
 

 

 University of Groningen

Competition for feature selection
Hannus, Aave

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2017

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Hannus, A. (2017). Competition for feature selection: Action-related and stimulus-driven competitive biases
in visual search. [Thesis fully internal (DIV), University of Groningen]. Rijksuniversiteit Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/69daee88-6db8-4a11-b740-5c5742a14c97


Appendix A

Supplementary Material of 
Chapter 4



Correction Procedure
Close inspection of the data revealed that there was a significant spatial bias in 
the distribution of the errors.  We found that many more errors were saccades 
to one of the immediate neighbors compared to more distant distractors, espe-
cially in single feature search.  As will be explained below, this probably means 
that in part of the trials in which participants successfuly identified the target 
feature, they made a saccade toward one of the neighboring distractors. Since 
correction for this bias is expected to make the interaction effect only stronger 
(as explained at the end of this Appendix), we considered it justified to do the 
statistical analyses on the raw data. 

In addition to this spatial bias, the a priori probabilities of hitting a target 
feature were different in single feature and conjunction search.  Because this 
difference was the same for all features, we also did not correct for this when we 
assessed interaction effects. 

These two effects give a rather distorted picture of absolute performance 
and make it impossible to directly compare single feature search performance 
with conjunction search performance.  This is the reason why we corrected for 
these effects.  Below, we describe in detail how this was done.  This procedure is 
identical for both color/orientation and color/size experiments, and we discuss 
here the former.

Spatial bias in errors

A close look at the spatial distribution of the errors revealed that it was not uni-
form.  More specifically, many more errors were due to saccades toward dis-
tractors immediately neighboring the target than to more distant distractors 
(Figure A1). 

If we define the distance between the target and its immediate neighbors 
to be 1, the distance between the target and the direct neighbors of its neighbors 
as 2, and so forth, then there was a large bias toward errors with a distance of 
1 to the target compared to errors with a distance of 2, 3, 4, 5, or 6 to the target.  
In case of a uniform distribution, we should have found each distance to ac-
count for about 17% of the errors.  However, we see that, on average, 56% of the 
errors in single feature search and 25% in conjunction search had a distance of 
1, while the remaining errors with distances 2 to 6 were more or less uniform-
ly distributed.  A large part of this bias can probably be explained by partici-
pants searching for and making saccades to discontinuities, rather than specific 
items (Findlay, 1997).  But since there was also a small bias in conjunction search 
(where searching for discontinuities does not help to solve the task), there must 
be other causes as well (e.g., inaccuracies in the planning of the initial saccade).  
For the purpose of comparing performance in single feature and conjunction 
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search, we believe it is reasonable to consider as hits part of the errors that have 
a distance of 1 to the target.

We transformed the data such that after correction the resulting distribu-
tion of errors was uniform (i.e., after correction, each distance accounted for 
about 1/6th of the total number of errors).  We first estimated how many of the 
errors with a distance of 1 were expected to be due to errors in discrimination 
(i.e., errors due to considering a distractor feature as a target feature) and how 
many were due to errors in saccade programming or made to a location repre-
senting local inhomogenities in global texture (i.e, errors due to saccades to-
ward an immediate neighbor of the correctly identified target).  Assuming that 
all errors with distances from 2 to 6 were discrimination errors, the average 
number of errors at these positions was used as an estimate of the number of 
discrimination errors at distance of 1.  The remaining errors at distance of 1 are 
assumed to be saccade errors; correction consists of considering these as hits.

In single feature search, this correction consists of subtracting the esti-
mated number of saccade errors at a distance of 1 from the total number of error 
responses and adding this to the correct responses.  In conjunction search, the 
situation is slightly more complicated, because there are three types of error 
responses.  As the amount of distractors was the same for each of these three 
types, each kind of distractor had the same probability to be a neighbor of the 
target.  Therefore, the probability of a saccade error resulting in one type of er-
ror over another was the same for all three kinds of errors.  Thus, correction of 
conjunction search data consists of adding the estimated number of saccadic 
errors to the correct responses and subtracting one-third of this number from 
each error response type. 

Correction procedure

143

Figure A.1: The spatial 
distribution of errors as a 
function of distance from 
the target in single fea-
ture search (color) and 
conjunction search of 
Experiment 1.  The imme-
diate neighbors of the 
target have a distance 
of one, whereas the 
most distant ones have a 
distance of six.  In single 
feature search, there is 
a bias toward the imme-
diate neighbors of the 
target.

Conjunction Search
Single Feature Search

Pr
er

ce
nt

ag
e 

of
 R

es
po

ns
es

 (%
)

0
10
20
30
40
50
60
70

Distance from Target

80
90

100

1 2 3 4 5 6



Guessing rate correction—rationale 

In single feature color search, the a priori probability of choosing an item with 
correct color is 1/13.  The same holds for correctness of orientation in orientation 
search.  In conjunction search, however, the a priori chance of having the color 
correct is 5/13 (the target as well as four of the nontargets have the correct col-
or).  Also, the chance of having orientation correct is 5/13.  This means that the 
a priori probabilities of a feature hit are different in single feature and conjunc-
tion search.  To be able to compare single feature search results directly with 
conjunction search results, we need to correct for this.  We have done this by 
making use of the following two assumptions:

1. If a particular feature was identified, then the selected item will possess 
this feature (i.e., participants use the information they have).  Thus, if a partici-
pant identified, for example, the target color, then we assume that the response 
was either “hit” or “color correct” in conjunction search and “hit” in single fea-
ture search (see Analysis and Statistics for details about response types).

2. If a particular target feature was not identified, then this feature does 
not play a role in the selection process (i.e., missing information is guessed).  
Thus, if, for example,  a participant, did not identify an item with the target col-
or, he or she guessed with respect to color.  For conjunction search this means 
that if he or she also did not identify the orientation, the response was purely 
random; but if he or she did identify an item with correct orientation, then the 
response will be either “hit” or “orientation correct” (with probabilities propor-
tional to the number of “hit” and “orientation correct” items).

Guessing correction—single feature search

From Assumption 2, it follows that in single feature search in 12 out of 13 times 
that a participant was not able to locate the target, this resulted in an “error” 
response and 1 in 13 times this resulted in a “hit” response.  In other words, the 
number of error responses reflects only 12/13 of the number of discrimination 
errors (we distinguish between “responses” and “discriminations”.  The former 
refers to the response that has been logged, whereas the latter refers to informa-
tion that a participant had at the moment of the saccade).  Combining this with  
the first assumption—from which it follows that all discrimination hits resulted 
in hit responses—leads to the following two equations:
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Rewriting gives:
  

These two equations were used to remove the effects of guessing from the 
single feature search data.

Guessing correction—conjunction search

In conjunction search, there are four instead of two possible types of discrim-
ination (“hit”, “color correct”, “orientation correct”, “double error”), as well as 
four corresponding types of responses. Assumption 1 implies that, again, a dis-
crimination hit will always result in a hit response.  However, from Assumption 
2, it follows that in all other cases, a certain amount of guessing is involved, 
making the response type probabilistic.  For example, when only the correct col-
or was identified, the probability that this resulted in a hit response was 1/5, and 
the probability that it resulted in a correct color response was 4/5.  Table A1 gives 
an overview of the response probabilities for all discrimination types.

From this table, it follows that each of the response counts is a linear com-
bination of one or more discrimination counts.  This gives us a linear system of 
four equations with four unknowns:

By matrix inversion, we get:

These four equations were used to remove the influence of guessing from 
the conjunction search data.

Correction procedure
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Results of corrections

The correction for the spatial bias in the error consists of redistributing correct 
responses over error responses.  It therefore increases the count of correct re-
sponses and decreases that of error responses and, consequently, results in a 
performance increase.  Given that this spatial bias was substantially larger in 
single feature search than in conjunction search, performance in single fea-
ture search increases more than performance in conjunction search.  (Compare 
Figure A2A and A2C, which show uncorrected and error bias corrected data, 
respectively.)  Correction for differences in a priori chances has the opposite 
effect: by decreasing the number of correct responses and increasing the num-
ber of errors, it results in a decrease in performance.  Guessing chances in con-
junction search were higher than in single feature search and, consequently, 
correction for guessing mostly affects conjunction search performance.  (Com-
pare Figure A2A and A2B, which show uncorrected and guessing-corrected 
data, respectively.)  After combining both types of correction (Figure A2D), we 
can directly compare performance in single feature and conjunction search. 

Note that the corrections make the difference between orientation perfor-
mance in single feature and conjunction search larger, whereas it makes the 
difference between color performances in these two types of search smaller.  
Therefore, although we found an interaction effect already in the uncorrected 
data, it is to be expected that the effect is even larger in the corrected data.

                              Discrimination
Response  Hit Color      Orientation Double 
                        Correct         Correct   Error

Hit      1    1/5              1/5     1/13
Color Correct       4/5         4/13
Orientation Correct                    4/5     4/13
Double error                            4/13

Table A.1. Probability Distribution in Conjunction Search.
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Figure A.2: The effects of different corrections illustrated for Experiment 1. Panel A, uncorrect-
ed data; Panel B, data after guess correction; Panel C, data after correction for spatial bias 
in errors; Panel D, data after applying both corrections. Bars show standard errors.
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