjects achieve task con

trol by means of (1) a more consistent rule application, and (2) an 

ability to change from nonoptimal (linear) to optimal (nonlinear) in

ference rules when such a shift is required by the task (Experiment III). 

That is, subjects'* inference strategies are affected by the syst en 

characteristics of the task rather than by its surface characteristics. 

However, as was pointed out above, the present results also suggest 

that it may be necessary to take into account, rot only the syst on 

characteristics of the task, but also the perceptual, temporal and 

content aspects. 

Alternative definitions of "complexity", in terms of the system charac

teristics of the task, have recently been suggested by De KLerk and 

his colloborators • De KLerk & Oppe (1972) defined complexity in terms 

of orthogonal polynomial components for a quadratic cue-criterion 

relation. They were able to obtain support for the (progression) 

hypothesis in that subjects progressed frail a lower (linear) to a high

er (nonlinear) level of cue utilization in learning this single-cue 

task. De Klerk & Vroon (1974) investigated the effects of three different 

quadratic cue-criterion function forms upon single-cue learning, i.e., 

a J-shaped function, a reversed J-shaped function, and a U-shaped func

tion. Results showed that the U-shaped function was more difficult to 

learn than were the J-shaped functions. These results were interpreted 

to support the progression hypothesis as formulated by De KLerk & Oppe 

(1972), and they are, of course, also consistent with the results fron 

Experiment III in the present study. In this form, the progression hypo

thesis will, however, not differ from the hypothesis-sampling model. 

This study was supported by a grant from the Swedish National Defence 

Research Institute( FOA). The authors are indepted to Jan Kuylenstierna 

and Lars-Erik Warg for assistance in the experimental and computational 
work. 
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