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Abstract. Although being a daily task, the search for a word among others words is a new research domain we investigated in order to find the kinds contextual factors that can facilitate semantic oriented visual search. We report two experiments assessing task context, visual context and semantic context. Some of our results are found to be those of classical non-semantic visual search, while others show the impact of the semantic context. Basic recommendations can be find out for Human-Computer conception and cognitive chronometry methodology.



1 Introduction This article is about the factors that could facilitate the detection of a word among others. There is a practical question if we want to facilitate the rapid and successful finding by a user of the information s/he is looking for when facing Web sites. For instance, if you search the schedule of a film on a cinema web site, how must be semantic and visual information arranged in order to facilitate the visual search activity. But there is also a theoretical question about how much semantic features facilitate visual search. Studies of visual search conducted in cognitive psychology about attention and visual processes consist to show the participant a visual scene composed of no semantic visual stimuli such as letters, digits, squares, circles, triangles, … The task of the participant is then to detect a particular target among others stimuli. This target can be well defined (to find the square) or can be ill defined (to find the intruder) as in oddity search task. Treisman and her colleagues ([1] and [2]) had tested the effect of different visual features (such as color, orientation, form,) on target detection efficiency. With a paradigm that consists to vary the number of the stimuli surrounding the target, they distinguished two visual search processes: a parallel search and a serial search. According to Treisman and Gelade [1] and Treisman and Gormican [2], the features (color, orientation, form…) of objects are first processed automatically and in A. Dey et al. (Eds.): CONTEXT 2005, LNAI 3554, pp. 278 – 291, 2005. © Springer-Verlag Berlin Heidelberg 2005
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parallel. Next stage following this parallel processing is to build the unicity of the object with focal attention on localization: the different features that are at the same localization are conjoined to form a unitary object, with sometimes illusory conjunction of features. If the object the participant is looking for (a red X) has a distinctive feature (red) in such a way this feature is in isolation (a red X among blue Xs), then this target will be found during the parallel processing stage: the feature characterizing the target stimulus is detect pre-attentively and then « calls » attention to the position of the target stimulus in the visual field at the next stage. On the opposite, if the target can be distinguished from the process of a conjunction of features (a red X among red Os and blue Xs) then a serial search is applied at the second stage and consists inspecting the background items that form the context, one by one, until the target is found or until the participant decides that the target is absent. The number of non-target stimuli on the visual array has no effect on time detection of a target being distinguished by a single feature from the non-target stimuli: the target captures directly attention and this phenomena produces what is called “pop out”. When the target is differentiated by a conjunction of features, in the serial search stage, the response time is dependent of the number of non-target stimuli: when the number of items in the context increases the time spent to detect the target increases because it is then necessary to conjoin the features (color and form for the above example) and to scan the whole scene, item by item, to find the target. Efficiency of the visual search appears to be strongly dependant on the similarity between the target and its context (its background composed of others stimuli). According to Duncan and Humphreys [3], the more the target is similar to its context, such as a conjunctive target, the target sharing one attribute with one kind of context stimuli and one other attribute with a second kind of stimuli, the more difficult is its detection. Targets “pop outs” in case of large dissimilarity. Neisser [4], for instance, observed that it is easier to detect a V among round letters such as O, P, D, G than among angular letters such as N, L, M, X. Many factors could influence similarity between the target and the contextual nontargets and influence visual search. Sharing visual properties with the objects of the context is one of the factors that bring similarity. Another factor might be the nature of the shared or distinctive features. For instance, perceptual features might not be equivalent for the target detection. Treisman & Gormican [2] find that when the target is to be in a pop out situation (the only item with a particular attribute), a deviant attribute (such as magenta for the color dimension) allows detecting the target more rapidly than a standard attribute (such as red). For these authors, this difference is due to a difference of activation between these two types of attributes: a deviant attribute produces more activation than a standard attribute. However, when the target is a feature conjunction (identifying a red X among red Os and blue Xs), a target sharing standard attributes is detected more rapidly than a target sharing deviant attributes [5]. A third factor, studied in the literature, is the proportion of each kind of stimuli in the context when the target is defined by a conjunction of properties shared with the context objects. This ratio is generally fifty-fifty: as much red Os and blue Xs to detect a red X. Poisson and Wilkinson [6] and Shen, Reingold and Pomplum [7] had shown that response time to detect a conjunctive target depends on the ratio of the two kind of non-target stimuli: target detection is facilitated when the two categories of stimuli that form the context do not appear in equal number in the visual display; as the number of each category approach equivalence, response time increases.
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A fourth factor is the semantic similarity between the target and the non-targets in its context. White [8] showed that semantic categories could play a facilitative role in target detection; thus detecting the letter “O” is easier when surrounded by numbers rather than surrounded letters. In the same way, it is easier to detect the number “O” (zero) from a display of letters rather than a display of numbers. White’s study was of interest because the semantic category was under the experimenter’s control; the form of the target (O) remained constant yet its meaning changed from the letter “O” to the number “O”. In other words, detection is made easier when the target belongs to a different semantic category than the non-target stimuli. In the visual search literature, the purpose of different studies is to determine factors that could facilitate or disturb visual search. In these studies, the material is simple: geometric shapes (such as squares, circles, triangles, bars, …), digits or letters. Our study is for determining the factors that facilitate or disturb the detection of a word surrounded by others words. We reasoned that visual similarity effects might compete with more complex kind of features such as the semantic properties we get when using words as materials for visual search. This is also an ecological study, since semantic properties of perceived words might influence detection of a word-target in situations such as scanning an index, a newspaper or a web page. Whenever a group of words is perceived, these words could be semantically classified allowing a semantically contrasted target to be distinguished from other stimuli. Two experiments were conducted to study the visual and semantic discrimination of a word-target from its context made of other words. In the first experiment, we examined the effects of the task context, of the semantic context surrounding the target and of the number of stimuli simultaneously displayed. The task context is defined through the knowledge the participant has about the identity of the target: they know or they don’t know its super-ordinate category. The semantic context effect is explored by varying the semantic distance between the target and the non-target stimuli. For Rips, Shoben & Smith [9] the semantic distance means “that when the subset was used as the predicate noun, the memorial representations of the subject and predicate nouns (ROBIN and BIRD) were closer together in some underlying semantic structure than when the superset was used as the predicate noun”. For example, ROBIN is more semantically distant to ANIMALS than BIRDS. But this definition doesn’t allow comparing two concepts that aren’t on the same axis. For example, we can’t evaluate the distance between TOYS and VEGETABLES. Then, we define semantic distance by the approximate number of superordinate categories between the target category and the superordinate category of both the target and the non-targets. The higher is the number of categories necessary to identify the common super-ordinate category of two concepts, the longer is the semantic distance between these two categories. For example, for the categories FISHES and BIRDS, it is easy to find a super-ordinate category ANIMALS that is their direct super-ordinate category. So FISHES and BIRDS are closely semantically related together. In opposite, for the categories FISHES and MANUFACTURED TOOLS, it is more difficult to find a category super-ordinate. So for these two categories (FISHES and MANUFACTURED TOOLS), we evaluate that they are semantically distant. The effect of the number of stimuli in the context is studied by increasing the number of non-target words around the target-word. In the second experiment, we examined the effect of the number of non-target words sharing a visual attribute with the target, the kind of visual property and the
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semantic typicality of the target. The effect of the number of non-target words is studied by increasing the number of non-target words that have the same color (red or black) or the same font (italic or not) than the target. We contrasted color and font in order to examine the effect of the kind of visual properties. The effect of semantic typicality was studied by using typical exemplar vs. non-typical exemplar of a category as being the target-word. It is strongly accepted in cognitive psychology that all exemplars of a category aren’t equivalent: some are more representative of the category than others. For example, “robin” and “sparrow” are more typical of birds than “ostrich” or “penguin”.



2 Experiment 1 This experiment investigated the effect of the semantic and visual background context, and of the task context on word visual detection. The effect of semantic context is investigated by varying the semantic relatedness between the words surrounding the target. According to White [8], semantic differentiation between the target and the non-target facilitates detection. We reasoned that the detection of a target that is semantically distant to non-target words should be easier (higher success rate and shorter response time) than the detection of a target that is semantically close to the non-target words. The visual context is investigated by varying the number of words surrounding the target. Because a word is a more complex item than a simple geometric form, we reasoned that the search for a word among others words would be serial. So we expect that increasing the number of non-target words would increase response time to detect the target. The task context is investigated by providing or not providing the participant the semantic category of the target (“is there a animal” or “is there a word different to others”). Treisman and Sato [5] observed that when the target label wasn’t given (the consign being to detect the intruder, an oddity search task), search is more difficult than when it was provided the participant: the search became a serial search as indicated by increase in response time as a function of increasing the number of stimuli simultaneously displayed. So, we reasoned that not providing information about the target would weaken performance (lower success rate and longer response time) than when providing information (the target’ category label). 2.1 Method Participants. The 54 participants were first-degree cycle students recruited in the psychology department. They did participated to another experiment on visual search. They were native French speakers or well mastered in French. Stimuli. The experiment is computer-driven (FRIDA software). Stimuli are French words from 15 categories: flowers, vegetables, fruits, fishes, birds, insects, containers, tools, weapons, musical instruments, professions, toys, vehicles, sports, trees. The number of stimuli simultaneously displayed is of 9, 17 or 25, randomly posited in a matrix of five rows and five columns. For half of the trials, the target is present. A word of the same category than the non-target words is used when the target is absent.
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When displayed among distractors (non-target words), the target is semantically distant to the non-target words for half of the trials and semantically close for other trials. Note that, although orthographic and phonologic similarities might play an important role, we didn't compute these factors, assusming that they should be counterbalanced across experimental variations. Something we will further control. The words-stimuli were written in Arial Police, in black and with a 16 points size on a white background. They appeared on a screen with 800x600 resolution. Procedure. Participants are distributed either on the well-defined condition group or on the ill-defined condition group. The experiment starts with the instructions provided to the participant that present the type of task (detection of a word among others), the response modalities. In addition, participants are asked quick answers without mistakes about if “yes” or “no” the target is present in the display. Before experimental trials, each participant makes 10 training trials. A trial is searching for a word, the participant being instructed as follows: “Is there an exemplar of (semantic category (i.e. animal))?” for the well-defined target condition and “Is there a word different than others?” for the ill-defined target condition. When the participant has read and understood the question, s/he has to press the space key that makes the words being displayed. When the participant finds the target, s/he has to press the “m” key, then to enter the name of the target with the keystroke. If the participant does not find any target, s/he has to press the “q” key. There were 72 experimental trials, for which 72 sets of 9, 17 or 25 words were randomly displayed. Recorded data for each of the 54 participants are, for each of the 72 trials, the yes/no response, the word typed on the keyboard in case of Yes response, and the response time. Experimental Design. S24*D2*N3 where S24 corresponds to 24 participants per group: C2 (well-defined target versus ill-defined target), D2 corresponds to the two semantic distance between the target and the stimuli (close versus distant) and N3 correspond to the 3 size of non-target contextual stimuli: 8, 16 or 24 stimuli. Analysis. Positive trials (target is present) were retained for analysis. Success rate was computed by averaging the number of hits (to press “m” key and to give the right word) over the number of corresponding trials. Response time was computed only for hits. One participant of the well-defined target group and two participants of the illdefined target group have their data suppressed for the response time analysis because they did not get at least one hit for each of the 6 experimental conditions. Thus, ANOVA analysis of success rate was made on 27 participants per group and analysis of response time was made on 26 participants for well-defined target and of 25 participants for ill-defined target. 2.2 Results and Interpretation First, the type of task had no significant effect on success rate (well-defined: mean: .83, SD: .22, ill-defined: mean: .79, SD: .23; F(1,52)=1,25; p=.27, ns). However, as predicted an ill-defined target (mean: 7.92, SD: 3.71) is detected with longer response-time (F(1,49)=47,94; p 
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