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Hypothesis testing in stimulus integration 
tasks of varying difficulty 

KENT L. NORMAN 
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The processes of hypothesis selection and testing were investigated in a simple multiple-cue learning 
task. Subjects learned to predict the numeric value of a criterion on the basis of a set of cues. The criterion 
was computed as the average of two of the cues plus random error. Following each trial, subjects were 
asked to select the two cues that they thought were relevant. The number of cues and the predictability of 
the criterion were varied factorially but, within the limits manipulated, did not affect performance to any 
appreciable degree. The results suggest that a subjective evaluation function based on the average of 
pairs of cues was operative and that a cut point was employed to decide whether to maintain or reject the 
current hypothesis. 

The processes of hypothesis selection and testing 
apply to many forms of learning and problem solving 
tasks. Consider a scientist observing the relationship 
between a set of variables and a criterion variable that he 
is trying to predict. Over a number of observations, 
he may reject some variables as irrelevant and retain 
others as important. At each observation the scientist 
entertains a current hypothesis regarding the relation­
ship. 

Within such a process the important issues relate to 
the selection, usage, and testing of possible hypotheses. 
For example, how does a person select or generate a 
new hypothesis from past observations? Given that an 
incorrect hypothesis is being temporarily maintained, 
how does the individual make the best use of it? Finally, 
what does it take to reject a hypothesis in favor of 
another? Bruner, Goodnow, and Austin (1956) and 
others have investigated such questions within the 
concept attainment task. The situation outlined above 
differs from most concept attainment tasks in that the 
cues and the criterion classification are interval in 
nature rather than nominal. However, enough similari­
ties exist to suggest that hypothesis testing strategies 
may be used by subjects in both tasks. 

The task employed in the present study is known 
formally as multiple-cue learning. The subject is pre­
sented an array of cues. Over a number of trial obser­
vations, he is to learn to predict the value of a criterion. 
The task bears a striking similarity to the statistical 
problem of multiple regression, and for this reason 
correlational models are typically used to describe and 
assess performance (e.g., Hammond & Summers, 1972). 

Multiple-cue learning is an information integration 
task in which feedback is provided following each 
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judgment. Subjects must integrate or combine the values 
of cues on each trial. Figure 1 presents a schematic of 
the general integration process. An array of stimulus 
information is presented to the subject. Each piece of 
information attains an internal representation in the 
form of a subjective value. These values are then inte­
grated to produce a single internal judgment. The 
integration function is an algebraic composition rule 
which may take on a form such as a sum or an average. 
The resultant internal judgment is then mapped to an 
external response value. To this point, the schematic 
is the basic outline of Anderson's (1974) information 
integration theory. What is new is an allowance for the 
effect of feedback and a decision mechanism that 
governs changes in the system. Such changes could alter 
the internal representation of the stimuli, the integration 
function, or the response function. As a first approxi­
mation, this mechanism is assumed to operate in a 
hypothesis generation and test mode. Studies by 
Norman (1974a, b) lend support to the hypothesis 
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Figure 1. Schematic of an information integration model 
incorporating a feedback mechanism. 
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testing strategy in a psychophysical averaging task. 
Subjects learned to change the weighting of stimulus 
magnitudes in the integration rule as a function of 
feedback. 

The present experiment investigated hypothesis 
testing in a multiple-cue learning task that required 
subjects to discover which cues were relevant. The 
number of irrelevant cues and the predictability of the 
criterion were varied . 

METHOD 

On each trial the subject was shown a horizontal array of 
numbers displayed in windows labeled A, B, C, etc. The subject 
was told that the average of two of these numbers could be used 
to predict the criterion number. After the subject made his 
prediction, he was shown the value of the criterion in a window 
located below the array of numbers. Following each trial, the 
subject indicated his current hypothesis as to which positions 
were relevant. Trials were terminated after the subject named the 
correct positions five times in succession or exceeded 30 trials. 
Subjects worked on one problem for practice and then com­
pleted three test problems. Two different positions were ran­
domly selected as the relevant cues for each of the problems 
from the total number of positions presented to the subject. 
Either two, three, or four of the cues were irrelevant. 

The numbers in the array were random integers from 1 to 10, 
generated according to a uniform probability distribution. The 
criterion number was the average of the two relevant numbers 
plus either low or high uniform variability. Under the low 
error variability condition, the range of random error was 3; 
under the high error variability condition, it was 5. In addition, 
the criterion was constrained to an integer value ranging from 
1 to 10. 

The number of irrelevant positions and the error variability 
of the criterion number were varied between subjects in a 
3 by 2 factorial design. Ten subjects (five male and five female) 
served in each of the six groups. All subjects volunteered from 
experimental psychology classes at the University of Alabama 
and were randomly assigned to conditions in a sequential 
manner. 

RESULTS AND DISCUSSION 

Studies in concept attainment show a geometric 
increase in the difficulty of solving problems as a func­
tion of the number of irrelevant cues (Bourne, 1966). 
This effect was not found . The number of trials to the 
last error in choosing the relevant positions increased 
with the number of irrelevant cues. The means for two, 
three, and four irrelevant cues were 6.38, 8.85, and 
10.17, respectively. However, the difference was not 
significant [F(2,54) = 2.29, .10 < p < .20]. The lack of 
a reliable effect here is probably due to the fact that the 
subject is given much more feedback information than 
just whether his response is right or wrong. The criterion 
number may serve to eliminate several hypotheses on 
anyone trial. . 

The main effect of criterion predictability was also 
nonSignificant. The mean number of trials to criterion 
for low and high error vari~bility were 7.81 and 9.12 
[F(l ,54) < 1] . It was expected that high-{;riterion error 
variability would decrease performance. However, 
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within the levels employed, no reliable effect was found. 
In order to investigate the problem solving process 

in more detail, prediction responses were analyzed in 
conjunction with choices of positions on each trial. 
First, backward learning curves with respect to the 
trial of the last error were computed and are shown in 
Figure 2. Absolute error between the prediction and the 
criterion is high and constant before the trial of the last 
error. On the trial of the last error in selecting the 
relevant positions, error was even greater. After solution, 
error drops to a minimum, due in part to the error 
variability in the criterion. Increased error prior to 
solution and the sharp drop after solution suggests that 
subjects were using a hypothesis testing strategy. Solu­
tion is most likely following a large deviation between 
the response and the criterion. The prediction response 
can also be compared to the average of the two relevant 
cues. This curve shows the same form but eliminates 
the component of error variability in the criterion. 

When the absolute deviation between the average of 
the positions selected and the response is plotted in 
Figure 2, there is little or no change over trials. The two 
values agree closely, almost within round-off error. 
This indicates that subjects consistently generated 
their prediction responses by taking the average of the 
two cues currently hypothesized as relevant. 

At this point a rudimentary model of hypothesis 
selection and testing should be proposed. Suppose that 
the subject employs a subjective evaluation or goodness­
of-fit function. In the present case this would be some 
monotonic function of the deviation between the 
average of two cues and the criterion. Hypothesis selec­
tion would proceed by a repeated application of the 
function across a set of possible combinations of posi­
tions. The subject then selects the combination leading 
to the minimum deviation from the criterion. The 
results of this experiment indicate that when subjects 
selected a new hypothesis before solution, the comb i-
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Figure 2. Mean absolute deviation of response from criterion, 
average of relevant cues, and average of hypothesized cues as a 
function of trials relative to solution. 
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nation was generally among the best 15% of all possible 
combinations. However, when the mean number of 
better hypotheses are considered instead of the percent, 
an interesting difference emerges due to the number of 
irrelevant cues. The mean number of better hypotheses 
was .68, 1.57, and 2.09 for groups with two, three, 
and four irrelevant cues [F(2,54} = 11.60, P < .01] . 
It is likely that on anyone trial subjects test only a 
limited number of cue combinations and do not exhaust 
their search for the best combination among the total 
possible. 

A hypothesis is retained as long as it is within a 
subjective tolerance limit. It is rejected if the deviation 
between the average of these two cues and the criterion 
is too large. Figure 3 shows this absolute deviation for 
runs of the same hypothesis from the initial trial on which 
the positions were selected to the trial after which 
the subject eliminated that hypothesis. In each run 
length the deviation was at a minimum on the trial that 
the positions were selected. A higher deviation was 
tolerated on later trials, but when the hypothesis was 
rejected, the deviation was extreme. It should also be 
noted that this deviation tended to be higher for runs 
of two and three than for shorter or longer runs. Sub­
jects were less likely to give up a hypothesis supported 
on several trials. The form of these results support quite 
clearly the use of a subjective goodness-of-fit function 
on the part of the subjects. 

One important question is how subjects set their 
tolerance levels for evaluating hypotheses. Subjects 
are aware of the usual variability of the cues and the 
criterion. Studies show that subjects can provide esti­
mates of variability (peterson & Beach, 1967)_ It is 
likely that subjects also develop intuitive values for 
standard errors and confidence intervals. Subjects,· 
however, did not appear to develop different levels of 
tolerance under the conditions of low and high error 
variability in prediction of the criterion. This is shown 
by the fmding that the error in prediction prior to a 
switch was about equal for the two conditions. It took 
about the same amount of deviation between the re­
sponse and the criterion for subjects in both conditions 
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Figure 3. Mean absolute deviation of 
criterion from the average of the cues 
aelected as relevant as a function of the 
number of trials on which the hypothesis 
is retained and the trial on which it is re­
jected. 

to reject a hypothesis. This led to a slight increase in 
false rejections of the correct hypothesis in the high­
error condition over the low-error condition. Overall, 
this had little effect on performance since subjects 
usually resampled the correct hypothesis on later trials. 

In conclusion, the findings support a hypothesis 
testing strategy in multiple-cue learning. Subjects set up 
an evaluation function that can be used to select and 
reject hypotheses. Such a strategy appears to optimize 
performance and in the present case may have nullified 
the effects of increasing the number of irrelevant cues 
and error variability of the criterion. In the present task, 
the set of possible hypotheses concerning the prediction 
process was limited. Subjects were told that the integra­
tion rule was an average and that they had only to learn 
which two cues were used to compute the average. In 
more complex multiple-cue learning tasks, subjects may 
have to consider hypotheses concerning the valuation 
of cues, the algebraic combination, and the response 
function. It is suggested that the same type of subjective 
evaluation function used by subjects in the present task 
will also be used in more complex tasks. 

REFERENCES 

ANDERSON, N. H. Algebraic models in perception. In E. C. 
Carterette & M. P. Friedman (EdS.) , Handbook of 
perception (Vol. 2). New York: Academic Press, 1974. 

BOURNE, L. E., JR. Human conceptual behavior. Boston: 
Allyn and Bacon, 1966. 

BRUNER, J. S., GoODNOW, J. J., & AUSTIN, E. A. A study of 
thinking. New York: Wiley, 1956. 

HAMMOND, K. R., & SUMMERS, D. A. Cognitive control. 
Psychological Review, 1972, 79, 58-67. 

NORMAN, K. L. Dynamic processes in stimulus integration 
theory: The effects of feedback on the averaging of motor 
movements. Journal of Experimental Psychology, 1974, 
102, 399-408. (a) 

NORMAN, K. L. Rule learning in a stimulus integration task. 
Journal of Experimental Psychology, 1974, 103, 
941-947. (b) 

PETERSON, C. R., & BEACH, L. R. Man as an intuitive 
statistician. Psychological Bulletin, 1967, 68, 29-46. 

(Received for publication September 15, 1976.) 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




