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ABSTRACT 

Visual search is a critical skill that is impacted by a target’s physical traits and a 

viewer’s prior knowledge of what those traits are. An open question in visual search 

concerns the nature of the target template, an internal cognitive representation of the 

target one is searching for and that is used to guide search. Target templates are 

created from knowledge about the target; in research settings this information is 

typically conferred to a searcher in the form of a cue. A more detailed target template 

is known to lead to the best search, but how a cue that lacks specific or accurate details 

forms a target template is not well explored. The current study examines how 

categorical cues impact target template creation, specifically aiming to resolve the 

controversy of whether and under what conditions a word cue can perform as well as 

an image cue. Participants searched for real world objects in an array, cued by various 

pictures or words. In Experiment 1, participants experienced written and auditory label 

cues in addition to exact target previews and visually similar image (type picture) 

cues; type picture cues performed significantly better than either of the word cues, 

which did not differ from each other. In Experiment 2, a specific label condition was 

added and visually heterogenous type picture cues were used. The specific auditory 

label resulted in reduced search times compared to basic labels and the new type cues. 

These results highlight the importance of specificity in target template creation and 
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demonstrate constraints under which some verbal cues can be more effective than 

image cues. 
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Chapter 1 

INTRODUCTION 

A central question in the visual search literature has been why some targets are 

easier to find than others. Striking features of the target have been shown to impact 

search, with targets being found much quicker among visually dissimilar than similar 

distractors (Treisman & Gelade, 1980; Lau, Pashler & Brady, 2019). But top-down 

processing is just as integral to search, with expectancy and prior knowledge having a 

profound influence. For instance, targets that are prototypical are found faster than 

atypical category members (Castelhano, Pollatsek & Cave, 2008; Maxfield, Stalder & 

Zelinsky, 2014; Hout et al., 2017) and increased knowledge about visual details (or 

expected details) of your target increase speed and accuracy (Malcolm & Henderson, 

2009; Hout & Goldinger, 2015).  

Influential theories dating back to the 1970s have tried to provide a concise and 

comprehensive theory as to what is happening in the mind when we are searching for a 

target. Triesman’s Feature Integration Theory breaks it down into stages of 

preattention, in which discrete perceptual features are processed independently, and 

focused attention, where these basic features can combine to reveal the whole object 

(Triesman & Gelade, 1980; Triesman & Schmidt, 1982). Search can thus be very 

quick for a target with a distinct visual trait, like one green circle among many red 
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circles, as this difference is noted in the preattentive stage and search ends. Something 

like conjunction search, where targets are more complex and the search array more 

visually homogenous, needs focused attention to sweep through each location and 

bind the separate features to a location, revealing the complex target. In this theory, 

top-down processing is more of an addendum; it is necessary for identifying objects 

when focused attention is blocked (Triesman & Gelade, 1980) and can facilitate 

perception by constraining guesses (Triesman, 1988). 

Expanding from Feature Integration Theory, Wolfe’s Guided Search Model 

emphasizes the importance of guidance (Wolfe, 1994, 2007). Similar to Triesman’s 

model, Guided Search begins with parallel processing of basic features all over the 

search array, essentially taking in a little information from a lot of locations. Each 

trait, such as color or orientation, forms a feature map with the different attribute 

values plotted in their spatial location. Top-down attention is then able to take this 

information and guide it to the physical location where the traits of interest are found. 

By this logic, it is easy to spot the target in an oddball paradigm because early visual 

processes can help direct attention to this area before it engages with any distractors.  

Critically, these theories focus on bottom-up guidance from the search array, 

such as target-distractor similarity and set size (Wolfe, 2007). More common to 

everyday search tasks are those guided by top-down information, such as trying to 

locate your car on a busy street. In this case there still is only one correct target, but it 

is not as distinct as a green circle among red circles. Guided Search explains top-down 

guidance as the match between the stimulus and the target criterion; if one is looking 
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for their white pick-up truck, the color and shape feature maps would be given 

priority. However, some search tasks are more well-informed than others, such as 

searching for your car of 10 years compared to your friend’s relatively new car. In 

both instances you know the general category of the target, but specific details are 

unknown about the friend’s new car. In fact, you might just know you are looking for 

a car. Vickery, King and Jiang (2005) have demonstrated that the type and amount of 

information given about a target has been shown to influence search profoundly. 

These experiments were search tasks in which participants were informed what the 

target would be ahead of search rather than an oddball paradigm. When the 

information was highly detailed and accurate, giving participants the exact orientation 

and size of the target, search was rapid. When only one aspect of the target was 

changed, reaction times (RT) increased significantly. When the information provided 

was even more abstract, consisting only of the category word, RTs were even higher. 

Generally, this suggests that having a great deal of top-down knowledge about one’s 

target improves visual search.  

This could be seen as stronger or weaker weights being put upon certain 

features, but Vickery and colleague describe this is a target template being created. 

The increased information is able to create a more detailed representation of the target 

which is able to more effectively guide search than the less detailed templates. In a 

research setting, as in Vickery et al. (2005), the creation of a target template is usually 

elicited by giving participants a cue as to what the target image will be. This cue could 

be a preview of the target or something less exact, like another category member or 
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the name of the target. Extant literature has repeatedly replicated Vickery’s findings 

that exact image target matches lead to the best search (Malcolm & Henderson, 2009; 

Schmidt & Zelinsky, 2009; Hout & Goldinger, 2015; cf. Wilschut, Theeuwes & 

Olivers, 2014), but results on how the more abstract cues compare to each other are 

mixed (Wolfe et al., 2004; Bravo & Farid, 2009; Eckstein, 2011; Wilschut, Theeuwes 

& Olivers, 2014). In this paper we will specifically examine how these abstract cues, 

called categorical cues, interact with each other and target previews to influence target 

templates. Categorical cues hold comparable amounts of information but dispense it in 

different formats, such as the labels in Vickery et al. (2005). Our cues of interest 

include auditory labels (at both basic and subordinate levels), written labels, and 

images of a different identity but same category as the target image. 

1.1 Type Image Cues 

Type image cues are images that are of the same category of the target image 

but are not the exact identity of the target image, a different token of the same type. 

For example, participants in Bravo and Farid (2009) searched for exotic fish using 

either the exact fish that would be in the search array or a different member of the 

same species. People were faster at finding the target when given a type cue than when 

hearing the non-informative label “fish” (non-informative because the target was 

always a fish, the only fish on screen, and the label never indicated the breed of fish). 

However, participants in Wolfe et al. (2004), had similar search times for both written 

label cues and type cues, with both being significantly slower than target previews.  
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Both of these results can be true and point to different situations in which type 

cues are helpful. Although type cues are able to highlight common visual traits within 

a category (e.g., dogs have 4 legs and a tail), they might also draw attention to 

physical characteristics present in the cue that the target does not share (e.g., German 

Shepherds are brown with long tails while Australian Shepherds are spotted with 

clipped tails). Consequently, type cues can help search when cues and target are 

visually homogenous (Bravo & Farid, 2009; Cho, 2016) but might not if the cue and 

target are visually distinct. In other words, type cues seem to help most when they 

share visual elements like size, color, and shape with the target (Hout & Goldinger, 

2015).  

1.2 Label Cues 

Labels as categorical cues have yielded rather disparate results. Many studies 

opt to use written label cues and find that they perform poorly in comparison to any 

sort of visual cue (Vickery, King, & Jiang, 2005; Wolfe et al., 2004; Malcom & 

Henderson, 2009; Castelhano, Pollatsek, & Cave, 2008), suggesting that these cues are 

not beneficial to visual search. Proponents of label cues assert that the issue here is not 

the words but their presentation; hearing a label has been demonstrated to benefit 

performance in perceptual tasks such as target detection (Lupyan & Spivey, 2010a, 

2010b; Lupyan & Ward, 2013), picture recognition/verification (Lupyan, Thompson-

Schill & Swingley, 2010; Lupyan & Thompson-Schill, 2011; Boutonnet & Lupyan, 

2015; Edmiston & Lupyan, 2017), and visual search (Lupyan & Spivey, 2008; Lupyan 
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& Swingley, 2012; Cho, 2016; Vales & Smith, 2015, 2018). The label feedback 

hypothesis claims that hearing a word (but not reading a word) activates a visual 

representation of a typical category member, priming the visual system for the target 

(Lupyan 2012a, 2012b; but see Cho, 2016, for auditory labels that activate non-typical 

category members). This would predict that in any target detection study, merely 

hearing the target label should increase performance, perhaps to the level of a similar 

picture (Cho, 2016) or a target preview (Lupyan & Spivey, 2010b; Vales & Smith, 

2015). However, most studies asserting these claims compare auditory labels to non-

linguistic sounds (like a bark or a car revving), image cues, or a no cue baseline. Only 

Cho (2016) has directly compared written and auditory labels in this way. Participants 

here completed a visual search task with typical and atypical targets and experienced 

cues that varied in presentation condition (type pictures, written labels, auditory 

labels). Further, image cues were either visually similar or dissimilar to the target 

image. On both typical and atypical targets, it was found that auditory labels 

performed significantly better than written labels. Auditory cues did not out-perform 

everything: on typical targets they performed as well as visually similar type cues and 

on atypical targets there was no difference between either image cue and the auditory 

label. While this is evidence in favor of the Label Feedback Hypothesis, this study has 

critical flaws that complicate interpretation. Cho confounds cue-target similarity 

(imagery concordance, as they put it) and does not fully explain how the variable 

manipulations are implemented, such as trials that have differences in imagery 

concordance yet have a label for a cue. Additionally, the experiments presented by 
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Cho exhibit exceptionally long reaction times, even compared to the study they 

partially replicate (Lupyan & Thmpson-Schill, 2012). These weaknesses do not give 

strong backing to the Label Feedback Hypothesis, but it is not a well-backed theory in 

general. There are criticisms to the general notion of any top-down influences on 

perception, including language, (Firestone & Scholl, 2016) and failed replications of 

positive results of the benefits of language on perception (Klemuss, Prinzmetal & Ivry, 

2012) that cast heavy doubt on the veracity of the Label Feedback Hypothesis. 

Considering this, there is no concrete conclusion as to how different kinds of 

categorical cues, especially presented across modalities, compare to each other. 

Although the typical consensus (based on evidence and assumptions) is that a more 

abstract linguistic cue is inferior to a categorical visual cue. Lack of extensive studies 

and shortcoming of those that exist leave this an open question, however. 

1.3 Specificity of Cues 

 Across cue types, search has been shown to improve when cues increase in 

specificity, accuracy, and predictability (Hout & Goldinger, 2015; Hout et al., 2017). 

Even in label cues, increasing the precision from a superordinate to a basic label or 

given the addition of the target’s color reduces reaction time, although not as much as 

a target preview (Schmidt & Zelinsky, 2009). Findings in this vein have also found 

that the basic-level superiority effect (Murphy & Smith, 1982; Murphy & Brownell, 

1985; Rosch et al., 1976), which states that objects are categorized quicker into basic-

level categories than more specific or more general category, does not also apply to a 
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visual search task. Participants in a study by Maxfield & Zelinsky (2012) completed a 

visual search task with eye tracking in which they responded whether the cued target 

was present or absent from the search display. Cues presented were either target 

previews or written labels, which varied on their hierarchical status such that a 

firetruck target could be cued with the superordinate label “vehicle”, the basic label 

“truck”, or the subordinate label “firetruck”. Results supported that the segment of a 

visual search task in which participants verify the target was quicker with a basic label 

than superordinate or subordinate; verification is the segment of visual search that 

most closely resembles a categorization task, dovetailing well with the findings of a 

basic-level advantage. Yet, not all parts of search showed this effect. Guidance to the 

target (defined through both the time it took to look at the target and the number of 

distractors fixated on before the target) was better for subordinate-level cues compared 

to basic-level cues, with the subordinate cues tying in these measures to the target 

preview. While this fact seems to suggest that labels can be incredibly influential to 

search, the target preview was still better in measures of overall search time and 

accuracy in the present/absent response. Interestingly, subordinate labels showed the 

highest error rates in the target absent conditions by a large margin, possibly 

indicating the detailed target template resulting from these cues takes longer to be 

proven wrong. Overall these results indicate that a more specific and informative label 

can have an impact on search, although this is underexamined in the literature. 

 Although many studies support that increased cue specificity facilitates target 

identification, this idea has not come into play in studies comparing the effectiveness 
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of categorical cues between each other. Even in studies that extoll auditory label cues, 

a basic-level label is purposefully chosen (e.g. Lupyan & Thompson-Schill, 2011; 

Cho, 2016). How varying the precision of any type of categorical cue, particularly 

comparing the relative advantage for each categorical cue, is yet to be seen. 

1.4 The Present Study 

The present study seeks to directly compare various categorical cues, 

specifically using different modalities and levels of specificity, to find out how they 

impact visual search. Our primary inquiry is to find if the target templates set up by 

linguistic cues differ from those set up by picture cues. We use a visual search 

paradigm in which participants are given a cue, either a word or a picture, and search 

for a target image in an array.  

Both written and auditory label cues are included in Experiment 1 to assess the 

hypothesis that hearing (but not reading) a label primes target-defining features and 

would result in search time that is significantly better than reading a label. We have 

found only one other study that looked at real-world objects and compared the 

effectiveness of auditory and written cues. Cho (2016) found that hearing a label was 

as effective as a very similar type picture cue and led to significantly faster search than 

a written label. As is suggested in Cho (2016), the auditory cue in the present study 

might activate perceptual features of the target and lead to better performance than 

reading a word. Other studies in this vein suggest that hearing a label should result in 

search that is similar to or better that of a token visual cue (Lupyan & Spivey, 2010b; 
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Vales & Smith, 2015). Parts of the paradigm might lend in favor of these results, such 

as the 1000ms stimulus onset asynchrony (Vickery et al., 2005), participants being 

acquainted with stimuli prior to testing, and each image being a typical category 

member. Yet, there are criticisms of this theory (Firestone & Scholl, 2016) and 

problems with Cho’s (2016) study, which discredits the idea that auditory labels might 

have a larger impact than the other categorical cues. Further, categorical cues typically 

lead to target templates with less information, which should result in slower search.  

Certainly, it is possible that experiencing any type of categorical cue, both hearing and 

reading a word, could produce similar search templates that do not benefit participants 

as much as the priming of a visual cue (Castelhano, Pollatsek & Cave, 2008; but see 

Wilschut, Theeuwes & Olivers, 2014). 

Experiment 2 attempts to find situations in which label cues might be more 

advantageous, through manipulating both within category visual homogeneity and the 

specificity of labels. Visual similarity has been demonstrated to impact visual search 

greatly (e.g., Lau, Pashler, & Brady, 2019) and as previously noted, types cues most 

similar to the target lead to better search than other categorical cues (Bravo & Farid, 

2009; Hout & Goldinger, 2015). Thus, decreasing the visual similarity within each 

category should make type cues less beneficial to search in Experiment 2 than 

Experiment 1. If a basic level label results in quicker search than a dissimilar type cue, 

it would reveal a common search situation (i.e., a possibly inaccurate or outdated idea 

of what you’re looking for) that labels would be more beneficial than an image cue, 

supporting the general idea that they are not completely ineffective cues. However, if 
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the basic level label cue fails to surpass type cues, which are purposefully hindered in 

this experiment, it would deem label cues very beneficially limited, possibly only 

leading to performance that is like baseline.  

The second manipulation, label specificity, was implemented to possibly 

increase the benefit of labels, as opposed to decreasing the benefit of type cues. Label 

specificity has been sorely understudied in the literature (Schmidt & Zelinsky, 2009; 

Maxfield & Zelinsky 2012), but these results indicate that a cue that gives more 

information to the participant might be more beneficial, in certain circumstances. In 

line with Maxfield and Zelinsky (2012), experiment two uses label cue conditions that 

contain the basic level label (e.g., “hat”) and the more specific subordinate label (e.g., 

“fedora”). As opposed to Experiment 1, where most all categories had 4 images from 

the same basic and subordinate level categories, stimuli for Experiment 2 will have 4 

token images each from distinct subordinate categories. It seems unlikely that this will 

improve the overall reaction time of subordinate labels compared to basic label, as this 

was not the case in Maxfield and Zelinsky (2012). Additionally, many studies that 

advocate for the value of label cues do not use subordinate cues, often using basic 

labels and sometimes superordinate labels (e.g., Lupyan & Thompson-Schill, 2011). 

However, it is possible that the benefit of more information from the specific cue 

could result in faster search from these cues, particularly considering that type cues in 

Experiment 2 will be less informative than they previously were.    
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Chapter 2 

EXPERIMENT 1 

In our first experiment, cues were presented in one of four ways: written label, 

auditory label, target preview, or a different member of the same target category (type 

picture cue). In these experiments, we observe how target templates differ based on 

the type of information given to the participant and how this subsequently impacts 

visual search. Reaction time (RT) and accuracy were recorded and search efficiency 

(how easy it is to find the target regardless of number of distractors) was calculated on 

the basis of responses under varying set sizes. Participants experienced all four types 

of cues in a blocked structure with 20 possible target categories. This forces 

participants to change their target template each trial but allows the construction to 

stay consistent within a block.  

Based on prior research, we expect token visual cues to have the best search 

times and written label cues to have the worst search times. The key comparison of 

this experiment is how the categorical cues interact compared to each other, with 

special interest to auditory label and type picture performance. No theory asserts that 

written labels will perform better or at the level of other cues, so it is assumed these 

cues will result in the worst search speed. However, the Label Feedback Hypothesis 

(Lupyan, 2012a, 2012b) posits that auditory labels should perform significantly better 

than a written label, and as good (e.g., Cho, 2016; Vales & Smith, 2018) or better 
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(e.g., Lupyan & Ward, 2013; Vales & Smith, 2015) than an image cue. If type visual 

cues act more as a categorical cue, they should perform significantly worse than token 

cues and similarly to written label cues. However, if similar visual information primes 

the target and extra details do not distract the viewer, their performance with type cues 

should be significantly better than written label cues (and likely still significantly 

worse than token visual cues). In addition, a key question involve hearing vs. reading 

cues: if hearing a word activates perceptual knowledge and features, auditory label 

cues should make search significantly better than written label cues. If this top-down 

penetration into perception is not unique to spoken cues, as some have suggested it is, 

then hearing a word should be no different than reading a word. 

2.1 Methods 

2.1.1 Participants 

 Data were collected from 37 English speaking adults (27 female). Participants 

were recruited from the University of Delaware Psychology subject pool and received 

partial course credit for their participation. Data from 3 participants were excluded due 

to experimenter error. 

2.1.2 Apparatus 

 The task was completed on a 21-inch, 1920 x 1080 resolution computer 

monitor with participants were seated approximately 24 inches away from the 
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monitor. A Windows PC ran the task using MATLAB R2017b with PsychToolBox 3 

(Brainard, 1997; Pelli, 1997; Kleiner, Brainard & Pelli, 2007). For auditory cues, 

participants used over- or on-the-ear headphones. 

2.1.3 Stimuli 

2.1.3.1 Visual stimuli 

 In total, 94 images were gathered primarily from Konkle et al. (2010). 

Additional images for the instructions were sourced from Google Image searches. All 

images were recolored to be greyscale and cropped into a square frame. For the 

instructions and practice trials, 14 images of animals were used. The other 80 images 

were used in the experimental trials; these consisted of 4 tokens of 20 types of 

common artifacts. Images were chosen such that there was slight variation in shape or 

color that would ensure that objects could be easily categorized together but each still 

seen as a unique token (see Figure 2.1 for example). Participants were familiarized 

with all images before beginning the experimental trials. 

 

           

Figure 2.1:   The four tokens from the “hat” category of Experiment 1. 
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2.1.3.2 Linguistic stimuli 

 Written label cues were the basic level names for each type of object in all 

capital letters, presented at the center of each screen. Auditory label cues were created 

with an online text-to-speech generator (ttsmp3.com) and averaged 404ms in length 

(range: 359-499ms). Most were generated with the faster prosody option or had 

silences removed to allow the cue to fit into the 500ms cue presentation window. One 

auditory label cue, “guitar”, was a composite due to the unnatural pronunciation of the 

synthesized “guitar”. Participants were familiarized with all the labels, both written 

and auditory, before beginning the experimental trials. 

2.1.4 Procedure 

 Participants were tested in small rooms of 1-3 people, all at individual 

computers. Participants first read through a set of instructions that outlined what the 

study was about and what their task would be. They were presented with examples of 

the 4 cue types (written label auditory label, target preview, type picture) and given 12 

practice trials (3 trials for every cue type). If an incorrect response was given, 

participants would see “INCORRECT!” on screen with a 1 sec delay. After this, they 

were familiarized with the experimental images and words. Advancing at their own 

pace, participants saw all 4 tokens of each category onscreen along with their written 

label cue. They were instructed to press a key to hear the auditory label cue and were 

able to do this for as long as needed. 
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 Then participants began the experimental trials, which consisted of 12 blocks 

of 40 trials. Blocks included only one cue type each and were presented in a semi-

random order; participants would experience a random order of the four cues and then 

another random order of the four cues. This ensured that one cue type was not 

presented three times in a row, but did not prevent one cue type from being presented 

twice in a row. Before each block began, participants were told what type of cue they 

would be receiving (image cue blocks also gave a reminder of what target preview or 

type picture cues meant). Each of the 20 categories of picture was the target twice a 

block, with the target image randomly chosen from the 4 tokens every time. For 

example, “hat” was a target exactly 24 times and the 4 hat exemplars had an equal 

chance of being the target for all 24 trials, even within an individual block. For type 

picture cues, each of the three remaining non-target exemplars had an equally likely 

chance of being chosen as the cue. Finally, a set of 6, 9, or 12 distractor images was 

selected for the array. Each cue type had 40 trials of each set size spread across the 12 

bocks. Distractor images were randomly chosen from the remaining images that were 

not in the target category. 
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Figure 2.2:   An example of a written label cue trial in Experiment 1.  

Depiction of a trial can be found in Figure 2.2. Trials began with a 500ms 

fixation cross, followed by the cue presentation for another 500ms. For auditory label 

cues, a small, black square was present at the center of the screen while the word was 

heard. The other three cue types had their visual stimuli presented at the center of the 

screen with the picture cues subtending 3.45 degrees and the word cue subtending 

approximately 1.38 degrees. After another 500ms fixation, the array was presented. 

1000 ms stimulus onset asynchrony (SOA) was selected as previous literature suggests 

that label cues benefit from longer SOAs (Wolfe et al., 2004; Vickery et al., 2005). 

The array consisted of the target image and the distractor images randomly placed in a 

4x6 grid on the screen. Participants were instructed to press the space key as soon as 

they saw the target image. This would replace all the images with blue squares and 

enable the mouse, which the participant then used to click on the square that replaced 
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the target image. If wrong, a screen saying “INCORRECT!” was presented with a 1 

sec delay. After this, or if a correct response was given, participants were presented 

with a ready screen advanced to the next trial at their own pace. 

2.2 Results  

Accuracy and reaction time were collected and analyzed for all participants 

using an ANOVA. Where assumptions of sphericity were not met, degrees of freedom 

were adjusted accordingly using the Greenhouse-Geisser correction. Average accuracy 

was similar between participants (94.4%) and cue condition (94.5%). A 3x4 repeated 

measures ANOVA with factors of set size (6, 9, 12) and cue type (written label, 

auditory label, target preview, type picture) revealed no significant effects on 

accuracy. Thus, the primary analyses were focused on reaction time. 
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Figure 2.3:   Average reaction time by cue type in Experiment 1. Target preview cues 

yielded the quickest search, followed by type picture cues, then the two 

word cues. Written and auditory label cues were not significantly 

different from each other. Error bars indicate the standard error of the 

mean. 

A repeated measures ANOVA with the same factors was conducted on 

reaction time, excluding trials with incorrect responses (5.5% of all trials) and RTs 

under 100ms and over 5000ms (>1%). This found significant main effects of cue type 

(F(3, 99) = 169.68, η2
p = .297, p < .001) and set size (F(3, 66) = 314.39, η2

p = .266, p 

< .001) as well as a significant interaction between the two (F(4.75, 156.83) = 4.01, 

η2
p = .007, p = .002, with Greenhouse-Geisser corrections). Post-hoc tests with Holm’s 

corrections for set size showed the expected effect of less distractors yielding faster 

reaction times (all p’s < .001). Further analysis of cue condition showed that target 
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preview cues yielded the fastest reaction time (all p’s < .001), with type picture cues 

being the second fastest (both p’s < .001). There was no significant difference between 

written and auditory label cues (p = .389). Figure 2.3 shows the average reaction times 

by cue and by set size. 

To assess search efficiency and further explore the significant interaction 

between set size and cue condition, a slope fit regression analysis was performed. A 

simple regression of set size on reaction time was performed for each cue type per 

participant. These slope estimates were then then input as the dependent variable of a 

repeated measures ANOVA (see Figure 2.4) with cue type as the predictor. Cue type 

was found to have a significant impact on search efficiency, F(3, 99) = 6.41, η2
p = 

0.163, p < .001. Further analyses revealed that target preview cues were more efficient 

than type picture (t(99) = -3.36, p = .005), written label (t(99) = -2.98, p = .015), and 

auditory label (t(99) = 4.06, p < .001) cues, which did not significantly differ from 

each other in terms of efficiency. 
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Figure 2.4:   Search efficiency of the different cue types in Experiment 1. A smaller 

(shallower) search slope indicates a more efficient search. Error bars 

indicate standard error of the mean. 

2.3 Discussion 

The results from Experiment 1 coincides with findings that image cues are 

superior to linguistic cues in helping visual search. Unsurprisingly, exact target 

previews lead to the quickest search. In line with our hypotheses, type picture cues 

were significantly quicker than both auditory and written labels, which did not differ 

from each other in terms of overall RT. This pattern did not follow suit for search 

efficiency; target previews were significantly more efficient than all three categorical 

cues, which did not differ from each other.  
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Although not one of the original predictions, the search efficiency analysis helps 

elucidate the significant interaction between set size and cue condition. Namely, it 

reveals that the interaction is driven primarily by target preview’s impervious nature to 

increased set size; the shallow slope indicates that increasing the number of distractors 

does not increase RT for target previews nearly as much as it does for the categorical 

cues. The fact that the categorical cues did not differ in search efficiency from each 

other suggests that there seems to be a fundamental similarity in how their target 

templates treat distractors. While type picture cues did result in overall quicker search 

than linguistic categorical cues, type picture cues do not help the target jump out from 

the distractors like a target preview cue does.  

 These findings for visual type cues support the idea that a very similar visual 

cue provides more information about the target than a less visually similar cue (Hout 

& Goldinger, 2015; Alexander, Nahvi & Zelinsky, 2017). This is in line with work 

from Bravo and Farid (2009) who found that all visual cues, whether transformed 

versions of the target or different category members, improve performance above a 

label cue (also see Vickery, King & Jiang, 2005, for similar results on transformed 

target previews). The exotic fish in Bravo and Farid (2009) have similar color schemes 

and designs that easily allow them to be classified. Similarly, the stimuli of the present 

study were collected to be similar and easily categorized together. Results from the 

second experiment of Cho (2016) also support the importance of cue-target similarity. 

In this study, highly prototypical type cues were most effective in search for other 

highly prototypical images and much less effective for atypical images. Likely, the 
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common features of the highly prototypical images (such as conical shape of a lamp 

shade) were primed; these features might not have been present in the atypical images 

thus they did not receive the same advantage. Other studies may not have used type 

cues that provide as much information through commonly shared physical 

characteristics, hindering the effectiveness of these types of cues (Wolfe et al., 2004). 

   The search times engendered by the label cues were not consistent with the 

hypothesis that hearing a word aloud is more beneficial to perceptual tasks than 

reading a word. Neither cue differed from each other in search accuracy or overall 

search speed and they were significantly slower than both visual cues. While this is 

not a departure from what visual search studies have said about written label cues (e.g. 

Vickery, King & Jiang, 2005; Malcolm & Henderson, 2009), it is quite contrary to 

some psycholinguistic claims and findings related to auditory labels (e.g. Lupyan & 

Spivey, 2010b;  Lupyan & Swingley, 2012; Lupyan & Ward, 2013; Cho, 2016). We 

failed to find the same benefit to auditory labels over written labels (Cho, 2016) or 

even picture cues (Lupyan & Ward, 2013) that has been found in the past. The present 

finding are not alone in their  evaluation of how labels impact perceptual tasks, 

however (Bravo & Farid, 2009; Klemuss, Prinzmetal & Ivry, 2012; Firestone & 

Scholl, 2016). 

 There is a possible disparity between the specificity of type image and label 

cues in the first experiment. As is customary in studies using labels as cues, the words 

given were all the basic level category of the target (e.g., “chair”). However, some of 

categories were so visually homogenous that the token images were also members of 
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the same subordinate level category, meaning that these cues were not merely 

representing the idea of a general category but of a rather specific one (e.g., 

“armchair”). This would mean the categorical cues differed not only in type of cue but 

in amount of information given. Although there is a widely reported basic-level 

superiority effect in the literature (Murphy & Brownell, 1985), more recent studies 

suggest that this might be only part of the picture. In a visual search task, basic level 

cues were found to aid verification time but guidance to the target was far better with a 

more specific subordinate level cue (Maxfield & Zelinsky, 2012). Indeed, subordinate 

level cues were actually as helpful as exact target previews in guidance, although they 

sometimes resulted in significantly more errors than less specific labels or picture 

cues. Thus, for our next experiment, we investigate how altering the specificity of 

labels and the visual homogeneity of type image cues. 
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Chapter 3 

EXPERIMENT 2 

Experiment 2 addresses the potential bias in favor of type cues in Experiment 1 

and seeks to find if there is a situation that may benefit more from a label cue than an 

image cue. Most of the procedure stayed the same, but cue type and stimuli 

themselves change. The within-subjects variable of cue type was now basic level 

spoken label, subordinate level spoken label, and basic-level visual type cue. Stimuli 

in this study were visually dissimilar compared to Experiment 1, selected to be 

members of the same basic level category but different subordinate level categories. 

The same number of categories were used, 20, but approximately half needed to be 

changed from Experiment 1 because subordinate categories were not visually distinct 

enough. Distractor set size was held stable at 9 so each image category (and now, 

individual image) could have more directly comparable trials, and since earlier 

findings in differences among type cues were not shown to impact search slopes; this 

modification also caused the search efficiency metric to be removed from analysis. RT 

and accuracy were still recorded and analyzed. 

 As the type picture cues in Experiment 2 are visually heterogenous, 

particularly compared to Experiment 1, we predicted that type cues would be slower in 

the present experiment compared to the previous one. However, we are not changing 

anything about the basic level label (corresponding to auditory label in Experiment 1), 
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thus we predict these two will be similar across experiments and that type picture cues 

will still create quicker search times compared to the basic level label. Of greater 

concern is how subordinate labels will impact search compared to the visually 

dissimilar type cues and the basic labels. We hypothesize that there is a fundamental 

difference in the target templates created by image cues and those created by linguistic 

cues. Because of this, visually dissimilar type cues should still lead to faster search 

times than the subordinate label.  

Further, we believe we will achieve similar results as previous studies that have 

manipulated level specificity (Maxfield & Zelinsky, 2012). In their experiment, 

written labels varied on their hierarchical status (superordinate, basic, subordinate) and 

were compared to target previews. Importantly, subordinate and basic labels did not 

differ in terms of overall search time or accuracy on target present trials. As we only 

have target present trials and do not divide the search into different epochs, we predict 

the same pattern of results will be discovered here. Still, the data from Maxfield and 

Zelinsky’s (2012) work is interesting because it suggests that some parts of search are 

substantially impacted by a highly specific lab, particularly the guidance to the target 

and the error rate in target absent conditions. Guidance to target was comparable for 

subordinate labels and target previews in both time to target and number of distractors 

fixated on before the target, demonstrating that both specific cues engender detailed 

target templates that help the target to jump out from distractors. Subordinate label 

error rates in target absent trials were 3 times greater compared to target previews, 

indicating that there still is something different about the target templates between the 
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two cue conditions. Putting highly specific label cues into a search paradigm with all 

target present trials (along with a difference in response type, with us asking for the 

location of the target instead of present/absent) could boost performance for 

subordinate labels compared to the target present and absent design of Maxfield and 

Zelinsky (2012). With these combined factors of visual heterogeneity and label 

specificity, we thus ask if there is a situation in which labels could result in better 

search than image cues. 

3.1 Methods 

3.1.1 Participants 

 Data were collected from 39 English speaking adults (26 female). Participants 

were recruited from the University of Delaware Psychology subject pool and received 

partial course credit for their participation. Data from 4 participants were excluded due 

to not completing the entire study (1), overall accuracy below 75%  (2), or overall RTs 

3 standard deviations away from average (1). 

3.1.2 Apparatus 

 The task was created using PsychoPy software (Pierce et al., 2019) and 

implemented online through Pavlovia. 
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3.1.3 Stimuli 

3.1.3.1 Visual stimuli 

 Images were primarily collected from Google Image searches, with some also 

taken from Konkle et al. (2010). Due to the homogenous nature of some categories in 

Experiment 1, several new image categories were selected. All images were recolored 

to be greyscale and cropped into a square frame. The instructions and practice trails 

used 15 images of animals, most of which were also used in Experiment 1. For the 

experimental trials, 4 tokens of common artifacts that shared a basic level label but all 

had distinct subordinate level labels were collected (see Figure 3.1 for an example). 

Participants were familiarized with all images, their basic label, and their subordinate 

label before beginning the experimental trials. 

 

            

Figure 3.1:   The four tokens from the “hat” category of Experiment 2. Subordinate 

labels in order: sun hat, beanie, beret, fedora.  

3.1.3.2 Linguistic stimuli 

 Auditory label cues were created using the same synthetic speech generator 

and averaged ms in length (range: 319-805ms). Because the subordinate level cues 
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could contain multiple words, including the basic level label, the cue window was 

extended to 800ms. Several subordinate level labels were composites of other words 

and sounds to make them sound more natural or accurate than the synthesized 

versions. Participants were familiarized with an image’s basic and subordinate level 

label before experimental trials. 

3.1.4 Procedure 

 A substantial change from Experiment 1 is that Experiment 2 was completed 

online, thus subjects completed this study in their homes on their personal desktop or 

laptop computers. Participants were instructed to complete the study in one sitting 

without the aid of their mouse or cursor and were advised on ways to make the 

program run more smoothly (e.g., not using Bluetooth audio devices, not using 

incompatible internet browsers). As in Experiment 1, participants read through 

instructions, completed practice trials, and were familiarized with the images and 

labels before beginning the experimental trials. In this experiment, only 3 cue types 

were used; thus, subjects only completed 9 practice trials. 

 Experimental trials were divided into 6 blocks of 80 trials, resulting in the 

same total amount of trials (240) as Experiment 1. Blocks still only had one cue type 

each and were prefaced with what type of cue would be given as well as a reminder of 

what this meant. Each of the 80 distinct images was the target once per block, 

presented in a random order each time. Type picture cues were chosen in the same 

random fashion, such that each remaining basic level category member was equally 
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likely to be chosen as the cue. Unlike Experiment 1, the number of distractors was 

held constant at 9 throughout the experiment. Distractor images were randomly chosen 

from the remaining images that were not in the target category. 

 Trial structure was largely the same as Experiment 1, with the exception of the 

cue presentation lasting for 800ms and size differences in the search array. The grid 

for image placement was now 5x5 with images sized 180x180 pixels. 

3.2 Results  

Accuracy and reaction time were collected and analyzed for all participants. 

Average accuracy was similar to Experiment 1 (94.9%) with slight variations between 

conditions (Mbasic = 96.1%, Msub = 96.6%, Mtype = 92.1%). A 3-way repeated measures 

ANOVA on cue type (basic label, subordinate label, type picture) did find a significant 

impact of cue type on accuracy (F(2, 68) = 19.5, p < .001, η2
p = 0.364) with type 

pictures having significantly lower accuracy than basic labels (t(68) = 5.037 =, p < 

.001) and subordinate labels (t(68) = 5.713 =, p < .001). The labels did not differ in 

accuracy (t(68) = 0.676 =, p = 1). Figure 3.2 shows the average accuracy by cue type. 
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Figure 3.2:   Accuracy of the three cue conditions in Experiment 2. The break in the y 

axis to highlight the different results. Error bars indicate standard error of 

the mean. 

A repeated measures ANOVA with the same factor was conducted on reaction 

time, excluding trials with incorrect responses (5.1% of all trials) and RTs under 

100ms and over 5000ms (1.2%). This found significant main effects of cue type (F(2, 

68) = 18, η2
p = .346 p < .001). Post-hoc tests with Holm’s corrections revealed that 

subordinate label cues resulted in significantly shorter reaction times than both basic 

labels and type pictures (both p’s < .001), which did not significantly differ from each 

other (t(68) = 1.05, p = .296). Figure 3.3 shows the average reaction times by cue type. 
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Figure 3.3:   Average reaction times of the three cue types in Experiment 2. 

Subordinate labels resulted in the quickest search time, followed by basic 

labels and type pictures which did not differ from each other. Error bars 

indicate standard error of the mean. 

3.3 Discussion 

Experiment 2 tried to find a situation in which label cues might be more 

effective than image cues for visual search. Although we hypothesized that we would 

not find such a situation, the results indicated that more specific, subordinate level 

label cues lead to faster overall search times than either visually dissimilar type picture 

cues or basic level label cues, which did not differ from each other. Further, both label 

cues led to significantly higher accuracy than the type picture cues. This suggests that 

indeed there are situations in which labels are more helpful than visual cues, 
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particularly situations where the label provides more accurate information than the 

image cue. 

This seems to highlight the importance of specificity and informativeness of 

cues rather than the kind of cue presented. Particularly, the findings of type cues 

compared to Experiment 1 are in line with previous findings of dissimilar visual type 

cues. Hout and Goldinger (2015) found that as type cues that are visually similar but 

in a different state are significantly slower than a target preview, demonstrating how 

sensitive the target template is. Further, a type cue with a different identity than the 

target led to the highest RT, signaling how diverse the helpfulness of type cues can be. 

Their experiments also suggested that including incorrect or extraneous features in 

your type cues, as was likely done in this experiment, increase the RT substantially. It 

is intriguing that although our type cues were hindered, they still led to similar RTs as 

basic level labels. This seems to suggest that, although labels in more specific 

circumstances can be helpful, their most common form might not be that helpful.  

Few studies have tested the impact of label specificity on visual search and 

found that increasing specificity can help search, either up to a point or in certain 

situations only (Schmidt & Zelinsky, 2009; Maxfield & Zelinsky, 2012). Specifically, 

Maxfield and Zelinsky (2012) found similar overall RT between basic and subordinate 

cues with benefits only evident in individual epochs of search (marked by eye gaze). 

In the current experiment, we found that subordinate labels resulted in a quicker RT 

than basic labels. It is unclear why this may be the case, as search targets in Maxfield 

and Zelinsky’s study also included multiple objects that could fit under the same basic 
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label but differed in their subordinate label. A strong possibility as to the difference 

might be the visual similarity; the images from the present study were also selected to 

be visually dissimilar, while Maxfield and Zelinsky did not report this selection 

criteria. This idea is further supported by the categories used in Maxfield and 

Zelinsky’s study, as ice cream, tables, and planes might have prominent visual features 

that are common among all images. Additionally, all trials being target present may 

have increased the benefit of subordinate level cues. Recall in Maxfield and Zelinsky 

(2012), subordinate level cues had remarkably high error rates in target absent trials 

compared to the other three cue types. Although their analysis only used correct trials, 

it stands to reason that there could be have longer RTs in subordinate cue, target 

absent trials to avoid being incorrect. The only target present based design could have 

mitigated those effects and demonstrated the full extent to which subordinate labels 

can help. Overall, our results of Experiment 2 indicate that there are indeed situations 

in which labels do outperform image cues. When considering that factors that led to 

this enhanced search, such as the visual dissimilarity of type cues and the all target 

present trials, it is still unclear if a specific label will always outperform an unspecific 

visual cue or if the present methodology allowed for these results. 
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Chapter 4 

GENERAL DISCUSSION 

While the target template is a critical component of visual search, extant 

literature has not explored the impact of categorical cues in template formation. 

Previous studies demonstrate that a highly detailed and accurate target template leads 

to the best search, often found through testing target previews and target modifications 

(e.g., Vickery et al., 2005; Hout & Goldinger, 2015). Yet, these results do not reveal 

how target templates change when formed by different kinds of categorical cues, such 

as type picture cues and linguistic cues. Moreover, there are conflicting findings on the 

benefit of auditory cues in perceptual tasks. Some argue that an auditory cue is 

extremely beneficial, helping in target detection or visual search tasks as much or 

more than an image cue (Lupyan & Spivey, 2010; Lupyan & Ward, 2013; Cho, 2016; 

Vales & Smith, 2015; Vales & Smith, 2018; but see Bravo & Farid, 2009). Critically, 

this theory also states that an auditory label should be more beneficial in perceptual 

tasks compared to a written label (Lupyan, 2012a, 2012b), but only one, rather flawed 

study exists that supports this idea (Cho, 2016). 

 Overall, our data shows that having a highly specific and accurate cue is the 

most important factor in creating a helpful target template. Moreover, we find no 

difference between auditory and written labels, although we did find that there are 

situations in which labels are more advantageous for search than image cues. In 
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Experiment 1, the most specific cue was the target preview, and this outperformed all 

of the categorical cues on search speed and efficiency. It was followed by the type 

picture cue, which was significantly faster than either label cue. In Experiment 2, the 

most specific cue was the subordinate label, which outperformed both the basic label 

and type cue in search speed. Notably, when the type cue when from visually similar 

in Experiment 1 to visually dissimilar in Experiment 2, subsequent accuracy and RT 

dropped. 

We found that type cues that are very similar looking to the target provide 

enough information to be better than basic label cues but not enough information to be 

as good as target previews. Subordinate label cues were able to inform the participant 

of the individual object they were looking for, as opposed to the general class of 

objects. Further, we found no support for auditory labels providing any more 

information than written labels could, going against the Label Feedback Hypothesis 

(Lupyan, 2012a, 2012b). This theory states that hearing an auditory label, but not 

reading a visual label, is able to activate common visual characteristics of the object in 

mind and give perception a head start, sometimes even compared to a visual cue. The 

idea behind this is that both the degraded visual information (from either glancing 

across a search array rapidly or seeing a very faint target in a target detection task) and 

the auditory label activate conceptual features of the object, which in turn prime the 

participant for seeing visual characteristics typical for that object. There have been 

positive findings in regards to this theory, but most compare images to auditory labels 

(e.g., Lupyan & Ward, 2013) or non-linguistic sounds to auditory labels (e.g., Lupyan 
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& Thompson-Schill, 2011), failing to fully test out the hypothesis. Other studies using 

solely auditory labels have not found any advantage compared to an image cue, even 

when the auditory label was uninformative. Bravo and Farid (2009) compared type 

cues of varying specificity to a label cue while searching for exotic fish in an 

underwater scene. Although there was only ever one fish in the scene, the label cue of 

“fish” failed to help participants as much as any of the image cues, casting doubt on 

the idea that hearing a label can prime typical visual features. 

However, one study before this has compared written and auditory labels with 

positive results. In the second experiment of Cho (2016), participants searched for 

targets of either low or high typicality with label cues or with type cues that were 

either visually similar or visually dissimilar to the target. Cho found that auditory cues 

and visually similar cues were the most effective, both being significantly better than 

written cues. Just as in the present Experiment 2, basic level auditory labels performed 

similarly to type cues. Although this signals that auditory cues might have some 

advantage, taking a closer look at the design of Cho’s paper calls into question 

whether these results are accurate or if poor manipulations biased results against type 

cues. First is the confound between target image typicality and cue-target similarity; 

although Cho describes these to be two distinct variables that are manipulated in their 

study, the two are highly confounded. Take the various fish targets given in Cho’s 

paper (Figure 4.1): the visually dissimilar fish are also incredibly atypical, while the 

visually similar fish are incredibly typical. Further, their cue conditions are presented 

as a within-participants variable that is discrete (i.e., you either have a label or an 
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image per trial, not both) but there are still differing results for label cues in low and 

high target typicality with label cues.  

 

 

Figure 4.1:   Example stimuli from Cho (2016). On the left are two visually dissimilar 

images (low image concordance) and on the right are two visually similar 

images (high image concordance). Note that the variable of image 

similarity is confounded with typicality. 

It is also interesting to note the RTs in Cho’s experiments, in particular how 

extreme they were. Cho’s first experiment is a replication of Lupyan and Swingley 

(2012) with two added cue conditions, but the differences in RT are rather profound. 

Average RT from the original Lupyan and Swingley work range from 1300 to 1500 

ms in a very tight range, while average RTs in the replicated cue conditions are 1475 

ms at the shortest and approximately 1750 ms at the longest. Although the methods 

and stimuli are purported to be the exact same (except for adding two cue conditions), 

something else must have happened in this experiment to cause such long and 

drastically different RTs. The present Experiment 1 is inspired by Cho’s second 
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experiment and also shows strong difference in RT, with our RTs1 ranging from 

approximately 800 to 1200 ms and Cho’s RTs ranging from over 1900 ms to 2100 ms. 

Although there are several methodological differences that could have contributed to 

this, such as number of distractors and method of verification, the staggering 

difference and the flawed cue manipulations bring Cho’s results into serious scrutiny. 

The present results on basic label cues agree with many other studies finding 

that semantic cues are not as effective for search guidance as a visual cue. However, 

images cues did have an advantage in terms of priming (Bravo & Farid, 2012; 

Wilschut, Theeuwes & Olivers, 2014). A different paradigm or a post-cue visual mask 

might have been helpful in avoiding these effects. However, our relatively long SOA 

of 1000 – 1300 ms has been shown to worsen search (Vickery, King & Jiang, 2005) 

lending us some credence that the Experiment 1 results were not only obtained due to 

visual priming.  

4.1 Conclusion 

 The present study finds that a more specific cue, regardless of image or label, 

results in quicker and more efficient search, although a specific advantage to auditory 

labels over written labels was not found. More specific cues were found in both target 

previews and subordinate labels, with visually similar type cues also providing a 

 

 
1 For this comparison, only categorical cues are taken into account, as Cho (2016) did 

not include target previews. 
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strong benefit to search. Our results also cast doubt on claims that auditory cues are 

special in eliciting top-down attentional control: basic label cue RTs were not as good 

as visual type cue RTs in Experiment 1 and there was no difference between auditory 

and spoken cue RTs. Type picture cues that contained irrelevant or inaccurate details 

were shown to harm visual search in a comparison between experiments. Our study 

provides evidence that top-down visual control is strongly dominated by the 

specificity of the visual information that can be applied to form the target template, 

and that labels are not exceptional in guiding performance. 
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Appendix A 

LIST OF CATEGORIES FROM EXPERMENT 1 

BACKPACK HANGER 

BASKET HAT 

BENCH KEY 

BOWL LAMP 

CHAIR LOCK 

CLOCK MUG 

COUCH PAN 

DESK RING 

GLASSES SCISSORS 

GUITAR UMBRELLA 
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Appendix B 

LIST OF CATEGORIES  AND INDIVIDUAL ITEMS FROM EXPERMENT 2 

BAG BENCH BOAT 

     DUFFLE BAG      ALUMINUM BENCH      PONTOON BOAT 

     PAPER BAG      CONCRETE BENCH      ROWBOAT 

     PURSE      PARK BENCH      SAILBOAT 

     SCHOOL BAG      PIANO BENCH      SPEED BOAT 

BOOT CABINET CHAIR 

     COWBOY BOOT      CHINA CABINET      ARMCHAIR 

     HIGH HEEL BOOT      FILING CABINET      DESK CHAIR 

     RAIN BOOT      KITCHEN CABINET      FOLDING CHAIR 

     SNOW BOOT      STORAGE CABINET      ROCKING CHAIR 

CLOCK COAT CUP 

     ALARM CLOCK      BLAZER      COFFEE CUP 

     DIGITAL CLOCK      RAINCOAT      MEASURING CUP 

     GRANDFATHER 

CLOCK      TRENCH COAT      PLASTIC CUP 

     WALL CLOCK      WINTER COAT      WINE GLASS 

GLOVE HAT KNIFE 

     BASEBALL GLOVE      BEANIE      BOX KNIFE 

     OVEN GLOVE      BERET      BUTTER KNIFE 

     RUBBER GLOVE      FEDORA      CHEF KNIFE 

     WOOL GLOVE      SUNHAT      HUNTING KNIFE 
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LAMP LOCK NECKLACE 

     CEILING LAMP      CHAIN LOCK      CHOKER 

     DESK LAMP 

     COMBINATION  

LOCK 

     DIAMOND 

NECKLACE 

     FLOOR LAMP      PAD LOCK      LOCKET 

     STREETLAMP      U LOCK      PEARL NECKLACE 

PAN PASTA RING 

     CAST IRON PAN      BOWTIE      CLASS RING 

     FRY PAN      MACARONI 

     ENGAGEMENT 

RING 

     RAOSTING PAN      PENNE      MOOD RING 

     SAUCEPAN      RAVIOLI      WEDDING RING 

SHIRT TABLE 
 

     BUTTON DOWN                       

SHIRT      BEDSIDE TABLE 

     SWEATSHIRT      COFFEE TABLE 

     TANK TOP      DINING TABLE 

     T SHIRT      FOLDING TABLE 
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Appendix C 

NORMING OF IMAGES FOR EXPERIMENT 2 

As most of the images did not come from pre-normed sets of images, we 

gathered visual similarity, typicality, and name fit in two rounds of tests from 44 

individuals (half recruited from the same university subject pool and half recruited 

through Mechanical Turk). Participants were shown the group of four images and 

asked to rate each for visual similarity on a scale of 1 to 7. Subsequently, they were 

shown each individual image and rated it for typicality on a 1 to 7 scale and provided a 

yes/no answer whether or not the provided subordinate label was a good fit. For data 

analysis, the yes/no responses were recoded as 1/0. One-way t-tests against the 

average rating (4 for the 7-point scale or 0.5 for the binary choice) for each category or 

individual image were then performed. Of the categories given to participants, the 20 

with the lowest visual similarity scores (i.e., the most visually dissimilar categories) 

were selected for Experiment 2. All of these rated at or below the average value of 4. 

All individual images were rated to be a highly typical members of their basic level 

category (all p’s < .05) and the subordinate level labels provided were 

overwhelmingly accepted (all p’s < .05). 
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Appendix D 

IRB APPROVALS 

 

 


