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Psychological Study on the Integration of Visual Features 
in Stimulus–Response Association 

 
Abstract 

This thesis describes a psychological study of how visual features of an object are 
integrated, and how they are associated with a response. 

In everyday life, we give out an appropriate response to an object based on its 
visual information, which comprises a combination of several features. This unique 
combination of features elicits appropriate actions in virtue of memory creating an 
association between a stimulus and a response. 

Human beings can acquire memories for arbitrary stimulus–response 
associations through learning. Moreover, once acquired, the stimulus–response 
association can be maintained in memory for a long time, and it is possible to elicit 
a response based on these associations at any later time. 

This study elucidated the memory representation of the association of combined 
visual features to a response in stimulus–response mapping. In this thesis, 
stimulus–response mapping refers to a set of multiple stimulus–response 
associations. As mentioned above, stimulus–response associations comprise the 
basis of diverse behaviors. Therefore, clarifying the representation mechanism in 
memory of stimulus–response mapping is fundamental to understanding human 
cognitive behavior. 

The human visual system is understood to process visual features of an object 
separately within different modules for each basic feature dimension, such as color, 
shape, or texture. We call the basic feature dimension an attribute. According to 
feature integration theory, these features are integrated through attention 
directed toward the object’s location (Treisman & Gelade, 1980). In previous 
studies, two hypotheses concerning integrated representation of features have 
been proposed: all features are integrated into a unified representation 
(all-attribute model), or features are integrated as a set of multiple distributed 
binding representations. 

In regard to stimulus–response mapping, Ishizaki et al. (2015) refuted the 
all-attribute model and proposed a paired-attribute model in which only two 



 Abstract 2/4 

attributes are bound and the set of attribute pairs is associated with a response. 
They conducted a stimulus–response mapping task, in which participants were 
required to learn the mapping of eight stimuli consisting of a combination of color, 
shape, and texture to four key-pressing responses. Their results indicated that 
learning was more difficult when three stimulus attributes determined a correct 
response than when two attributes did so. Based on the paired-attribute model, the 
result can be explained as follows: while correspondence between two attributes 
and a response is stored as an association between one attribute pair and a 
response, correspondence between three attributes and a response is stored as an 
association between a set of attribute pairs and a response. However, according to 
the all-attribute model where all features are integrated into a unified 
representation and associated with a response regardless of the number of features 
related to the response, there should be no difference in learning difficulty. 

In order to prove the paired-attribute model to be valid generally, the following 
issues need to be tackled. First, it is unclear how a combination of visual features 
including spatial attributes is associated with a response. Spatial attributes, such 
as location and motion, are believed to be processed via a different pathway in the 
brain than attributes for object identification (Ungerleider & Haxby, 1994). 
Ishizaki et al. (2015) investigated the mapping of only attributes for object 
identification (i.e., shape, color, and texture). Second, it is not clear whether a 
location plays a special role not only in forming an integrated representation but 
also in stimulus–response mapping. Third, although previous studies have shown 
that the paired-attribute model works in the process of learning, no studies have 
investigated the model’s applicability to long-term retention. 

Therefore, this study examined how the combination of location and other 
attributes is associated with a response in three memory stages, namely, the 
learning stage, the retention stage immediately after learning, and the retention 
stage after a long delay. 

This thesis consists of five chapters. In Chapter 1, the background and purpose 
of this study and the approach were described, and an outline of the thesis was 
provided. 

Chapter 2 examined the stimulus–response mappings with not only the 
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identification attributes but also the location attribute. In Experiment 1A, the 
stimulus–response mapping task using stimuli consisting of a combination of color, 
shape, and location was conducted. As a result, equivalent results to Ishizaki et al. 
(2015) were obtained, and the paired-attribute model was supported in the 
mapping to a response of the combination of visual features, including location. 
However, among the three pairs of attributes, the mapping of the shape–location 
and color–location pairs to responses was more difficult to learn as compared to the 
mapping of the color–shape pair to a response. 

Experiment 1B examined whether the difference in learning difficulty depends 
on the difference in the processing pathway in the brain. A stimulus–response 
mapping task using stimuli consisting of a combination of color, location, and 
motion was conducted. As a result, the map to a response based on the combination 
of two features processed via the same pathway (e.g., location and motion) was no 
less difficult to learn than the combination of two features processed via different 
pathways. Therefore, there is no evidence that the learning of stimulus–response 
mapping becomes more difficult when the features are processed via different 
pathways from each other. 

Chapter 3 examined whether the location is involved in stimulus–response 
association in a different manner from color and shape are. In Experiment 2A, 
after learning the mapping to responses of stimuli consisting of a combination of 
color, shape, and location, the features of the stimuli were presented spatially 
separated in two stimuli for the test: two combinations of two features, or one 
combination of two features and one single feature. As a result, learning was not 
completely transferred when color and shape were presented separately; however, 
when color and location were presented separately, learning was almost completely 
transferred. This suggests that color and shape are bound to be associated with a 
response whereas location is associated with a response as a single representation. 

In Experiment 2B, after learning the mapping of stimuli consisting of color, 
shape, and location to the responses, the feature value of one attribute was 
exchanged and a re-learning task was conducted. As a result, re-learning was not 
so difficult when the location was exchanged as when the color or shape was 
exchanged. This suggested that exchanging location would require only minor 
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modification in the stimulus–response association, whereas exchanging color or 
shape requires fundamental modification. 

Chapter 4 examined memory representation of stimulus–response mapping after 
a long-term delay. In Experiment 3, one week after participants learned the 
mapping to the responses of the stimuli consisting of color, shape, and location, 
they learned the same mapping again. As a result, they could respond as 
accurately and quickly as they did immediately after learning. Moreover, they 
performed better when two features determined correct responses as compared to 
when three features determined correct responses. The results reveal long-term 
retention of mappings between the integration of features and responses, and 
suggest that the paired-attribute model is applicable to long-term retention of 
mappings. 

Chapter 5 reconfirmed the research purpose and discussed the outcome of this 
study. In this study, it was suggested that the paired-attribute model is more valid 
than the all-attribute model for stimulus–response mapping during learning, 
immediately after learning, and after a long delay. However, it was suggested that 
the paired-attribute model needs to be modified for the mapping of visual features 
including location attribute to responses. Thus, a location-singleton model was 
proposed in which two features of attributes for object identification are bound and 
associated with a response, whereas the location attribute is not bound with other 
attributes, and is added to this association individually. 
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