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Abstract 

Interacting with the objects we perceive in our environment is an essential aspect of daily life. 

Therefore, it is important to understand the factors that influence object detection. This 

dissertation, comprising three chapters, investigated whether object meaning (i.e., semantics) 

influences object detection. Figure assignment served as the index of object detection in all 

experiments in all chapters. Masked displays in which a portion of a familiar object was sketched 

on one side of the central border – the critical or “familiar configuration” side – were shown for 

either 90 ms or 100 ms; the longer exposure duration allowed more time for the familiar object in 

the displays to activate semantics. Familiar objects were depicted in both upright and inverted 

orientations; orientation-dependent detection is expected if configured representations of objects 

are involved. Chapter 1 investigated whether semantic expectations initiated by words denoting 

objects influence object detection. An unmasked word was presented before each test display to 

pre-activate the semantic network; the words denoted either the basic-level (BL) category of the 

objected sketched on the critical side of the display or an unrelated object from a different 

superordinate (natural vs. artificial) category (UNRdsc). Detection accuracy and detection RTs 

from experiments with words were compared to control experiments in which words did not 

precede test displays. For both 90-ms and 100-ms displays, object detection accuracy was higher 

than control following BL words but was unaffected by UNRdsc words. In the 100-ms condition, 

conflict emerged between the semantics activated by the UNR dsc word and the object in the 

display. Chapter 1 demonstrated that object detection is not only influenced by semantic 

activation, but it entails semantic activation in that object detection does not occur until conflict 

within the semantic system is resolved. Chapter 2 investigated whether semantic conflict in our 

paradigm emerged earlier in time when words in the UNR condition denoted objects in the same 
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superordinate category (UNRssc) as the object sketched in the display. Semantic networks for 

objects in different superordinate categories have relatively few overlapping properties and are 

more distant from one another in cognitive and neural space than networks for objects in the 

same superordinate category. Conflict may emerge earlier in time for displays preceded by 

UNRssc words because the semantic networks have greater overlap and greater connectivity. 

Consistent with Chapter 1, object detection accuracy was higher than control for both 90-ms and 

100-ms displays following BL words but was unaffected by UNRssc words. As predicted, conflict 

emerged earlier in time, with 90-ms displays, following UNRssc words. Together, the findings 

from Chapters 1 and 2 suggest that the amount of conflict in the semantic system at a given point 

in time varies as a joint function of the amount of semantic activation initiated by the display and 

the distance in cognitive and neural space between that display-generated semantic activation 

and the semantic activation initiated by the UNR word. Chapter 3 investigated whether 

unconsciously presented words affect object detection. BL and UNRdsc words were presented 

below conscious awareness threshold using sandwich masking in which the briefly presented 

word was immediately preceded and followed by a string of random letters. Results suggest that 

semantic activation from unconsciously presented words do not influence object detection. 

Together, the three chapters broaden our understanding of how, when, and where in the visual 

hierarchy semantic expectations influence object detection.  
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General Introduction 

Confronted with a vast amount of stimulation, the visual system organizes the inputs it 

receives to form a percept that allows perceivers to interact with their environment. The question 

arises, can what one knows influence their perception? If so, which aspects of knowledge affect 

which aspects of perception and by what means do these effects occur? Substantial research has 

been directed towards these questions, yet the answer remains controversial (e.g., Firestone & 

Scholl, 2016; Lupyan & Clark, 2015), in part because of debates concerning the appropriate way 

to operationalize both knowledge and perception. This dissertation investigates whether one form 

of knowledge, object meaning (i.e., semantics), can influence object detection using a figure-

assignment task.  

Figure assignment is an essential component of perception wherein the visual system 

determines which regions of the visual field correspond to figures (i.e., objects) and which 

regions correspond to grounds. For example, when two contiguous regions in a visual scene 

share a border, both sides are assessed to determine whether the border is a bounding contour of 

an object and, if so, where the object lies with respect to the contour. When the best fitting 

interpretation is that an object is present on one side of the border, the region on that side is 

perceived as an object (the figure); the region on the other side is perceived as a background to 

that object and, as such, is perceived as shapeless near the border, seeming to simply continue 

behind the object (figure). Hence, figure assignment entails detecting an object on one side of a 

border but not the other. It is a fundamental form of object detection. Gestalt psychologists 

identified several visual properties that are more likely to be features of figures than of grounds 

(e.g., convexity, symmetry, enclosure, and small area (Gottschaldt, 1938; Koffka, 1935; Köhler, 

1929/1947)); they are “priors” for figures. Given that these properties can be measured on the 
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image itself, Gestalt-based theories of perception held that an individual’s past experience with 

objects could not exert an influence over which region would be perceived as the figure. In the 

Gestalt view, which was long the traditional view, perceptual processing proceeded from 

analysis of image features to figure assignment, after which past experience was activated and 

recognition could occur. On the Gestalt view, activation of high-level brain regions, where 

semantic knowledge such as object names, object categories, and meaning were represented, 

occurred in subsequent processing stages. This traditional view with serial stages did not allow 

reentrant influences from later to earlier stages. The traditional serial view of figure 

assignment/object detection has been challenged by several empirical studies showing that past 

experience with well-known objects can affect figure assignment (e.g., Navon, 2011; Peterson et 

al., 1991; Peterson & Gibson, 1991, 1994a, 1994b) and by computational models (e.g., 

McClelland & Rumelhart, 1981; Vecera & O’Reilly, 1998). Other evidence indicates that the 

meaning of well-known objects (i.e., their semantics) is activated in the course of figure 

assignment (e.g., Cacciamani et al., 2014; Peterson et al., 2012; Sanguinetti et al., 2014).  

Familiar Configuration as a Figural Prior 

Peterson and Gibson (1991, 1994a, 1994b) used briefly presented, masked, bipartite 

displays to test whether past experience can affect figure assignment. Bipartite displays are 

vertically elongated rectangular displays separated into two equal area regions by a common 

central border. A portion of a well-known, meaningful, object was sketched on one side of the 

central border; this was the critical or “familiar configuration” side of the display. The other side 

depicted a novel shape. Importantly, the two halves of bipartite displays were equated on all 

other known configural priors; they were equal in convexity and area and neither region was 

enclosed by the other.  
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Peterson and Gibson (1991, 1994a, 1994b) found that the figure was more likely to be 

perceived on the critical side of the border when the well-known object suggested there was 

shown in its typical upright orientation rather than its inverted orientation. These results 

demonstrated that past experience was activated early enough in processing to affect figure 

assignment for upright, but not inverted, familiar configurations. The orientation dependency of 

Peterson and Gibson’s findings is critical for ascribing the effects to past experience; geometric 

properties cannot be responsible because they are equated in upright and inverted displays.  

Consider how orientation effects are instantiated in the brain: Perrett et al. (1998) showed 

that it takes time for activity in neural populations representing familiar objects to build and this 

takes longer for atypical than typical views. Their work provides a mechanism for the orientation 

effect observed by Peterson and colleagues (Peterson, 2019). Consistent with this view, Peterson 

and Gibson (1994) found that the orientation-dependence of familiar-configuration effects on 

figure assignment increased with the duration of time the bipartite displays were exposed before 

the pattern mask appeared (range = 14 - 100 ms). Pattern masks add noise to recurrent processing 

between high-level neural populations and the lower-level representations necessary to confirm 

high-level hypotheses (DiLollo et al., 2000; Lamme & Roelfsema, 2000). Therefore, Peterson 

and Gibson’s findings are consistent with the view that reentrant processing from neural 

populations representing the object sketched on the critical side of the border is involved in 

familiar configuration effects on figure assignment.  

Peterson and Gibson’s (1991, 1994a, 1994b) studies demonstrated that familiar 

configuration is a figural prior. The familiar configurations suggested in the displays they used 

were schematic versions of common objects, but those particular exemplars had not been seen 

before. Hence, familiar configuration effects indicated that past experience with the basic-level 
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shape of common objects was activated before and contributed to object detection as indexed by 

figure assignment. It was not clear, however, whether non-shape semantic attributes were 

activated before figure assignment.  

Activation of Superordinate Semantics before Object Detection  

Cacciamani et al. (2014; Peterson et al., 2012; Sanguinetti et al., 2014) showed that the 

superordinate semantic category of objects that might be perceived is activated before object 

detection. Their participants were tasked with categorizing a target word as denoting either a 

natural or an artificial object. Before the target word, participants viewed a brief exposure of a 

black silhouette depicting a novel object. The black silhouettes were designed so that the inner 

black region would be perceived as the figure (see Figure 1). Both objective figure priors and 

subjective factors favored this interpretation (the inside was small, enclosed, and symmetrical 

and the silhouettes were fixated and expected to appear before the word on every trial). Yet 

portions of well-known objects were suggested on the outside of these silhouettes, as can be seen 

in Figure 1. Participants in the experiments did not consciously perceive these objects, however, 

because myriad priors favored the inside as figure and only one prior – familiar configuration – 

favored the outside as figure. Because the insides were perceived as figures, the grounds 

appeared shapeless near the border they shared with the figure. (It is necessary to point out the 

objects suggested on the outsides of the silhouettes here to understand the manipulation, but 

these objects were not pointed out to the participants in these experiments. Moreover, researchers 

ensured that participants whose data were analyzed were unaware of these objects, as confirmed 

by stringent post-experiment questions.) 
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Sample Experimental Silhouettes 

Participants categorized target words faster and more accurately when they denoted an 

object in the same natural vs. artificial category as the object suggested (but not consciously 

perceived) on the groundside of the border rather than a different category (Peterson et al., 2012; 

see Sanguinetti et al., 2014 for electrophysiological evidence). Cacciamani et al. (2014) showed 

that these results were present when silhouettes were upright but not when they were inverted; 

thus, they could not be attributed to featural differences between natural and artificial objects 

which are equated over the change in orientation. These results demonstrated that, contrary to the 

traditional view, the superordinate semantic category of objects is activated in the course of 

figure assignment. Given that this activation occurred for regions ultimately determined to be 

grounds rather than figures, these results showed that object detection need not precede semantic 

activation.  

The studies reviewed above did not show that semantic activation can influence object 

detection, however. The experiments presented in this dissertation investigated that question 

directly by testing whether semantic activation initiated by a word shown before a bipartite 

Figure 1 

Note. Sample experimental silhouttes used in Cacciamani et al. (2014; Peterson 

et al., 2012; Sanguinetti et al., 2014), these silhouettes are designed so that the 

inner (black) region will be perceived as figure. Portions of well-known objects 

are suggested on the ground sides of the silhouette; they were not consciously 

perceived by the participants. The well-known objects shown here, from left to 

right, are umbrellas, palm trees, and maple leaves. 
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stimulus can influence the probability of perceiving a figure on the side of the border where a 

portion of a familiar, meaningful, object is suggested. Words and object shape are linked via 

semantics; hence, an effect of previously presented words on figure assignment would show that 

semantic activation can influence object detection.  
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Abstract 

 

Research has shown that detection of degraded or suppressed objects is better when preceded by 

valid vs. invalid labels yet the mechanisms remain uncertain. Figure assignment (i.e., archetypal 

object detection) served as our index of object detection. Masked displays sketching a portion of 

a familiar object on one side of a central border were shown for 90 or 100 ms; the longer 

exposure allowed more time for the familiar object in the displays to activate semantics. 

Observers reported whether they detected an object on the left or right side. The familiar objects 

were depicted in both upright and inverted orientations; orientation-dependent detection is 

expected if configured representations of objects are involved. Words denoting either the 

object’s basic-level (BL) category or that of an unrelated (UNR) object in a different 

superordinate category pre-activated the semantic network. In control conditions, words did not 

precede displays. For both 90-ms and 100-ms displays, object detection accuracy was higher 

than control following BL words but was unaffected by UNR words, implicating activation of 

high-level object representations as the mechanism rather than predictions of low-level features. 

In the 100-ms condition, conflict emerged between the semantics activated by the word and the 

object in the display; conflict had to be resolved before object detection occurred. These results, 

obtained in two studies comprising six experiments, join other experiments in showing that 

semantic activation can affect object detection and go beyond previous research by revealing 

mechanism and by demonstrating that object detection is delayed when semantic conflict is 

present.  

Keywords: object detection; figure assignment; semantic expectations; conflict; semantic 

network
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Semantic Activation Influences Object Detection: A New Approach Yields New Insights 

Words and the objects they denote are related via their shared semantics; they do not 

share any features. This raises the question of whether semantic expectations initiated by words 

denoting objects can influence object detection. Traditional serial feed-forward theories of 

perception ruled out semantic influences on object detection (e.g., Gottschaldt, 1938; Koffka, 

1935; Köhler, 1929/1947; Wertheimer, 1923; but see Sander, 1930). On the assumption that 

recognition necessarily occurred after object detection, these theories could accommodate 

evidence that a word denoting an object influenced the later recognition of that object, but not 

evidence of semantic influences on object detection. Consequently, for many years little research 

was directed to this question.  

Inspired by modern theories positing dynamic interactions between top-down and 

bottom-up processing (e.g., Clarke, 2015; Friston, 2010; McClelland & Rumelhart, 1981; Rao & 

Ballard, 1999), recent experiments have reported results consistent with the hypothesis that a 

word denoting an object influences the later detection of that object (e.g., Costello et al., 2009; 

Lupyan & Ward, 2013; Pinto et al., 2015; Stein & Peelen, 2015). Additional research is needed, 

however, in part because questions remain about how best to operationalize object detection. In 

what follows we first discuss this issue. Next, we introduce an operational definition of object 

detection that is less susceptible to criticisms of previous methods. Then we present two studies, 

each including three experiments, that extend previous evidence regarding how object detection 

is affected by semantic activation and provide insight into the mechanisms of semantic influence. 

Previous Methods of Operationally Defining Object Detection in This Field 

Breaking Continuous Flash Suppression (b-CFS) 

Much previous research examining whether semantics influence object detection 
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investigated whether pictures of objects broke through continuous flash suppression (b-CFS; 

Jiang et al., 2007) faster when preceded by a word denoting their basic-level category rather than 

the category of a different object (e.g., Lupyan & Ward, 2013; Stein & Peelen, 2015, Experiment 

1; cf., Costello et al., 2009). For instance, Stein and Peelen found shorter CFS breakthrough 

times for objects following a “valid” cue (a word denoting the basic-level category of the 

upcoming object) compared to both a control cue and an “invalid” cue (a word denoting the 

category of another object). These results showed a clear effect of semantic expectations on b-

CFS. Yet b-CFS is not an ideal way to operationalize object detection, for many reasons: (1) 

interocular suppression must be overcome in order for CFS breakthrough to occur (e.g., Stein et 

al., 2011; Sterzer et al., 2014; Yang & Blake, 2014), whereas simple object detection does not 

entail overcoming suppression; (2) it takes a long time to break through CFS (e.g., up to 3,400 

ms in Lupyan & Ward, 2013; and 3,600 ms in Pinto et al., 2015), attesting to the complex 

processes involved and suggesting there may have been many breakthrough opportunities prior 

to successful breakthrough; and (3) responses in CFS experiments may index the emergence of 

features or parts rather than configured objects (e.g., Lupyan & Ward, 2013); manipulations such 

as comparing performance on upright versus inverted versions of the objects are rarely used to 

rule out detection of features rather than object configurations (Gayet et al., 2014).  

Brief Exposures of Objects 

Acknowledging drawbacks of the CFS paradigm, Stein and Peelen (2015, Experiments 

2a-c) assessed object detection via reports of where in a four-quadrant display a briefly exposed 

target object appeared. Non-targets occupied the other three quadrants. Targets were degraded 

yet recognizable versions of photographs of objects; non-targets were more degraded and were 

reported to be unrecognizable. Stimuli were presented briefly preceded and followed by 500-ms 
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masks (i.e., “sandwich masking” was employed). Participants located the target quadrant more 

accurately following a valid cue than either an invalid cue or no cue, consistent with the proposal 

that semantics activated by a word shown before a peripherally located, degraded, sandwich-

masked object can increase target localization performance.  

In two other experiments, Stein and Peelen (2015) ventured beyond using degraded 

objects as targets and explored effects of word cues on the detection of photographs of intact 

objects. In one experiment, either an intact target or a degraded unrecognizable non-target was 

presented briefly in central vision; detection was made difficult by sandwich masking. 

Participants reported whether the target was “present” or “absent”. In another experiment, the 

intact target was shown for 33 ms in one quadrant while the other quadrants were blank. 

Immediately afterwards, three 150-ms masks flashed successively in all quadrants. Participants’ 

task was to identify the quadrant in which the target had appeared. In these experiments too, 

detection accuracy was better following a valid cue than no cue or an invalid cue.  

The results of Stein and Peelen’s (2015) experiments, especially those using intact 

targets, provided substantial support for the proposal that semantics activated by a word shown 

before an object can increase accurate detection. It remains possible, however, that participants’ 

responses were based on neural activation initiated by the target rather than on conscious object 

detection per se. This alternative is possible because shape and semantics are activated during 

object detection even for objects that are not consciously detected (e.g., Cacciamani et al., 2014; 

Flowers & Peterson, 2018; Peterson et al., 2012; Peterson & Skow, 2008; Sanguinetti et al., 

2014). If shape or semantic activation initiated by the target object summed with activation 

initiated by the word cues on validly cued trials, activation in the semantic network would have 

been higher on validly-cued than invalidly-cued trials even if object detection did not occur. 
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Words denoting each of a small number of categories were repeated many times in Stein and 

Peelen’s experiments. Participants were told that the words were related to their task and they 

received feedback regarding the accuracy of their responses on every trial. As a consequence of 

the feedback, participants may have learned to base their responses on unconscious semantic 

activation. (Gayet et al., 2014 noted a similar concern regarding b-CFS results.) A method that 

assesses conscious object detection without repeated presentations of the basic-level category 

names and without feedback regarding detection accuracy is needed. Ideally, following Stein and 

Peelen’s use of intact objects, albeit briefly exposed and sandwich masked, targets would not be 

degraded. In the experiments reported here, we introduce to the study of this question a classic 

method that satisfies these requirements and reveals new insights.   

Introducing Figure Assignment as an Operational Definition of Object Detection 

Figure assignment is an essential component of perception wherein the visual system 

determines which regions of the visual field correspond to figures (i.e., objects). For example, 

when two contiguous regions in a scene share a border, both sides are assessed to determine 

whether the border is a bounding contour of an object and, if it is, where the object lies with 

respect to the contour. When the best fitting interpretation is that an object is present on one side 

of the border, an object is detected there. The region on the opposite side of the border is 

perceived as shapeless, seemingly continuing behind the object (figure) as a background. Hence, 

figure assignment is a fundamental form of object detection (Peterson, 2019; Skocypec & 

Peterson, 2018, 2019).  

Substantial research has shown that the suggestion of a portion of a well-known, 

meaningful object on one side of a border is a strong figural prior (for review see Peterson, 1994; 

Peterson, 2019). The stimuli used in much of the previous research were vertically elongated 
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rectangular displays separated into two equal-area black and white regions by a central border. In 

these “bipartite displays” an intact portion of a well-known, familiar, meaningful, object was 

sketched on one side of the central border; this is the critical or “familiar configuration” side of 

the display (see Figure 1). The portion of the well-known object was sufficient for identification 

(see General Method). The other side depicted a novel shape. Importantly, the two halves of 

bipartite displays were equated on all other known configural priors; they were equal in 

convexity and area and neither region was enclosed by the other. The side and contrast of the 

familiar configuration were balanced.  

Figure 1 

Sample Bipartite Displays 

In previous experiments using these bipartite displays, participants were substantially 

more likely to perceive the figure on the critical side of the border when the well-known object 

there was sketched in its typical upright orientation with its top situated at the top of the display 

Note. In all stimuli, a portion of a well-known object was sketched on one “critical” side of the central 

border; this critical region was equally often on the left/right, in black/white, and upright/inverted. In 

these samples, the portions of the well-known objects are sketched on the right side of the central border 

in black (upright portions of a woman and an umbrella are shown in A and B, respectively; inverted 

versions are shown in C and D, respectively). Displays were presented on a medium gray background. 
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rather than in an inverted orientation with its top situated at the bottom of the display (e.g., 

Gibson & Peterson, 1994; Peterson & Gibson, 1991, 1994a & b). These results and others (e.g., 

Navon, 2011) led to the conclusion that familiar configuration is a figural prior. The orientation 

dependency of the results was critical for attributing the effects to past experience rather than to 

geometric properties because the latter do not change with a change in orientation from upright 

to inverted. In addition, orientation dependency permits attribution of the effects to familiar 

configurations (i.e., objects with properly configured parts) rather than to familiar parts alone 

(for additional evidence, see Barense et al., 2012; Peterson et al., 1991). Inverted versions of 

familiar configurations activate the same neural populations as upright versions do, but because 

inverted versions of objects with typical uprights are less common, less evidence is accumulated 

for the presence of a familiar object in any given exposure duration (for neural evidence see 

Perrett et al., 1998). Accordingly, investigating factors that influence the probability of 

perceiving the figure/object on the familiar configuration side of the border of bipartite displays 

is an excellent method to use to assess factors that affect object detection per se. 

Here we investigate whether semantic activation influences object detection by 

presenting, before bipartite displays, either a word denoting the basic-level (BL) category of the 

object sketched on the critical side of the border or a word denoting an unrelated (UNR) object 

from a different superordinate category. We compare participants’ reports that the object 

appeared on the critical side of the border in experiments where words precede the bipartite 

displays to responses in control experiments in which words are not shown before the displays. 

This comparison will reveal whether object detection accuracy is enhanced in the BL condition, 

reduced in the UNR condition, or both, and hence will be informative regarding the mechanism 

of any observed semantic effects. Previous experiments did not always measure effects relative 
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to a control condition and hence could not be as informative about mechanisms. We will look for 

an orientation effect in both experimental and control conditions as an indication that our results 

index object detection rather than part or feature detection (cf., Gayet et al., 2014). 

Studies 1 and 2 

We conducted two studies, each comprising a control experiment and two experiments in 

which words appeared before the bipartite displays; the second experiment with words was an 

exact replication of the first.  In the two experiments in each study in which words preceded the 

bipartite displays, a word appeared 750 ms before the test display; on half the trials a BL word 

preceded the display, on the other half, an UNR word preceded the display. The word was shown 

for 250 ms and was not masked. Hence, there was ample time for the semantic network of the 

word to be activated before the test display appeared (cf., Lupyan & Spivey, 2010).  

The highly interconnected semantic network includes brain regions coding the shape of 

an object, its perceptual and conceptual features, and related words (e.g., Borghesani & Piazza, 

2017; Clarke & Tyler, 2014, 2015; Liuzzi et al., 2019; Martin et al., 2018; Murray & Bussey, 

1999). Participants were told that a word would appear in every trial, however, they were not 

informed about the relationship between the word and the bipartite display. Participants viewed 

each word and each bipartite display once only. The control experiments were identical except 

that no words were shown before the test displays. The two studies differed in the exposure 

duration of the bipartite display before a 200-ms mask appeared. In Study 1, the bipartite 

displays were exposed for 90 ms, a duration known to reveal effects of familiar configuration on 

figure assignment (e.g., Gibson & Peterson, 1994; Peterson & Gibson, 1994) and therefore to 

allow sufficient time for the objects sketched in the display to activate neural populations 

representing object shape (at least). It takes longer to activate semantics than shape (e.g., Clarke, 
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2019; Schendan & Kutas, 2003; 2007; Tyler et al., 2013). Therefore, in Study 2, the bipartite 

displays were exposed for longer to allow more time for the objects sketched on the critical side 

of the bipartite displays to activate their semantics. To avoid ceiling effects, the exposure 

duration of the display was increased to only 100 ms in Study 2. Accordingly, we do not expect 

that Study 2 will yield largely different results from Study 1. Instead, Study 2 was designed to 

probe object detection slightly later in time when display-dependent activation of the semantic 

network has extended beyond the neural populations representing the shape of the familiar object 

sketched in the display.  

Reports that the figure lay on the familiar configuration (i.e., critical) side of the border 

will indicate accurate object detection. We will also record the response time (RT) taken to make 

these reports. If our experiments yield results similar to those reported previously (e.g., Lupyan 

& Ward, 2013; Stein & Peelen, 2015), we expect object detection accuracy will be enhanced 

following BL words compared to UNR words. Our design allows us to compare accuracy in 

those two experimental conditions to accuracy in the control condition; this comparison will 

provide information regarding the mechanisms of any semantic effects we observe. 

In previous experiments, performance in conditions similar to the UNR condition did not 

always differ from control performance (Lupyan & Ward, 2013; Pinto et al., 2015) or were not 

compared to performance in the control condition (e.g., Stein & Peelen, 2015). Assessing 

differences from control performance is critical for understanding the mechanisms whereby 

semantics affect object detection. For instance, if the words generate predictions that are fed back 

to lower levels, as per the label-feedback hypothesis (Lupyan, 2012; Lupyan & Clark, 2015), 

then, compared to control, we expect both increased detection accuracy following a BL word and 

decreased accuracy following an UNR word. This complementary pattern is expected because 
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the features of objects in the same BL category would match the predictions generated by BL 

words, hence, detection would be enhanced, whereas the features of objects from a different 

superordinate category would not match the predictions generated by UNR words, hence, 

detection would be impaired.  

Alternatively, because participants have not previously seen the particular exemplar of 

the BL category sketched by the familiar configuration in our displays (displays are shown once 

only in our experiments), activation in the semantic network initiated by the word may extend 

only to the neural population representing the basic-level shape of the object denoted by the 

word. It is unlikely that predictions regarding specific lower-level features of the object will be 

generated (although features of the superordinate-level category – natural or artificial, curvilinear 

versus rectilinear – may be). If the word activates the neural population involved in detecting the 

well-known object, then following BL words, activation of that neural population would be 

further increased by the information coming in from the display. Consequently, accurate 

detection of objects on the familiar configuration side of the border will be increased. In contrast, 

accurate detection of objects on the familiar configuration side of the border would not be 

decreased following an UNR word because the UNR word activates a different neural population 

than the one activated by the familiar object sketched in the display. Consequently, accurate 

detection of the familiar object in the display will be unaffected.  

Although we expect that object detection accuracy (and RTs) will differ following BL 

and UNR words, we will focus on how object detection accuracy in those conditions differs from 

object detection in the control condition when the bipartite displays are not preceded by words. 

This comparison will be more informative about mechanism than simply comparing object 

detection accuracy in the two word conditions.  
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General Method 

Participants 

Participants were undergraduate students at the University of Arizona (UA) who took 

part to partially fulfill course requirements or in exchange for payment. Before the experiment, 

they provided informed consent by signing a form approved by the UA Human Subjects 

Protection Program and demonstrated normal or corrected-to-normal visual acuity by attaining 

an acuity score > 20/30 on a Snellen test. Data were analyzed from only those participants who 

met the following three a priori criteria: They 1) had at least 85% usable trials; trials were 

deemed unusable if no response was made before timeout or if the RT was less than 200 ms; 2) 

reported sufficient sleep the night before the experiment – participants who reported 4 or fewer 

hours of sleep were considered sleep deprived; sleep deprivation has been shown to reduce 

activation in visual processing regions (e.g., Kong et al., 2011) and is associated with decreased 

cognitive performance (e.g., Louca & Short, 2014); and 3) primarily reported their first percept 

(i.e., they estimated reporting their second percept on ≤ 20% of trials). Data from participants 

who failed to meet these criteria, which are standard in our lab, were discarded and additional 

participants were tested. New participants were tested in the same programs so that the data 

entered into the analysis were from a fully balanced set of 32 participants in each of the four 

experiments with words before the displays and 64 participants in each of the two control 

experiments without words before the displays.  

Study 1 

Experiments With Words Before the Test Displays. Words appeared before the 

displays in Experiments 1A and 1B. Experiment 1B was an exact replication of Experiment 1A. 

The participants in Experiment 1A were 37 undergraduate students (28 female, 9 male). The data 
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from one participant were discarded prior to analysis because they did not follow task 

instructions. One participant failed to meet the first a priori retention criterion, two participants 

failed to meet the second criterion, and one participant failed to meet the third criterion. The data 

from these four participants were not analyzed further.  

The participants in Experiment 1B were 36 undergraduate students (26 female, 10 male). 

Two participants failed to meet the first a priori retention criterion, one participant failed to meet 

the second criterion, and one participant failed to meet the third criterion; the data from these 

four participants were not analyzed further.  

Control Experiment Without Words Before the Test Displays. The participants in 

Experiment 1C (Control) were 76 naïve undergraduate students (58 female, 18 male). The data 

from two participants were discarded prior to analysis; one did not follow task instructions (they 

reported that they always looked at the left side of the test display rather than at fixation) and one 

did not understand the task. Two participants failed to meet the first a priori retention criterion, 

three participants failed to meet the second criterion, and five participants failed to meet the third 

criterion; the data from these ten participants were not analyzed further.  

Study 2 

Experiments With Words Before the Test Displays. Experiment 2B was an exact 

replication of Experiment 2A. The participants in Experiment 2A were 45 undergraduate students 

(28 female, 17 male). The data from one participant were discarded prior to analysis because 

they had difficulties with the English language and reported not seeing any words. One 

participant failed to meet the first a priori retention criterion, five participants failed to meet the 

second criterion, and six participants failed to meet the third criterion; the data from these twelve 

participants were not analyzed further.  
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The participants in Experiment 2B were 35 undergraduate students (22 female, 13 male). 

Two participants failed to meet the second a priori retention criterion and one participant failed 

to meet the third criterion; the data from these three participants were not analyzed further.  

Control Experiment Without Words Before the Test Displays. The participants in 

Experiment 2C were 80 undergraduate students (55 female, 25 male). The data from one 

participant were discarded prior to analysis for not following task instructions (they stated they 

did not maintain fixation). Additionally, seven participants failed to meet the second a priori 

retention criterion and eight participants failed to meet the third criterion; therefore, the data 

from these fifteen participants were not analyzed further.  

Apparatus and Stimuli  

A Dell Optiplex 9020 computer with an Intel®Core™ i7-4790 CPU running at 3.60 GHz 

and an AOC G2460PG 24 Class Nvidia G-Sync LCD gaming monitor running at 100 Hz were 

used in all experiments. Participants viewed the monitor from a distance of 100 cm; their head 

position and viewing distance were maintained by a chinrest. A foot pedal was used to advance 

through instructions and to initiate each trial. Participants’ responses were recorded using a 

custom-made button box. Stimuli were presented using the software DMDX (Forster & Forster, 

2003).  

Test Displays 

The test stimuli were 72 bipartite displays (36 upright and 36 inverted; see Figure 1): 

These were vertically elongated rectangular displays separated into two equal-area regions by a 

central border; one region was black the other region was white. Bipartite displays were shown 

on medium gray backgrounds throughout the experiment; the black and white regions contrasted 

equally with the background. In upright displays, a portion of a well-known object was sketched 
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on one side of the central border in its typical upright orientation; this was the critical or 

“familiar configuration” side of the display. Half of the familiar configurations were portions of 

natural objects (e.g., a woman); the other half were portions of artificial objects (e.g., an 

umbrella). (See Appendix for a list of the objects portrayed on the critical side of the border.) 

The other side – the complementary side – depicted a novel shape. Inverted displays were 

created by rotating upright displays by 180˚ and mirroring them across the vertical axis. All 

bipartite displays were viewed by individual participants once only. The displays, their image 

statistics, and normative data are available online (Flowers et al., 2020; https://osf.io/j9kz2/).  

The normative data showed high mean agreement on the identity of the well-known 

object sketched on the critical side of the border of the stimuli used in this experiment (M = 

89.15%; SD = 8.17) and low mean agreement for the complementary side (M = 13.98%; SD = 

6.83). Together, the high agreement for the critical side and the low agreement for the 

complementary side demonstrate that the familiar configuration prior is present on the critical 

side, but not the complementary side, of the central border.  

Masks 

Masks for the upright stimuli were made by randomly shuffling portions of critical 

regions from 12 bipartite stimuli. Starting images were created by placing critical regions, 

alternating in contrast from black to white, horizontally in close succession such that the number 

of black and white pixels was equated. Four starting images were created using the 48 stimuli 

tested in the norming experiment (including the 36 used in this experiment). These images were 

then cut into 50 x 50-pixel squares; the location of each square was randomly shuffled within 

each starting image and the resulting image was split at the midline to create two masks. The 

same process was performed on inverted starting images to create masks for the inverted stimuli. 

https://osf.io/j9kz2/
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A total of 72 unique masks was used in these experiments, each was 350 X 500 pixels in height 

(H) and width (W), respectively. 

Words (Experiments 1A, 1B, 2A, & 2B) 

The words (N = 72) were chosen such that two words were paired with each of the well-

known objects sketched in the bipartite test displays. One was the basic-level (BL) category of 

the object sketched in the test displays and the other was the basic-level category of an unrelated 

(UNR) object from a different superordinate-level category (natural vs. artificial). UNR words 

were not semantically related to their paired BL words but were matched in length and 

frequency; they were found using the SUBTL Word Frequency Database (Brysbaert & New, 

2009). The words were displayed in lowercase Times New Roman font subtending a range of 

0.29° to 0.80° H and a range of 0.80° to 3.55° W. Participants viewed each word once only 

during the experiment; no words were repeated.  

Design and Procedure 

Upon arriving at the laboratory, participants read and signed a consent form approved by 

the Human Subjects Protection Program at the University of Arizona. Visual acuity was tested 

using a Snellen eye chart. Participants were then informed about the nature of their task by 

following along with instructions displayed on the computer as an experimenter read them aloud. 

They were encouraged to ask questions during both the instructions and the practice trials.  

Participants were first instructed on the nature of figure-ground perception and shown a 

few examples of closed, bounded figures on colored backgrounds. They were then introduced to 

black and white bipartite displays on medium gray backgrounds and told that their task was to 

report whether they perceived a figure on the left or the right side of the central border. 

Participants were informed that there were no correct or incorrect answers for the figure 
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judgment task; they were instructed to report their first impression. Participants made their figure 

reports with their dominant hand on a response box with two horizontally aligned buttons; they 

pressed the right button to indicate they perceived the figure on the right side of the central 

border and the left button to indicate they perceived the figure on the left side of the central 

border. Assignment of the left and right buttons did not change across participants as “left” and 

“right” have intrinsic meaning with respect to the displays and all factors are balanced across the 

left/right sides of the displays. Participants were not encouraged to respond quickly; however, 

they were told their responses would be recorded only if they were made before the fixation 

cross for the next trial appeared. RTs to make the figure reports were recorded from the onset of 

the bipartite test display; hence, they include the exposure durations of the test display and the 

mask. 

Experiments 1A, 1B, 2A, & 2B 

The trial structure is shown in Figure 2A. Each trial began with a central fixation cross; 

participants were instructed to fix their eyes on the cross and to press the foot pedal when they 

were ready to initiate a trial. After the foot pedal was pressed, a word appeared on the center of 

the screen (250 ms), followed by a blank screen (500 ms), then by the bipartite display (90 ms in 

Study 1; 100 ms in Study 2), and finally by a mask (200 ms). The word denoted either the BL 

category of the object portrayed on the critical side of the bipartite display (e.g., “umbrella”) or 

that of an UNR object from a different superordinate-level category (natural vs. artificial; e.g., 

“squirrel” for umbrella). Participants had 4,000 ms from the onset of the test display to make 

their response; RTs ≥ 4,000 ms were considered timeouts.  
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Figure 2 

Trial Structures for Experimental and Control Groups 

The experimental trials were presented over two hidden blocks; 36 of the bipartite test 

displays were shown once per block. Half of the test displays in each block were upright and the 

other half were inverted; upright and inverted versions of a given stimulus were presented in 

different blocks. Black/white contrast and left/right location of the critical side of the border 

were balanced and nested under orientation. Half of the stimuli in each orientation in each block 

were preceded by a BL word; the other half were preceded by an UNR word. The contrast and 

Note. (A) Trial structure for Experiments 1A/1B and 2A/2B. Following fixation, a word was displayed 

for 250 ms. The word was either the basic-level name of the portion of the object sketched on the 

critical side of the border (e.g., “umbrella,” as depicted above) or the basic-level name of an unrelated 

object from a different natural/artificial category (e.g., “squirrel”). After a 500 ms blank screen, the 

test display was shown for either 90 ms (Study 1) or 100 ms (Study 2) and was followed by a 200 ms 

mask. The test display shown above depicts a portion of an upright umbrella sketched on the right side 

of the central border in black. During the experiments, the portions of common objects sketched on the 

critical sides of the borders were shown equally often on the left/right, in black/white, and 

upright/inverted. Task: Report which side is figure. The last, blank, screen was shown until response 

or timeout. (B) Trial structure for Experiments 1C and 2C (controls). Following fixation, a blank 

screen was displayed for 100 ms. As in Experiments 1A/1B and 2A/2B, the test display was then 

shown for either 90 ms (Study 1) or 100 ms (Study 2) and was followed by a 200 ms mask. During the 

experiments, the portions of common objects sketched on the critical sides of the borders were shown 

equally often on the left/right, in black/white, and upright/inverted. Task: Report which side is figure. 

The last, blank, screen was shown until response or timeout.  
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side of the critical region relative to the central border and the word-type pairing (BL vs. UNR) 

were changed in the second block. Sixteen programs were used to present all combinations of 

orientation, word type, contrast, and side; each program was viewed by two participants in each 

experiment. Bipartite images subtended 5.45° H and an average of 3.49° W (range = 1.76 – 

5.53°). Masks subtended 5.57° H and 7.90° W. 

Before the experimental trials, participants completed 8 practice trials. None of the 

words, test displays, or masks used in practice was used in experimental trials. Participants were 

told that a word would appear on every trial but were not informed about the relationship 

between the words and the displays. After the experimental trials, but before debriefing, 

participants were asked a series of post-experiment questions. One of the questions probed 

whether they reported their first percept or changed their mind and reported their second percept. 

The data from any participant who reported changing to their second percept on > 20% of the 

trials were not analyzed.  

Experiment 1C & 2C (Control Experiments) 

Experiments 1C and 2C were identical to Experiments 1(A&B) and 2(A&B), 

respectively, except no words were presented and the stimulus onset asynchrony (SOA) between 

the fixation point and the test display was reduced to 100 ms. In addition, the timeout was 3,000 

ms. The trial structure is shown in Figure 2B.  

General Data Analysis Methods 

In each experiment, we analyzed 1) the proportion of trials in which participants reported 

perceiving the figure on the critical side of the border where the familiar configuration lay as an 

index of “object detection accuracy” or simply “accuracy” and 2) the mean RTs for trials in 

which participants accurately detected the object on the critical side of the border. Repeated 
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measures ANOVAs with three within-subject factors (word type: BL vs. UNR; orientation: 

upright vs. inverted; and hidden block: 1 vs. 2) were used to analyze the results of experiments in 

which words appeared before the test displays (Experiments 1A & 1B in Study 1 and 

Experiments 2A & 2B in Study 2) separately and then combined. The results of control 

Experiments 1C and 2C, in which words were not presented before the test displays, were 

analyzed in repeated measures ANOVAs with two within-subject factors (orientation: upright vs. 

inverted and hidden block: 1 vs. 2). In each study, t-tests were used to compare the combined 

results of the experiments with words to the results of the control experiments to examine 

whether BL words and/or UNR words affected object detection accuracy. 

Results 

Study 1 

The results of Experiment 1A and its replication, Experiment 1B, were substantially the 

same. Their separate results are interleaved below, followed by an analysis of their combined 

results. 

Detection Accuracy 

Experiments 1A and 1B Separately. As can be seen in Figures 3A and 3C, the typical 

effect of orientation was observed indicating that the results indexed object detection per se and 

not feature or part detection: Accuracy was higher for upright than for inverted displays (Exp. 

1A: M = 0.84, SE = 0.02 and M = 0.78, SE = 0.03, respectively, F(1,31) = 17.77, p < .001, η2 = 

0.36; Exp. 1B: M = 0.78, SE = 0.03 and M = 0.72, SE = 0.02, respectively, F(1,31) = 10.38, p < 

.005, η2 = 0.25). In addition, object detection accuracy was higher following a BL word than an 

UNR word (Exp. 1A: M = 0.84, SE = 0.03 and M = 0.78, SE = 0.03, respectively, F(1,31) = 

10.16, p < .005, η2 = 0.25; Exp. 1B: M = 0.80, SE = 0.02  and M = 0.70, SE = 0.03, respectively, 
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F(1,31) = 16.79, p < .001, η2 = 0.35), as predicted if prior activation of the BL category of an 

object facilitates its detection. The effect of word type did not vary with the orientation of the test 

display (Exp 1A: F(1,31) = 0.01, p > .91; Exp 1B: F(1,31) = 0.70, p > .40), suggesting that these 

effects operate at the level of neural populations responding to both upright and inverted versions 

of a basic-level object (cf.,  Perrett et al., 1998). Finally, accuracy increased significantly from 

the first to the second hidden block in Exp. 1A (M = 0.79, SE = 0.03 and M = 0.83, SE = 0.02, 

respectively, F(1,31) = 4.62, p < .04, η2 = 0.13), but not in Exp. 1B (M = 0.73, SE = 0.03 and M 

= 0.77, SE = 0.03, respectively, F(1,31) = 4.12, p = .051, η2 = 0.12). There were no significant 

two-way or three-way interactions, all ps > .06.  

Comparing Experiments 1A and 1B. The detection accuracy results of Experiments 1A 

and 1B were compared in a repeated measures ANOVA that revealed no significant differences 

between experiments, F(1,62) = 3.04, p > .08. The overall ANOVA showed the same effects as 

seen in the experiments individually (see Figure 3E): Detection accuracy was higher for upright 

than for inverted displays (M = 0.81, SE = 0.02 and M = 0.75, SE = 0.02, respectively, F(1,62) = 

27.29, p < .001, η2 = 0.31). In addition, object detection accuracy was higher following a BL 

word than an UNR word (M = 0.82, SE = 0.02 and M = 0.74, SE = 0.02, respectively, F(1,62) = 

26.78, p < .001, η2 = 0.30). Accuracy increased significantly from the first to the second hidden 

block (M = 0.76, SE = 0.02 and M = 0.80, SE = 0.02, respectively, F(1,62) = 8.35, p < .005, η2 = 

0.12). There was a significant three-way interaction between block, orientation, and word type, 

F(1,63) = 6.72, p < .02, η2 = 0.10. Follow-up t-tests revealed an increase in object detection 

accuracy in block 2 compared to block 1 for all conditions except inverted displays preceded by 

an UNR word; in that condition, there was a small, non-significant, decrease t(63) = 0.49, p > 

.62. There were no other significant interactions, all ps > .17.  
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Figure 3 

Object Detection Accuracy and Detection RTs for Experiments 1A & 1B 

Reaction Times 

Experiments 1A and 1B Separately. As can be seen in Figures 3B and 3D, an effect of 

orientation was also evident in RTs: Accurate detection was faster when test displays were 

upright rather than inverted (Exp. 1A: M = 883.2 ms, SE = 43.0 and M = 944.1 ms, SE = 48.5, 

respectively, F(1,31) = 13.38, p < .001, η2 = 0.30; Exp. 1B: M = 815.9 ms, SE = 48.2 and M = 

861.8 ms, SE = 51.9, respectively, F(1,31) = 5.71, p < .03, η2 = 0.16). Regardless of orientation, 

Note. Results for Experiments 1A (top), 1B (middle), and 1A & 1B combined (bottom); detection 

accuracy (left) and detection RTs (right). Significant main effects of orientation (see asterisks) and 

word type (see text were observed in both Experiments 1A and 1B and in the two experiments 

combined. Error bars represent standard error of the mean difference. *** p < .005; ** p < .03. Up = 

Upright displays; Inv = Inverted displays. BL = a Basic Level word preceded the display; UNR = an 

Unrelated word from a different superordinate category preceded the display. 
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participants detected the objects on the critical side of the border significantly faster when 

displays were preceded by the BL category of the object sketched on the critical side of the 

border rather than by an UNR object (Exp. 1A: M = 865.0 ms, SE = 41.7 and M = 962.3 ms, SE 

= 51.9, respectively F(1,31) = 12.85, p < .005, η2 = 0.29; Exp. 1B:  M = 790.5 ms, SE = 40.9 and 

M = 887.2 ms, SE = 61.2, respectively, F(1,31) = 7.99, p < .01, η2 = 0.21). The effect of word 

type did not vary with the orientation of the test display (Exp. 1A: F(1,31) = 1.09, p > .30; Exp. 

1B: F(1,31) = 2.97, p > .09). Accurate detection reports were significantly faster in the second 

hidden block than in the first block of Exp. 1A: M = 843.0 ms, SE = 43.8 and M = 984.3 ms, SE 

= 50.5, respectively, F(1,31) = 24.56, p < .001, η2 = 0.44; but the effect of block did not reach 

significance in Exp. 1B: M = 830.7 ms, SE = 54.2 and M = 847.0 ms, SE = 46.7, F(1,31) = 0.46, 

p > .50. There were no significant interactions in either experiment, all ps > .10.  

Comparing Experiments 1A and 1B. The RT results of Experiments 1A and 1B were 

compared in a repeated measures ANOVA. The between-subjects factor, experiment, was not 

significant, F(1,62) = 1.26, p > .27. For RTs, as for accuracy, the same effects were observed in 

the overall ANOVA as were observed in the experiments individually, as can be seen in Figure 

3F.  

Accurate detection was faster when test displays were upright rather than inverted (M = 

849.6 ms, SE = 32.3 and M = 902.9 ms, SE = 35.6, respectively, F(1,62) = 17.65, p < .001, η2 = 

0.22). Again, regardless of orientation, participants detected the objects on the critical side of the 

border significantly faster when displays were preceded by the BL category than by an UNR 

object (M = 827.7 ms, SE = 29.4 and M = 924.8 ms, SE = 40.1, respectively F(1,62) = 19.75, p < 

.001, η2 = 0.24). The effect of word type did not vary with the orientation of the test display, 

F(1,62) = 3.35, p > .07. Accurate detection reports were significantly faster in the second hidden 
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block than in the first block (M = 836.8 ms, SE = 34.8 and M = 915.7 ms, SE = 34.4, 

respectively, F(1,62) = 17.83, p < .001, η2 = 0.22). A significant interaction was observed 

between block and experiment, F(1,62) = 11.23, p < .005, η2 = 0.15, reflecting the observation of 

a main effect of block in Experiment 1A, but not in Experiment 1B, but block did not interact 

with either word type or orientation (ps > .56).  

Given that differences were not observed between Experiments 1A and 1B, the results of 

the two experiments were combined for comparison with Control Experiment 1C. This 

comparison will reveal whether object detection speed and accuracy are enhanced following a 

BL word, impaired following an UNR word, or both. In what follows, we present the results of 

the control experiment first followed by the comparison. 

Experiment 1C: Control Experiment 

Detection Accuracy 

In this control experiment, in which words were not presented before the test displays, the 

typical orientation effect was observed (see Figure 4A): Detection accuracy was higher for 

upright (M = 0.75, SE = 0.02) than inverted (M = 0.72, SE = 0.02) test displays, F(1,63) = 5.50, p 

< .03, η2 = 0.08, as expected if the results index object detection. In addition, detection accuracy 

was higher in the second block (M = 0.77, SE = 0.02) than the first block (M = 0.70, SE = 0.02), 

F(1,63) = 28.13, p < .001, η2 = 0.31. The interaction between orientation and block was not 

significant, F(1,63) = 0.34, p > .56.  
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Figure 4 

Object Detection Accuracy and Detection RTs for Control Experiments (1C & 2C) 

Reaction Times 

As seen in Figure 4B, participants in the control experiment did not detect the object 

significantly faster when the test display was upright (M = 891.2 ms, SE = 34.2) rather than 

inverted (M = 909.1 ms, SE = 35.7), F(1,63) = 2.35, p > .13. Consistent with Experiments 1A 

and 1B combined, object detection was faster in the second block (M = 828.0 ms, SE = 31.9) 

than the first block (M = 972.3 ms, SE = 39.0), F(1,63) = 62.78, p < .001, η2 = 0.50. The 

interaction between orientation and block was not significant, F(1,63) = 0.39, p > .53.  

Effect of Words: Comparing Experiments 1A&B to Control Experiment 1C 

Detection Accuracy 

Note. Results for Control Experiments 1C (top) and 2C (bottom); detection accuracy (left) and 

detection RTs (right). Error bars represent standard error of the mean difference. *** p < .005; ** p < 

.03. Up = Upright displays; Inv = Inverted displays.  
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Two-tailed independent samples t-tests on detection accuracy revealed that detection was 

significantly more successful in the BL conditions of Experiments 1A and 1B than in the control 

experiment (Experiment 1C) for both upright displays (M = 0.85, SE = 0.02 vs. M = 0.75, SE = 

0.02), t(126) = 3.78, p < .001, d = 0.67, and inverted displays (M = 0.79, SE = 0.02 vs. M = 0.72, 

SE = 0.02), t(126) = 2.58, p < .02, d = 0.50 (see Table 1). In contrast, when an UNR word was 

presented before the test display, detection accuracy did not differ from control for either upright 

displays (M = 0.76, SE = 0.02 vs. M = 0.75, SE = 0.02), t(126) = 0.39, p > .70, or inverted 

displays (M = 0.71, SE = 0.02 vs. M = 0.72, SE = 0.02), t(126) = 0.38, p > .71. Thus, compared 

to the control condition, object detection accuracy was increased following a BL word for both 

upright and inverted displays but was not reduced following an UNR word.  

This pattern suggests that the semantic activity initiated by the words pre-activated neural 

populations, like those proposed by Perrett et al., (1998), that represent a basic-level object 

regardless of orientation. According to Perrett et al., orientation dependency arises for objects 

with a typical upright (like those depicted in the bipartite test displays) because in these neural 

populations evidence accumulates faster for more common upright instances than for less 

common inverted instances. The lack of orientation-dependency in the effect of the BL word 

compared to control suggests that the word operates by pre-activating such a neural population. 

In the UNR condition, the familiar configuration activated a different neural population; hence, 

pre-activation of the neural population representing an UNR object cannot affect detection 

accuracy. 
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Table 1 

Experiments 1A and 1B minus Control 

These results imply that the words did not initiate predictions regarding low-level 

features, as some have claimed (e.g., Lupyan, 2012; Lupyan & Clark, 2015; Lupyan & Ward, 

2013). It they had, reduced object detection accuracy would be expected following an UNR word 

given that increased accuracy was observed following a BL word. These complementary effects 

were not observed. 

Reaction Times 

A similar analysis was conducted on RTs to accurately detect the object sketched in the 

bipartite test displays. As can be seen in Table 1, the presence of a BL word before the test 

displays reduced RTs for upright displays, (M = 791.5 ms, SE = 26.3 vs M = 891.2 ms, SE = 

34.2), t(126) = 2.31, p < .02, d = 0.41, but not for inverted displays, (M = 864.5 ms, SE = 33.5 vs. 

M = 909.1, SE = 35.7), t(126) = 0.95, p > .34. The presence of an UNR word before the display 

did not have any effect on accurate object detection RTs for either upright (M = 908.2 ms, SE = 

40.9 vs. M = 891.2 ms, SE = 34.2), t(126) = 0.31, p > .75, or inverted displays (M = 941.4 ms, SE 

= 39.7 vs. M = 909.1, SE = 35.7), t(126) = 0.47, p > .63. These results indicate that the word-type 

 Upright Inverted 

Measure BL UNR BL UNR 

 Difference p Difference p Difference p Difference p 

Detection 

Accuracy 

0.10 < .001 0.01 > .70 0.07 < .02 −0.01 > .71 

Detection 

RTs (ms) 

−100.3 < .02 16.9 > .75 −44.6 > .34 32.3 > .63 

Note. This table contains the difference values, and the respective p values, in each condition for both 

Detection Accuracy and Detection RTs. Statistically significant differences are bolded. 
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differences observed in Experiments 1A and 1B are due to response speeding following a BL 

word rather than slowing following an UNR word.   

Study 1 Summary 

When 90-ms test displays were preceded by a word, the typical orientation effect was 

observed independent of word type, indicating that these results measure the orientation-

dependent detection of configured objects. In addition, regardless of orientation, objects were 

detected more accurately when test displays followed a BL word rather than an UNR word; RTs 

mirrored this result. To shed light on the mechanism of these effects, detection reports following 

a BL word versus an UNR word were compared to detection reports in the control condition. 

Compared to control, detection was more successful following BL words, but was unaffected by 

UNR words. Complementary effects should result if predictions were fed back to feature levels 

as proposed by the label-feedback hypothesis (Lupyan, 2012; Lupyan & Clark, 2015). Our 

results, showing only increased object detection accuracy following a BL word, suggest instead 

that the word pre-activates the neural population representing the well-known object sketched in 

the bipartite displays. Word and object representations are interconnected in an extensive 

semantic network including the ventral visual pathway, the temporal pole, and the perirhinal 

cortex (e.g., Borghesani & Piazza, 2017; Clarke & Tyler, 2014, 2015; Cohen et al., 2014; Liuzzi 

et al., 2019; Martin et al., 2018; Murray & Bussey, 1999). For objects sketched on the critical 

side of the border of the test displays, prior activation via the semantic network affects object 

detection. That these effects were obtained for both upright and inverted displays provides 

further evidence that high-level units accessed by both upright and inverted displays are the 

source of the effects in Study 1. Once activated by the familiar object sketched in the display, the 

location of the denoted object with respect to the central border can be verified by reentrant 
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processing, supporting the associated right/left response. In contrast, UNR words activate a 

different population of neurons representing an object in a different superordinate category. In 

Study 1, the activation of this different population of neurons had no effect on object detection 

accuracy or RTs compared to control.  

Study 2 

One question remaining after Study 1 is whether the absence of reduced object detection 

accuracy following UNR words compared to control can be taken as evidence that object 

detection is unaffected by conflicting semantic activation when both words and test objects in a 

basic-level category are exposed once only. We pursued this question in Study 2 by increasing 

the exposure duration of the test display. Although the 90-ms exposures of the test displays in 

Study 1 were sufficient for the well-known objects to activate object representations (evidenced 

by orientation dependency), 90 ms may not have been long enough for the semantics of the 

familiar configurations in the test displays to be activated. Others have shown that it takes longer 

to activate the semantics of objects than to activate representations of object shape (e.g., Clarke, 

2019; Clarke & Tyler, 2014, 2015; Schendan & Kutas, 2003, 2007; Tyler et al., 2013). 

Accordingly, in Study 2, the bipartite displays were presented for 100 ms to allow more time for 

activation of the semantics of the well-known objects suggested in the bipartite displays and to 

provide a window into the unfolding activation of the semantic network at a later time when the 

display-dependent semantic activation may be greater. Displays could not be presented for 

longer in order to avoid ceiling effects in the control condition. The longer test display exposure 

duration in Study 2 may allow us to better observe whether object detection accuracy or RTs are 

affected by conflict between the semantic activation initiated by the UNR word and the familiar 

configuration in the test displays.  



49 

 

In Study 2, as in Study 1, two experiments were conducted in which words preceded the 

test displays – an original experiment (Experiment 2A) and an exact replication (Experiment 

2B). The results of Experiment 2B replicated those of Experiment 2A. A control experiment 

without words was also conducted (Experiment 2C). Replicating the results of Study 1, object 

detection accuracy was higher than control following BL words but was unaffected by UNR 

words, implicating activation of high-level object representations as the mechanism rather than 

predictions of low-level features. In the comparison of experimental and control RTs a new 

result emerged revealing evidence of semantic conflict in the UNR condition. 

Results 

Study 2 

The results of Experiments 2A and its replication, Experiment 2B, are discussed 

interleaved with one another because they were substantially the same. 

Detection Accuracy 

Experiments 2A and 2B Separately. An orientation effect was observed, indicating that 

results indexed object detection: Object detection was more successful for upright than for 

inverted displays (Exp 2A: M = 0.82, SE = 0.02 and M = 0.79, SE = 0.02, respectively, F(1,31) = 

4.46, p < .05, η2 = 0.13; Exp 2B: M = 0.84, SE = 0.02 and M = 0.80, SE = 0.02, respectively, 

F(1,31) = 7.24, p < .02, η2 = 0.19). In addition, detection accuracy was higher following a BL 

word than an UNR word (Exp 2A: M = 0.86, SE = 0.02 and M = 0.75, SE = 0.03, respectively, 

F(1,31) = 16.77, p < .001, η2 = 0.35; Exp 2B: M = 0.89, SE = 0.02 and M = 0.75, SE = 0.03, 

respectively, F(1,31) = 22.11, p < .001, η2 = 0.42). As can be seen in Figure 5A, in Experiment 

2A, the effect of word type varied with orientation, F(1,31) = 7.56, p < .02, η2 = 0.20. Follow-up 

t-tests revealed that detection accuracy was significantly higher for upright than for inverted 
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displays preceded by a BL word, t(31) = 3.83, p < .001, d = 0.52, but detection accuracy did not 

vary with orientation when displays were preceded by an UNR word, t(31) = 0.20, p > .84. The 

pattern was similar in Experiment 2B, but the interaction between word type and orientation did 

not reach statistical significance, F(1,31) = 3.73, p = .063, η2 = 0.11, most likely because 

detection accuracy was close to ceiling for test displays following a BL word (see Figure 5C). 

Follow-up t-tests revealed that detection accuracy was significantly higher for upright than for 

inverted displays preceded by a BL word t(31) = 3.71, p < .005, d = 0.73; in contrast, no 

orientation effect was observed for displays following an UNR word, t(31) = 0.39, p > .69. 

Finally, there was no effect of block in either experiment (Exp 2A: M = 0.81, SE = 0.02 and M = 

0.80, SE = 0.02, respectively), F(1,31) = 0.006, p > .94; Exp 2B: M = 0.82, SE = 0.02 and M = 

0.82, SE = 0.02, respectively, F(1,31) = 0.027, p > .86). The effect of orientation varied with 

block in Experiment 2B, F(1,31) = 4.73, p < .04, η2 = 0.13.  Follow-up t-tests revealed that in the 

first block, detection accuracy was significantly higher for upright than for inverted displays, 

t(31) = 4.32, p < .001, d = 0.56, whereas this difference was not significant in the second block, 

t(31) = 0.27, p > .78.  There were no other significant interactions in either experiment, all ps > 

.15. 

Comparing Experiments 2A and 2B. The detection accuracy results of Experiments 2A 

and 2B were compared in a repeated measures ANOVA. The ANOVA revealed no significant 

differences between experiments, (F(1,62) = 0.27, p > .60). The overall ANOVA revealed the 

same results as the individual ANOVAs (see Figure 5E). Detection accuracy was higher for 

upright than for inverted displays (M = 0.83, SE = 0.02 and M = 0.80, SE = 0.02, respectively, 

F(1,62) = 11.42, p < .005, η2 = 0.16), verifying that the results index object perception per se. 

Also, object detection accuracy was higher following a BL word than an UNR word (M = 0.87, 
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SE = 0.01 and M = 0.75, SE = 0.02, respectively, F(1,62) = 38.89, p < .001, η2 = 0.39). The 

interaction between word type and orientation was significant for detection accuracy (F(1,62) = 

10.66, p < .005, η2 = 0.15). Follow-up t-tests revealed that detection accuracy was significantly 

higher for upright than for inverted displays following a BL word, t(63) = 5.37, p < .001, d = 

0.58, whereas an orientation difference was not observed for displays following an UNR word, 

t(63) = 0.14, p > .88. There was a significant three-way interaction between block, orientation, 

and experiment, F(1,62) = 6.44, p < .02, η2 = 0.09, reflecting the presence of an interaction 

between block and orientation in Experiment 2B, but not in Experiment 2A. There was no main 

effect of block, F(1,62) = 0.005, p > .94, however, the effect of word type varied with block, 

F(1,62) = 4.03, p < .05, η2 = 0.06. Follow-up t-tests revealed that the effect of the words (BL vs. 

UNR) was larger in block 2 than in block 1, t(63) = 2.00, p < .05. There were no other significant 

interactions, all ps > .30. 
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Figure 5 

Object Detection Accuracy and Detection RTs for Experiments 2A & 2B 

Reaction Times  

Experiments 2A and 2B Separately. As can be seen in Figures 5B and 5D, accurate 

detection was faster when test displays were upright rather than inverted (Exp. 2A: M = 902.9 

ms, SE = 42.2 and M = 948.4 ms, SE = 43.9, respectively, F(1,31) = 5.50, p < .03, η2 = 0.15; and 

Exp. 2B: (M = 941.7 ms, SE = 59.3 and M = 974.4 ms, SE = 63.6), respectively, F(1,31) = 4.07, 

p = .052, η2 = 0.12). Accurate detection was also faster in the BL condition than in the UNR 

condition (Exp. 2A: (M = 880.0 ms, SE = 41.2 and M = 971.3 ms, SE = 45.1, respectively, 

Note. Results for Experiments 2A (top), 2B (middle), and 2A & 2B combined (bottom); detection 

accuracy (left) and detection RTs (right). Error bars represent standard error of the mean difference. 

*** p < .005; ** p < .03. Up = Upright displays; Inv = Inverted displays. BL = a Basic Level word 

preceded the display; UNR = an Unrelated word from a different superordinate category preceded the 

display. 
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F(1,31) = 20.24, p < .001, η2 = 0.40; and Exp. 2B: M = 894.7 ms, SE = 55.5 and M = 1,021.4 ms, 

SE = 73.7), respectively, F(1,31) = 7.46, p < .01,  η2 = 0.19). Mirroring the detection accuracy 

results, the effect of word type varied with orientation in Exp. 2A, F(1,31) = 6.63, p < .02, η2 = 

0.18. Follow-up t-tests revealed that accurate detection was significantly faster for upright than 

for inverted displays preceded by a BL word, t(31) = 3.78, p < .001, d = 0.39, but orientation did 

not affect detection accuracy RTs for displays preceded by an UNR word, t(31) = 0.08, p > .93. 

In Exp. 2B, the interaction between word type and orientation was not statistically significant, 

F(1,31) = 3.86, p = .058, η2 = 0.11. Follow-up t-tests revealed that the pattern of results was 

similar to the pattern observed in Experiment 2A: Accurate detection was significantly faster for 

upright than for inverted displays preceded by a BL word, t(31) = 2.62, p < .02, d = 0.21, but this 

difference was not significant for displays preceded by an UNR word, t(31) = 0.36, p > .72. In 

both experiments, accurate detection reports were faster in block 2 than in block 1 (Exp. 2A: M = 

868.4 ms, SE = 45.4 and M = 982.9 ms, SE = 43.7, respectively, F(1,31) = 14.53, p < .001, η2 = 

0.32; and Exp. 2B: M = 897.0 ms, SE = 59.5 and M = 1,019.1 ms, SE = 65.6), respectively, 

F(1,31) = 18.49, p < .001, η2 = 0.37).  There were no other significant interactions, all ps > .12.  

Comparing Experiments 2A and 2B. The detection RT results of Experiments 2A and 

2B were compared in a repeated measures ANOVA that revealed no significant differences 

between experiments, F(1,62) = 0.19, p > .66. The results found in the individual ANOVAs were 

found in the overall ANOVA (see Figure 5F): Accurate object detection was faster when test 

displays were upright rather than inverted (M = 922.3 ms, SE = 36.4 and M = 961.4 ms, SE = 

38.6, respectively, F(1,62) = 9.56, p < .005, η2 = 0.13). Regardless of orientation, participants 

detected the objects on the critical side of the border significantly faster when displays were 

preceded by the BL category than by an UNR object (M = 887.3 ms, SE = 34.5 and M = 996.4 
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ms, SE = 43.2, respectively, F(1,62) = 18.54, p < .001, η2 = 0.23). In addition, the interaction 

between word type and orientation was significant, F(1,62) = 10.21, p < .005, η2 = 0.14. Follow-

up t-tests revealed significantly faster detection for upright than for inverted displays following a 

BL word, t(63) = 4.54, p < .001, d = 0.29, whereas no orientation effect was observed for 

displays following an UNR word, t(63) = 0.25, p > .80. Accurate detection reports were faster in 

block 2 than in block 1 (M = 882.7 ms, SE = 37.4 and M = 1,001.0 ms, SE = 39.4, respectively, 

F(1,62) = 32.77, p < .001, η2 = 0.35). There were no other significant interactions, all ps > .08. 

Given that differences were not observed between Experiments 2A and 2B, the results of 

the two experiments were combined for comparison with Control Experiment 2C. This 

comparison will reveal whether object detection speed and accuracy are enhanced following a 

BL word, impaired following an UNR word, or both. In what follows, we present the results of 

the control experiment first followed by the comparison. 

Experiment 2C: Control Experiment  

Detection Accuracy 

As seen in Figure 4C, the typical orientation effect was observed in Experiment 2C: 

Detection accuracy was higher for upright (M = 0.80, SE = 0.02) than inverted (M = 0.75, SE = 

0.02) displays, F(1,63) = 25.45, p < .001, η2 = 0.29). Detection accuracy increased from the first 

block (M = 0.74, SE = 0.02) to the second block (M = 0.81, SE = 0.02), F(1,63) = 24.06, p < 

.001, η2 = 0.28. The interaction between orientation and block was not significant, F(1,63) = 

0.16, p > .68.  

Reaction Times 

As in control Experiment 1C, and as seen in Figure 4D, participants in control 

Experiment 2C were not significantly faster to detect the object when the test display was upright 
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(M = 854.7 ms, SE = 28.3) rather than inverted (M = 869.5 ms, SE = 31.3), F(1,63) = 2.82, p > 

.10. Object detection RTs were shorter in block 2 (M = 783.5 ms, SE = 26.9) than in block 1(M = 

940.8 ms, SE = 35.5), F(1,63) = 52.36, p < .001, η2 = 0.45. The interaction between orientation 

and block was not significant, F(1,63) = 1.68, p > .19.  

Effect of Words: Comparing Experiments 2A&B to Control Experiment 2C 

Detection Accuracy  

We compared the four conditions of Experiments 2A and 2B combined to the upright and 

inverted conditions of Experiment 2C. The difference values and respective p values can be seen 

in Table 2. Replicating the object detection results obtained in Study 1, accuracy was 

significantly higher in the BL conditions (Experiments 2A & 2B) than in the control experiment 

(Experiment 2C) in both upright displays (M = 0.91, SE = 0.01 vs. M = 0.80, SE = 0.02), t(126) = 

4.72, p < .001, d = 0.87, and inverted displays (M = 0.84, SE = 0.02 vs. M = 0.75, SE = 0.02), 

t(126) = 3.82, p < .001, d = 0.67. The longer exposure duration of the test display did not alter 

the object detection accuracy in the UNR conditions either: As in Study 1, detection accuracy 

was the same when UNR words were present as in the control experiment when words were 

absent for both upright displays, (M = 0.75, SE = 0.02 vs. M = 0.80, SE = 0.02), t(126) = 1.50, p 

> .13, and inverted displays (M = 0.75, SE = 0.02 vs. M = 0.75, SE = 0.02), t(126) = 0.16, p > 

.87. Thus, in Study 2, as in Study 1, detection accuracy was enhanced following a BL word, but 

was not reduced following an UNR word.  
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Table 2 

Experiments 2A and 2B minus Control 

Reaction Times 

As can be seen in Table 2, in Study 2, RTs following a BL word did not differ 

significantly from control for either upright (M = 846.1 ms, SE = 34.1 vs M = 854.7 ms, SE = 

28.3), t(126) = 0.19, p > .85 or inverted displays (M = 926.7 ms, SE = 36.7 vs. M = 869.5, SE = 

31.3), t(126) = 1.19, p > .24. However, in Study 2, when there was more time for activation of 

the semantics of the well-known object in the test display, RTs were significantly longer in the 

UNR conditions of Experiments 2A & 2B than for the matched control conditions in Experiment 

2C. This response slowing was evident for both upright displays (M = 989.7 ms, SE = 43.2 vs M 

= 854.7 ms, SE = 28.3), t(126) = 2.61, p < .02, d = 0.49 and inverted displays (M = 996.0 ms, SE 

= 44.3 vs. M = 869.5 ms, SE = 31.3), t(126) = 2.33, p < .03, d = 0.41.  

Study 2 Summary 

Study 2 provided further evidence that semantic activation initiated by words can 

influence object detection. Here, when the test display was exposed for a longer duration to 

allow more time for the semantics of the well-known object sketched in the display to build, 

 Upright Inverted 

Measure BL UNR BL UNR 

 Difference p Difference p Difference p Difference p 

Detection 

Accuracy 

0.11 < .001 −0.04 > .13 0.09 < .001 0.00 > .87 

Detection 

RTs (ms) 

−8.7 > .84 144.0 < .01 59.2 > .23 124.5 < .03 

Note. This table contains the difference values, and the respective p values, in each condition for both 

Detection Accuracy and Detection RTs. Statistically significant differences are bolded. 
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while holding constant the time allowed for the word to activate the semantic network, two 

effects were evident.  

First, as in Study 1, when a BL word preceded the test display, detection accuracy was 

higher than control for both upright and inverted displays. We attribute these effects to activation 

extending from the representation of the BL word through the semantic network to pre-activate 

the neural population representing the shape of the well-known object sketched on one side of 

the border of the test display. We do not attribute these results to feedback from neural 

populations representing the objects to the feature level because had feedback been involved, 

reduced object detection accuracy would have been expected following UNR words (cf., the 

label-feedback hypothesis; Lupyan, 2012) yet we observed no reduction in object detection 

accuracy following UNR words.  

Second, in Study 2 object detection RTs were substantially increased when the prior 

presentation of an UNR word activated a neural population representing a different shape than 

was subsequently activated by the familiar configuration in the test display. Thus, when the test 

display was exposed for a longer duration to allow more time for the semantics of the well-

known object sketched there to be activated, it seems that a conflict emerged between the 

semantics of the object sketched in the display and the semantics of the different-category object 

pre-activated by the UNR word. The absence of an effect on detection accuracy suggests that the 

conflict was resolved in favor of the object sketched in the display, most likely because recurrent 

processing grounds that semantic activation on one side of the display. (Recall that participants 

responded by indicating whether they perceived an object on the left or right of the central border 

of the test displays.) Although object detection accuracy was unchanged following an UNR 

word, accurate detection RTs were longer because it takes time to resolve conflict in the 
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semantic network.  

The conflict observed in Study 2 was not response conflict. Recall that observers reported 

whether they perceived the figure on the left or right side of the central border. The words shown 

before the test displays did not convey any information regarding side and therefore did not 

activate a different R/L response than that activated by the well-known object sketched in the 

display. (Moreover, the familiar configuration was equally likely to be located on the left and 

right sides of the central border.)  

Thus, Study 2 showed that semantic activation influences object detection in two ways: 

1) detection accuracy is increased but RTs are unaffected compared to control when words 

activate the BL semantics of the object sketched in the display; and 2) detection accuracy is 

unaffected, but detection responses are slowed compared to control, when words activate the 

semantics of an UNR object in a different superordinate category. These effects, separately 

revealed in detection accuracy and RTs, demonstrate that the semantic network is involved in 

object detection. Because object detection did not occur until conflict in the semantic system was 

resolved, Study 2 shows that object detection is not only affected by semantic activation, it 

entails semantic activation. Arguing that semantic activation affects object detection places a 

boundary between semantics and object detection, albeit allowing one to affect the other. Recent 

explorations of the semantic network do not reveal a boundary; instead, they reveal a continuous 

semantic network that represents object shapes, properties, functions, and categories (e.g., 

Borghesani & Piazza, 2017; Clarke & Tyler, 2014, 2015; Liuzzi et al., 2019; Martin et al., 2018; 

Murray & Bussey, 1999).  

Can the longer RTs in the UNR condition compared to control in Study 2 be attributed to 

more prediction error in the UNR condition and hence, more time required for prediction 
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revision? We think not because prediction revision would have been just as necessary in the 

UNR condition of Study 1 yet RTs in the UNR condition were not longer than control RTs in 

Study 1. Nor was accuracy lower in Study 1 in the UNR condition than in the control condition, 

which would be expected if there was not enough time for incorrect predictions to be revised. 

The only difference between Studies 1 and 2 was the that the bipartite display was exposed 

longer in Study 2 in order to allow more time for the object in the bipartite display to activate its 

semantics. Therefore, we attribute the longer RTs in the UNR condition to conflict in the 

semantic system. The longer exposure of the bipartite display also allowed more time for 

reentrant processing to confirm the location of the object sketched in the display which may have 

played a role in resolving the conflict by confirming the presence of the object sketched in the 

display rather than the object denoted by the UNR word. 

In Study 2, an interaction was observed between word type and orientation because 

accurate object detection responses following UNR words in Experiments 2A and 2B were not 

orientation dependent. These were the only conditions in the present article in which orientation 

effects were not observed. The absence of an orientation effect in the UNR conditions of Study 2 

may indicate that the prior activation of the semantics of an UNR object interfered with fast 

accurate detection of the upright different category object sketched in the display; this 

interference, if it occurred, was subtle because comparison to the control condition failed to show 

reduced detection accuracy for upright displays preceded by an UNR word in Study 2, p > .13.  

General Discussion 

The goal of these studies was to investigate whether semantic activation can influence 

object detection using a different method of operationalizing object detection than has been used 

before and, we find it does, to explicate the underlying mechanism by comparing object 



60 

 

detection speed and accuracy to a control condition. To assess object detection, we instructed 

participants to report whether they perceived the figure on the left or right side of a bipartite 

display in which two equal-area regions were separated by a central border. A portion of a well-

known object was sketched on one side of the border; this was the critical, or familiar 

configuration, side. Familiar configuration is a prior for figure assignment, albeit one of many 

(for review see Peterson, 1994; 2019).  

Figure assignment is archetypal object detection: it is the determination of where shaped 

entities lie in the visual field (cf., Peterson, 2019). On this view, bipartite displays in which the 

only figural prior present is familiar configuration are an ideal stimulus for investigating whether 

activity in the semantic network influences object detection. In previous studies examining 

whether semantic activation initiated by words influenced object detection, a variety of figural 

priors (e.g., enclosed and small in area) favored object detection; hence, results may have 

assayed object recognition rather than object detection. We indexed object detection via the 

speed and accuracy of participants’ reports that they perceived the figure (i.e., the object) on the 

critical side of the border. Before the display, to activate the semantic network, we presented a 

word denoting either the basic-level (BL) category of the well-known object sketched on the 

critical side of the border or an unrelated (UNR) object from a different superordinate category. 

In order to elucidate whether object detection is enhanced following BL words, impaired 

following UNR words, or whether both effects occur, we compared object detection accuracy 

and RTs when words were present before the displays in experimental groups versus absent in 

control groups (rather than simply comparing object detection speed and accuracy following BL 

versus UNR words in the experimental groups which cannot inform which condition was 

affected). Our results cannot be attributed to response bias because there is no relation between 
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the word type (BL versus UNR) and the left/right response indicating where the figure was 

perceived relative to the central border.   

In Study 1, when test displays were presented for 90 ms, enhanced detection accuracy 

was observed following a BL word relative to the no word control for both upright and inverted 

displays. RTs were shorter following a BL word only for upright displays. For test displays 

following UNR words, we observed no differences from control in either detection accuracy or 

RTs. We interpret our results as evidence that BL words activate a semantic network that 

includes the neural population representing the shape of the object denoted by the word (cf., 

Martin et al., 2018). When the object sketched on the critical side of the border of the test display 

is from the same BL category, this prior activation via the semantic network increases object 

detection accuracy. UNR words activate a different neural population representing an object in a 

different superordinate category. In Study 1, with a 90-ms exposure of the test display, the 

activation by the UNR words of neural populations representing different objects did not have 

any observable influence on object detection. The absence of impaired object detection following 

UNR words in the presence of enhanced object detection following BL words suggests that, at 

least in our paradigm, the words do not establish feature predictions at lower levels as predicted 

by the label-feedback hypothesis (Lupyan, 2012; Lupyan & Clark, 2015). Had predictions been 

generated regarding the features of the denoted object, impaired object detection following UNR 

words should have been observed as well as improved detection following BL words.  

It is known that it takes time for semantic activation to build. Accordingly, in Study 2, to 

investigate these effects further, we exposed the bipartite display for a longer duration to allow 

more time for the well-known object sketched on one side of the border to activate its semantics 

while holding constant the time allowed for the word to activate the semantic network. We 
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reasoned that with increased activation of the semantics of the object sketched in the display, 

Study 2 would be more sensitive to potential conflict between the semantics of that object and 

the semantics of the different-category object denoted by the UNR word. Consistent with Study 

1, we observed increased object detection accuracy relative to control following a BL word and 

no change in object detection accuracy following an UNR word. Unique to Study 2, however, 

accurate object detection RTs were longer relative to control following an UNR word. We take 

the longer RTs for accurate object detection as evidence that with the longer test display 

exposure, a conflict emerged between the semantics of the well-known object sketched in the 

display and the semantics of the different-category object denoted by the UNR word. Our results 

indicate that this semantic conflict had to be resolved before object detection occurred.  

Conflict resolution takes time (e.g., Brooks & Palmer, 2011; Peterson & Enns, 2005; 

Peterson & Lampignano, 2003), accounting for the longer RTs. Object detection accuracy was 

measured via reports of whether the detected object lay to the right or the left of the central 

border. Given the need to ground the detection response in the display, recurrent cycles of 

activation between the neural populations representing the shape and the representation of the 

input display may have contributed to resolving the conflict. In contrast, the activation of the 

neural populations representing the shape of the UNR object did not receive any bottom-up 

support from recurrent activity; accordingly, over successive reentrant cycles, its potency is 

reduced. Thus, although successful object detection takes longer following an UNR word, object 

detection accuracy is unchanged. The increased time required for accurate object detection 

responses reveals that conflict in the semantic system must be resolved before object detection 

can occur. Thus, the results of the UNR condition in Study 2 show that object detection is not 

only influenced by semantic activation, it entails semantic activation in that it does not occur 
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until conflict in the semantic system is resolved. 

Our conclusions regarding how semantics affect object detection differ from those 

reached by other investigators. For instance, others attribute semantic influences to predictions 

regarding the expected features of the denoted objects; this claim is based on comparing results 

of a valid condition (similar to our BL condition) to those obtained in an invalid condition 

(similar to our UNR condition). In our view, however, comparing performance in the BL 

condition and the UNR condition is not informative about the mechanisms of semantic 

influences on object detection. A better approach is to compare results obtained in experimental 

conditions in which BL and UNR words precede the bipartite displays to results obtained in 

control conditions in which no words precede the displays. If effects were mediated by feature 

predictions generated by the word, then compared to control, both an increase in object detection 

accuracy following BL words (because the features in the display were congruent with the 

features predicted by the word) and a decrease in object detection accuracy following UNR 

words (because the features in the display were incongruent with the features predicted by the 

word) would be expected. Instead, in Studies 1 and 2 comparison to the control conditions 

revealed that BL words enhance object detection accuracy whereas UNR words have no 

influence on object detection accuracy. The lack of complementarity rules out predictions of 

low-level features as the mechanism. 

 Boutonnet and Lupyan (2015) had previously shown effects of word primes on object 

recognition responses in both behavior and in the amplitude of the P1 component of the ERP, 

evident approximately 100 ms post stimulus onset. They took this effect, evident early in time, as 

evidence that words facilitated processing at low levels in the visual processing hierarchy where 

features are analyzed. Although their evidence that primes can exert an influence on perception 
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so early in time is compelling, it is not wise to map an ERP component evident early in time onto 

activity in low levels of the visual processing hierarchy. Others have shown that high-level 

processing is indexed by the P100. For instance, Trujillo et al. (2010; Sanguinetti et al., 2014) 

found higher amplitude P1 components when familiar configurations were suggested, but not 

consciously perceived, on the outside of the border of their symmetric, enclosed, novel stimuli. 

(The familiar object was not perceived because more figural priors favored the inside as the 

figure/object in their stimuli.) Sanguinetti et al. (2016) showed that the higher amplitude P1 

responses indexed greater inhibitory competition for figure assignment when portions of familiar 

configurations were suggested on the outside of the border. Thus, the P1 component of the ERP 

can index activity at levels higher than feature levels.  

Similarly, Boutonnet and Lupyan (2015) found that a later component, the N300/400, 

was reduced for objects that followed congruent primes and concluded that this difference 

indexed post-perceptual semantic activity. But the conclusion regarding post-perceptual 

processing does not necessarily follow. Sanguinetti et al. (2014) found reduced N300/400 

responses when their stimuli followed a word denoting the object that was suggested but not 

perceived on the outside of the stimuli. Thus, Sanguinetti et al. demonstrated repetition 

suppression for the semantics of objects that were considered in the course of object detection 

but were rejected in favor of a novel object on the other side of the border. These processes do 

not follow perception; instead, they are part of a dynamic Bayesian perceptual process that 

chooses the best interpretation for a display. Sanguinetti et al.’s conditions were very similar to 

our BL and UNR conditions, although figural priors were arranged such that the familiar 

configuration was not perceived as the figure. We expect that similar repetition suppression 

effects would be observed in the BL conditions of the experiments reported here.  
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Our results are not consistent with Pinto et al.’s (2015) claim that words shown before 

test displays affect object detection only when they denote the object in the upcoming display on 

more than 50% of trials; that is, only when the words have high predictive validity regarding the 

target object. In contrast, we found that semantic activation initiated by words influences object 

detection even though they were not predictive in that BL words and UNR words each appeared 

on 50% of trials. Therefore, contrary to Pinto et al.’s claim, semantic activation influences object 

detection even when the words do not predict the target, thereby implicating the semantic system 

in the detection of well-known meaningful objects.  

On a Bayesian model of visual processing (e.g., DeLange et al., 2018; Regier & Xu, 

2017), perception involves combining the current or remembered input with expectations based 

on past experience which take the form of previously established perceptual categories (e.g., 

color categories in Regier and Xu’s work). On this view, effects of expectations are evident 

when input is weak or ambiguous because expectations are assigned more weight under those 

conditions than under conditions when the input is strong and unambiguous. Previous research 

investigating whether semantic expectations influence object detection used degraded displays.  

Our displays were not degraded and they were not ambiguous: only one figural prior, familiar 

configuration, was present, and it was present on only one side of the border. The familiar 

configuration prior was not weak, as indexed by (1) pilot participants’ ability to identify the 

object depicted by the familiar configurations in our test displays (mean agreement = 89.15%); 

(2) by control participants’ figure reports (80% on familiar configuration side of the border in the 

control group of Study 2); (3) by the conflict that emerged between the semantics of the familiar 

configuration and that of the UNR word in Study 2; and (4) by the fact that familiar 

configuration prevailed in that conflict, leaving object detection accuracy unchanged. 
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Accordingly, although our results are consistent with a Bayesian Brain hypothesis, unlike 

previous experiments investigating semantic influences on object detection (e.g., Stein & Peelen; 

2015), the results of our experiments cannot be accommodated by the proposal that semantic 

categories are weighted highly for object detection only when the input is weak or ambiguous. 

Instead, our results, measured rigorously via figure assignment responses, show that the prior 

exposure of a word denoting the BL category of an object activated the neural populations 

involved in detecting that object, thereby increasing detection accuracy. Our results also show 

that conflict occurred in the semantic system when a word denoting an UNR object preceded a 

display depicting a familiar configuration that was exposed long enough to activate its semantics. 

This conflict delayed object detection but did not change object detection accuracy. We conclude 

that the semantic system is not only involved in recognizing objects (cf., Clarke & Tyler, 2014, 

2015; Martin et al, 2018); it plays a role in detecting objects. 

Can our results be attributed to working memory (WM)? Although it would be difficult to 

rule WM out, we think WM plays a small role, if any, for a number of reasons both 

methodological and conceptual: Participants in our experiments were not presented with an item 

that they were instructed to keep in mind during a delay period, as they typically are in WM 

tasks; nor was a test of their memory for the item in WM a component of our design. Features of 

items held in WM have been shown to capture attention in a visual search task interposed before 

the test of WM accuracy. To account for such results, authors have claimed that the item in WM 

serves as a search template (e.g., Olivers et al., 2011; Rajsic et al., 2017). A search template of 

the word preceding the test display cannot account for our results; word shape is not relevant in 

our task, object shape is. Moreover, if we suppose that search templates were formed of the 

objects denoted by the words in our task, then reduced object detection accuracy should have 
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been observed in the UNR condition, yet this outcome was never observed. 

Furthermore, explanations of how WM operates in the designs described above are 

framed in terms of attention. We do not see a need to invoke attention as a mechanism for the 

current results. First, consider spatial attention: Observers cannot predict from the word whether 

to attend to the left or right side of the display because the familiar configuration lies on the left 

and right sides equally often. (In any event, arguably, spatial attention may not affect figure 

assignment, cf., Onie et al., 2021; Peterson et al., 2017). Next, consider feature-based attention. 

Like feedback to feature levels following from Lupyan’s label-feedback hypothesis and like 

search templates discussed above, feature-based attention would have reduced object detection 

accuracy in the UNR condition, a result we did not observe. Next, consider whether the 

mechanism is preparatory attention directed to object representations, as Battistoni et al. (2017) 

propose. Although it is increasingly clear how the neural population representing an object at the 

BL can be activated by a word via a dynamic interconnected semantic network (Aly, 2018; 

Borghesani & Piazza, 2017; Clarke & Tyler, 2014, 2015; Cohen et al., 2014; Liuzzi et al., 2019; 

Martin et al., 2018; Murray & Bussey, 1999), the mechanisms that would direct attention 

internally to the neural population representing an object after viewing the BL word are 

unknown. Finally, attention is not necessary to resolve the conflict we observe: Instead, we 

propose that recurrent connectivity grounding a neural population representing shape in 

activation originating from one side of the display increases the strength of the evidence for the 

object in the display thereby resolving the semantic conflict. The construct of attention is 

unnecessary to explain our results whereas it has been necessary for WM explanations. 

Although the neural representations of WM probably overlap to some degree, with the 

neural mechanisms of our effects, just as the neural representations involved in perceiving items 
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and holding them in WM overlap, the mechanisms are unlikely to be identical. We have 

provided some evidence regarding the mechanisms of the present results, but future research is 

necessary to further understand the distinctions between WM and activation of the semantic 

network. 

Open Questions 

In the present experiments, UNR words denoted an object from a different superordinate 

category than that of the object sketched on the critical side of the display; the object categories 

were natural versus artificial objects. Would the same results obtain if the UNR words denoted 

an object from the same superordinate category as that of the familiar configuration in the 

display? High-resolution fMRI studies investigating the nature of object representations in the 

human brain (e.g., Carlson et al., 2003; Cohen et al., 2014; Kriegeskorte et al., 2008) show that 

distinguishable clusters of units code for different superordinate object categories; the two major 

clusters comprise animate and inanimate objects. Extrapolating to our natural/artificial 

categories, representations of objects in these different superordinate categories lie farther apart 

in both cognitive space and neural space than representations of objects in the same basic-level 

category (e.g., Avital-Cohen & Gronau, 2020). Moreover, the semantic networks activated for 

natural and artificial objects are probably substantially different and this may affect the time 

required for evidence of conflict to emerge. Conflict may become apparent earlier in time when 

UNR words denote objects in the same category as the object sketched in the display. This 

question is currently under investigation. 

A second question is whether the effects reported here would be obtained if the words 

were shown very briefly and were preceded and followed by masks such that observers were 

unaware of them. The answer depends, in part, upon how much a word must be activated in 
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order to initiate dynamic activity within the semantic system connecting words and the 

representations of the objects they denote. We have shown that an exposure duration greater than 

90 ms is required for the semantics of the display to be activated substantially for semantic 

conflict to emerge in the UNR condition. To render words unconscious, substantially shorter 

exposure durations and masking are required. Semantic activation initiated by those short 

exposure durations may not be sufficient to activate the dynamic semantic network. The answer 

may also depend upon whether the SOA between the word and the display was long enough to 

activate the semantic network. The present studies employed a 750 ms stimulus onset 

asynchrony (SOA) between the onset of the word and the onset of the test display. Experiments 

using brief masked exposures of words employ much shorter word-to-target SOAs.  

A third question is whether our results constitute evidence that language influences 

perception. Lupyan et al. (2020) make the case that the language we speak affects what we 

perceive. Words are essential components of language, but words alone do not constitute a 

language; languages involve grammar and syntax as well. Although our results are consistent 

with Lupyan et al.’s (2020) claim that language influences object perception, they stop short of 

demonstrating that language per se has an influence. Ample evidence shows that words, object 

shape, object properties, and object meaning are represented in a distributed, interconnected, 

semantic network (e.g., Clarke & Tyler, 2014, 2015; Liuzzi, et al., 2019; Martin et al., 2018). 

Our results are best explained by activation within this dynamic interconnected network.  
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Appendix  

Objects Portrayed on the Critical Side of the Border (BL Words) and Paired UNR Words 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Stimulus Name/ 

BL Word 

UNR 

Word 

anchor spider 

axe ant 

bell fish 

boot frog 

bulb clam 

butterfly submarine 

cow toy 

dog bed 

eagle robot 

elephant envelope 

face door 

faucet gopher 

flower wallet 

foot cake 

guitar turkey 

hand road 

horse paper 

house honey 

hydrant piranha 

kettle jaguar 

lamp bush 

leaf glue 

owl rag 

palm tree blue jean 

pig hat 

pineapple cardboard 

rhino pedal 

snowman pelican 

toilet tongue 

train river 

tree film 

trumpet lettuce 

umbrella squirrel 

watering can electric eel 

wineglass persimmon 

woman money 
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Abstract 

Skocypec and Peterson (2021a) demonstrated that semantic activation is an essential aspect of 

object detection in that it does not occur until conflict in the semantic system is resolved. Figure 

assignment served as the index of object detection. Masked displays in which a portion of a 

familiar object was sketched on one side of the central border were shown for 90 or 100 ms; 100-

ms exposures provided more time for the familiar object in the displays to activate semantics. 

Words denoting either the object’s basic-level (BL) category or that of an unrelated object from a 

different superordinate category (UNRdsc) pre-activated the semantic network. In the 100-ms 

condition, conflict emerged between the semantics activated by the UNRdsc word and the object 

in the display. Here, we investigated whether semantic conflict in our paradigm emerges earlier 

in time when words in the UNR condition denote objects in the same superordinate category 

(UNRssc) as the familiar object in the displays. Semantic networks for objects in the same 

superordinate category have more overlap and are closer to each other in cognitive and neural 

space than those for objects in different superordinate categories. For both 90-ms and 100-ms 

displays, object detection accuracy was higher than control (no words) following BL words and 

was unaffected by UNRssc words; detection RTs were unaffected following BL words but were 

significantly longer than control following UNRssc words. That conflict emerged earlier in time 

indicates that the amount of conflict in the semantic system at a given point in time varies with 

the distance in cognitive and neural space between the semantic activation initiated by the 

display and by the UNR word. 

Keywords: object detection; figure assignment; semantic conflict; semantic network; 

superordinate-level category 
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My Axe and My Mop are Conflicted: Earlier Conflict Between the Semantics of Objects 

Within the Same Superordinate-Level Category for Object Detection 

Words and the objects they denote are related through semantics. There is ample 

evidence for a semantic network activated by both words and objects (e.g., Aly, 2018; 

Borghesani & Piazza, 2017; Clarke & Tyler, 2014, 2015; Cohen et al., 2014; Liuzzi et al., 2019; 

Martin et al., 2018; Murray & Bussey, 1999). An important question is whether semantic 

expectations initiated by words denoting objects can influence object detection or whether 

semantic influences only affect perception after object detection has occurred. Much of the 

previous research investigating this question (e.g., Costello et al., 2009; Lupyan & Ward, 2013; 

Stein & Peelen, 2015) left many questions unanswered including the best way to operationalize 

object detection, whether repeated presentations of test objects (often employed) play a role, 

whether results index object detection per se or feature detection, and how, when, and where in 

the visual hierarchy semantic influences operate (see Skocypec & Peterson, 2021a).  

To investigate whether semantic expectations initiated by words denoting objects can 

influence object detection while precluding the methodological issues discussed above and 

attempting to identify the mechanisms of semantic influence, Skocypec and Peterson (2021a) 

indexed object detection via an archetypal object detection task: figure assignment. Assigning a 

shaped entity – a figure – on one side of a border but not the other serves as an ideal operational 

definition of object detection because, until figure assignment occurs, shape is not assigned to 

regions in the visual field (cf., Hochberg, 1971; Peterson, 2019). Therefore, any effects of 

semantic expectations on figure assignment are situated in early object detection. 

In our previous experiments, we presented words denoting objects at a basic level before 

bipartite test displays, like those in Figure 1, in which two equal-area regions lay on either side 
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of a central border. The border sketched a portion of a well-known object on one side (the 

critical, or familiar configuration, side) but not the other. The parts of the well-known object 

were arranged in their typical, familiar configuration; both upright and inverted versions of 

familiar configurations were presented. Familiar configuration is a figural prior (e.g., Gibson & 

Peterson, 1994; Peterson, 1994, 2019; Peterson & Gibson, 1991,1993, 1994a, 1994b; Peterson, 

Harvey & Weidenbacher, 1991); it is more effective in displays depicting the familiar 

configuration in an upright rather than an inverted orientation because upright orientations are 

more familiar. The orientation dependency of the results was critical for attributing the effects to 

past experience rather than to geometric properties because the latter do not change with a 

change in orientation from upright to inverted. In addition, orientation dependency permits 

attribution of the effects to familiar configurations (i.e., objects with properly configured parts) 

rather than to familiar parts or features alone (for additional evidence, see Barense et al., 2012; 

Peterson et al., 1991). Inverted versions of familiar configurations activate the same neural 

populations as upright versions do, but because inverted versions of objects that have typical 

uprights are less common, the evidence accumulated for the presence of a familiar object in any 

given exposure duration is lower (cf., Peterson & Gibson, 1994; for neural evidence see Perrett et 

al., 1998) and familiar configurations are less likely to be perceived as figures. Accordingly, 

investigating factors that influence the probability of perceiving the figure/object on the familiar 

configuration side of the border of bipartite displays is an excellent method to assess factors that 

affect object detection per se rather than part or feature detection. 

Skocypec and Peterson (2021a) tested whether the speed and accuracy of participants’ 

reports that they perceived an object (a figure) on the critical, familiar configuration, side of the 

border were altered by the prior presentation of a word that denoted either the basic-level (BL) 
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category of the object depicted by the familiar configuration or that of a semantically unrelated 

object from a different superordinate-level category (UNRdsc). The superordinate-level categories 

were natural and artificial objects: When the object sketched in the display was a natural object, 

the UNRdsc word denoted a semantically unrelated artificial object and vice versa. To preclude 

repetition effects, individual participants saw a word once only and viewed a test display in a 

given orientation once only; that is, neither test displays nor words were repeated. Previous 

research has shown that object detection is improved in conditions similar to our BL condition 

versus an UNR condition. Although such comparisons can reveal effects of semantic 

expectations, they are not informative about whether BL words improve object detection, UNR 

words impair object detection, or whether both effects occur. The answer to this question is 

important for understanding how, and where in the visual hierarchy, semantic expectations 

operate. Accordingly, Skocypec and Peterson included a control group. Participants in the 

control group did not view words before the test displays.1  

Both when test displays were exposed for 90 ms and for 100 ms before they were 

masked, Skocypec and Peterson (2021a) found increased detection accuracy compared to control 

in the BL condition and no change in detection accuracy in the UNRdsc condition. The 

improvement in detection accuracy in the BL condition was the same for upright and inverted 

displays, albeit detection accuracy was lower for inverted displays. These results are consistent 

with the hypothesis that the words operate through the semantic network to activate the neural 

population representing the object denoted by the word as opposed to the lower-level features of 

the object. In the BL condition, where the familiar configuration in the test display activated the 

same population of neurons, this pre-activation enhanced object detection in both orientations 

because both upright and inverted objects activate the same population of neurons (Perrett et al., 

 
1 Including control conditions in the same experiment as the experimental conditions would have reduced power. 
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1998). In the UNRdsc condition, the pre-activation of a different population of neurons 

corresponding to the denoted object did not reduce the accuracy of detecting the object sketched 

in the display. Had the words generated predictions that were fed back to lower levels (as 

proposed by the label-feedback hypothesis; Lupyan, 2012), reduced accuracy in the UNRdsc 

condition would have been expected because of a mismatch between the predicted and observed 

features.  

Skocypec and Peterson (2021a) also measured response times (RTs) to accurately detect 

objects in the test displays. With 90-ms test display exposures, RTs were shorter following a BL 

word for upright displays only. RTs did not differ from control following an UNRdsc word for 

upright or inverted displays, suggesting that the neural population representing the object in the 

display did not conflict with the different neural population activated by the UNRdsc word. It is 

known that it takes longer to activate semantic representations than shape representations (e.g., 

Clarke, 2019; Schendan & Kutas, 2003, 2007; Tyler et al., 2013). Based on this knowledge, 

Skocypec and Peterson tested whether conflict emerged when the test displays were exposed for 

100 ms which allowed more time for the semantics of the object sketched on the critical side of 

the display to be activated and more time for conflict to emerge between the semantic networks 

activated by the object in the test display and the UNRdsc word. Consistent with continuously 

evolving semantic activation, this small increase in presentation duration was sufficient to reveal 

conflict in the UNRdsc condition: RTs to accurately detect the object sketched in the test displays 

in the UNRdsc condition were substantially and significantly longer in the experimental group 

than the control group, even though detection accuracy was unaffected. These results indicated 

that object detection cannot occur when there is a conflict between the semantics of the object 

sketched in the display and the semantics of the object denoted by the UNRdsc word. That object 
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detection accuracy was unaffected indicated that the conflict was resolved in favor of the familiar 

configuration sketched in the display, most likely because reentrant processing from the neural 

population activated by the familiar configuration confirmed where the object lay with respect to 

the central border, supporting accurate right/left side of the border reports. These results 

suggested that semantic activation is an essential aspect of object detection. Consistent with the 

claim that the conflict is truly semantic, conflict emerged only when more time was allowed for 

the familiar configuration in the display to activate its semantic network.  

The Current Experiments 

In Skocypec and Peterson (2021a) the words in the UNR condition denoted objects in a 

different superordinate category than the objects sketched in the test displays. Objects from 

different superordinate categories are, on average, represented farther from one another in 

cognitive and neural space than objects from the same category (e.g., Bracci et al., 2019; Carlson 

et al., 2003; Chen et al., 2017; Grootswager et al., 2018; Kriegeskorte et al., 2008; Plaut, 2002). 

Objects in different superordinate categories tend to have different features, different functions, 

and different properties. These differences, and others, are learned/experienced and, together 

with environmental structure and anatomical connectivity, lead to functional specialization in the 

cortex (e.g., connectivity-constrained cognition; Chen et al., 2017). Since the objects denoted by 

the UNRdsc words were semantically unrelated to the object sketched in the test displays, there 

was probably little overlap between the semantic networks activated by the UNRdsc words and 

the objects sketched in the test displays in our previous experiments. Due to functional 

specialization in the cortex, semantic networks with few overlapping properties, like those for 

objects in different superordinate categories, are more distant from each other in cognitive and 

neural space than networks with more overlapping properties like those for objects in the same 
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superordinate category (e.g., Chen et al., 2017; Grootswager et al., 2018; Plaut, 2002). Patterns 

of semantic deficits in brain-damaged participants can be explained by the overlap/lack of 

overlap in semantic networks within a graded semantic space (e.g., Chen et al., 2017; Plaut, 

2002).  

For individuals without brain damage, Cohen et al. (2014) showed that the number of 

objects that can be processed simultaneously is reduced when the objects are in the same 

category compared to different categories; they attribute this effect to greater competition for 

neural representation between objects that share more features. These results extended the 

evidence for competition for neural representation, previously demonstrated for objects that are 

close to each other in physical, into semantic space. Similarly, increased interference is observed 

in language production when objects denoted by target-distractor word pairs share many 

semantic features (e.g., Bloem et al., 2004; Bürki et al., 2020; Rose et al., 2018). Therefore, it is 

possible that greater conflict could emerge between the semantic networks of objects in the same 

superordinate category. Moreover, the conflict might emerge earlier in time because of greater 

connectivity between the networks of objects in the same rather than a different superordinate 

category. In the experiments reported here, we investigated whether semantic conflict in our 

paradigm emerges earlier in time when words in the UNR condition denote objects in the same 

superordinate category as the object sketched in the test display (UNRssc) – that is, when both 

objects were natural objects or both were artificial objects.  

An alternative prediction might be generated based on spreading activation accounts 

(e.g., Collins & Loftus, 1975): These models account for semantic priming – a finding in which a 

target word is processed faster and more accurately when preceded by a related prime word – by 

positing that semantically related concepts are closer to each other and have stronger links 
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connecting them (e.g., Kenett et al. , 2017). On a spreading activation account, one might expect 

enhanced object detection rather than greater conflict from UNRssc words than from UNRdsc 

words. Note, however, that all the UNR words used in our experiments (both UNRssc and 

UNRdsc) denote objects that are semantically unrelated to the target object in the test display. 

Thus, spreading activation accounts may not be relevant to our conditions. Instead, based on 

recent research involving objects (e.g., Cohen et al., 2014), we predict that there will be greater 

competition for  neural representation between the semantic networks activated by the object in 

the test display and the object denoted by an UNRssc word than an UNRdsc word because their 

networks are closer to each other in cognitive and neural space.  

 Like Skocypec and Peterson (2021a), we exposed the test displays for 90 ms before a 

mask appeared in Study 1 and for 100 ms in Study 2. Displays were preceded by a word 

denoting the BL category of the objects sketched in the test display or an object from an UNRssc. 

Evidence that conflict between the semantics of the object denoted by the word and the 

semantics of the object sketched in the display emerges with a 90-ms test display exposure will 

further support the claim that semantic activation is involved in object detection.  

Studies 1 and 2 

In two studies, each comprising two new experiments, we presented bipartite test displays 

following either a BL word or an UNR word from the same superordinate category (natural or 

artificial objects) and measured object detection accuracy and detection RTs. As in Skocypec and 

Peterson (2021a) the second experiment in each study was an identical replication of the first. 

Test displays were presented for 90 ms in Study 1 and for 100 ms in Study 2. The results of these 

new experiments were compared to the results of the same control experiments presented in 

Skocypec and Peterson. In the control experiments, participants viewed test displays only; no 
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words were presented. The control groups lack the word type manipulation and, therefore, serve 

as bases of comparison for the experimental groups. We were able to use the same control 

experiments in the studies reported here as reported in Skocypec and Peterson because the 

positive dependence between test statistics from making multiple comparisons within the same 

experiment are not present when comparisons are made in separate experiments. According to 

Howard et al. (2018), family-wise type-I error rate adjustment is not required due to sharing 

control data; adjusting p-values for the number of hypothesis tests performed is only necessary if 

multiple hypotheses increase the chance of making a single claim. In Skocypec and Peterson, we 

were testing whether semantics influence object detection, whereas here, we are testing whether 

conflict emerges earlier in time when the word in the UNR condition denotes an object in the 

same rather than a different superordinate category. 

General Method 

The studies in this paper used the same general method, described below, as those in 

Skocypec & Peterson (2021a) with the following exceptions. First, UNR words denoted objects 

from the same, rather than different, superordinate category (UNRssc). As in Skocypec & 

Peterson, UNR words matching their paired BL word in length and frequency were found using 

the SUBTL Word Frequency Database (Brysbaert & New, 2009). That UNRssc words were not 

semantically related to their paired BL words was verified using the Word Associations Network 

(Rotmistrov, 2006). Second, in the two replication experiments (1B and 2B) participants 

completed the Vividness of Visual Imagery Questionnaire (VVIQ; Marks, 1973) and the Internal 

Representations Questionnaire (IRQ; Roebuck & Lupyan, 2020).2 The VVIQ is a valid and 

reliable measure of visual image vividness rated along a 5-point scale.3 Roebuck and Lupyan’s 

 
2 Time permitting given how long they took completing the experiment. 
3 We used the version with the reversed scale so that higher scores reflect more vivid visual imagery.   
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IRQ is a relatively new measure that assesses subjective modes of internal representations across 

four factors: Internal Verbalization (experiencing thought in a spoken inner voice), Visual 

Imagery (visual/pictorial imagery), Orthographic Imagery (visualizing language as it is written), 

and Representational Manipulation (subjective ease of manipulating mental representations 

across different modalities). The first three factors probe an individual’s propensity to use the 

various forms of imagery, while the last factor measures self-reported ability.   

We incorporated these imagery questionnaires to determine whether detection accuracy 

was correlated with participants’ imagery scores. Studies using fMRI demonstrate that, in 

addition to perception, the visual and auditory association cortices show modality specific 

activation for imagery (e.g., Daselaar et al., 2010). These results establish a commonality 

between the processes underlying imagery and perception (cf., Kosslyn, 1981); hence, detection 

accuracy and vividness of imagery may be correlated.  

Participants 

Participants were undergraduate students at the University of Arizona (UA) who took 

part to partially fulfill course requirements or in exchange for payment. Before the experiment, 

they provided informed consent by signing a form approved by the UA Human Subjects 

Protection Program and demonstrated normal or corrected-to-normal visual acuity by attaining 

an acuity score > 20/30 on a Snellen test. Data were analyzed from only those participants who 

met the following three a priori criteria: They 1) had at least 85% usable trials; trials were 

deemed unusable if no response was made before timeout or if the RT was less than 200 ms; 2) 

reported sufficient sleep the night before the experiment – participants who reported 4 or fewer 

hours of sleep were considered sleep deprived; sleep deprivation has been shown to reduce 

activation in visual processing regions (e.g., Kong et al., 2011) and is associated with decreased 
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cognitive performance (e.g., Louca & Short, 2014); and 3) primarily reported their first percept 

(i.e., they estimated reporting their second percept on ≤ 20% of trials). Data from participants 

who failed to meet these criteria, which are standard in our lab, were discarded and additional 

participants were tested. New participants were tested in the same programs so that the data 

entered into the analysis were from a fully balanced set of 32 participants in each of the four 

experiments with words before the displays. For each of the two control experiments without 

words before the displays (Skocypec & Peterson, 2021a), the data entered into the analysis were 

from a fully balanced set of 64 participants.  

Study 1 

Experiments With Words Before the Test Displays. Words appeared before the 

displays in Experiments 1A and 1B. Experiment 1B was an exact replication of Experiment 1A. 

The participants in Experiment 1A were 37 undergraduate students (28 female, 9 male). One 

participant failed to meet the second a priori retention criterion and four participants failed to 

meet the third criterion. The data from these five participants were not analyzed further.  

The participants in Experiment 1B were 35 undergraduate students (27 female, 8 male). 

The data from one participant were discarded prior to analysis because they were familiar with 

our stimuli and therefore knew a portion of a well-known object was sketched on one side of the 

border of each of our test displays. One participant failed to meet the second a priori retention 

criterion and another participant failed to meet both the second and third criteria. The data from 

these two participants were not analyzed further.  

Study 2 

Experiments With Words Before the Test Displays. Experiment 2B was an exact 

replication of Experiment 2A. The participants in Experiment 2A were 39 undergraduate students 
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(22 female, 17 male). The data from one participant were discarded prior to analysis because 

they did not follow task instructions (they reported that they always looked at either the left or 

right side of the test display rather than at fixation). Two participants failed to meet the first a 

priori retention criterion and four participants failed to meet the third criterion; the data from 

these six participants were not analyzed further.  

The participants in Experiment 2B were 38 undergraduate students (31 female, 7 male). 

Three participants failed to meet the second a priori retention criterion, one participant failed to 

meet the third criterion, and two participants failed to meet both the second and third criteria; the 

data from these six participants were not analyzed further.  

Apparatus and Stimuli  

A Dell Optiplex 9020 computer with an Intel®Core™ i7-4790 CPU running at 3.60 GHz 

and an AOC G2460PG 24 Class Nvidia G-Sync LCD gaming monitor running at 100 Hz were 

used in all experiments. Participants viewed the monitor from a distance of 100 cm; their head 

position and viewing distance were maintained by a chinrest. A foot pedal was used to advance 

through instructions and to initiate each trial. Participants’ responses were recorded using a 

custom-made button box. Stimuli were presented using the software DMDX (Forster & Forster, 

2003).  

Test Displays 

The test stimuli were 72 bipartite displays (36 upright and 36 inverted; see Figure 1): 

These were vertically elongated rectangular displays separated into two equal-area regions by a 

central border; one region was black the other region was white. Bipartite displays were shown 

on medium gray backgrounds throughout the experiment; the black and white regions contrasted 

equally with the background. In upright displays, a portion of a well-known object was sketched 
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on one side of the central border in its typical upright orientation; this was the critical or 

“familiar configuration” side of the display. Half of the familiar configurations were portions of 

natural objects (e.g., a woman); the other half were portions of artificial objects (e.g., an 

umbrella). (See Appendix A for a list of the objects portrayed on the critical side of the border.) 

The other side – the complementary side – depicted a novel shape. Inverted displays were 

created by rotating upright displays by 180˚ and mirroring them across the vertical axis. All 

bipartite displays were viewed by individual participants once only. The displays, their image 

statistics, and normative data are available online (Flowers et al., 2020; https://osf.io/j9kz2/). 

Sample Bipartite Displays 

The normative data showed high mean agreement on the identity of the well-known 

object sketched on the critical side of the border of the stimuli used in this experiment (M = 

89.15%; SD = 8.17) and low mean agreement for the complementary side (M = 13.98%; SD = 

6.83). Together, the high agreement for the critical side and the low agreement for the 

Figure 1 

 

Note. In all stimuli, a portion of a well-known object was sketched on one “critical” side of the central 

border; this critical region was equally often on the left/right, in black/white, and upright/inverted. In 

these samples, the portions of the well-known objects are sketched on the right side of the central border 

in black (upright portions of a woman and an umbrella are shown in A and B, respectively; inverted 

versions are shown in C and D, respectively). Displays were presented on a medium gray background. 

https://osf.io/j9kz2/
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complementary side demonstrate that the familiar configuration prior is present on the critical 

side, but not the complementary side, of the central border.  

Masks 

Masks for the upright stimuli were made by randomly shuffling portions of critical 

regions from 12 bipartite stimuli. Starting images were created by placing critical regions, 

alternating in contrast from black to white, horizontally in close succession such that the number 

of black and white pixels was equated. Four starting images were created using the 48 stimuli 

tested in the norming experiment (including the 36 used in this experiment). These images were 

then cut into 50 x 50-pixel squares; the location of each square was randomly shuffled within 

each starting image and the resulting image was split at the midline to create two masks. The 

same process was performed on inverted starting images to create masks for the inverted stimuli. 

A total of 72 unique masks was used in these experiments, each was 350 X 500 pixels in height 

(H) and width (W), respectively. 

Words (Experiments 1A, 1B, 2A, & 2B) 

The words (N = 72) were chosen such that two words were paired with each of the well-

known objects sketched in the bipartite test displays. One was the basic-level (BL) category of 

the object sketched in the test displays and the other was the basic-level category of an unrelated 

(UNR) object from the same superordinate-level category (natural vs. artificial). The words were 

displayed in lowercase Times New Roman font subtending a range of 0.29° to 0.80° H and a 

range of 0.80° to 3.55° W. Participants viewed each word once only during the experiment; no 

words were repeated.  

Design and Procedure 

Upon arriving at the laboratory, participants read and signed a consent form approved by 
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the Human Subjects Protection Program at the University of Arizona. Visual acuity was tested 

using a Snellen eye chart. Participants were then informed about the nature of their task by 

following along with instructions displayed on the computer as an experimenter read them aloud. 

They were encouraged to ask questions during both the instructions and the practice trials.  

Participants were first instructed on the nature of figure-ground perception and shown a 

few examples of closed, bounded figures on colored backgrounds. They were then introduced to 

black and white bipartite displays on medium gray backgrounds and told that their task was to 

report whether they perceived a figure on the left or the right side of the central border. 

Participants were informed that there were no correct or incorrect answers for the figure 

judgment task; they were instructed to report their first impression. Participants made their figure 

reports with their dominant hand on a response box with two horizontally aligned buttons; they 

pressed the right button to indicate they perceived the figure on the right side of the central 

border and the left button to indicate they perceived the figure on the left side of the central 

border. Assignment of the left and right buttons did not change across participants as “left” and 

“right” have intrinsic meaning with respect to the displays and all factors are balanced across the 

left/right sides of the displays. Participants were not encouraged to respond quickly; however, 

they were told their responses would be recorded only if they were made before the fixation 

cross for the next trial appeared. RTs to make the figure reports were recorded from the onset of 

the bipartite test display; hence, they include the exposure durations of the test display and the 

mask. 

Experiments 1A, 1B, 2A, & 2B 

The trial structure is shown in Figure 2. Each trial began with a central fixation cross; 

participants were instructed to fix their eyes on the cross and to press the foot pedal when they 
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were ready to initiate a trial. After the foot pedal was pressed, a word appeared on the center of 

the screen (250 ms), followed by a blank screen (500 ms), then by the bipartite display (90 ms in 

Study 1; 100 ms in Study 2), and finally by a mask (200 ms). The word denoted either the BL 

category of the object portrayed on the critical side of the bipartite display (e.g., “umbrella”) or 

that of an UNRssc object (natural vs. artificial; e.g., “envelope” for umbrella). Participants had 

4,000 ms from the onset of the test display to make their response; RTs ≥ 4,000 ms were 

considered timeouts.  

Trial Structure for Experimental Groups 

Figure 2 

Note. Trial structure for Experiments 1A/1B and 2A/2B. Following fixation, a word was displayed for 250 

ms. The word was either the basic-level name of the portion of the object sketched on the critical side of 

the border (e.g., “umbrella,” as depicted above) or the basic-level name of an unrelated object from the 

same natural/artificial category (e.g., “envelope”). After a 500 ms blank screen, the test display was 

shown for either 90 ms (Study 1) or 100 ms (Study 2) and was followed by a 200 ms mask. The test 

display shown above depicts a portion of an upright umbrella sketched on the right side of the central 

border in black. During the experiments, the portions of common objects sketched on the critical sides of 

the borders were shown equally often on the left/right, in black/white, and upright/inverted. Task: Report 

which side is figure. The last, blank, screen was shown until response or 4 sec (timeout).  



98 

 

The experimental trials were presented over two hidden blocks; 36 of the bipartite test 

displays were shown once per block. Half of the test displays in each block were upright and the 

other half were inverted; upright and inverted versions of a given stimulus were presented in 

different blocks. Black/white contrast and left/right location of the critical side of the border 

were balanced and nested under orientation. Half of the stimuli in each orientation in each block 

were preceded by a BL word; the other half were preceded by an UNRssc word. The contrast and 

side of the critical region relative to the central border and the word-type pairing (BL vs. UNRssc) 

were changed in the second block. Sixteen programs were used to present all combinations of 

orientation, word type, contrast, and side; each program was viewed by two participants in each 

experiment. Bipartite images subtended 5.45° H and an average of 3.49° W (range = 1.76 –

5.53°). Masks subtended 5.57° H and 7.90° W. 

Before the experimental trials, participants completed 8 practice trials. None of the 

words, test displays, or masks used in practice was used in experimental trials. Participants were 

told that a word would appear on every trial but were not informed about the relationship 

between the words and the displays. After the experimental trials, but before debriefing, 

participants were asked a series of post-experiment questions. One of the questions probed 

whether they reported their first percept or changed their mind and reported their second percept. 

The data from any participant who reported changing to their second percept on > 20% of the 

trials were not analyzed.  

General Data Analysis Methods 

 The general data analysis methods used here are identical to those used in Skocypec and 

Peterson (2021a).  

In each experiment, we analyzed 1) the proportion of trials in which participants reported 
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perceiving the figure on the critical side of the border where the familiar configuration lay as an 

index of “object detection accuracy” or simply “accuracy” and 2) the mean RTs for trials in 

which participants accurately detected the object on the critical side of the border. Repeated 

measures ANOVAs with three within-subject factors (word type: BL vs. UNRssc; orientation: 

upright vs. inverted; and hidden block: 1 vs. 2) were used to analyze the results of experiments in 

which words appeared before the test displays (Experiments 1A & 1B in Study 1 and 

Experiments 2A & 2B in Study 2) separately and then combined. In each study, independent 

samples t-tests were used to compare the combined results of the experiments with words to the 

results of the controls from Skocypec and Peterson (2021a) to examine whether BL words and/or 

UNRssc words affected object detection accuracy. 

In Experiments 1B and 2B, we calculated Pearson’s correlation coefficient to assess 

whether object detection accuracy and RTs in each of the four experimental conditions were 

correlated with the scores on the imagery questionnaires. (See Appendix B for imagery 

questionnaire means and standard deviations.) 

Results 

Study 1 

The results of Experiment 1A and its identical replication, Experiment 1B, are interleaved 

below, followed by an analysis of their combined results. 

Detection Accuracy 

Experiments 1A and 1B Separately.  In Experiment 1A an interaction between 

orientation and word type was observed, F(1,31) = 6.90, p < .02, η2 = 0.18 (as can be seen in 

Figure 3A). Follow-up t-tests revealed that detection accuracy was significantly higher for 

upright than for inverted displays preceded by a BL word, t(31) = 2.91, p < .01, d = 0.40, but 
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detection accuracy did not vary with orientation when displays were preceded by an UNRssc 

word, t(31) = 0.94, p > .36. The lack of an orientation effect in the UNR condition may indicate 

that the prior activation of the semantics of an UNRssc object interfered with fast accurate 

detection of the upright same-category object sketched in the display. There was no simple main 

effect of orientation (M = 0.76, SE = 0.02 and M = 0.75, SE = 0.02, for upright and inverted 

displays respectively, F(1,31) = 0.67, p > .41). As can be seen in Figure 3C, the typical effect of 

orientation was observed in both word-type conditions in Experiment 1B: Detection accuracy 

was higher for upright than for inverted displays (M = 0.80, SE = 0.02 and M = 0.75, SE = 0.02, 

respectively, F(1,31) = 23.21, p < .001, η2 = 0.43); the effect of word type did not vary with 

orientation, F(1,31) = 1.87, p > .18. In both experiments, object detection accuracy was higher 

following a BL word than an UNRssc word (Exp. 1A: M = 0.79, SE = 0.03 and M = 0.72, SE = 

0.02, respectively, F(1,31) = 12.43, p < .005, η2 = 0.29; Exp. 1B: M = 0.83, SE = 0.02 and M = 

0.72, SE = 0.03, respectively, F(1,31) = 18.58, p < .001, η2 = 0.38), as predicted if prior 

activation of the BL category of an object facilitates its detection. Finally, accuracy did not 

increase from the first to the second hidden block in either experiment (Exp. 1A: M = 0.74, SE = 

0.03 and M = 0.77, SE = 0.02, respectively, F(1,31) = 2.05, p > .16; Exp. 1B: M = 0.79, SE = 

0.02 and M = 0.77, SE = 0.03, respectively, F(1,31) = 0.61, p > .44). There were no other 

significant interactions, all ps > .34.  

Comparing Experiments 1A and 1B. The detection accuracy results of Experiments 1A 

and 1B were compared in a repeated measures ANOVA that revealed no significant differences 

between experiments, F(1,62) = 0.45, p > .50, and no significant interactions with the between-

subjects factor experiment, all ps > .09. The overall ANOVA (see Figure 3E) revealed detection 

accuracy was higher for upright than for inverted displays (M = 0.78, SE = 0.02 and M = 0.75, 
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SE = 0.02, respectively, F(1,62) = 9.82, p < .005, η2 = 0.14). Also, object detection accuracy was 

higher following a BL word than an UNRssc word (M = 0.81, SE = 0.02 and M = 0.72, SE = 0.02, 

respectively, F(1,62) = 30.95, p < .001, η2 = 0.33). The interaction between word type and 

orientation was significant, F(1,62) = 8.40, p < .01, η2 = 0.12. Follow-up t-tests revealed that 

detection accuracy following a BL word was significantly higher for upright than for inverted 

displays, t(63) = 5.34, p < .001, d = 0.43, whereas an orientation difference was not observed for 

displays following an UNRssc word, t(63) = 0.22, p > .82. Mirroring the results of Experiments 

1A and 1B separately, detection accuracy did not increase from the first to the second hidden 

block when the data were combined (M = 0.74, SE = 0.03 and M = 0.77, SE = 0.02, respectively, 

F(1,62) = 0.11, p > .74). There were no other significant interactions, all ps > .65.  
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Object Detection Accuracy and Detection RTs for Experiments 1A & 1B 

Reaction Times  

Experiments 1A and 1B Separately. Detection RT results mirrored those of detection 

accuracy: In Experiment 1A, as can be seen in Figure 3B, the effect of word type varied with 

orientation, F(1,31) = 4.23, p < .05, η2 = 0.12. Follow-up t-tests revealed that accurate detection 

was significantly faster for upright than for inverted displays preceded by a BL word, t(31) = 

2.58, p < .02, d = 0.28, but orientation did not affect accurate detection RTs for displays 

Figure 3 

Note. Results for Experiments 1A (top), 1B (middle), and 1A & 1B combined (bottom); 

detection accuracy (left) and  detection RTs (right). Error bars represent standard error of 

the mean difference. *** p < .005; ** p < .03. Up = Upright displays; Inv = Inverted 

displays. BL = a Basic Level word preceded the display; UNR = an Unrelated word from 

the same superordinate category preceded the display. 
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preceded by an UNRssc word, t(31) = 0.99, p > .33. Responses were significantly faster for both 

upright and inverted displays following BL words than UNRssc words (t(31) = 3.49, p < .002, d = 

0.59 and t(31) = 2.69, p < .02, d = 0.27, respectively). The simple main effect of orientation was 

not significant in Experiment 1A: Accurate detection was not faster when test displays were 

upright rather than inverted (M = 919.4 ms, SE = 54.4 and M = 937.2 ms, SE = 57.7, 

respectively, F(1,31) = 0.74, p > .40). A main effect of orientation was observed in Experiment 

1B (see Figure 3D): Accurate detection was faster when test displays were upright rather than 

inverted (M = 945.8 ms, SE = 49.4 and M = 1,012.4 ms, SE = 57.8, respectively, F(1,31) = 13.23, 

p < .001, η2 = 0.30). The effect of word type did not vary with orientation, F(1,31) = 0.98, p > 

.32, however. In both experiments, regardless of orientation, participants detected the objects on 

the critical side of the border significantly faster when displays were preceded by a word 

denoting the BL category of the object sketched on the critical side of the border rather an 

UNRssc object (Exp. 1A: M = 853.8 ms, SE = 45.5 and M = 1,002.7 ms, SE = 69.2, respectively 

F(1,31) = 14.2, p < .001, η2 = 0.31; Exp. 1B:  M = 920.3 ms, SE = 50.4 and M = 1,037.9 ms, SE 

= 58.2, respectively, F(1,31) = 22.1, p < .001, η2 = 0.42). Finally, accurate detection RTs did not 

differ as a function of block in Experiment 1A, (M = 912.5 ms, SE = 59.1 and M = 944.1 ms, SE 

= 57.1, respectively, F(1,31) = 0.73, p > .39), but detection responses were faster in hidden block 

2 than in block 1 in Experiment 1B, (M = 922.7 ms, SE = 51.8 and M = 1,035.4 ms, SE = 59.0, 

respectively, F(1,31) = 11.60, p < .003, η2 = 0.27). There were no other significant interactions in 

either experiment, all ps > .29.  

Comparing Experiments 1A and 1B. The detection RT results of Experiments 1A and 

1B were compared in a repeated measures ANOVA. The ANOVA revealed no significant 

differences between experiments, F(1,62) = 0.44, p > .50, and no significant interactions that 
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included the between-subjects factor experiment, all ps > .08. The overall ANOVA (see Figure 

3F) revealed that accurate detection was faster when test displays were upright rather than 

inverted (M = 932.6 ms, SE = 36.7 and M = 974.8 ms, SE = 40.8, respectively, F(1,62) = 9.31, p 

< .004, η2 = 0.13). Regardless of orientation, participants detected the objects on the critical side 

of the border significantly faster when displays were preceded by the BL word rather than an 

UNRssc word (M = 887.1 ms, SE = 34.0 and M = 1,020.3 ms, SE = 45.2, respectively, F(1,62) = 

32.51, p < .001, η2 = 0.34). In addition, the interaction between word type and orientation was 

significant for detection RTs, F(1,62) = 5.05, p < .03, η2 = 0.08. Follow-up t-tests revealed 

significantly faster detection for upright than for inverted displays following a BL word, t(63) = 

4.77, p < .001, d = 0.29, whereas no orientation effect was observed for displays following an 

UNRssc word, t(63) = 0.14, p > .89. Responses were significantly faster for both upright and 

inverted displays following BL words than UNRssc words, (t(63) = 5.23, p < .001, d = 0.54 and 

t(63) = 3.89, p < .001, d = 0.28, respectively). Accurate detection reports were faster in block 2 

than in block 1 (M = 917.6 ms, SE = 39.3 and M = 989.8 ms, SE = 41.1, respectively, F(1,62) = 

8.46, p < .006, η2 = 0.12). There were no other significant interactions, all ps > .23. 

Effect of Words: Comparing Experiments 1A & 1B to Control 

Experiments 1A and 1B demonstrated enhanced detection of the object sketched on one 

side of the border in test displays preceded by a word denoting that object at a BL versus an 

UNRssc object. To examine the mechanism underlying these semantic effects, we compared 

performance in the word conditions of combined Experiments 1A and 1B with performance in 

the 90-ms Control condition from Skocypec & Peterson (2021a). This comparison allows us to 

determine whether BL words enhance object detection, UNRssc words reduce object detection, or 

whether both effects are occurring. 
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Detection Accuracy  

We compared the four conditions of Experiments 1A and 1B combined to the upright and 

inverted conditions of the 90-ms Control. The difference values and respective p values can be 

seen in Table 1. Object detection accuracy was significantly higher in the BL conditions 

(Experiments 1A & 1B) than in the control experiment for both upright displays (M = 0.84, SE = 

0.02 vs. M = 0.75, SE = 0.02), t(126) = 3.54, p < .001, d = 0.62, and inverted displays (M = 0.78, 

SE = 0.02 vs. M = 0.72, SE = 0.02), t(126) = 2.16, p < .04, d = 0.43. In contrast, when an UNRssc  

word preceded the test displays, detection accuracy did not differ from detection accuracy in the 

control experiment when words were absent; this was the case for both upright displays, (M = 

0.72, SE = 0.02 vs. M = 0.75, SE = 0.02), t(126) = 1.00, p > .32 and inverted displays (M = 0.72, 

SE = 0.02 vs. M = 0.72, SE = 0.02), t(126) = 0.16, p > .87. Thus, as in Skocypec and Peterson 

(2021a), BL words increased object detection accuracy compared to the control condition, 

whereas object detection accuracy was unaffected by the prior presentation of UNRssc words. 

The lack of decreased detection accuracy following UNRssc words is inconsistent with the label-

feedback hypothesis (Lupyan, 2012; Lupyan & Clark, 2015) and instead suggests that the word 

operates via the semantic network by activating the neural populations representing the well-

known objects sketched in the bipartite displays. Reports that objects lay on the critical side of 

the border were reduced for inverted displays, as expected, because at a given point in time, less 

evidence for the presence of a well-known object with a typical upright is accumulated in neural 

populations representing well-known objects with typical uprights when the test display depicts 

an inverted version rather than the typical upright version of that object. Once sufficient evidence 

has accumulated, however, the semantic effects should be equivalent for upright and inverted 

displays, as we observed.  
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Table 1 

Experiments 1A and 1B minus Control 

 Upright Inverted 

Measure BL UNRssc BL UNRssc 

 Difference p Difference p Difference P Difference p 

Detection 

Accuracy 

0.09 < .001 −0.03 > .32 0.06 < .04 0.00 > .87 

Detection 

RTs (ms) 

−44.5 > .34 127.3 < .03 18.3 > .72 113.1 = .057 

 

Note. This table contains the difference values, and the respective p values, in each condition for both 

Detection Accuracy and Detection RTs. Statistically significant differences are bolded. 
 

Reaction Times 

A similar analysis was conducted on RTs to accurately detect the object sketched in the 

bipartite test displays. As can be seen in Table 1, RTs following a BL word did not differ 

significantly from control for either upright (M = 846.7 ms, SE = 31.9 vs M = 891.2 ms, SE = 

34.2), t(126) = 0.95, p > .34 or inverted displays (M = 927.4 ms, SE = 37.8 vs. M = 909.1, SE = 

35.7), t(126) = 0.35, p > .72. However, RTs for displays following UNRssc words (Experiments 

1A & 1B) were significantly longer than for displays shown without preceding words in the 

control experiment. This response slowing was statistically significant for upright displays (M = 

1,018.5 ms, SE = 46.8 vs M = 891.2 ms, SE = 34.2), t(126) = 2.20, p < .03, d = 0.39 and 

marginally significant for inverted displays (M = 1,022.2 ms, SE = 46.8 vs. M = 909.1, SE = 

35.7), t(126) = 1.92, p = .057, d = 0.34. 

Imagery Questionnaires (Experiment 1B) 

Of the 32 participants whose data were included in the primary analysis, 31 participants 

had time to complete the VVIQ and 29 had time to complete the IRQ.  
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Detection Accuracy 

 As can be seen in Table 2, detection accuracy in the experimental conditions was not 

correlated with vividness of visual imagery as measured by the VVIQ, all p’s > .30. There was a 

moderate negative correlation between detection accuracy for upright displays preceded by an 

UNRssc word and the orthographic imagery factor of the IRQ, r(27) = −.37, p < .05, indicating 

that individuals with a greater propensity to visualize language as it is written are less accurate at 

detecting the object on the critical side of the border in upright displays preceded by an UNRssc 

word. There were no other significant correlations between experimental conditions and the 

factors of the IRQ, all p’s > .10.  

 The propensity to visualize language in written form may indicate a tendency for activity 

in the semantic network following word presentation to be weighted more towards word shape 

than object shape; a reduction in object shape activation could reduce the effects of familiar 

configuration for upright displays preceded by an UNRssc word. 

Table 2 
 

Correlations for Detection Accuracy and Imagery Questionnaires 

 VVIQ  IRQ  

Experimental  

Condition 

VVIQ Score Visual Imagery 
Internal 

Verbalization 

Orthographic 

Imagery 

Representational 

Manipulation 

r p r p r p r p r p 

Up_BL .19 >.30 −.06 >.77 .15 >.42 −.12 >.54 .31 >.10 

Up_UNRssc .03 >.88 −.17 >.38 .22 >.25 −.37 <.05 −.07 >.72 

Inv_BL .13 >.48 −.13 >.49 .30 >.11 −.26 >.18 .17 >.38 

Inv_UNRssc −.10 >.57 −.19 >.31 .29 >.12 −.15 >.44 .21 >.27 

 

Note. Pearson Correlation Coefficients (r) and 2-tailed significance values (p) for the correlations between 

detection accuracy for experimental conditions and VVIQ (N = 31) and the correlations between detection 

accuracy for experimental conditions and IRQ factors (N = 29). Up_BL = upright display preceded by BL 

word; Up_UNRssc = upright display preceded by UNRssc word; Inv_BL = inverted display preceded by 

BL word; Inv_UNRssc = inverted display preceded by UNRssc word. Significant correlations are bolded.  
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Reaction Times 

Mirroring detection accuracy, RTs in the experimental conditions were not correlated 

with VVIQ scores, all p’s > .53. As can be seen in Table 3, there was a moderate negative 

correlation between detection RTs for upright displays preceded by a BL word and the 

orthographic imagery factor of the IRQ, r(27) = −.38, p < .05; this correlation indicates that 

individuals with a greater propensity to visualize language in its written form tend to exhibit 

shorter RTs (i.e., they are faster) to accurately detect the object on the critical side of the border 

for upright displays preceded by a BL word. There were no other significant correlations 

between RTs in the experimental conditions and the imagery factors of the IRQ, all p’s > .10. 

As before, activity in the semantic network following word presentation may be weighted 

more towards word shape than object shape for individuals with a greater propensity to visualize 

language in written form; activity in the semantic network following test display presentation 

may also be weighted more towards word shape than object shape. The latter is consistent with a 

finding from an exploratory analysis by Roebuck and Lupyan (2020) that individuals with a 

higher orthographic imagery score activate orthographic representations from pictures to a 

greater extent. For upright displays preceded by a BL word, the same neural population would be 

activated for the orthographic representation of the BL word and the orthographic representation 

of the object sketched on the critical side of the border of the test display. Alphabetic 

orthographies are relatively simple in that they contain a limited set of features including open or 

closed curves and horizontal, vertical, and oblique lines (e.g., Commodari et al., 2020); thus, if 

activity in the semantic network is weighted more towards word shape, accurate detection may 

be faster due to the relative simplicity of orthographic representations.  
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Table 3 

Correlations for Detection RTs and Imagery Questionnaires 

 VVIQ IRQ 

Experimental  

Condition 

VVIQ Score Visual Imagery 
Internal 

Verbalization 

Orthographic 

Imagery 

Representational 

Manipulation 

r p r p r p r p r p 

Up_BL −.11 >.56 −.26 >.16 −.22 >.24 −.38 <.05 −.28 >.13 

Up_UNRssc .06 >.76 −.12 >.52 −.26 >.17 −.22 >.24 −.06 >.74 

Inv_BL −.03 >.87 −.15 >.43 −.32 >.09 −.29 >.12 −.22 >.25 

Inv_UNRssc −.12 >.53 −.23 >.22 −.22 >.24 −.36 >.05 −.23 >.23 

 

Note. Pearson Correlation Coefficients (r) and 2-tailed significance values (p) for the correlations between 

detection RTs for experimental conditions and VVIQ (N = 31) and the correlations between detection RTs 

for experimental conditions and IRQ factors (N = 29). Up_BL = upright display preceded by BL word; 

Up_UNRssc = upright display preceded by UNRssc word; Inv_BL = inverted display preceded by BL 

word; Inv_UNRssc = inverted display preceded by UNRssc word. Significant correlations are bolded.  

 

Study 1 Summary 

As predicted if the type of UNR word influences when semantic conflict emerges, we 

observed conflict earlier in time (i.e., with 90-ms exposures) when UNR words named an object 

from the same superordinate category as the object sketched in the display. This conflict 

manifested as longer RTs following UNRssc words relative to control but not in reduced detection 

accuracy. These findings, combined with those in Skocypec and Peterson (2021a), suggest that 

the amount of conflict in the semantic system at a given point in time varies with the distance in 

cognitive and neural space between the semantic activation initiated by the display and by the 

UNR word. Because the properties and features of objects in the same superordinate category are 

similar, the semantic networks of words denoting objects in the same superordinate category as 

the object sketched in the display share more properties with those of the object sketched in the 

display than the semantic networks of words denoting objects in different superordinate 
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categories like those used by Skocypec and Peterson. Semantic networks of objects in the same 

superordinate level category are located closer to each other in cognitive and neural space and 

are more highly interconnected (e.g., Chen et al., 2017) than the semantic networks of objects in 

different superordinate level categories. Consequently, conflict emerges earlier in time.  

In Experiment 1B, we observed two significant correlations between experimental 

conditions and orthographic imagery. For detection accuracy, a greater propensity for 

orthographic imagery was associated with decreased detection accuracy for upright displays 

preceded by an UNRssc word. For detection RTs, a greater propensity for orthographic imagery 

was associated with shorter (i.e., faster) detection RTs for upright displays preceded by a BL 

word. These results suggest that the activity in the semantic networks for individuals with a 

propensity for orthographic representations is weighted more towards word shape than object 

shape.  

Study 2 

In Study 2, we presented the test displays for 100 ms like Skocypec and Peterson 

(2021a). Research has shown that it takes longer to activate semantic than shape representations 

of objects. Accordingly, a longer exposure duration of the test display was used to allow more 

time for the semantics of the object sketched in the display to build. This additional time was 

necessary for conflict to emerge in the UNRdsc condition in Skocypec and Peterson; here, that 

conflict emerged in the UNRssc condition with 90-ms display presentations indicates that the 

semantics of the familiar configurations have been sufficiently activated. Therefore, while the 

amount of conflict may increase numerically with 100-ms displays, we do not expect this small 

increase in presentation duration to result in significantly increased semantic conflict. Rather, in 

Study 2, our intention is to probe a dynamically evolving semantic network at a later point in 
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time as Skocypec and Peterson did.  

Results 

Study 2 

The results of Experiment 2A and its replication, Experiment 2B, are interleaved below, 

followed by the results of an analysis of their combined results. 

Detection Accuracy 

Experiments 2A and 2B Separately. As can be seen in Figures 4A and 4C, an 

orientation effect was observed in both experiments: Object detection was more successful for 

upright than for inverted displays (Exp 2A: M = 0.78, SE = 0.03 and M = 0.74, SE = 0.03, 

respectively, F(1,31) = 7.17, p < .02, η2 = 0.19; Exp 2B: M = 0.88, SE = 0.02 and M = 0.84, SE = 

0.02, respectively, F(1,31) = 18.25, p < .001, η2 = 0.37). In addition, in both experiments 

accuracy was higher following a BL word than an UNRssc word (Exp 2A: M = 0.81, SE = 0.02 

and M = 0.71, SE = 0.03, respectively, F(1,31) = 17.77, p < .001, η2 = 0.36; Exp 2B: M = 0.89, 

SE = 0.02 and M = 0.84, SE = 0.02, respectively, F(1,31) = 11.12, p < .003, η2 = 0.26). The effect 

of word type did not vary with orientation in either experiment (Exp. 2A: F(1,31) = 0.38, p > .54; 

Exp. 2B: F(1,31) = 3.01, p > .09). Finally, detection accuracy increased significantly from the 

first to the second hidden block in Experiment 2A (M = 0.72, SE = 0.03 and M = 0.80, SE = 0.03, 

respectively, F(1,31) = 11.81, p < .003, η2 = 0.28), but not in Experiment 2B (M = 0.85, SE = 

0.02 and M = 0.87, SE = 0.02, respectively, F(1,31) = 3.54, p = .07). There were no significant 

interactions, all ps > .09. 

Comparing Experiments 2A and 2B. The results from Experiments 2A and 2B were 

compared in a repeated measures ANOVA. The ANOVA revealed a significant difference 

between the experiments in detection accuracy, F(1,62) = 11.66, p < .002, η2 = 0.16, that 
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manifested as higher detection accuracy in Experiment 2B (M = 0.86, SE = 0.02) than in 

Experiment 2A (M = 0.76, SE = 0.02). Additionally, a significant interaction was observed 

between block and experiment, F(1,62) = 4.62, p < .04, η2 = 0.07, reflecting the observation of a 

main effect of block in Experiment 2A, but not in Experiment 2B. Neither block nor experiment 

interacted with either word type or orientation (all ps > .08), however. Detection accuracy was 

higher for upright than for inverted displays (M = 0.83, SE = 0.02 and M = 0.79, SE = 0.02, 

respectively, F(1,62) = 20.67, p < .001, η2 = 0.25); and higher following a BL word than an 

UNRssc word (M = 0.85, SE = 0.01 and M = 0.77, SE = 0.02, respectively, F(1,62) = 28.59, p < 

.001, η2 = 0.32). The interaction between word type and orientation was not significant, F(1,62) 

= 3.04, p > .09. Finally, accuracy increased significantly from the first to the second hidden 

block (M = 0.78, SE = 0.02 and M = 0.84, SE = 0.02, respectively, F(1,62) = 15.35, p < .001, η2 

= 0.20). There were no other significant interactions, all ps > .09. 
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Object Detection Accuracy and Detection RTs for Experiments 2A & 2B 

Reaction Times 

Experiments 2A and 2B Separately. As can be seen in Figures 4B and 4D, accurate 

detection was faster when test displays were upright rather than inverted in both experiments 

(Exp. 2A: M = 962.5 ms, SE = 63.5 and M = 1,010.2 ms, SE = 67.2, respectively, F(1,31) = 4.83, 

p < .04, η2 = 0.13; and Exp. 2B: (M = 962.2 ms, SE = 60.3 and M = 1,012.0 ms, SE = 61.4), 

respectively, F(1,31) = 6.27, p < .02, η2 = 0.17). Accurate detection was also faster in the BL 

Figure 4 

Note. Results for Experiments 2A (top), 2B (middle), and 2A & 2B combined (bottom); 

detection accuracy (left) and detection RTs (right). Error bars represent standard error of 

the mean difference. *** p < .005; ** p < .03. Up = Upright displays; Inv = Inverted 

displays. BL = a Basic Level word preceded the display; UNR = an Unrelated word from 

the same superordinate category preceded the display. 
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condition than in the UNRssc condition (Exp. 2A: (M = 919.7 ms, SE = 56.1 and M = 1,053.0 ms, 

SE = 75.5, respectively, F(1,31) = 16.67, p < .001, η2 = 0.35; and Exp. 2B: M = 936.9 ms, SE = 

56.4 and M = 1,037.2 ms, SE = 65.2), respectively, F(1,31) = 22.87, p < .001,  η2 = 0.42). 

Mirroring the detection accuracy results, the effect of word type varied with orientation in Exp. 

2A, F(1,31) = 6.44, p < .02, η2 = 0.17. Follow-up t-tests revealed that accurate detection was 

significantly faster for upright than for inverted displays preceded by a BL word, t(31) = 3.07, p 

< .005, d = 0.32, but orientation did not affect detection RTs for displays preceded by an UNRssc 

word, t(31) = 0.35, p > .73. Responses were significantly faster for both upright and inverted 

displays following BL words than UNRssc words, (t(31) = 4.28, p < .001, d = 0.50 and t(31) = 

2.22, p < .04, d = 0.19, respectively). In Exp. 2B, the interaction between word type and 

orientation was not statistically significant, F(1,31) = 0.46, p > .50. In both experiments, accurate 

detection reports were faster in block 2 than in block 1 (Exp. 2A: M = 952.0 ms, SE = 59.7 and 

M = 1,020.7 ms, SE = 72.4, respectively, F(1,31) = 4.81, p < .04, η2 = 0.13; and Exp. 2B: M = 

939.7 ms, SE = 55.9 and M = 1,034.4 ms, SE = 66.1), respectively, F(1,31) = 15.12, p < .001, η2 

= 0.33). There were no other significant interactions, all ps > .12. 

Comparing Experiments 2A and 2B. The detection RT results of Experiments 2A and 

2B were compared in a repeated measures ANOVA that revealed no significant differences 

between experiments, F(1,62) = 0.00, p > .99. The overall ANOVA (see Figure 4F) revealed that 

accurate detection was faster when test displays were upright rather than inverted (M = 962.3 ms, 

SE = 43.8 and M = 1,011.1 ms, SE = 45.5, respectively, F(1,62) = 10.97, p < .003, η2 = 0.15). 

Participants detected the objects on the critical side of the border significantly faster when 

displays were preceded by a word denoting the BL category of the object in the test display 

rather than a word denoting an UNRssc object (M = 928.3 ms, SE = 39.8 and M = 1,045.1 ms, SE 
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= 49.9, respectively, F(1,62) = 36.23, p < .001, η2 = 0.37). Additionally, the interaction between 

word type and orientation was significant for detection RTs, F(1,62) = 5.57, p < .03, η2 = 0.08. 

Follow-up t-tests revealed significantly faster detection for upright than for inverted displays 

following a BL word, t(63) = 4.14, p < .001, d = 0.26, whereas no orientation effect was 

observed for displays following an UNRssc word, t(63) = 0.62, p > .53. Responses were 

significantly faster for both upright and inverted displays following BL words than UNRssc 

words, (t(63) = 5.47, p < .001, d = 0.42 and t(63) = 3.91, p < .001, d = 0.22, respectively). 

Accurate detection reports were faster in block 2 than in block 1 (M = 882.7 ms, SE = 37.4 and 

M = 1,001.0 ms, SE = 39.4, respectively, F(1,62) = 16.97, p < .001, η2 = 0.22). There were no 

other significant interactions, all ps > .11. 

Effect of Words: Comparing Experiments 2A & 2B to Control 

Detection Accuracy  

 We compared the four conditions of Experiments 2A and 2B combined to the upright and 

inverted conditions of the 100-ms Control condition from Skocypec and Peterson (2021a). The 

difference values and respective p values can be seen in Table 4. Object detection accuracy was 

significantly higher in the BL conditions of Experiments 2A and 2B than in the control 

experiment for both upright displays (M = 0.88, SE = 0.02 vs. M = 0.80, SE = 0.02), t(126) = 

3.26, p < .002, d = 0.57, and inverted displays (M = 0.82, SE = 0.02 vs. M = 0.75, SE = 0.02), 

t(126) = 3.16, p < .002, d = 0.52. In contrast, when an UNRssc word preceded the displays, 

detection accuracy did not differ from detection accuracy in Control for either upright displays, 

(M = 0.78, SE = 0.02 vs. M = 0.80, SE = 0.02), t(126) = 0.65, p > .51 or inverted displays (M = 

0.76, SE = 0.02 vs. M = 0.75, SE = 0.02), t(126) = 0.49, p > .62. Thus, compared to a no-word 

control condition, the BL word increased object detection accuracy but the UNRssc word did not 
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reduce accuracy. The lack of reduced accuracy following UNRssc words replicates Skocypec and 

Peterson’s (2021a) results and is inconsistent with the label-feedback hypothesis (Lupyan, 2012; 

Lupyan & Clark, 2015).  

Table 4 

 

Experiments 2A and 2B minus Control 

 Upright Inverted 

Measure BL UNRssc BL UNRssc 

 Difference P Difference p Difference P Difference p 

Detection 

Accuracy 

0.08 < .002 −0.02 > .51 0.07 < .002 0.01 > .62 

Detection 

RTs (ms) 

31.5 > .51 183.7 < .003 100.9 = .06 182.3 < .003 

 

Note. This table contains the difference values, and the respective p values, in each condition for both 

Detection Accuracy and Detection RTs. Statistically significant differences are bolded.  
 

Reaction Times 

A similar analysis was conducted on RTs to accurately detect the object sketched in the 

test displays. As can be seen in Table 2, RTs following a BL word did not differ significantly 

from control for upright displays (M = 886.2 ms, SE = 38.5 vs M = 854.7 ms, SE = 28.3), t(126) 

= 0.66, p > .51 or for inverted displays (M = 970.4 ms, SE = 42.9 vs. M = 869.5, SE = 31.3), 

t(126) = 1.90, p = .06. Consistent with Study 1 and with Skocypec and Peterson (2021a), RTs 

were significantly longer for displays following UNRssc words (Experiments 2A & 2B) than for 

displays shown without preceding words in the control condition. This response slowing was 

evident for both upright displays (M = 1,038.4 ms, SE = 51.7 vs M = 854.7 ms, SE = 28.3), 

t(126) = 3.11, p < .003, d = 0.55 and inverted displays (M = 1,051.8 ms, SE = 49.5 vs. M = 869.5, 

SE = 31.3), t(126) = 3.11, p < .003, d = 0.55.  
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Imagery Questionnaires (Experiment 2B) 

Of the 32 participants whose data were included in the primary analysis, 30 participants 

had time to complete the VVIQ and 28 had time to complete the IRQ.  

Detection Accuracy 

 As can be seen in Table 5, detection accuracy in the experimental conditions was not 

correlated with VVIQ score, all p’s > .53. There was a moderate positive correlation between 

detection accuracy for upright displays preceded by an UNRssc word and the representational 

manipulation factor of the IRQ, r(26) = .46, p < .02; this correlation indicates that individual’s 

with greater self-reported representational manipulation ability tend to show increased detection 

accuracy for upright displays preceded by an UNRssc word. The negative correlation observed in 

Experiment 1B between detection accuracy for upright displays preceded by an UNRssc word and 

orthographic imagery was not replicated here and there were no other significant correlations 

between experimental conditions and the factors of the IRQ, all p’s > .07.  

 Greater ability to manipulate representations across modalities may indicate greater 

flexibility within the semantic system.  
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Table 5 

Correlations for Detection Accuracy and Imagery Questionnaires 
 VVIQ IRQ 

Experimental  

Condition 

VVIQ Score Visual Imagery 
Internal 

Verbalization 

Orthographic 

Imagery 

Representational 

Manipulation 

r P r p r p R p r p 

Up_BL −.11 >.56 −.06 >.75 −.15 >.44 −.12 >.53 .13 >.50 

Up_UNRssc .01 >.94 .08 >.69 .27 >.16 .00 >.99 .46 <.02 

Inv_BL −.01 >.97 −.10 >.60 .20 >.31 −.20 >.31 .34 >.07 

Inv_UNRssc −.12 >.53 .03 >.89 .07 >.70 .16 >.40 .24 >.21 

 

Note. Pearson Correlation Coefficients (r) and 2-tailed significance values (p) for the correlations between 

detection accuracy for experimental conditions and VVIQ (N = 30) and the correlations between detection 

accuracy for experimental conditions and IRQ factors (N = 28). Up_BL = upright display preceded by BL 

word; Up_UNRssc = upright display preceded by UNRssc word; Inv_BL = inverted display preceded by 

BL word; Inv_UNRssc = inverted display preceded by UNRssc word. Significant correlations are bolded.  
 

Reaction Times 

As seen in Table 6, detection RTs in the experimental conditions were not correlated with 

VVIQ scores, all p’s > .53, or any IRQ factors, all p’s > .07. 

Table 6 

Correlations for Detection RTs and Imagery Questionnaires 
 VVIQ IRQ 

Experimental  

Condition 

VVIQ Score Visual Imagery 
Internal 

Verbalization 

Orthographic 

Imagery 

Representational 

Manipulation 

r P r p r p R p r p 

Up_BL −.04 >.83 .15 >.44 −.03 >.89 −.08 >.67 −.34 >.07 

Up_UNRssc .02 >.90 .33 >.08 .02 >.93 −.06 >.78 −.19 >.34 

Inv_BL −.01 >.97 .34 >.07 −.01 >.94 .02 >.92 −.14 >.46 

Inv_UNRssc −.02 >.92 .20 >.31 −.02 >.90 −.04 >.83 −.22 >.26 

 

Note. Pearson Correlation Coefficients (r) and 2-tailed significance values (p) for the correlations between 

detection RTs for experimental conditions and VVIQ (N = 30) and the correlations between detection RTs 

for experimental conditions and IRQ factors (N = 28). Up_BL = upright display preceded by BL word; 

Up_UNRssc = upright display preceded by UNRssc word; Inv_BL = inverted display preceded by BL 

word; Inv_UNRssc = inverted display preceded by UNRssc word. Significant correlations are bolded.  
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Study 2 Summary 

In Study 1, conflict emerged with 90-ms displays when UNR words named an object 

from the same superordinate category. Thus, the amount of display-generated semantic 

activation with 90-ms display exposures was sufficient to conflict with the semantics of the 

UNRssc word, but not the UNRdsc word in Skocypec and Peterson (2021a). This indicates that the 

time at which conflict emerges is a joint function of the amount of semantic activation initiated 

by the display and the distance between the semantic networks of the object in the display and 

the object denoted by the UNR word. To probe a dynamically evolving semantic network at a 

later point in time in Study 2, we increased the exposure duration of the displays to 100 ms to 

allow more time for the activation of the semantics of the well-known object sketched in the test 

display to build.  

For detection accuracy, we observed enhanced detection accuracy, relative to control, for 

displays preceded by BL words, but again we observed no change in detection accuracy for 

displays preceded by UNRssc words. The lack of symmetrical results (enhancement from a BL 

word, reduction from an UNRssc word) is inconsistent with the label-feedback hypothesis 

(Lupyan, 2012) which predicts reduced accuracy in the UNR condition due to a mismatch 

between the predicted and observed features; instead, the results provide further evidence that the 

words operate by activating the semantic network corresponding to the denoted object including 

the neural population representing the shape of the object denoted by the word. When the prior 

presentation of the BL word activated the same neural population activated by the familiar 

configuration, detection accuracy increased compared to control.  

For RTs to accurately detect the object, we observed significantly longer RTs relative to 

control for both upright and inverted displays preceded by UNRssc words, but no differences for 
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displays preceded by BL words. These results indicate that object detection cannot occur when 

there is a conflict between the semantics of the object sketched in the display and the semantics 

of the object denoted by the UNRssc word.  

In Experiment 2B, we observed a significant positive correlation between detection 

accuracy for upright displays preceded by an UNRssc word and the representational manipulation 

factor of the IRQ. Greater ability to manipulate representations across modalities may indicate 

greater flexibility within the semantic system. That we did not obtain the negative correlation 

between upright displays preceded by an UNRssc word and orthographic imagery (as observed in 

Experiment 1B) suggests that the bias towards word shape was only active early in the course of 

activating the semantic network; given that the task involves object shape, the longer exposure 

durations may have probed the semantic network at a time when the weighting had shifted 

towards object shape.  

General Discussion 

 In two studies we used figure assignment, an archetypal object detection task, to 

investigate semantic influences on object detection. Shape is not assigned to regions in the visual 

field until figure assignment occurs (cf., Hochberg, 1971; Peterson, 2019); thus, any semantic 

effects that influence the determination of where shaped entities lie in the visual field are rooted 

in early object detection. We used bipartite displays in which a portion of a well-known object 

was sketched, in its typical familiar configuration, on the critical side of the border. These stimuli 

are ideal for investigating semantic influences on object detection because the only figural prior 

operating is familiar configuration. Recall, when upright and inverted versions of familiar 

configurations are presented, the familiar configuration figural prior is more effective in displays 

depicting the upright rather than the inverted familiar configuration because the upright 
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orientations are more familiar. The orientation dependency of the results attributes the effects to 

past experience rather than to geometric properties because geometric properties do not change 

with a change in orientation. The orientation dependency also attributes the effects to familiar 

configurations rather than to familiar features or parts alone.  

We indexed object detection via the speed and accuracy of participants’ reports that they 

perceived the figure (the object) on the critical side of the border. Before the display, to activate 

the semantic network, we presented a word that denoted either the basic-level (BL) category of 

the object depicted by the familiar configuration or that of a semantically unrelated object from 

the same superordinate category (UNRssc). Rather than simply comparing object detection speed 

and accuracy following BL versus UNRssc words, we also compared the speed and accuracy 

when words were present before the displays in experimental groups versus absent in control 

groups; the former comparisons reveal whether there are effects of semantic expectations, 

whereas the latter are informative about whether BL words improve object detection, UNRssc 

words impair detection, or whether both effects occur. We used the same control experiments 

from Skocypec and Peterson (2021a) and were permitted to do so given that the positive 

dependence between test statistics from making multiple comparisons within the same 

experiment are not present when comparisons are made in separate experiments.  

Skocypec and Peterson (2021a) investigated whether semantic activation influences 

object detection using BL words and UNR words from a different superordinate category 

(UNRdsc). There, for both 90-ms and 100-ms displays, object detection accuracy was higher than 

control following BL words but was unaffected by UNRdsc words; the lack of impaired object 

detection following UNRdsc words was inconsistent with the label-feedback hypothesis (Lupyan, 

2012) and instead implicated activation of high-level object representations as the mechanism. 
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With 100-ms displays, conflict emerged in the form of significantly longer detection RTs for 

displays following UNRdsc words; this conflict had to be resolved before object detection 

occurred.  

 In Skocypec and Peterson (2021a) the UNR words denoted an object from a different 

superordinate category (natural vs. artificial). Given that objects that share more features exhibit 

greater competition for neural representation (e.g., Cohen et al., 2014), the amount of conflict 

may be greater between semantics networks of objects in the same superordinate category. 

Furthermore, this conflict might emerge earlier in time due to greater connectivity between the 

networks. Here, we investigated whether semantic conflict in our paradigm emerged earlier in 

time when words in the UNR condition denoted objects in the same superordinate category as 

the object sketched in the test display. 

 We expected greater conflict for UNRssc than UNRdsc words rather than less because the 

UNR words were always semantically unrelated to the object sketched on the critical side of the 

display. Therefore, predictions based on a spreading activation account do not apply. Based on 

recent evidence that objects close to each other in semantic space compete for representation 

(e.g, Cohen et al, 2014), we expected the overlap and relative closeness of the semantic networks 

to result in conflict in the object detection task.  

 In Study 1, when test displays were presented for 90 ms, we observed enhanced detection 

accuracy following a BL word relative to control for both upright and inverted displays; RTs 

following a BL word did not differ from control. For test displays following an UNRssc word, we 

observed no differences from control in detection accuracy, but significantly longer RTs for 

displays following UNRssc words. Thus, as predicted if the semantic networks of objects in the 

same superordinate category exhibit greater conflict due to increased overlap in object properties 
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and greater connectivity between the networks, conflict was evident with 90-ms test display 

exposures in Study 1 when the UNR words denoted objects from the same superordinate 

category. In contrast, in Skocypec and Peterson (2021a), measurable conflict was not found with 

90-ms test displays. This result indicates that the amount of display-generated semantic 

activation with 90-ms display exposures was sufficient to conflict with the semantics of the 

UNRssc object, but not the UNRdsc object in Skocypec and Peterson (2021a). Therefore, the time 

at which conflict emerges is a joint function of the amount of semantic activation initiated by the 

display and the distance between the semantic networks of the object in the display and the 

object denoted by the UNR word. 

As in Skocypec and Peterson (2021a), we used 100-ms display exposures in Study 2; this 

100-ms exposure duration provided more time for the semantics of the object sketched in the 

display to build and it allowed us to probe a dynamically evolving semantic network at a later 

point in time. The results of Study 2 mirrored those of Study 1: Relative to control, we observed 

enhanced detection accuracy for test displays following a BL word; RTs following a BL word 

did not differ from control. For displays following an UNRssc word, detection accuracy did not 

differ from control, but RTs were significantly longer. That detection accuracy was unchanged 

following UNRssc words indicates that the semantic conflict was ultimately resolved in favor of 

the object sketched on the critical side of the border.  

The conflict observed in Studies 1 and 2 cannot be attributed to response conflict because  

the words did not provide information regarding the location (left vs. right side) of the familiar 

configuration. Moreover, familiar configurations were depicted equally often on the left and right 

sides of the central border. While the words conveyed semantic information, the lack of 

response-relevant location information shields the semantic effects from a potential response bias 
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explanation.   

 In Experiments 1B and 2B, a subset of participants completed either one or both of the 

two imagery questionnaires. We did not observe any significant correlations between VVIQ 

score and detection accuracy or VVIQ score and detection RTs in either experiment. Participants 

knew a word would appear at the beginning of each trial, but they were never informed about a 

relationship between the word and the object sketched on the critical side of the display, nor 

were they given a task on the word. Had participants been asked to imagine the object denoted 

by the word, we may have observed a significant correlation.  

The internal representations questionnaire (IRQ; Roebuck & Lupyan, 2020) assesses 

people’s subjective mode of internal representations. In Experiment 1B, two negative 

correlations were observed: Detection accuracy for upright displays preceded by an UNRssc word 

was negatively correlated with orthographic imagery and detection RTs for upright displays 

preceded by a BL word were negatively correlated with orthographic imagery. These 

correlations did not replicate in Experiment 2B; however, detection accuracy for upright displays 

preceded by an UNRssc word was positively correlated with representational manipulation ability.  

Overall, the results from Studies 1 and 2 replicate and extend those of Skocypec and 

Peterson (2021a). The absence of impaired detection accuracy for displays following UNRssc 

words is inconsistent with the label-feedback hypothesis (Lupyan, 2012; Lupyan & Clark, 2015). 

Our results support the hypothesis that words operate through the semantic network to activate 

the neural population representing the object denoted by the word. The results also support 

Skocypec and Peterson’s (2021a) claim that, at least for meaningful objects, semantics are a 

critical component of object detection.  
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Appendix A 

Objects Portrayed on the Critical Side of the Border (BL Words) and Paired UNRssc Words  
 

Stimulus Name/  

BL Word 

UNRssc  

Word 

anchor candle 

axe mop 

bell book 

boot oven 

bulb rake 

butterfly blueberry 

cow log 

dog hay 

eagle peach 

elephant broccoli 

face fire 

faucet podium 

flower turkey 

foot corn 

guitar needle 

hand fish 

horse lemon 

house watch 

hydrant spatula 

kettle zipper 

lamp drum 

leaf swan 

owl pea 

palm tree rain drop 

pig ivy 

pineapple alligator 

rhino mango 

snowman bandaid 

toilet button 

train radio 

tree goat 

trumpet compass 

umbrella envelope 

watering can baseball bat 

wineglass thumbtack 

woman shark 
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Appendix B 

Table 7 

Descriptive Statistics for Imagery Questionnaires 

 VVIQ IRQ Factors 

 VVIQ 

Score 

Visual 

Imagery 

Internal 

Verbalization 

Orthographic 

Imagery 

Representational 

Manipulation 

Exp. 1B (N = 31)  (N = 29) 

M 3.91 3.92 3.72 2.78 3.61 

SD 0.65 0.54 0.48 0.55 0.71 

Exp. 2B (N = 30) (N = 28) 

M 3.90 3.96 3.90 2.99 3.67 

SD 0.53 0.73 0.43 0.52 0.58 

 

Note. Means (M) and Standard Deviations (SD) for each measure/factor on the imagery questionnaires. 

The VVIQ consisted of 16 statements rated on a 5-point scale where 1 = no image at all (only knowing 

that you are thinking of the object), 2 = vague and dim, 3 = moderately clear and vivid, 4 = clear and 

reasonably vivid, 5 = perfectly clear and as vivid as normal vision. This is the reverse-coded rating scale 

where a larger number indicates more vivid visual imagery. The IRQ consisted of 39 statements rated on 

a 5-point scale where 1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree. A 

larger number for Visual Imagery, Internal Verbalization, and Orthographic Imagery reflects greater 

propensity, a larger number for Representational Manipulation reflects greater self-rated ability. Two of 

the 39 items on the IRQ were reverse coded and served as attention checks.  The data from any participant 

who missed one or both attention checks were not included in the analysis.   
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Abstract 

Skocypec and Peterson (2021a, 2021b) demonstrated that semantic expectations initiated by 

words denoting objects influence object detection at least when the words were consciously 

perceived. Here, we investigated whether words presented outside of awareness can affect object 

detection. Figure assignment (i.e., archetypal object detection) served as our index of object 

detection. Masked displays sketching a portion of a familiar object on one side of the central 

border – the critical side – were shown for 90 ms (Exps. 1 and 2) or 100 ms (Exp. 3). Participants 

reported whether they detected an object on the left or right side of the display. Before each 

display, a word was presented briefly between pre- and post-masks; the masks were intended to 

render them unconscious. Words denoted either the basic-level (BL) category of the object 

sketched on the critical side of the border or an unrelated object from a different superordinate 

category (UNRdsc). In control Exp. 2, instead of words, masked strings of x’s were presented 

before the displays. In Exps. 1B and 3, participants also completed a lexical decision task to 

assess word visibility. In Exp. 1A, object detection accuracy was higher for upright displays 

preceded by a BL word rather than an UNRdsc word. This semantic effect was not replicated in 

Exp. 1B; Exp. 1B showed no semantic effects and the lexical decision results indicated 

participants may have consciously perceived some words; hence, we cannot rule out that some 

words were perceived consciously in Exp. 1A. Moreover, there were no differences between 

Exp. 1A and control Exp. 2, indicating that the semantic effect in Exp. 1A may have been an 

anomalous finding. Exp. 3, the most sensitive test of our hypothesis, revealed no influence of 

semantic activation on object detection. These studies fail to support the hypothesis that 

unconsciously presented words denoting target objects can influence object detection.  

 Keywords: object detection; figure assignment; unconscious perception; semantic 

expectations; priming 
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Do Unconsciously Presented Words Affect Object Detection? 

Words are related to the objects they denote via semantics. This raises the question of 

whether semantic expectations initiated by words denoting objects can influence object 

detection. Previous research investigating this question (e.g., Costello et al., 2009; Lupyan & 

Ward, 2013; Stein & Peelen, 2015) suggested that semantics can influence object detection; 

however, the methods employed left important questions unanswered including how to best 

operationalize object detection, whether results indexed object detection per se or feature 

detection, whether repeated presentations of test objects (which were often degraded) played a 

role, and when, where, and how semantic influences operate. To investigate this question, 

Skocypec and Peterson (2021a, 2021b) indexed object detection using an archetypal object 

detection task: figure assignment. When two regions in the visual field share a common border, 

both sides are assessed to determine whether that border is a bounding contour of an object. If 

the best fitting interpretation is that an object is present on one side of the border, that region is 

assigned as a figure and an object is detected there; the region on the other side of the border is 

perceived as shapeless and appears to continue behind the object as a background. Thus, figure 

assignment is a fundamental form of object detection (Peterson, 2019).  

In our previous experiments, we used bipartite displays in which a portion of a well-

known object was sketched on one side of the central border – this was the critical or “familiar 

configuration” side of the display (see Figure 1). Research has shown that the suggestion of a 

well-known object on one side of a border is a strong figural prior (e.g., Gibson & Peterson, 

1994; Peterson & Gibson, 1991,1993, 1994a, 1994b; Peterson, Harvey & Weidenbacher, 1991) 

(for review see Peterson, 1994; Peterson, 2019); it is more effective in displays depicting the 

familiar configuration in an upright rather than an inverted orientation because upright 
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orientations are more familiar. The orientation dependency of the results is important for 

attributing the effects to past experience; they cannot be attributed to geometric properties 

because those do not change with a change in orientation. Moreover, the orientation dependency 

permits attribution of the effects to familiar configurations rather than to familiar parts or 

features (Peterson et al., 1991; for additional evidence, see Barense et al., 2012).  

Sample Bipartite Displays 

Skocypec and Peterson (2021a, 2021b) investigated whether semantic activation 

influences object detection by presenting an unmasked word before each test display (stimulus 

onset asynchrony = 750 ms); the word denoted either the basic-level (BL) category of the object 

depicted on the critical side of the border or that of a semantically unrelated (UNR) object. UNR 

words denoted objects from a different superordinate category (UNRdsc) than the object in the 

display (Skocypec & Peterson, 2021a) and from the same superordinate category (UNRssc; 

Skocypec & Peterson, 2021b). The speed and accuracy of participants’ reports that they 

perceived a figure on the critical side of the border were compared to control conditions in which 

Figure 1 

 

Note. In all stimuli, a portion of a well-known object was sketched on one “critical” side of the central 

border; this critical region was equally often on the left/right, in black/white, and upright/inverted. In 

these samples, the portions of the well-known objects are sketched on the right side of the central border 

in black (upright portions of a woman and an umbrella are shown in A and B, respectively; inverted 

versions are shown in C and D, respectively). Displays were presented on a medium gray background. 
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words did not precede test displays. Comparisons to control were necessary to elucidate whether 

semantic effects observed were due to BL words improving object detection, UNR words 

impairing object detection, or both.  

Both when test displays were exposed for 90 ms and 100 ms before they were masked, 

Skocypec and Peterson (2021a) and Skocypec and Peterson (2021b) observed increased 

detection accuracy compared to control in the BL condition and no change in detection accuracy 

in the UNR conditions (both UNRdsc and UNRssc). These results are consistent with the 

hypothesis that the words operate through the semantic network to activate the neural population 

representing the object denoted by the word as opposed to the lower-level features of the object. 

Had effects been mediated by feature predictions generated by the word, then compared to 

control, both an increase in object detection accuracy following BL words and a decrease in 

detection accuracy following UNR words would have been expected.  

For detection RTs with 90-ms test display exposures, Skocypec and Peterson (2021a) 

observed shorter RTs relative to control for upright displays preceded by a BL word. RTs for 

both upright and inverted displays did not differ from control following an UNRdsc word. With 

100-ms test display exposures, which allowed more time for the semantics of the object sketched 

on the critical side of the display to be activated, detection RTs were significantly longer than 

control for displays preceded by an UNRdsc word. That object detection accuracy was unaffected 

while RTs were lengthened suggested that object detection cannot occur when there is conflict in 

the semantic system; moreover, this dissociation indicated that the conflict was resolved in favor 

of the familiar configuration sketched in the display. 

Objects from different superordinate categories are represented farther from one another 

in cognitive and neural space than objects from the same superordinate category (e.g., Bracci et 
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al., 2019; Carlson et al., 2003; Chen et al., 2017; Grootswagers et al., 2018; Kriegeskorte et al., 

2008; Plaut, 2002). Moreover, the semantic networks for objects in the same superordinate 

category have more overlapping properties and thus exhibit greater competition for neural 

representation than those for objects in different superordinate categories (e.g., Cohen et al., 

2014). In Skocypec and Peterson (2021b) we used UNRssc words to examine whether conflict 

would emerge earlier in time. Indeed, both when test displays were exposed for 90 ms and 100 

ms before they were masked, detection RTs were significantly longer than control. That conflict 

emerged earlier in time indicated that the time at which conflict emerges is a joint function of the 

amount of semantic activation initiated by the display and the distance between the semantic 

networks of the object in the display and the object denoted by the UNR word. 

 Together, Skocypec and Peterson (2021a) and (2021b) demonstrated three critical 

findings: (1) semantic activation can affect object detection when measured via archetypal object 

detection responses and when objects are neither degraded nor repeated; (2) object detection 

entails semantics in that it is delayed until semantic conflict is resolved; and (3) the time at which 

conflict emerges is a joint function of the amount of semantic activation initiated by the display 

and the distance between the semantic networks of the object in the display and the object 

denoted by the UNR word. These findings were all obtained when unmasked words were 

presented for 250 ms followed by a long delay; hence, participants were consciously aware of the 

words. Would we observe semantic effects on object detection if the words were presented 

unconsciously?  

Unconscious Perception of Words Preceding Test Displays 

Evidence for effects of unconscious perception comes primarily from unconscious 

priming paradigms wherein an unconscious stimulus (e.g., a color, a word, a picture, etc.) is 
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shown to influence (or “prime”) behavior on a subsequent task (e.g., Dehaene & Changeux, 

2011; Kiefer, 2019; Kiefer & Brendel, 2006; Kiefer & Spitzer, 2000; Kouider & Dupoux, 2001; 

Kouider et al., 2007; Naccache & Dehaene, 2001; Martens et al., 2011). Results showing 

evidence of unconscious priming have been bolstered by reports that stimuli that are not 

consciously perceived can nevertheless affect brain activity. For example, it has been 

demonstrated that unconsciously presented stimuli are processed in a broad range of high-level 

brain regions including the prefrontal cortex (e.g., Dehaene & Changeux, 2011; Kouider & 

Dehaene, 2007; Van Gaal & Lamme, 2012). An important question arises regarding the type of 

information that can be processed when a stimulus is presented unconsciously. According to 

Kouider and Dehaene (2007), orthographic and lexical information can be processed, but 

evidence for phonological and semantic processing, although real, is much more restricted.  

When priming effects are observed using unconsciously-presented stimuli, the effects are small – 

much smaller than under conscious conditions. Furthermore, priming effects have been shown to 

vary according to factors including masking procedure (e.g., Wernicke & Mattler, 2019; see 

Cacciamani et al., 2014 and Peterson et al., 2012 for evidence of unconscious priming without 

masking), task/task set (e.g., de Wit & Kinoshita, 2015; Kiefer, 2019; Kiefer & Martens, 2010; 

Martens et al., 2011), and context (e.g., Kouider & Dehaene, 2007). Because priming effects are 

often small and vary according to a number of different factors, they are notoriously hard to 

replicate (de Wit & Kinoshita, 2015). As such, while most experts believe unconscious 

perception exists, they do not believe it has been convincingly demonstrated (Peters & Lau, 

2015). 
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The Current Experiments 

 The goal of the current experiments was to investigate whether unconsciously presented 

words influence object detection using the optimal standards for the time at which the 

experiments were conducted. Arguably the most common method used to present words 

unconsciously is the joint use of brief presentations and masking techniques (e.g., Kouider & 

Dehaene, 2007; Stein, Utz, van Opstal, 2020). For our masking technique, we chose to use 

sandwich masking in which a word was shown for a brief duration between a pre-mask and a 

post-mask. At the time Experiment 1A was run, the timing parameters used were considered 

optimal (e.g., Forster & Davis, 1984) and we expected our procedure to render the words below 

conscious awareness. However, upon learning that experimenters often underestimate visibility 

on the assumption that a stimulus was presented too briefly to be consciously perceived (e.g., 

Kouider & Dehaene, 2007), we incorporated a lexical decision task in subsequent experiments to 

assess word visibility; lexical decision tasks are often used to demonstrate an absence of 

conscious perception (de Wit & Kinoshita, 2015). Incorporating this task was important because 

previous studies suggest that masked semantic priming only occurred when participants could 

identify the masked primes (Briand et al., 1988; Dark, 1988; Dark & Benson, 1991; Van Voorhis 

& Dark, 1995). Accordingly in Experiment 1B, as a manipulation check, participants performed 

a lexical decision task on the masked words; the lexical decision task followed the figure 

judgment task and contained half as many trials. After learning that often there are not enough 

trials to allow rejecting the hypothesis of null sensitivity of the prime (e.g., Zerweck et al., 2021) 

and that performance may differ when participants perform the lexical decision task with a task 

set different from the main task, we increased the number of trials in the lexical decision task and 
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incorporated it into the experiment proper in Experiment 3. As such, participants performed two 

tasks on each trial and we were able to assess word visibility on a trial-by-trial basis. 

In the next section, we describe the general methods. Then, we present three studies, the 

first of which includes two experiments. To preview our results, we failed to show reliable 

effects of semantic activation initiated by unconsciously presented words on figure assignment. 

General Method 

Participants 

 Participants were undergraduate students at the University of Arizona (UA) who took 

part to partially fulfill course requirements or in exchange for payment. Before the experiment, 

they provided informed consent by signing a form approved by the UA Human Subjects 

Protection Program. All participants were required to have normal or corrected-to-normal visual 

acuity. Participants in Experiments 1A, 1B, and 2 self-reported whether they met this 

requirement; in Experiment 3, this was demonstrated by their attaining an acuity score ≥ 20/30 

on a Snellen test. As in Skocypec & Peterson (2021a, 2021b) data were analyzed from only those 

participants who met three a priori retention criteria: They 1) had at least 85% usable trials; trials 

were deemed unusable if no response was made before timeout or if the RT was less than 200 

ms;4 2) reported sufficient sleep the night before the experiment (in Experiments 1A, 1B, and 2 

any amount of sleep greater than none was considered sufficient; in Experiment 3, participants 

who reported 4 or fewer hours of sleep were considered sleep deprived); and 3) primarily 

reported their first percept (i.e., they estimated reporting their second percept on ≤ 20% of trials). 

Data from participants who failed to meet these criteria were discarded and additional 

participants were tested. New participants were tested in the same programs so that the data 

 
4 In Experiment 3, this criterion applied to the figure judgment task only. Unusable trials were still removed from the 

lexical decision task and were defined as trials in which no response was made before timeout.  
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entered into the analysis were from a fully balanced set of 32 participants in Experiments 1A & 

1B and 64 participants in Experiment 2. The goal N for Experiment 3 was 64 but we managed to 

test only 56 participants due to Covid conditions. We do not expect the results would be different 

with an additional 8 participants. No participant took part in more than one experiment.  

Experiment 1A 

The participants were 46 undergraduate students (21 female, 25 male). The data from two 

participants were discarded prior to analysis; one participant was familiar with our stimuli and 

therefore knew a portion of a well-known object was sketched on one side of the border of each 

of our test displays and the other participant had difficulties with the English language and did 

not understand task instructions. Nine participants failed to meet the first a priori retention 

criterion, one participant failed to meet the second criterion, and two failed to meet the third 

criterion. The data from these 12 participants were not analyzed further.  

Experiment 1B 

The participants were 44 undergraduate students (33 female, 11 male). The data from one 

participant were discarded prior to analysis because they reported that they closed their right eye 

throughout the experimental trials. Five participants failed to meet the first a priori retention 

criterion and six participants failed to meet the third criterion. The data from these 11 

participants were not analyzed further.  

Experiment 2 (Control) 

The participants were 100 naïve undergraduate students (63 female, 37 male). The data 

from two participants were discarded prior to analysis; one participant was familiar with our 

stimuli and the other participant did not understand the task. A total of 19 participants failed to 

meet the first a priori retention criterion, one participant failed to meet the second criterion, and 
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14 participants failed to meet the third criterion; the data from these 34 participants were not 

analyzed further.  

Experiment 3 

The participants were 72 undergraduate students (49 female, 23 male). 12 participants 

failed to meet the first a priori retention criterion, one participant failed to meet the second 

criterion, and three participants failed to meet the third criterion; the data from these 16 

participants were not analyzed further.  

Apparatus and Stimuli  

A Dell Optiplex 9020 computer with an Intel®Core™ i7-4790 CPU running at 3.60 GHz 

and an AOC G2460PG 24 Class Nvidia G-Sync LCD gaming monitor running at 100 Hz were 

used in all experiments. Participants viewed the monitor from a distance of 100 cm; their head 

position and viewing distance were maintained by a chinrest. A foot pedal was used to advance 

through instructions and to initiate each trial. Participants’ responses were recorded using 

custom-made button boxes. Stimuli were presented using the software DMDX (Forster & 

Forster, 2003).  

Test Displays 

The test stimuli were 64 bipartite displays (32 upright and 32 inverted) in Experiments 

1A, 1B, & 2 and 72 bipartite displays (36 upright and 36 inverted) in Experiment 3. These were 

vertically elongated rectangular displays separated into two equal-area regions by a central 

border; one region was black the other region was white (see Figure 1). Bipartite displays were 

shown on medium gray backgrounds throughout the experiment; the black and white regions 

contrasted equally with the background. In upright displays, a portion of a well-known object 

was sketched on one side of the central border in its typical upright orientation; this was the 
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critical or “familiar configuration” side of the display. Half of the familiar configurations were 

portions of natural objects (e.g., a woman); the other half were portions of artificial objects (e.g., 

an umbrella). (See Appendix for a list of the objects portrayed on the critical side of the border in 

each experiment.) The other side – the complementary side – depicted a novel shape. Inverted 

displays were created by rotating upright displays by 180˚ and mirroring them across the vertical 

axis. All bipartite displays were viewed by individual participants once only. The displays, their 

image statistics, and normative data are available online (Flowers et al., 2020; 

https://osf.io/j9kz2/).  

The normative data showed high mean agreement on the identity of the well-known 

object sketched on the critical side of the border of the stimuli used in this experiment (M = 

89.15%; SD = 8.17) and low mean agreement for the complementary side (M = 13.98%; SD = 

6.83). Together, the high agreement for the critical side and the low agreement for the 

complementary side demonstrate that the familiar configuration prior is present on the critical 

side, but not the complementary side, of the central border.  

Masks 

Masks for the upright stimuli were made by randomly shuffling portions of critical 

regions from 12 bipartite stimuli. Starting images were created by placing critical regions, 

alternating in contrast from black to white, horizontally in close succession such that the number 

of black and white pixels was equated. Four starting images were created using the 48 stimuli 

tested in the norming experiment (including those used in these experiments). These images were 

then cut into 50 x 50-pixel squares; the location of each square was randomly shuffled within 

each starting image and the resulting image was split at the midline to create two masks. The 

same process was performed on inverted starting images to create masks for the inverted stimuli. 

https://osf.io/j9kz2/
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64 unique masks were used in Experiments 1A, 1B, & 2 and 72 unique masks were used in 

Experiment 3; each mask was 350 X 500 pixels in height (H) and width (W), respectively. 

Words (Experiments 1A, 1B, & 3) 

The words (N = 64 Experiments 1A & 1B; N = 72 Experiment 3) were chosen such that 

two words were paired with each of the well-known objects sketched in the bipartite test 

displays. One was the basic-level (BL) category of the object sketched in the test displays and 

the other was the basic-level category of an unrelated object from a different superordinate-level 

category (UNRdsc).
5 UNR words were not semantically related to their paired BL words but were 

matched in length and frequency; they were found using the SUBTL Word Frequency Database 

(Brysbaert & New, 2009). The words were displayed in lowercase Times New Roman font 

subtending a range of 0.29° to 0.80° H and a range of 0.80° to 3.55° W. Participants viewed each 

word once only during the experiment; no words were repeated. See Appendix for a list of the 

stimuli and words used in each experiment.  

Pre- and Post-Masks for Words (Experiments 1A, 1B, & 3)  

 In Experiments 1A and 1B, word pre- and post-masks consisted of hash marks and 

random strings of lowercase consonants, respectively; the number of hash marks and consonants 

presented was equal to the number of letters in the word.6 Each post-mask was unique and none 

was repeated. In Experiment 3, pre- and post-masks consisted of 144 unique strings of 12 

random uppercase consonants; none was repeated. 

 

 
5 Some of the UNR words were changed from Experiment 1A to 1B because the original words did not all denote 

the name of a concrete object with clear superordinate category membership. Some of the UNR words then changed 

from Experiment 1B to Experiment 3 because we added and removed stimuli. The UNR words used in the figure 

ground trials of Experiment 3 are identical to those used in Skocypec & Peterson (2021a).  
6 These pre- and post-masks were also used in the control experiment (Experiment 2) in which strings of x’s were 

presented instead of words.  
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Design and Procedure 

 The same general procedure, described below, was used in all experiments; experiment-

specific information can be found in the Design and Procedure section of each study.  

Upon arriving at the laboratory, participants read and signed a consent form approved by 

the Human Subjects Protection Program at the University of Arizona. Participants were then 

informed about the nature of their task by following along with instructions displayed on the 

computer as an experimenter read them aloud. They were encouraged to ask questions during 

both the instructions and the practice trials.  

In all experiments, participants were first instructed on the nature of figure-ground 

perception and shown a few examples of closed, bounded figures on colored backgrounds. They 

were then introduced to black and white bipartite displays on medium gray backgrounds and told 

that their task was to report whether they perceived a figure on the left or the right side of the 

central border. Participants were informed that there were no correct or incorrect answers for the 

figure judgment task; they were instructed to report their first impression. Participants made their 

figure reports on a response box with two horizontally aligned buttons;7 they pressed the right 

button to indicate they perceived the figure on the right side of the central border and the left 

button to indicate they perceived the figure on the left side of the central border. Assignment of 

the left and right buttons did not change across participants as “left” and “right” have intrinsic 

meaning with respect to the displays. RTs to make the figure reports were recorded from the 

onset of the bipartite test display; hence, they include the exposure durations of the test display 

and the mask. 

 
7 In Experiment 1A, participants made their response using both hands on the button box. In all subsequent 

experiments, participants responded to the figure judgment task using their dominant hand only to avoid potential 

response biases (e.g., faster RTs for responses made with dominant vs. nondominant hand; when in doubt, tendency 

to choose the side associated with the dominant hand). 
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General Data Analysis Methods 

In each experiment, we analyzed 1) the proportion of trials in which participants reported 

perceiving the figure on the critical side of the border where the familiar configuration lay as an 

index of “object detection accuracy” or simply “accuracy” and 2) the mean RTs for trials in 

which participants accurately detected the object on the critical side of the border. Experiment-

specific analysis information can be found in the Results section of each experiment.  

Study 1 

Methods 

Experiment 1A 

Design and Procedure 

The trial structure is shown in Figure 2A. Each trial began with a central fixation cross; 

participants were instructed to fix their eyes on the cross and to press the foot pedal when they 

were ready to initiate the trial. After the foot pedal was pressed, a pre-mask appeared at the 

center of the screen (350 ms), followed by the word (50 ms), a post-mask (60 ms), then by the 

bipartite display (90 ms), and finally by a display mask (200 ms).8 The word denoted either the 

BL category of the object portrayed on the critical side of the test display (e.g., “flower”) or that 

of an UNRdsc object (e.g., “wallet”). Participants had 3,000 ms from the onset of the test display 

to make their response; RTs ≥ 3,000 ms were considered timeouts.  

 

 

 

 

 
8 At the time, these were considered optimal parameters (e.g., Forster & Davis, 1984) and we expected this 

procedure to render the words below conscious awareness. 
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Figure 2 

Trial Structures for Experimental and Control Groups 

Note. (A) Trial structure for Experiments 1A/1B. Following fixation, a pre-mask was presented (350 ms) 

followed by a word (50 ms) and a post-mask (60 ms). The sandwich-masked word denoted either the 

basic-level name of the portion of the object sketched on the critical side of the border (e.g., “flower,” as 

depicted above) or the basic-level name of an unrelated object from a different superordinate category 

(e.g., “wallet”). A test display was then shown (90 ms) and followed by a mask (200 ms). The test display 

shown above depicts a portion of an upright flower sketched on the right side of the central border in 

black. During the experiments, the portions of common objects sketched on the critical sides of the 

borders were shown equally often on the left/right, in black/white, and upright/inverted. Task: Report 

which side is figure. The last, blank, screen was shown until response or 3 sec (timeout). (B) Trial 

structure for Experiment 2 (control). Following fixation, a pre-mask was presented (350 ms) followed by 

a string of x’s (50 ms) and a post-mask (60 ms). As in Experiments 1A/1B, the test display was then 

shown for 90 ms and followed by a mask (200 ms). Task: Report which side is figure. The last, blank, 

screen was shown until response or 3 sec (timeout). 
 

 Each participant completed a total of 32 experimental trials; each bipartite display was 

shown once. Half of the test displays were upright and the other half were inverted; black/white 

contrast and left/right location of the critical side of the border were balanced and nested under 

orientation. Half of the stimuli in each orientation were preceded by a BL word; the other half 

were preceded by an UNRdsc word. Participants were told each trial would contain flashing 

symbols before the test display to which they were instructed to respond, but they were not told 
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that a word would be presented between those symbols.  

Before the experimental trials, participants completed 16 practice trials. None of the 

words, test displays, or masks used in practice was used in experimental trials.  

Results: Experiment 1A 

Repeated measures ANOVAs with two within-subject factors (word type: BL vs. UNRdsc; 

orientation: upright vs. inverted) were used to analyze the results of Experiment 1A. 

Detection Accuracy 

As can be seen in Figure 3A, an interaction between orientation and word type was 

observed, F(1,31) = 4.69, p < .04, η2 = 0.13. Follow-up t-tests revealed that for upright displays, 

detection accuracy was significantly higher following a BL word than an UNRdsc word, t(31) = 

2.45, p < .02, d = 0.44, but for inverted displays, no word-type effect was observed t(31) = 0.61, 

p > .54. Overall object detection accuracy was low (M = 0.58, SE = 0.02) and was not higher for 

displays following a BL word (M = 0.60, SE = 0.03) than an UNRdsc word (M = 0.56, SE = 0.03), 

F(1,31) = 1.28, p > .26. There was no simple main effect of orientation (M = 0.58, SE = 0.03 and  

M = 0.58, SE = 0.02, for upright and inverted displays respectively, F(1,31) = 0.04, p > .85).  

Object Detection Accuracy and Detection RTs 

Figure 3 

Note. Results for Experiment 1A; detection accuracy (left) and detection RTs (right). Error bars represent 

standard error of the mean difference. ** p < .03. Up = Upright displays; Inv = Inverted displays. BL = a Basic 

Level word preceded the display; UNR = an UNRdsc word preceded the display. 
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Reaction Times 

As can be seen in Figure 3B, accurate detection was significantly faster for upright 

displays (M = 741.3 ms, SE = 47.5) than for inverted displays (M = 792.4 ms, SE = 48.7), 

F(1,31) = 5.21, p < .03, η2 = 0.14. However, detection RTs for displays preceded by a BL word 

(M = 770.1 ms, SE = 48.2) and an UNRdsc word (M = 763.6 ms, SE = 47.7) did not differ, 

F(1,31) = 0.10, p > .76. The effect of orientation did not vary with the word type F(1,31) = 3.05, 

p > .09. 

Discussion 

In Experiment 1A, we observed significantly higher detection accuracy for upright 

displays preceded by masked BL words than by masked UNRdsc words, but no difference in 

detection accuracy for inverted displays. These findings suggest that words presented 

unconsciously might influence object detection. Note, however, that the pattern of results was 

different from what was observed with consciously presented words, where semantic effects 

were approximately the same for upright and inverted displays. Moreover, we hesitate to 

conclude that semantic activation from unconsciously presented words affects object detection 

given that we did not incorporate a task to assess word visibility (e.g., Kouider & Dehaene, 

2007). Even though we used sandwich masking and brief exposures of the words with the 

intention of presenting the words unconsciously, participants may have, nevertheless, been able 

to consciously perceive the words. In Experiment 1B, we attempted to replicate the pattern of 

results observed in Experiment 1A while incorporating a lexical decision task to measure word 

visibility.  

Experiment 1B 

Design and Procedure 
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 A total of 64 experimental trials was presented over two hidden blocks; 64 bipartite test 

displays (32 upright and 32 inverted) were each shown once only; 32 per block. Half of the test 

displays in each block were upright and the other half were inverted; upright and inverted 

versions of a given display were presented in different blocks. Black/white contrast and left/right 

location of the critical side of the border were balanced and nested under orientation. Half of the 

stimuli in each orientation in each block were preceded by a BL word; the other half were 

preceded by an UNRdsc word (UNRdsc set A). The contrast and side of the critical region relative 

to the central border and the word type pairing (BL vs. UNRdsc) were changed in the second 

block. As in Experiment 1A, participants were told each trial would contain flashing symbols 

before the test display, but they were not told that a word would be presented between those 

symbols. Before the experimental trials, participants completed 16 practice trials. None of the 

words, test displays, or masks used in practice was used in experimental trials.   

 After both blocks of the figure judgment task in Experiment 1B, participants completed a 

lexical decision task. The goal of this task was to assess whether the words had been presented 

unconsciously. The trial structure for this task was identical to that of the figure judgment task 

except participants were asked to report only whether a word was presented before each display. 

Participants made their response with their dominant hand using a response box with two 

vertically aligned buttons. Assignment of the top and bottom buttons to “Yes” and “No” was 

counterbalanced across participants.  

In the lexical decision task, participants completed 32 experimental trials in which 32 of 

the bipartite displays were shown once (as in the figure judgment task). On half of the trials, a 

real word (RW) preceded the test display (different words than had been used in the figure 

judgment task); on the other half of the trials, a nonword (NW) preceded the test display. To 



154 

 

avoid repeating the RWs used in the figure judgment task, the RWs in the lexical decision task 

comprised a second UNRdsc word selected for each test display (UNRdsc set B). The NWs were 

legal NWs created for each display from the associated BL word (e.g., “krivo” from the BL word 

“rhino”) using Wuggy (Keuleers & Brysbaert, 2010). No real words comprising three or more 

letters were embedded in any of the nonwords.  

In the figure judgment task, word type changed from hidden block 1 to hidden block 2; 

the order in the figure judgment task (BL in block 1 and UNRdsc in block 2 vs. UNRdsc in block 1 

and BL in block 2) determined whether a given stimulus was preceded by a RW or a NW in the 

lexical decision task. When a given stimulus was preceded by a BL word in the first block of the 

figure judgment task, its corresponding NW was shown in the lexical decision task; when a given 

stimulus was preceded by an UNR word (UNRdsc set A) in the first hidden block of the figure 

judgment task, its corresponding RW (UNRdsc set B) was shown in the lexical decision task. 

Participants in the lexical decision task did not make a left/right response about the display; 

therefore, the orientation, contrast, and side of the critical region shown in the lexical decision 

task was the same as block 1 of the figure judgment task.  

Before the experimental trials, participants completed 16 practice trials. None of the 

words, test displays, or masks used in practice was used in experimental trials.  

Results: Experiment 1B 

Figure Judgment 

Repeated measures ANOVAs with thee within-subject factors (word type: BL vs. 

UNRdsc; orientation: upright vs. inverted; and hidden block: 1 vs. 2) were used to analyze the 

figure judgment results of Experiment 1B.  

To better allow comparison to Experiment 1A which only contained one block of trials, 
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we first present the results for Experiment 1B separated by block (block 1 vs. block 2) and then 

combined. 

Detection Accuracy 

Blocks 1 and 2 Separately. As in Experiment 1A, object detection accuracy across all 

conditions was low (Block 1: M = 0.59, SE = 0.02; Block 2: M = 0.64, SE = 0.03). As can be 

seen in Figures 4A and 4C, a main effect of orientation was observed in block 1: Detection 

accuracy was significantly higher for upright (M = 0.62, SE = 0.03) than for inverted (M = 0.57, 

SE = 0.03) displays, F(1,31) = 4.79, p < .04, η2 = 0.13); the effect of orientation was not 

significant in block 2, F(1,31) = 0.015, p > .90. Detection accuracy was not higher following a 

BL word rather than an UNRdsc word in either block (Block 1: M = 0.59, SE = 0.03 and M = 

0.59, SE = 0.02, respectively, F(1,31) = 0.001, p > .98; Block 2: M = 0.66, SE = 0.03 and M = 

0.63, SE = 0.03, respectively, F(1,31) = 2.18, p > .15). The interaction between orientation and 

word type was not significant in either block, F(1,31) = 0.89, p > .35 and F (1,31) = 2.70, p > 

.11, respectively.  

Blocks 1 and 2 Combined. As can be seen in Figure 4E, when the data from blocks 1 

and 2 were combined, object detection accuracy was not higher for upright (M = 0.63, SE = 0.03) 

than for inverted (M = 0.61, SE = 0.02) displays, F(1,31) = 1.64, p > .21, nor was detection 

accuracy higher following a BL word (M = 0.63, SE = 0.03) than an UNRdsc word (M = 0.61, SE 

= 0.02), F(1,31) = 0.96, p > .34. The interaction between orientation and word type did not reach 

statistical significance, F(1,31) = 3.54, p > .07, and thereby failed to replicate the results of 

Experiment 1A. Finally, the main effect of block was not significant, F(1,31) = 3.75, p > .06, and 

there were no significant interactions, all ps > .07.  
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Object Detection Accuracy and Detection RTs 

Reaction Times 

Blocks 1 and 2 Separately. As can be seen in Figures 4B and 4D, accurate detection was 

not faster when the test displays were upright rather than inverted (Block 1: M = 839.4 ms, SE = 

55.3 and M = 801.6 ms, SE = 50.5, respectively, F(1,31) = 2.78, p > .11; Block 2: M = 744.9 ms, 

SE = 45.4 and M = 759.0 ms, SE = 48.6, respectively, F(1,31) = 1.07, p > .31). Accurate 

detection was also not faster for displays preceded by a BL word rather than an UNRdsc word 

(Block 1: M = 814.9 ms, SE = 54.0 and M = 826.1 ms, SE = 52.1, respectively, F(1,31) = 0.23, p 

Figure 4 

Note. Results for Experiment 1B: Block 1 (top), Block 2 (middle), and Blocks 1 & 2 combined 

(bottom); detection accuracy (left) and detection RTs (right). Error bars represent standard error 

of the mean difference. * p < .05. Up = Upright displays; Inv = Inverted displays. BL = a Basic 

Level word preceded the display; UNR = an UNRdsc word preceded the display. 
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> .63; Block 2: M = 751.5 ms, SE = 51.9 and M = 752.3 ms, SE = 42.4, respectively, F(1,31) = 

0.002, p > .96). The interaction between orientation and word type was not significant in either 

block, F (1,31) = 2.95, p > .09 and F (1,31) = 1.88, p > .18, respectively. 

Blocks 1 and 2 Combined. The main effect of block was significant: Accurate detection 

was faster in the second (M = 751.9 ms, SE = 46.5) than the first (M = 820.5 ms, SE = 51.7) 

hidden block, F(1,31) = 6.46, p < .02, η2 = 0.17. As can be seen in Figure 4F, when the data from 

blocks 1 and 2 were combined, accurate detection was not faster when the test displays were 

upright (M = 792.1 ms, SE = 48.1) rather than inverted (M = 780.3 ms, SE = 47.4), F(1,31) = 

0.83, p > .37, nor was accurate detection faster for displays preceded by a BL word (M = 783.2 

ms, SE = 51.2) rather than an UNRdsc word (M = 789.2 ms, SE = 44.7), F(1,31) = 0.13, p > .72. 

There were no significant two- or three-way interactions, all ps > .057. 

Lexical Decision 

Of the 32 participants whose data were included in the analysis of the figure judgment 

task, 26 were included in the analysis of the lexical decision task.9 A paired-samples t-test was 

used to compare accuracy for word versus nonword trials. To assess whether participants were 

able to consciously perceive the words, we performed a signal detection analysis. Hits (H) were 

defined as responding “Yes” (there was a word) when a word was present and False Alarms (FA) 

were defined as responding “Yes” (there was a word) when a nonword was present. We 

calculated d' as z(H) − z(FA). If participants could not distinguish between the words and 

nonwords then we expect d' to be low (i.e., we expect their sensitivity to discriminating between 

the word types to be low). 

Accuracy & d' 

 
9 The 6 participants whose data were not included met the 85% usable trials criterion in the figure judgment task, but 

not the lexical decision task.  
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Participants were significantly more accurate on nonword (M = 0.78, SE = 0.03) than on 

word (M = 0.38, SE = 0.05) trials, t(25) = 6.61, p < .001, d = 2.01. The relatively high accuracy 

on nonword trials may reflect a bias to respond “No” (there was not a word). The signal 

detection analysis suggests that some participants may have consciously perceived at least some 

the words (Mean d' = 0.47, SE = 0.84), which is significantly greater than zero, t(25) = 2.86, p < 

.01. This finding would be crucial had we replicated the semantic effects observed in Experiment 

1A because it would suggest that participants might have consciously perceived at least some of 

the words that preceded the test displays. In that case, we could not make claims about effects of 

semantics for unconsciously presented words on object detection because the words were not 

actually presented below conscious awareness. Since we did not include an index of word 

visibility in Experiment 1A, given the results of Experiment 1B, it remains a possibility that the 

effects observed there were due to inadequately masked words.  

Study 1 Summary 

In Experiment 1A, we observed significantly higher detection accuracy for upright 

displays preceded by a masked BL word than by a masked UNRdsc word. These findings were 

consistent with the hypothesis that words can influence object detection even when they are 

presented unconsciously. However, unlike Skocypec and Peterson (2021a, 2021b), word type 

effects were found for upright displays only. This effect was not replicated in Experiment 1B 

which showed null effects.  

Overall, object detection accuracy in Experiments 1A and 1B was low (< 0.63 for upright 

displays). The experiments using bipartite displays are designed so effects are measured 

compared to 0.50, which is the probability of reporting the critical regions as figure if reports 

were based on contrast or side alone rather than familiar configuration. Previously, similarly low 
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reports of upright familiar configurations as figure in neurotypical individuals had been observed 

only when test displays were exposed for < 43 ms and masked immediately afterwards (Gibson 

& Peterson, 1994; Peterson & Gibson, 1994). Thus, we hypothesize that the low object detection 

accuracy reported in Experiments 1A and 1B could be due to interference from the flashing 

display of the briefly exposed word and its pre- and post-masks that preceded the bipartite 

displays; this flashing display may have served as a pre-mask for the bipartite display, effectively 

reducing its exposure duration. The flashing display may have also interfered with the effect of 

familiar configuration on figure assignment as Experiment 1A was the first experiment using 90-

ms display presentations that failed to show a main effect of orientation (e.g., Cacciamani et al., 

2014; Mojica, 2014; Mojica & Peterson, 2013; Peterson, 1994, 2019; Peterson & Gibson, 1994; 

Peterson et al., 2012; Skocypec & Peterson, 2021a, 2021b).  

To further investigate the effects in Experiment 1A, we ran Experiment 2 as a control 

experiment. In Experiment 2, a string of x’s was presented between the pre- and post-mask rather 

than a word. In this control experiment, participants still experienced the flashing display, but no 

word was present, hence, no semantic activation was expected. If the flashing display effectively 

reduces the exposure duration of the test display, we expect low object detection accuracy here, 

too. Furthermore, through comparison to control, we can also assess whether the priming effects 

observed in Experiment 1A were anomalous or not and, if not, whether the semantic effects were 

due to enhancement from a BL word, interference from an UNRdsc word, or both. In what 

follows, we present the results of control Experiment 2 first followed by a comparison of the 

results of Experiments 1A and 2.  
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Experiment 2 

Methods 

Design and Procedure 

The trial structure was identical to that of Study 1 except a string of lowercase x’s was 

presented between the pre-and post-mask (see Figure 2B). The number of x’s presented was 

equal to the number of letters in the name of the object sketched on the critical side of the border 

of the test display (e.g., “xxx” for the display in which the familiar configuration denoted a 

portion of a cow on the critical side of the border).  

Results 

Paired samples t-tests were conducted to compare detection accuracy and detection RTs 

when displays were upright vs. inverted. 

Detection Accuracy 

In this control experiment, in which words were not presented before the test displays, 

detection accuracy for upright displays was low (M = 0.61, SE = 0.02). As can be seen in Figure 

5A, the typical orientation effect was not observed: Detection accuracy was not significantly 

different for upright (M = 0.61, SE = 0.02) than for inverted (M = 0.57, SE = 0.02) test displays, 

t(63) = 1.83, p = .07. The orientation effect we typically observe demonstrates that familiar 

configuration is a figural prior. That we did not observe this effect, which has been observed in 

multiple experiments (e.g., Cacciamani et al., 2014; Mojica, 2014; Mojica & Peterson, 2013; 

Peterson, 1994, 2019; Peterson & Gibson, 1994a, 1994b; Peterson et al., 1991, 2012; Skocypec 

& Peterson, 2021a, 2021b) suggests that the flashing display may indeed have effectively 

shortened the exposure duration of the displays.  
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Object Detection Accuracy and Detection RTs for Control 

Reaction Times 

As can be seen in Figure 5B, participants in the control experiment did not detect the 

object significantly faster when the test display was upright (M = 798.0 ms, SE = 39.8) rather 

than inverted (M = 794.0 ms, SE = 39.3), t(63) = 0.26, p > .79. The lack of an orientation effect 

in detection RTs for control is not surprising; the same results were obtained in the control 

experiments without flashing displays in Skocypec and Peterson (2021a). 

Effect of Words: Comparing Experiment 1A to Control Experiment 2  

Detection Accuracy 

As seen in Table 1, two-tailed independent samples t-tests on detection accuracy revealed 

no significant differences between Experiment 1A and Control (Experiment 2). When a masked 

BL word was presented before the test display, detection accuracy did not differ from control for 

either upright displays (M = 0.63, SE = 0.04 vs. M = 0.61, SE = 0.02), t(50) = 0.56, p > .57, or 

inverted displays (M = 0.56, SE = 0.03 vs. M = 0.57, SE = 0.02), t(55) = 0.20, p > .84. Similarly, 

when a masked UNRdsc word was presented before the test display, detection accuracy did not 

Figure 5 

Note. Results for Control (Experiment 2); detection accuracy (left) and detection RTs (right). 

Error bars represent standard error of the mean difference.  
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differ from control for upright displays (M = 0.54, SE = 0.04 vs. M = 0.61, SE = 0.02), t(52) = 

1.79, p > .07, or for inverted displays (M = 0.59, SE = 0.03 vs. M = 0.57, SE = 0.02), t(54) = 

0.57, p > .57. These results and the failure to replicate the semantic effects in Experiment 1B 

suggest that the interaction between orientation and word type in Experiment 1A may have been 

an anomalous finding.  

Table 1 
 

Experiment 1A minus Control (Experiment 2) 

Reaction Times 

A similar analysis was conducted on RTs to accurately detect the object sketched in the 

bipartite test displays. As can be seen in Table 1, detection RTs for displays preceded by a 

masked BL word did not differ from control for either upright displays (M = 710.1 ms, SE = 48.9 

vs. M = 798.0 ms, SE = 39.9), t(70) = 1.39, p > .16 or inverted displays (M = 830.0 ms, SE = 60.3 

vs. M = 794.0, SE = 39.3), t(58) = 0.50, p > .61. RTs for displays preceded by a masked UNRdsc 

word also did not differ from control for either upright displays (M = 772.5 ms, SE = 57.9 vs. M 

= 798.0 ms, SE = 39.9), t(61) = 0.36, p > .71 or inverted displays (M = 754.8 ms, SE = 43.3 vs. M 

= 794.0, SE = 39.3), t(77) = 0.67, p > .50. Thus, compared to a no-word control condition, 

neither BL words nor UNRdsc words affected detection RTs.  

 Upright Inverted 

Measure BL UNRdsc BL UNRdsc 

 Difference p Difference p Difference p Difference p 

Detection 

Accuracy 

0.02 > .57 −0.07 = .07 −0.01 > .84 0.02 > .57 

Detection 

RTs (ms) 

−87.9 > .16 −25.5 > .71 36.0 > .61 −39.2 > .50 

Note. This table contains the difference values, and the respective p values, in each condition for both 

Detection Accuracy and Detection RTs. Statistically significant differences are bolded.    
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Summary 

The results from Experiments 1A, 1B, & 2 demonstrate that masked words neither 

enhance nor interfere with object detection accuracy or detection RTs relative to the no-word 

control. While we obtained semantic effects in detection accuracy in the upright condition of 

Experiment 1A, as evidenced by an interaction between orientation and word type, we did not 

replicate those findings in Experiment 1B. Why did Experiment 1B fail to replicate Experiment 

1A? While it remains possible that some participants consciously perceived the words in 

Experiment 1A because that experiment did not include a lexical decision task, the semantic 

priming effects observed could have been anomalous since no differences were statistically 

significant compared to control Experiment 2. Alternatively, the interference from the flashing 

display (pre-mask, word, and post-mask) may have been too great to observe semantic effects 

from unconsciously presented words.  

In Experiment 3, we made several methodological changes, described below, to have a 

more sensitive test of whether unconsciously presented words affect object detection. 

Experiment 3  

Methods 

Design and Procedure 

In Experiment 3, the general trial structure was similar to that used in Experiments 1A & 

1B and 2 with several key changes. First, participants completed two tasks on each trial: a figure 

judgement and a lexical decision (word/nonword) judgment. Rather than separating the two tasks 

as we did in Experiment 1B, we combined the two so we could assess word visibility on a trial-

by-trial basis. This design was ideal because research suggests that probing awareness in a 

separate task does not provide an accurate estimation of conscious perception during the main 
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task because awareness is measured in a different context (e.g., Avneon & Lamy, 2018). 

Second, we reduced the exposure duration of the word from 50 ms to 40 ms. According 

to Kouider & Depoux (2001) a prime can be considered genuinely invisible only if its duration is 

below 50 ms. Indeed, our d' analysis from Experiment 1B suggested that some of our participants 

may have consciously perceived some of the masked words that were shown for 50 ms.   

Third, we reduced the duration of the pre-mask from 350 ms to 150 ms. Decreasing the 

duration of the pre-mask has been shown to increase the effectiveness of masking (e.g., Sweeny, 

D’Abreu, Elias, & Padama, 2017). To maintain the duration between the foot pedal press and the 

onset of the word (or nonword) consistent at 350 ms across all experiments in this article, we 

incorporated a 200-ms blank immediately before the pre-mask.  

Fourth, we changed the pre-masks themselves. Here, all pre-masks consisted of strings of 

12 random uppercase consonants. We chose not to vary the length of the pre-masks to prevent 

participants from anticipating word/nonword length; strings of 12 letters were necessary to 

ensure adequate masking of our longest words. Pre-masks (and post-masks) consisted of 

uppercase consonants so they would be physically distinct from the words/nonwords. Even 

though the masks did not contain any vowels, without a case change, the mask can serve as a 

continuation of part of the word/nonword (Forster, 1998). We used 144 unique pre- and post-

masks; none was repeated.  

Fifth, since participants completed two tasks on each trial, we incorporated nonwords; 

adding nonwords was essential for the lexical decision task. Thus, each display had four paired 

“letter strings”: a BL word, an UNRdsc word, a legal nonword made from the BL word (NWBL; 

e.g., “anslar” created from “anchor”), and a legal nonword made from the UNRdsc word (NWUNR; 

e.g., “scimer” created from “spider”). (See Appendix for a list of all words and nonwords.) This 
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change reduced the number of trials directed to the main question of whether semantic activation 

initiated by words shown before bipartite displays can affect object detection. Accordingly, we 

tested twice as many participants in this experiment as in Experiments 1A & 1B. 

Sixth, we increased the duration of the word post-mask from 60 ms to 100 ms to increase 

its effectiveness. While our post-masks always consisted of a random string of consonants, each 

post-mask was twelve uppercase letters like the pre-masks.  

Seventh, we increased the time between the offset of the word post-mask and the onset of 

the bipartite display to 260 ms from 0 ms; the screen was blank during this delay. We included 

this delay for two reasons: (1) to prevent the post-mask from interfering with the display; (2) to 

increase the SOA between the word and the bipartite display to 400 ms, which others have 

shown is sufficient time for a word to activate its semantic network (e.g., Clarke, 2019; Lupyan 

& Spivey, 2010; Schendan & Kutas, 2003, 2007). It is possible that in Experiments 1A & 1B the 

SOA between the word and the bipartite display (110 ms) was too short for an adequate test of 

the hypothesis that semantics activated by an unconsciously presented word can influence object 

detection.  

Eighth, to encourage responses based on first impressions, we decreased the response 

window from 3 seconds (or response) to 2 seconds. This change also made the lexical decision 

task more sensitive by reducing the delay between the word presentation and the response (e.g., 

Kouider & Dehaene, 2007).  

Finally, we opted to present our test displays for 100 ms as opposed to 90 ms because, as 

was demonstrated in Skocypec and Peterson (2021a), 100-ms displays allow more time for the 

semantics of the object sketched in the display to build (cf., Clarke, 2019; Clarke & Tyler, 2014, 

2015; Schendan & Kutas, 2003, 2007; Tyler et al., 2013). The duration of our display post-mask 
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remained the same at 200 ms.  

The trial structure is shown in Figure 6.  Each trial began with a central fixation cross; 

participants were instructed to fix their eyes on the cross and to press the foot pedal when they 

were ready to initiate the trial. After the foot pedal was pressed, a blank screen (200 ms) 

appeared followed by the word pre-mask (150 ms), the word (or nonword; 40 ms), the word 

post-mask (100 ms), another blank screen (260 ms), the bipartite display (100 ms), the display 

mask (200 ms), and finally the word/nonword prompt.  

Trial Structure for Experiment 3 

Figure 6 

Note. Trial structure for Experiment 3. Following fixation, a blank screen was presented (200 ms), 

followed by a pre-mask (150 ms), a word (or nonword; 40 ms), a post-mask (100 ms), another blank 

screen (260 ms), the bipartite display (100 ms), the display mask (200 ms), and finally the word/nonword 

prompt. Either a word (BL or UNRdsc) or a nonword (NWBL or NWUNR) was presented between the pre- 

and post-mask. The nonword depicted above (“wyllat”) is a NWUNR (nonword made from the UNRdsc 

word “wallet”). The test display shown above depicts a portion of an upright flower sketched on the right 

side of the central border in black. During the experiments, the portions of common objects sketched on 

the critical sides of the borders were shown equally often on the left/right, in black/white, and 

upright/inverted. Participants completed two tasks on each trial. Figure Report Task: Report which side is 

figure; Lexical Decision Task: Report whether a word or a nonword was shown in the flashing symbols. 
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A total of 72 experimental trials were presented over two hidden blocks; 36 of the 

bipartite test displays were shown once per block. Half of the test displays in each block were 

upright and the other half were inverted; upright and inverted versions of a given stimulus were 

presented in different blocks. Black/white contrast and left/right location of the critical side of 

the border were balanced and nested under orientation. Half of the stimuli in each orientation in 

each block were preceded by a word, the other half were preceded by a nonword (NW). For the 

trials with words, half were BL words and half were UNRdsc words. For the trials with NWs, half 

were NWBL (nonwords created from BL words) and half were NWUNR (nonwords created from 

UNRdsc words). When a given stimulus was preceded by a BL word in block 1, it was preceded 

by a NWUNR in block 2 and vice versa. Similarly, when a given stimulus was preceded by an 

UNRdsc word in block 1, it was preceded by a NWBL in block 2 and vice versa.  The contrast and 

side of the critical region relative to the central border were changed in the second block. Sixteen 

programs were used to have a balanced experiment. 

During instructions, we explained that the figure judgment task was the more important 

of the two, so we explained that task first. Participants were informed that they could make their 

response about which side they saw as figure as soon as they saw the black and white test 

display; since response times were recorded from the onset of the bipartite test display, they 

included the exposure durations of the test display and the mask. Participants made their figure 

reports with their dominant hand on a response box with two horizontally aligned buttons. 

Participants then completed 10 practice trials in which they made figure judgment responses 

only.  

Next, participants were informed about the lexical decision task. They were told that even 

though the flashing letter strings appeared before the black and white test displays, they were to 
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respond to the black and white display first and the word/nonword second.10 Participants were 

instructed to withhold their word/nonword response until a prompt was shown at the end of each 

trial. Participants had 4 seconds to make their response from the onset of the word/nonword 

prompt. We emphasized that if participants were unsure whether they saw a word or a nonword, 

they were to guess. Participants made their reports with their non-dominant hand on a response 

box with two vertically aligned buttons. Assignment of “word” and “nonword” to the top and 

bottom buttons was counterbalanced across programs.  

To verify that participants understood both tasks and were responding in the correct time 

windows, they completed 10 more practice trials in which they made both responses.  

Results 

Figure Judgment 

Repeated measures ANOVAs with three within-subject factors (word type: BL vs. 

UNRdsc vs. NWBL vs. NWUNR; orientation: upright vs. inverted; and hidden block: 1 vs. 2) were 

used to analyze the results of Experiment 3.  

Detection Accuracy 

Detection accuracy was higher in Experiment 3 than in the preceding experiments 

reported here. Participants reports of the critical region as figure (M = 0.72) were similar to those 

obtained in previous experiments using 100-ms test displays. As can be seen in Figure 7A, a 

main effect of orientation was observed indicating that the results indexed object detection per 

se: Detection accuracy was higher for upright than for inverted displays (M = 0.74, SE = 0.02 

and M = 0.69, SE = 0.02, respectively, F(1,55) = 12.37, p < .001, η2 = 0.18), showing a pattern 

observed in many previous experiments with these displays. No effects of semantic activation 

 
10 We chose this response order to keep the stimulus-onset-asynchrony (SOA) between the word and the display 

consistent across all participants. If participants made their word/nonword response first, the onset of the display 

would have varied according to RT. 
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were observed, however: Object detection accuracy did not differ for displays preceded by BL 

words, UNRdsc words, NWBL nonwords, or NWUNR nonwords (M = 0.72, SE = 0.02;  M = 0.71, 

SE = 0.02;M = 0.72, SE = 0.02; and M = 0.71, SE = 0.02, respectively, F(3,165) = 0.11, p > .95). 

The effect of orientation did not vary with word type, F(3,165) = 0.30, p > .82. Finally, accuracy 

increased significantly from the first to the second hidden block (M = 0.79, SE = 0.03 and M = 

0.83, SE = 0.02, respectively), F(1,55) = 16.39, p < .001, η2 = 0.23. There were no significant 

interactions, all ps > .25.  

Object Detection Accuracy and Detection RTs 

Reaction Times 

As can be seen in Figure 7B, accurate detection RTs for displays preceded by a BL word 

(M = 833.4 ms, SE = 31.7), an UNRdsc word (M = 851.7 ms, SE = 31.7), a NWBL nonword (M = 

834.2 ms, SE = 30.4), and a NWUNR nonword (M = 831.2 ms, SE = 34.6) did not differ, F(3,165) 

= 0.67, p > .56. Accurate detection RTs did not differ when test displays were upright (M = 841.9 

ms, SE = 31.4) rather than inverted (M = 833.3 ms, SE = 31.4), F(1,55) = 0.34, p > .56 and they 

did not differ from the first to the second hidden block (M = 852.5 ms, SE = 33.3 and M = 822.7 

Figure 7 

Note. Results for Experiment 3; detection accuracy (left) and detection RTs (right). Error bars represent 

standard error. *** p < .001. BL = a Basic Level word preceded the display; UNR = an UNRdsc word 

preceded the display; NWBL = a nonword (made from a BL word) preceded the display; NWUNR = a 

nonword (made from an UNRdsc word) preceded the display.  
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ms, SE = 31.8, respectively, F(1,55) = 1.76, p > .19). There were no significant interactions, all 

ps > .14.  

Lexical Decision 

The average accuracy for words and nonwords for each participant was adjusted so that 

all accuracies were calculated using the total number of word and nonword trials presented (36 

each).   

Accuracy & d' 

Lexical decisions were significantly more accurate on nonword trials (M = 0.57, SE = 

0.03) than on word trials (M = 0.35, SE = 0.03), t(55) = 4.71, p < .001, d = 1.02, perhaps 

reflecting a bias to respond “nonword.” The signal detection analysis revealed that at least some 

participants were sensitive to the signal (Mean d' = −.29, SE = 0.12, t(55) = 2.51, p < .02), but in 

a way that tended to produce incorrect responses (greater false alarm rate than hit rate).  

Summary 

In Experiment 3, reports of the critical region as figure were higher than in Experiments 1 

and 2, most likely because of changes in when the flashing displays initially appeared and the 

260-ms delay between the word post-mask and the test display. Moreover, as in previous 

experiments, the critical regions were perceived as figure significantly more often in upright than 

in inverted displays. The 400-ms SOA between the word and the test display allowed more for 

the words to activate their semantic networks before the test display appeared. The 100-ms 

exposure of the test displays allowed more time for the objects sketched in the test displays to 

activate their semantics (cf., Skocypec & Peterson, 2021a), thereby increasing the likelihood of 

observing interactions between the semantics of the words and the objects sketched in the test 

displays. Nevertheless, no evidence that semantic activation from unconsciously presented words 
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can influence object detection was observed. Furthermore, our d' results suggest that some 

participants could still consciously perceive the words, even though they were exposed for less 

than 50 ms and even though the masking conditions were improved.  

The results obtained in the lexical decision task are consistent with the notion expressed 

by Peters et al. (2017) that inducing unconscious perception is more difficult than the field 

anticipated. Indeed, our experiments illustrate the problems inherent to examining unconscious 

activation.  

General Discussion 

We investigated whether semantic activation initiated by unconsciously presented words 

can affect object detection. We assessed object detection via the speed and accuracy of 

participants’ reports that they perceived the object on the critical side of the border of bipartite 

displays. To present the words below conscious awareness, we employed sandwich masking in 

which a word was shown briefly between pre- and post-masks. In Experiments 1A and 1B, the 

masked words denoted either the BL category of the object sketched on the critical side of the 

border or that of an UNRdsc object. In Experiment 1A, detection accuracy was enhanced when 

preceded by a BL word rather than an UNRdsc word for upright displays, but no differences were 

evident in inverted displays – although, the effects were small and were not replicated in 

Experiment 1B with more trials. We investigated the semantic effects further by comparing the 

results of Experiment 1A to a control experiment (Experiment 2), in which strings of x’s were 

presented instead of words. The comparison revealed no differences in the results of the two 

experiments.  

 While masked priming paradigms are commonly used in the field, researchers tend to 

overestimate the effectiveness of their masking technique and underestimate prime visibility. 
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Therefore, in Experiment 1B, we incorporated a lexical decision task to assess word visibility. A 

d' analysis revealed that despite using parameters considered optimal at the time, the words may 

not have been adequately masked and participants may have consciously perceived them. 

Together, Experiment 1B and the comparison of Experiment 1A to the control experiment 

revealed that the small semantic effect in Experiment 1A may have been anomalous. 

In Experiment 3, we made several methodological changes to our paradigm so that it was 

optimized according to current standards. First, word visibility was assessed on a trial-by-trial 

basis within the context of the figure judgment task. Second, the exposure duration of the word 

was reduced and the exposure durations and forms of the pre- and post-masks were altered to 

increase masking effectiveness. Third, we removed the interference brought on by the flashing 

display (word pre-mask, word, word post-mask) by incorporating a 260 ms blank screen between 

the offset of the word post-mask and the onset of the test display; this blank screen also provided 

additional time for the masked words to activate their semantic networks. With our more 

sensitive paradigm, we did not observe any semantic effects from unconsciously presented words 

on object detection. We did, however, observe the orientation effect that had disappeared in 

Experiments 1 and 2. The main effect of orientation indicates that the results indexed object 

detection per se and not feature or part detection. The results of Experiment 3 indexed object 

detection and no effect of masked words was observed. Thus, we failed to observe evidence that 

semantic activation from an unconsciously-presented word affect object detection.  

The semantic effects observed in Skocypec and Peterson (2021a, 2021b) were obtained 

using an unmasked (i.e., visible) word, a long SOA (750 ms), and an equivalent number of BL 

and UNR trials. In Experiment 3, our most sensitive experiment, words were masked, the SOA 

was 400 ms, and, if one considers the NWs as being unrelated, there were many more UNR trials 
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than BL trials. It is possible that given the very different context, participants in Experiment 3 

learned to ignore the words or suppress responses to them and to rely more on display-generated 

semantic activation; this is consistent with the prime context effect observed by Mojica (2014; 

Mojica & Peterson, 2013). Mojica and Peterson hypothesized that the context of the experiment 

changes the weight assigned to the semantic activation from the familiar configuration sketched 

on the critical side of the bipartite display during figure assignment. The relationship between the 

word and the object sketched in the display could be implicitly learned over the course of the 

experiment; consequently, when there are many more UNR trials, as in Experiment 3, the word’s 

influence could be downweighted. 

Would semantic effects emerge if the words were presented for a longer exposure 

duration?  In Skocypec & Peterson (2021a, 2021b), words were presented for 250 ms. It may be 

that a long exposure duration of the word is necessary to activate semantics strongly enough to 

initiate activation in the semantic network that culminates in semantic effects on figure 

assignment. To test this hypothesis, words would need to be exposed for a long duration (e.g., 

250 ms) yet rendered genuinely unconscious. Given the difficulties of establishing authentic 

unconscious presentation with short exposure durations, doing so with long exposure durations 

does not seem feasible given current methodologies.  

Alternatively, would semantic effects emerge if the word-to-target SOA were 750 ms as 

in Skocypec and Peterson (2021a, 2021b)? While the longer SOA would allow additional time 

for the semantics of the object denoted by the word to activate, as noted earlier the 400-ms word-

to-target SOA used in Experiment 3 was sufficient to activate semantics (e.g., Clarke, 2019; 

Lupyan & Spivey, 2010; Schendan & Kutas, 2003, 2007). Moreover, a 750-ms SOA might be 

too long for a masked prime as masked priming effects have been shown to be short-lived (e.g., 
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Kiefer, 2019; Kiefer & Brendel, 2006; Kiefer & Spitzer, 2000; Martens et al., 2011; Schnyer et 

al., 1997). Thus, with a longer SOA, semantic effects may not be observed as the semantic 

activation from the masked word could have dissipated by the onset of the test display.  

 While many studies claim evidence of unconscious perception using masked priming 

(e.g., Dehaene & Changeux, 2011; Kiefer, 2019; Kiefer & Brendel, 2006; Kiefer & Spitzer, 

2000; Kouider & Dupoux, 2001; Kouider et al., 2007; Naccache & Dehaene, 2001; Martens et 

al., 2011), such claims may be unfounded as the common approach, deemed the standard 

reasoning of unconscious priming, has been scrutinized (e.g., Meyen et al., 2021 ; Zerweck et al., 

2021). Masked priming studies often use two tasks: a direct task and an indirect task. In the 

direct task, participants are asked to classify a masked stimulus (a masked prime) and often 

perform close to chance; this poor performance is taken as evidence that participants could not 

consciously perceive the masked prime. In the indirect task, participants respond to a target 

stimulus that follows the masked prime; if significant effects are observed, they are taken as 

evidence of indirect effects of the prime. Using the standard reasoning of unconscious priming, 

researchers use this pattern of significant priming effects in the indirect task and at-chance 

performance in the direct task to infer that prime sensitivity was better in the indirect than in the 

direct task (e.g., Meyen et al., 2021 ; Zerweck et al., 2021). However, direct tasks are often 

severely underpowered and when performance for both tasks is transformed into the same 

measure of sensitivity, Zerweck et al. (2021) found that, contrary to standard reasoning, 

sensitivity is not better in the indirect task; rather, they found sensitivity was poor in both tasks. 

Therefore, they stress that researchers should not rely on a specific pattern of results but instead 

should use the same number of trials in both tasks and apply the same metric for a proper 

comparison. When the results from previous studies claiming evidence of unconscious priming 
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were reanalyzed, semantic priming effects were no longer observed (e.g., Meyen et al., 2021; 

Zerweck et al., 2021). While unconscious perception may exist, it has not yet been convincingly 

demonstrated.  
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Appendix 

Stimuli, Words, and Nonwords 

 Exp. 1A Exp. 1B Exp. 3 

Stimulus 

Name/BL 
UNRdsc 

UNRdsc 

Set A 

UNRdsc 

Set B 
NW UNRdsc NWBL NWUNR 

anchor bubble spider kidney anslar spider anslar scimer 

axe ant ant doe aub ant aub ags 

bell skin fish moon besh fish besh fiss 

boot frog frog corn bood frog bood wrog 

butterfly artillery submarine bannister bostergly submarine bostergly sulmarals 

kettle jaguar jaguar cactus juttle jaguar juttle jexuar 

cow map toy pen fow toy fow tuy 

dog bed bed bag mog bed mog byd 

duck doll doll belt dush       

eagle sheet robot medal eugre robot eugre rocol 

elephant envelope envelope suitcase elecrite envelope elecrite envenyll 

face door door rock fals door fals soor 

faucet gopher gopher bamboo takcet gopher takcet wosker 

flower wallet wallet mirror flumer wallet flumer wyllat 

foot gift cake desk foop cake foop calt 

guitar deputy turkey peanut guclar turkey guclar lurwey 

hand door road book habs road habs foad 

house world honey water houle honey houle hinem 

hydrant         piranha hydrure sicacra 

lamp bush bush lion larl bush larl bupe 

leaf text glue comb ceaf glue ceaf swue 

bulb clam clam lava bufo clam bufo clar 

train stick river human trard river trard ruker 

mickey tunnel monkey cotton mackep       

owl         rag ocs ral 

palm tree blue jean blue jean love seat pafe snee blue jean pafe snee blucnean 

pig cab cab van hig hat hig hao 

pineapple         cardboard mifeaitre cachsoack 

rhino plank pedal apron krivo pedal krivo polal 

horse paper paper table hoins paper hoins saser 

snowman bologna pelican octopus fjowmab pelican fjowmab seleqan 

toilet tongue tongue cherry teclet tongue teclet torsch 

tree film film tape swee film swee fipt 

trumpet lettuce lettuce volcano spumtet lettuce spumtet futtuce 

umbrella         squirrel ultrulla thrirrul 

watering 

can 

        electric eel woterictnin elesphixial 

wineglass persimmon persimmon artichoke widsglarn persimmon widsglarn porsepmon 

woman         money exan munep 
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Conclusion 

Can what someone knows influence their perception? The experiments comprising my 

dissertation investigated whether one form of knowledge, object meaning (i.e., semantics), can 

influence object detection. 

Figure assignment, an essential component of perception wherein the visual system 

determines which regions of the visual field correspond to figures (i.e., objects) and which 

regions correspond to grounds, served as the index of object detection in all experiments. Test 

displays were bipartite displays in which a portion of a well-known object was sketched on one 

side of the central border; this was the critical or familiar configuration side of the display. The 

suggestion of a well-known object on one side of a border is a strong figural prior; it is more 

effective in displays depicting the familiar configuration in an upright rather than an inverted 

orientation because the upright orientation is more familiar (e.g., Gibson & Peterson, 1994; 

Peterson, 1994, 2019; Peterson & Gibson, 1991,1993, 1994a, 1994b; Peterson, Harvey & 

Weidenbacher, 1991) (for review see Peterson, 1994; Peterson, 2019). The orientation 

dependency of the results attributes the effects to past experience with familiar configurations 

rather than familiar features or parts.  

In each experiment, we tested whether the speed and accuracy of participants’ reports that 

they perceived an object on the critical side of the border were altered by the prior presentation 

of a word. Words denoted either the basic-level (BL) category of the objected depicted by the 

familiar configuration or that of a semantically unrelated (UNR) object.  

In Chapters 1 and 2, the words were presented consciously (i.e., they were not masked). 

Four important findings emerged from Chapters 1 and 2. First, semantic activation from a 

consciously presented word can affect object detection: Detection accuracy was significantly 
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higher for both upright and inverted displays following a BL word compared to control 

conditions in which words did not precede test displays. This finding joins other experiments in 

showing that semantic activation can affect object detection (e.g., Costello et al., 2009; Lupyan 

& Ward, 2013; Pinto et al., 2015; Stein & Peelen, 2015).  

Second, object detection entails semantics; object detection does not occur when there is 

conflict in the semantic system. Conflict manifested as significantly longer detection RTs 

compared to control for upright and inverted displays preceded by an UNR word. That detection 

accuracy was unaffected by the presentation of an UNR word indicates that the conflict was 

ultimately resolved in favor of the familiar configuration in the display.  

Third, the time at which conflict emerges is a joint function of the amount of semantic 

activation initiated by the display and the distance between the semantic networks of the object 

in the display and the object denoted by the UNR word. In Chapters 1 and 2, test displays were 

shown for 90 ms or 100 ms; the longer exposure duration allowed more time for the familiar 

objects in the displays to activate semantics. In Chapter 1, UNR words denoted an object from a 

different superordinate category (natural vs. artificial objects) than the object depicted on the 

critical side of the border (UNRdsc). In the 100-ms condition, but not the 90-ms condition, 

conflict emerged between the semantics activated by the UNRdsc word and object in the display. 

Objects from different superordinate categories are represented farther from one another in 

cognitive and neural space than objects from the same superordinate category (e.g., Bracci et al., 

2019; Carlson et al., 2003; Chen et al., 2017; Grootswagers et al., 2018; Kriegeskorte et al., 

2008; Plaut, 2002). Moreover, the semantic networks for objects in the same superordinate 

category have more overlapping properties and thus exhibit greater competition for neural 

representation than those for objects in different superordinate categories (e.g., Cohen et al., 
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2014). In Chapter 2, UNR words denoted an object from the same superordinate category 

(UNRssc). We predicted that conflict would emerge earlier in time, with 90-ms displays, due to 

the greater competition and greater connectivity between semantic networks for objects in the 

same superordinate category. Indeed, in Chapter 2, conflict emerged earlier in time.  

Four, through comparisons to control, we were able to elucidate the mechanisms of the 

semantic effects. The label-feedback hypothesis (Lupyan, 2012) posits that words generate 

predictions that are fed back to lower levels in the visual system. Following this hypothesis, we 

would expect, compared to control, both increased detection accuracy following a BL word and 

decreased detection accuracy following an UNR word. Yet, in neither chapter did we observe a 

reduction in detection accuracy following an UNR word; thus our results are inconsistent with 

the label-feedback hypothesis. Our results are, however, consistent with the hypothesis that the 

words operate through the semantic network to activate the neural population representing the 

object denoted by the word as opposed to the lower-level features of the object. In the BL 

condition, where the familiar configuration in the test display activated the same population of 

neurons, this pre-activation enhanced object detection in both orientations because both upright 

and inverted objects activate the same population of neurons (Perrett et al., 1998). In the UNR 

conditions, the pre-activation of a different population of neurons corresponding to the denoted 

object did not reduce the accuracy of detecting the object sketched in the display. 

In Chapter 3, words were presented unconsciously. While a semantic effect was observed 

in the first experiment, subsequent experiments failed to replicate it. Overall, the experiments in 

Chapter 3 suggest that semantic activation from an unconsciously presented word do not 

influence object detection.  
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Interacting with the objects we perceive in our environment is an essential aspect of daily 

life. Together, the three chapters of my dissertation expand our knowledge regarding the factors 

that influence object detection.  
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