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Abstract of the Dissertation 

Relational information between objects is available to guide search. 

by 

Joseph Charles Schmidt 

Doctor of Philosophy 

in 

Experimental Psychology 

Stony Brook University 

2012 

Objects in the real world exist relative to other objects, resulting in an intricate web of spatial 

relationships.  Do we use this relational information when we search for objects? Current search 

theory suggests that object relationships can only be established using focal attention (Logan, 

1994; 1995).  If this is true, pre-attentive search guidance by relational information should be 

impossible.  In a series of seven experiments, I demonstrate that search guidance by relational 

information is possible, even in the absence of real-world contextual constraints that may 

magnify relational guidance.  Experiment 1 shows search guidance by relational information 

only, i.e. in the absence of target feature guidance.  Experiment 2 indicates that relational 

guidance is evident in highly heterogeneous displays as well.  Experiment 3 demonstrates that 

relational guidance does not affect search when targets are cued using text labels referring to four 

object classes, suggesting that the effective coding of relational information may require highly 

specific target features. Experiment 4 shows that relational guidance is selectively not expressed 

when functional relationships between objects are contrary to real-world expectations (e.g. a 

hammer below a nail), suggesting that relational guidance is affected by object spatial 

associations in long-term memory.  Experiment 5 further demonstrates that with minimal 

practice there is a small automatic contribution to relational guidance, though with continued 

practice relational guidance increases or disappears depending upon task demands.  Experiments 

6 and 7 show that relational guidance is unaffected by various grouping cues, suggesting that 

object spatial relationships are not coded by low-level visual processes, but rather by higher 

order pointers that code the categorical spatial relationships between objects (above, below, left, 

right).  Collectively, these experiments suggest that object spatial relationships are encoded into 

the guiding target template at preview, thereby making this relational information available to 

guide search and removing the need to assume a pre-attentive coding of relational information 

between peripherally viewed search objects. 
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Relational information between objects is available to guide search.   

Objects in our environment exist in relation to each other; at work my coffee mug is to 

the right of my computer keyboard, and they both reside on top of my desk.  If I ask someone to 

hand me my coffee mug, I may even reference it relative to the keyboard.  Often this reference 

object is used as a landmark because its location is known or it is easy to find (Beun & Cremers, 

1998; Mack & Eckstein, 2011; Talmy, 1983).  Once attention has been directed to the keyboard, 

it must then be further directed in the indicated direction to locate the coffee mug (Logan, 1995).  

This simple example demonstrates that fluidly interacting with objects in the world requires the 

online analysis of spatial relations between objects.   

A significant amount of work has already investigated the use of relational information in 

various contexts ranging in their cognitive demands.  Broad higher level tasks like foraging for 

food (e.g. Tamara & Timberlake, 2011), locating and interacting with objects in the environment 

(e.g. Byrne & Crawford, 2010, Marsh, Spetch, & MacDonald, 2011), describing the location of 

an object (e.g. Schober, 1993, 1995) and navigation (e.g. Foo, Warren, Duchon, & Tarr, 2005; 

Marsh, Spetch, & MacDonald, 2011; Meade, Biro, & Guilford, 2005; Newman et al., 2007; Sturz 

& Bodily, 2010; Sturz, Cooke, & Bodily, 2011; Sturz, Kelly, & Brown, 2010; Sutton, 2002) are 

highly dependent on the use of landmarks and relational information.  Even highly schematized 

tasks such as interpreting information from a scene seems to be influenced by the relational 

information of the objects contained within the scene (e.g. Mandler & Johnson, 1976).  Many 

lower level processes also seem to implicitly use relational information.   Memory for an object’s 

identity or orientation in an explicit change detection task is more accurate when the absolute 

and/or relative spatial relations between the objects in the study and test array are the same, 

presumably because the relational information provides a broader context which aids memory 
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(Hollingworth, 2006, 2007; Jiang, Olson, & Chun, 2000; Vidal,Gauchou, Tallon-Baudry, & 

O’Regan, 2005).  Similarly, if only the location of the test object changes or the non-test objects 

do not reappear, this too is believed to disrupt the context relative to the remaining objects in the 

scene, resulting in less accurate memory for the test object.  This finding suggests that relational 

information between objects is not only maintained in working memory (WM) but it is closely 

intertwined with memory for an object’s identity (Hollingworth, 2006, 2007; Hollingworth & 

Rasmussen, 2010; Jiang, Olson, & Chun, 2000; Olson & Marsheutz, 2005).  Moreover, relational 

information is thought to provide a larger context that is also able to speed search performance 

among repeated array presentations (Chun, 2000; Chun & Jiang, 1998; Jiang & Chun, 2001).  

Whereas these array repetitions occur infrequently enough that they go unnoticed, search 

efficiency increases with repetition, possibly due to the implicit use of relational information 

during the search process (e.g. Chun & Jiang, 1998).  Unlike the implicit effects just described, 

the use of explicit salient landmarks in search is thought to reduce the likelihood that objects are 

re-inspected; the explicit reference is believed to enable inhibition of return to operate more 

effectively (Becic, Kramer, & Boot, 2007; Peterson, Boot, Kramer, & McCarley, 2004).  This 

inter-object effect is not only thought to affect memory and search for an individual object but it 

also affects the recognition of individual objects (Bar & Ullman 1996); when an individual 

object is presented along with a related interacting object, speeded recognition tends to be more 

accurate when they are interacting in a way congruent with real-world expectations and less 

accurate if they are interacting in an incongruent way (Green & Hummel, 2006), leading some to 

suggest that objects performing an action (e.g., a corkscrew opening a bottle ) are perceptually 

bound and perceived as a unitized configuration or group (Green & Hummel, 2006; Humphreys 

et al., 2010; Riddoch et al., 2011; Roberts & Humphreys, 2011a, 2011b).  
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The current work extends research into the effects of relational information to a visual 

search task.  People are highly adept at using relational information between objects in a search 

display to increase their search efficiency (e.g., Brockmole & Henderson, 2006; Neider & 

Zelinsky, 2006). When searching for my coffee mug at work, I will tend not to look on a shelf.  

However, if I was told that my coffee mug was placed on the shelf, would awareness of this 

spatial relationship improve search performance?  It would clearly restrict the search space by 

confining attention to the shelf (Zelinsky & Schmidt, 2009); however, would the shelf be 

incorporated into the target representation?  In this case one could search for the coffee mug 

alone, the coffee mug and the shelf, the coffee mug above “something”, or the coffee mug above 

the shelf.  These possible target representations will be the focus of this investigation.  Can 

relational information between objects be included in the representation used to guide search?   

Spatial terms are thought to impose a relevant space around an object, often referred to as 

a reference frame (Garnham, 1989; Levinson, 1996; Logan, 1995). This reference frame is 

essentially a flexible coordinate system with a number of parameters such as an origin, 

orientation, direction and scale/distance (Logan, 1995; Logan & Sadler, 1996).  The majority of 

work investigating how reference frames are used to process relational information has occurred 

in the context of two primary tasks, a sentence verification task in which the observer’s goal is to 

verify if “X is above Y” in a display containing some number of objects, and acceptability 

ratings in which observers rate how well the current display exemplifies the specified relation.  

These tasks have led to the conclusions that small distances between objects tend to not affect 

relational judgments (Logan & Compton, 1996), but long distances can (Carlson & Van Deman, 

2004).  However, when distractor objects are present, verification times increase even with small 

increases in distance (Logan & Compton, 1996), regardless of the location of the distractor 
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(Carlson & Logan 2001).  These findings are consistent with: attention taking longer to traverse a 

larger distance between objects, distractors only affecting relational judgments by increasing the 

difficulty associated with locating the relevant objects, and only checking the relational 

information for the target objects.  For quite some time, distance was thought to be unnecessary 

to verify directional terms (e.g. Logan & Sadler, 1996).  However, recent evidence suggests that 

calculating the distance between objects is a necessary step in coding relational information, as 

successively repeating distances between objects (while not repeating objects, locations, or 

relations) results in faster verification times compared to not repeating distances, presumably 

because the distance parameter can be carried over from the previous relational judgment 

(Carlson & Van Deman, 2004).  Similarly, direction seems to be encoded during the use of 

proximal terms such as near and far, despite directionality being thought to be irrelevant to 

distance judgments (Ashley & Carlson, 2007; Logan & Sadler, 1996).  These last two points 

suggest that while encoding relational information, people encode additional features about the 

relevant pair of objects.  

Researchers have tried to model the use of relational information for quite some time, 

both within (Hummel & Biederman, 1992) and between objects (Kosslyn, Chabris, Marsolek, & 

Koenig, 1992; Ullman, 1984).  However, some of the most thorough investigations of relational 

information have come from Logan’s many inquiries into the topic.  In a series of eleven 

experiments, Logan (1995) argued that computing relational information requires many 

additional processes beyond those discussed in the attention literature.  Logan points out that the 

attention literature often investigates the absolute position of a target object (e.g. Posner, 1980), 

that is “basic” relations.  But relational terms such as above, below, left and right are relative or 

indexical relationships; object X may be above object Y and both may in fact be below you.  
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Such deictic relationships prohibit simply directing attention in the specified direction; rather, 

you must first locate object Y and then object X’s relative position must be calculated.  Logan 

also acknowledged that this distinction between basic and deictic relations has existed in the field 

of linguistics for quite some time (e.g. Garnham, 1989), and his goal was to combine theories of 

attention that deal with basic terms, with theories of linguistics that deal with relative terms and 

the use of reference frames so as to explain how attention may be involved in computing 

relational information.  According to Logan, to determine whether X is above Y, object Y must 

first be located, then a reference frame must be imposed on object Y.  This reference frame must 

then be aligned with a spatial template to compute the region above object Y, object X must then 

be spatially indexed to create a marker for its location, and finally a goodness of fit must be 

computed to see if object X falls within a region that is indeed above object Y.   Much of this 

was later extended and refined in the form of a computational model (Logan & Sadler, 1996), 

however the basic framework remained largely the same.  This framework has been repeatedly 

tested (Ashley & Carlson, 2007; Carlson & Logan 2001; Carlson & Van Deman, 2004; Logan & 

Compton, 1996) and in fact ERP correlates of many of the steps originally outlined by Logan 

have been identified (Carlson, West, Taylor, & Herndon, 2002).  More recently, however, an 

alternative simplified theory has been proposed to this multi-step model which suggests that 

relational information could be coded by simply recording a pointer between the objects as 

covert or overt attention shifts from one object to the other (Franconeri, Scimeca, Roth, Helseth, 

& Kahn, 2011).  This active research topic has even spawned theories attempting to model 

relational judgments of functionally related interacting objects (Carlson, Regier, Lopez, & 

Corrigan, 2006; Regier & Carlson, 2001).     
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Few studies have investigated whether the relational information between objects can 

guide search.  Much of the work using sentence verification tasks and acceptability ratings to 

investigate the use of relational information has allowed for multiple shifts of attention between 

the objects.  Search guidance is somewhat different as it requires locating the target objects using 

peripheral vision, presumably before attention has shifted there.  Search for a target defined by 

relational information within or between objects is known to be inefficient and difficult (Palmer, 

1994; Wolfe, 1998) and possibly capacity limited (Huang & Pashler, 2005).   But perhaps the 

most thorough investigation into this question was again by Logan in 1994, in which he had 

observers search for a + and – in a specific arrangement (e.g. + left of –) among distractor pairs 

flipped over the specified axis (e.g. + right of –).  Logan demonstrated that search for relational 

information between objects using pictorial previews or linguistic text based cues was highly 

inefficient and it continued to be inefficient even after extended practice.  He suggested that 

computing relational information between objects requires focal attention; relational information 

cannot be used or computed pre-attentively or in the absence of attention.  Logan’s conclusion 

would preclude the ability to guide search by relational information, as guidance signals are 

derived from parallel stages of processing across the field of view (Wolfe, 1994, 2007; Zelinsky, 

2008).  If focal attention must be directed to a pair of objects before relational information can be 

computed, it follows that attention cannot be guided to these objects on the basis of their 

relational information.  It further follows from this argument that attention would shift randomly 

from object pair to object pair until the target is located, as the target spatial relationship would 

not be able to guide these movements of attention.  As well, Logan’s demonstration that search 

efficiency for a target defined by relational information does not improve with extended practice 

or with pictorial previews suggests that memory and practice for a pair of objects does not 
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mitigate the need to check the relational information, or increase the efficiency of the checking 

process.  The one exception to this rule is when the extended practice occurs with objects that are 

connected such that they create a single perceptual object (Logan, 1994).  This suggests that each 

time a pair of objects is encountered the relational information must be rechecked to verify the 

relationship.        
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Aims: 

Logan (1994) concluded that computing spatial relations requires focal attention, which 

would preclude using this information to guide search.  The present series of experiments builds 

on this earlier effort by addressing two main aims.  First, I replicated the parameters of Logan’s 

now seminal work and used real-world objects and more sensitive eye movement dependent 

measures and demonstrated that guidance by relational information is indeed possible under 

these more naturalistic conditions.  Second, I informed existing search theory by exploring the 

boundary conditions in which relational information affects search performance, and when it 

does not. 
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Overview: 

The first experiment addresses Aim 1 of this study, the demonstration that relational 

information can guide overt attention (eye movements) in the context of a search task using 

visually complex real-world objects.  The design of Experiment 1 replicates the parameters of 

Logan’s (1994) fifth experiment in which the target pair was pictorially previewed and defined 

by the relational information between the target objects, i.e. the target pair and the distractor 

pairs use the same objects and only differ with respect to the relative locations of the individual 

objects (their relational information).  It is possible that the perceptual self-similarity of the 

pluses and dashes and the exchanging of targets and distractors used in Logan’s work may have 

made the relational judgment especially difficult, whereas the featurally rich, trial-unique, real-

world objects used in the present work would make for an easier coding of object spatial 

relationships.  As well, the measures of search efficiency used by Logan (1994), principally the 

slope of the set-size effect, can be affected by a number of factors, including the time spent 

looking at distractors and a shift in decision criteria. Given that relational judgments are often 

considered difficult and time consuming, it is not surprising that search for a relation between 

objects would be inefficient.  However, inefficient search need not be unguided search.  Eye-

movement measures tend to be more powerful as they allow the direct measurement of overt 

search guidance relative to a clear chance baseline rather than inferring guidance from search 

slopes (e.g. Schmidt & Zelinsky, 2009).  I also tested whether the relational information is coded 

differently over time; if encoding relational information is highly explicit and requires one or 

more shifts of attention (Franconeri et al., 2011), then guidance by relational information will be 

highly dependent upon preview duration.  Homogenous displays having identical distractors 

were used in Experiment 1 in order to definitively test whether relational information can guide 
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search, and to remain consistent with Logan (1994).  However, the degree of homogeneity used 

in Logan’s work and in the present Experiment 1 is rare; real world settings are often highly 

heterogeneous, and this would allow the features of the target objects to guide search.  

Demonstrating guidance by relational information in these more heterogeneous displays would 

suggest that this information may be useful more generally.  Experiments 2-7 address Aim 2, 

parameterizing guidance from relational information and informing search theory as to how 

relational information is coded and used to guide search.  In Experiment 2 all of the distractor 

pairs consisted of random non-target objects, half vertically oriented and half horizontally 

oriented.  Target pairs either matched the preview’s relational information or the objects 

swapped relative positions (rather than object X being on the right, it was moved to the left); 

guidance to the target pair when the relational information matched the preview was quantified 

and compared to when it did not match the preview.   This difference between matched and 

swapped targets is a pure measure of the guidance resulting from the relational information; and 

will be referred to as relational guidance.   

Experiment 3 further tested the generalizability of relational guidance by removing the 

pictorial previews and cuing the objects with categorical text cues.  Replicating relational 

guidance with categorical cues would suggest that search can generally be guided by relational 

information in day to day searches, even when referenced on the fly.  Failure to replicate 

relational guidance in this circumstance may suggest that relational information must be obtained 

from specific feature information, that is, visual features of a specific object rather than features 

of a category of objects.   

Experiment 4 tested whether specific pairs of objects and their spatial relationships 

impact relational guidance.  Recent evidence suggests that related interacting objects, in which 
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the directionality of the relationship is implied by the objects themselves (i.e. a hammer above a 

nail), may be perceptually bound and preferentially processed (Green & Hummel, 2006; Gronau, 

Neta, & Bar, 2008).  This suggests that our semantic knowledge about objects and their expected 

relationship biases our recognition of the individual objects involved in the relationship (see also 

Kroll, Schepeler, & Angin, 1986).  This perceptual binding may affect when and if the relational 

information impacts search guidance.  Finding that related non-interacting pairs (i.e. the hammer 

below the nail) selectively fails to show relational guidance would demonstrate that relational 

guidance is dependent upon the objects involved in the pair, suggesting that an effect of the 

relational information is subject to the ease in which the relational information between the 

objects can be coded.      

Experiment 5 tested whether relational information between objects is automatically 

coded and able to guide search.  To the extent that coding relational information is automatic, a 

task change should not affect relational guidance.  However, if coding relational information is 

effortful and explicit, relational guidance should only be found when observers are instructed to 

the code this information.  The extent to which relational information is automatically coded will 

be determined by comparing a condition in which observers are instructed to localize the target 

pair to a condition in which observers are instructed to localize the target pair and respond if the 

relational information matches the preview or not.       

There are clearly many ways in which relational information could be represented.  One 

possibility would be to represent the two objects as a single target representation, implicitly 

capturing the spatial relationship (the unified percept hypothesis).  Another method might code 

the features from both objects separately, along with an explicit spatial reference between them 

(the explicit reference hypothesis).  This second possibility would obtain features from both 



12 

 

objects separately and use a categorical spatial term (above, below, left, or right) to establish a 

spatial relationship between them.  The unified percept hypothesis asserts that grouping 

principals should impact the extent to which relational information guides search; when objects 

are grouped more strongly, they should be more easily unified and therefore available for 

guidance.  The explicit reference hypothesis asserts that guidance need not be affected by 

perceptual grouping principles, as it is the categorical spatial term that is responsible for 

guidance.   Experiment 6 tested these hypotheses by placing a picture frame around each object 

pair, thereby explicitly grouping the objects into a unitized percept that, according to the unitized 

percept hypothesis, may result in a magnified effect of relational guidance.  

Experiment 7 tested a more standard grouping procedure by manipulating the distance 

between the objects in each pair.  Spatial proximity is a strong grouping cue (e.g. Shihui, 2004); 

therefore grouping by proximity should be strongest when the objects are close and should drop 

off as the distance between the objects increases.  When grouping is strong, relational 

information should have its maximal effect, assuming the objects are bound into a unified 

percept.  Conversely, as distance between the objects increases relational guidance should 

decrease if a unified percept is used.  Again, if the explicit reference hypothesis is correct, this 

grouping manipulation should also be ineffective.   
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Experiment 1 

The goal of this experiment was to replicate the parameters of Logan’s (1994) 

Experiment 5 in the context of random real-world objects that avoid the self-similarity inherent 

to the simple stimuli used in the earlier work.  As well, this experiment will observe search 

guidance directly by analyzing eye movement measures rather than inferring guidance from 

search slopes.  Like Logan, the current goal is to measure a pure effect of relational guidance, 

and to this end target and distractor pairs used the same objects on a trial by trial basis, 

prohibiting guidance from anything other than relational information (i.e., visual features of the 

target items).  The target pair differed from the distractor pairs only in the relative positions of 

the objects, that is, the target was defined by the relational information between the objects.  If 

the search for a relationally-defined target is indeed random, as suggested by Logan, then search 

in this task should be completely unguided and the proportion of trials in which the target is the 

first pair fixated should be at chance.  However, if Logan was incorrect and search for relational 

information is guided, then the target pair should be fixated first significantly more often than 

chance would predict.  As for how strong relational guidance might be, it is certainly the case 

that relational information is not a basic visual feature like color or orientation; early visual areas 

code color, orientation, and retinotopic location directly (e.g. Engel, Glover, & Wandell, 1997; 

Hubel & Livingstone, 1987; Livingstone & Hubel, 1984), but they do not code relative positions.  

Rather, relational information is very likely a constructed visual feature, and its contribution to 

search might therefore be expected to be small relative to chance.  Nevertheless, any guidance by 

relational information would indicate that the relation has been encoded, that it is available to the 

guiding representation, and that it can be resolved using peripheral vision (see also Alvarez & 

Oliva, 2008; 2009; Rosenholtz, Huang, & Ehinger, 2012).   
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Experiment 1 also tested whether relational information is coded differently over time.  If 

encoding this relationship requires spreading attention over a large region encompassing both 

objects, or requires shifting attention between the objects, then guidance by relational 

information should occur only when the preview duration is sufficiently long.  Lastly, I also 

tested if relational guidance changes with the number of previewed objects.  The one-object 

condition captures the situation in which someone references the “coffee mug to the left of the 

thing”.  This provides some degree of additional information, yet not knowing what the coffee 

mug is to the left of may make the relational information less useful.  Ordinarily, previewing part 

of the target would generally result in poorer search performance (Alexander & Zelinsky, in 

preparation), yet multiple target search is generally more difficult than single target search (e.g. 

Kaplan & Carvellas, 1965; Menneer, Barrett, Phillips, Donnelly, & Cave, 2007; Menneer, Cave, 

& Donnelly, 2009; Menneer, Donnelly, Godwin, & Cave, 2010; Moore & Osman, 1993; Yang & 

Zelinsky, in preparation), and in this case the added features from the target objects are also 

shared by the distractor objects.  It is therefore unclear how previewing both target objects will 

affect search performance relative to previewing only one object.  If search is improved after 

previewing both objects, this would likely reflect a more precise coding of the relational 

information, as the second object’s features are completely redundant with the distractors.  

Conversely, if search performance is worse after previewing both objects this would be 

consistent with interference from the distractor objects and from the increased working memory 

load associated with coding two objects.  
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Methods 

Participants 

Twenty-four undergraduate students from Stony Brook University participated for course 

credit.  All had normal or corrected-to-normal vision and were native English speakers, by self-

report. 

Apparatus 

Stimuli were presented at a screen resolution of 1280 x 960 pixels using a 19” flat-screen 

CRT ViewSonic SVGA monitor operating at a refresh rate of 100 Hz.  The experiment was 

designed and controlled using the Experiment Builder software package (SR Research Ltd, 

version 1.10.165), running on an Intel core 2 (quad core) PC under Windows XP.   Eye position 

was sampled at 1000Hz, using an EyeLink 1000 eye-tracker with default saccade detection 

settings.  Observers’ head position and viewing distance was fixed at 70 cm using a chin and 

forehead rest.  All responses where made with a standard gamepad controller (Microsoft 

Sidewinder 1.0) by pressing the left and right index finger shoulder triggers; trials were initiated 

by pressing the x button operated by the right thumb.   

Stimuli 

Stimuli consisted of a target preview and a search display depicting 12 objects (Figure 1).  

Search displays were presented on a 21°  21° white background, and consisted of six pairs of 

the previewed object/s (all Hemera Photo Objects - Gatineau, Quebec, Canada) arranged in a 

circle (8.73° radius from central fixation).  Only the target pair matched the previewed 

relationship (e.g. X above Y), all distractor pairs differed from the target pair only by the 

relational information between the objects (e.g. X below Y).  To construct the object arrays, six 

coordinates where chosen along the circle’s circumference at 60° increments and a pair of 
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objects was centered at each of these locations.  Each object of a pair was offset 20 pixels (0.46°) 

from the selected locations, resulting in a distance of 40 pixels (0.92°) between the paired 

objects.   Objects were resized such that the smallest bounding box enclosing each object was as 

close to 4225 pixels as possible (without exceeding this amount), and the resizing operation 

preserved the aspect ratio of the objects.  This resulted in the object area subtending 

approximately 1.5°, and each pair of objects subtended approximately 1.5˚ x 3.92˚ (if vertically 

oriented).  All objects were presented in color, and a different pair of objects was used on each 

trial.  Within each condition target objects appeared equally often at each of the six possible 

locations.   

Design and Procedure 

There were two target preview conditions.  The one-preview condition showed one of the 

objects from the target pair above, left, right, or below central fixation. The two-preview 

condition showed both objects of the target pair vertically or horizontally oriented, centered at 

central fixation.  In both conditions, the edge of each object was offset 20 pixels (0.46°) from 

central fixation (equal to the offset of the objects in the search display), and a small cross was 

displayed at central fixation; observers were instructed to look at the cross rather than at the 

objects to assure that they began their search from the center of the screen, equidistant from each 

pair of objects.  As well, in both preview conditions a bounding box was drawn around the pair 

of previewed objects accurately depicting the height and width of the target pair.   In the one-

preview condition the empty space served as a placeholder for the other object (see Figure 1).  

Previews were presented for either 400ms or 1600ms.  This yields four conditions, a one-object 

and a two-object preview with a duration of 400ms and a one-object and a two-object preview 

with a duration of 1600ms.  Observers were instructed to find the previewed object/s in the exact 
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spatial relationship as the preview (e.g. X above Y, all distractors were X below Y), and while 

looking at the target pair hit either of the top shoulder trigger buttons to indicate that they 

localized the target pair.  In case of inadvertent track loss or exceedingly long RTs, trials timed 

out after 10 seconds.  These trials were counted as errors.  Across observers all search displays 

were identical.  Preview conditions were counterbalanced across observers and trials such that 

the four conditions appeared equally often on each trial.  As well, the one-preview condition was 

counterbalanced such that half of the observers previewed object “X” and the other half 

previewed object “Y”.  Number of previewed objects and preview duration were blocked within 

subjects.  Trial order was randomized within blocks.  In total, there were 240 experimental trials, 

60 per condition/block. 

The experiment began with a calibration routine used to map eye position to screen 

coordinates.  A calibration was not considered acceptable unless the average error was less than 

.40° and the maximum error was less than .90°.  At the start of each block, observers were 

calibrated and asked to perform six practice trials in order to familiarize themselves with the 

task, stimuli, number of previews and preview duration.  This was followed immediately by the 

block of experimental trials.   

Trials began with observers fixating a central point and pressing the X button on the 

game pad.  In addition to starting the trial, this served as a “drift check” for the eye-tracker to 

record any shift in the eye position since calibration.  The fixation point was then replaced by a 

one or a two-object target preview for either 400ms or 1600ms, followed immediately by the 

search display until response or time-out.  Feedback was given by sounding a tone after an 

incorrect/timed-out response.  The entire experiment lasted approximately 50 minutes.  
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Measures & Predictions 

By presenting one or both of the target objects for 400ms or 1600ms, Experiment 1 can 

independently examine the effects of the number of preview matching objects and preview 

duration on relational guidance.  Although RTs are reported as a general measure of search 

performance, RT measures incorporate many perceptual and post perceptual processes unrelated 

to search guidance.  For example, RT differences may result from shifting decision criteria, 

differences in the time needed to recognize a target, and differences in how quickly distractors 

can be rejected, all factors that lessen the usefulness of RTs as a measure of search guidance.   

The crucial analysis to test for guidance by relational information is the proportion of 

trials in which the target pair is the first pair of objects fixated during search.  If Logan (1994) 

was correct and search by relational information is indeed serial, then the target pair should be 

fixated first at chance levels.  However, if relational information can guide search, the target 

should be fixated first more often than chance would predict, indicating that guidance can 

operate on relational information alone.  In this case, because there are six pairs of objects in the 

search display, chance corresponds to 1/6 or 16.667% of trials.  Search would be considered 

guided by relational information if the target pair is fixated first above this baseline rate.  As the 

proportion of trials in which the target pair is fixated first increases, so too does guidance.   

To investigate guidance effects that may not be evident at the outset of search but rather 

may evolve with further investigation of the search display, I analyzed the time until the target 

pair is fixated.  The time to fixate the target is a measure of search guidance that excludes delays 

resulting from target recognition and target verification.  It is possible that target verification 

may rely on different processes and therefore may have a different pattern of results compared to 

a measure of the time to fixate the target.  Given that time to the target encompasses a greater 
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portion of the search task while minimizing other processes unrelated to guidance, any guidance 

related effects should have the greatest likelihood of showing up in this measure.  Faster times to 

fixate the target would suggest stronger search guidance, whereas slower times would suggest 

weaker search guidance.    
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Results & Discussion 

RTs revealed no significant differences between conditions (See Table 1, all Fs (1, 23) ≤  

2.52, all ps  ≥  .12); however, this says little about actual search guidance and the use of 

relational information in guiding search.  Critically, as can be observed in Figure 2 all conditions 

resulted in a significantly greater than chance proportion of trials in which the target pair was 

fixated first (all ts(23) ≥ 2.18,  all ps ≤ .04), demonstrating that relational information alone can 

be used to guide search.  This also means that the search for a target defined by relational 

information is not completely serial, as suggested by Logan (1994).  The effect of preview 

duration, number of previews and the interaction of the two all failed to reach significance for 

the proportion of trials in which the target pair was fixated first (all Fs (1, 23) ≤  1.75, all ps  ≥ 

.19).  However, the time until the target pair was fixated (Table 1) revealed that the target pair 

was fixated significantly faster after a 400ms preview compared to a 1600ms preview F(1, 23) = 

7.30, p = .01, and that the target pair was fixated significantly faster when previewed with both 

target objects compared to one F(1, 23) = 5.53, p = .03; the interaction of preview duration and 

number of previewed objects failed to reach significance, F(1, 23) = 0.07, p = .80.    

This pattern of results suggests that relational guidance can be established very quickly, 

within a 400ms preview, and additional processing beyond 400ms results in more difficult target 

localizations as indicated by the time to target measure.  Faster search after a short preview is 

consistent with earlier work using a single object pictorial preview (Wolfe, Horowitz, Kenner, 

Hyle, & Vasan, 2004)
1
.  As well, because this experiment was designed to limit the use of target 

features and to restrict guidance to the use of relational information, the faster target localization 

after a two-object preview indicates that it may be easier to code relational information when 

both objects are previewed.  
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Experiment 2 

Experiment 1 addressed Aim 1, demonstrating that search can be guided by relational 

information alone.  The remainder of the experiments will address Aim 2, parameterizing 

relational guidance so as to inform existing search theory as to how relational information may 

be coded to guide search.  Search in a more natural setting includes many different objects at 

various orientations, and the increased heterogeneity in such displays may wash out any small 

contribution of relational information.  Experiment 2 seeks to replicate the effects of relational 

guidance observed in Experiment 1 in the context of more heterogeneous displays.  Importantly, 

in heterogeneous displays search can be guided by target features (see Figure 3).  To observe a 

pure effect of relational information, half of the trials had the target preview match the search 

view, and in the other half of the trials the objects swapped relative positions (X above Y became 

X below Y).  If relational information affects guidance in these heterogeneous displays then the 

relational match condition should show significantly greater search guidance than the relational 

swap condition.  It is interesting to note, in this task, that the relational information is needed 

only for the manual response and therefore a reasonable strategy would be to guide search based 

on the target objects features only, and then to verify the relation.  To the extent relational 

guidance is observed, that would suggest that the same features are used to guide search and 

verify the target.  As well, since the target features are no longer redundant with the distractor 

features, previewing both objects would be expected to produce a larger improvement in search 

performance relative to previewing just one object compared to what was observed in 

Experiment 1.    
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Methods 

Participants 

Twenty-four undergraduate students from Stony Brook University participated for course 

credit.  All had normal or corrected-to-normal vision and were native English speakers, by self-

report. 

Design and Procedure 

Stimuli, apparatus, and procedures were identical to Experiment 1, with the following 

exceptions.  Variability was added between the target and distractor objects; distractor pairs no 

longer used the same objects as the target pair, but rather were composed of other random 

objects (all objects were presented once per observer, all Hemera Photo Objects - Gatineau, 

Quebec, Canada) to allow for guidance based on the features of the target objects.  On each trial, 

half of the objects in the search display were horizontally oriented and half were vertically 

oriented (Figure 3).  Preview duration was held constant at 400ms.  The previewed object/s were 

always present in the search display, but to encourage the use of the relational information the 

task was changed to target present/absent rather than 100% target present.  On target present 

trials (50%) the target pair appeared in the same spatial relationship as the preview (e.g. X above 

Y); on target absent trials the spatial relationship was reversed (e.g. X below Y).  Thus, on absent 

trials the previewed objects in the search display act as a lure allowing us to observe guidance 

relative to the features of the objects when the relational information is incorrect.  As in 

Experiment 1, search displays were identical across observers,  however conditions were 

counterbalanced across trials by changing the number of previewed objects and the relational 

information of the previewed objects such that each condition appeared equally often on each 

trial across observers.     
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Results & Discussion 

If search can be guided by relational information in heterogeneous displays above and 

beyond guidance from target features, then the target pair should be fixated first significantly 

more often when the relational information matches the preview compared to when the objects 

swap relative positions.   A similar pattern should also be found in the time to target measure.  

To the extent that observers use both target objects during search, the additional target features 

from previewing both objects should also result in a significantly greater proportion of trials in 

which the target is fixated first and shorter times to fixate the target, relative to when only one 

target object appeared at preview.  Overall RTs are also expected to replicate the time to target 

data, showing faster search when the relational information matches the preview compared to 

when it is swapped, and faster search when both objects are previewed relative to when only one 

object is previewed.   

The RT data (Table 2) revealed that search was significantly faster in the matched 

condition relative to the swapped condition, F(1, 23) = 46.21, p < .001, and the two-object 

preview also produced faster search relative to the one-object preview, F(1, 23) = 8.73, p = .01.  

However, the interaction of the two failed to reach significance, F(1, 23) = 0.54, p = .47.   

Because it is unclear whether the RT data is the result of true target guidance or not, I again 

analyzed the proportion of first object fixations.  As can be observed in Figure 4, the target pair 

was fixated first significantly more often in the matched condition compared to the relational 

swapped condition,  F(1, 23) = 5.90, p = .02; however,  the effect of number of previewed 

objects and the interaction of the two failed to reach significance (both Fs (1, 23) ≤ 0.85, both ps  

≥ .36).  This pattern of data clearly demonstrates that coding relational information for a manual 

response results in relational guidance even in the context of highly heterogeneous displays, 
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suggesting that in this task the same target features are used for search and verification processes.  

Consistent with the RT data and the first object fixated data, the time to target data (Table 2) also 

showed a clear benefit for the matched condition compared to the swapped condition, F(1, 23) = 

17.86, p < .001.  As well, the time to target data showed a clear advantage for having previewed 

both target objects F(1, 23) = 8.24, p = .01.  Interestingly, the two-object advantage is of a 

similar magnitude as that observed in Experiment 1, suggesting that the benefit may come from a 

more complete target encoding rather than just the additional target features, although future 

work would clearly need to confirm this.  This is supported by the results of a formal debriefing 

questionnaire in which observers explicitly reported the use of one target object even when both 

were presented.  Lastly, the interaction of the relational information and of the number of 

previews failed to reach significance, F(1, 23) = 1.94, p = .18.  These results clearly demonstrate 

guidance by relational information and a small search advantage for having previewed both 

target objects, even with highly heterogeneous search displays.    
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Experiment 3 

Experiments 1 and 2 clearly demonstrated that search can be guided by relational 

information.  However, both of these studies used pictorial previews in which the relational 

information could be obtained from a visual percept (the pictorial preview).  Yet in the real 

world objects are often referenced using words.  Experiment 3 further parameterized relational 

guidance by specifying the target objects using text cues referring to a target class instead of a 

pictorial preview or a specific object.  In this case the target features must therefore apply to an 

entire class or category of objects rather than a specific object to achieve reasonable search 

guidance.  If relational guidance does not require highly specific visual features, and if relational 

information can be obtained from self-generated categorical representations, then I should 

replicate the search guidance advantage when the relational information matches the text cue 

compared to when the objects swap relative positions.  This would suggest that people can use 

relational information “on the fly” in the real world without the need to code relational 

information from a visual percept.  However, if highly specific visual features are needed to 

accurately represent the relational information then guidance should be unaffected by the 

relational swap.    
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Methods 

Participants 

Forty undergraduate students from Stony Brook University participated for course credit.  

All had normal or corrected-to-normal vision and were native English speakers, by self-report. 

Design and Procedure 

Stimuli, apparatus, and procedure were identical to Experiment 2, with the following 

exceptions.  All target objects were replaced with objects from four target categories (fish, 

butterflies, cars, and teddy bears) to allow for easy target referencing; search displays were 

otherwise identical.  Pictorial previews were replaced with text cues (such as “butterfly above 

fish” for the two-object condition or “butterfly above ______” or “______ above fish” for the 

corresponding one-object conditions).  Cue duration was increased from 400ms to 3000ms and 

was followed by a 1000ms ISI to allow enough time to read the cue, construct a guiding 

representation, and to allow for gaze to return to central fixation before the presentation of the 

search array.  In addition to counterbalancing conditions over search displays and observers, all 

possible pairings of target categories and reference terms were used equally often.        
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Results & Discussion 

If search can be guided by relational information in the absence of a pictorial preview 

then the relational guidance effects found in Experiments 1 & 2 should replicate in Experiment 3.  

This would suggest that relational information can be used with self-generated categorical 

representations and that the features used to code the relative positions need not be highly 

specific.  However, if the use of relational information requires very specific visual features then 

our three primary measures of search performance should show equivalent performance 

regardless of the relative positions of the target objects.   

The RT data (Table 3) revealed a clear advantage for the match condition compared to 

the swapped condition, F(1, 39) = 72.52, p < .001.  However, both the effect of number of cued 

objects and the interaction of the two failed to reach significance (both F(1, 39) ≤ 0.75, both p ≥ 

.39).  Both measures of search guidance, the proportion of trials in which the target pair was 

fixated first (Figure 5), and the time to fixate the target pair (Table 3), did not show any reliable 

differences (all Fs (1, 39) ≤ 2.22, all ps  ≥ .14).  Taken together these results suggest that 

categorical text cues are not sufficient to generate relational guidance and when multiple objects 

are cued, observers’ search performance is unaffected.  Despite the lack of guidance differences, 

the RT data did show a strong advantage for the matched relational information, suggesting that 

categorical text cues exert effects of relational information selectively during 

recognition/verification stages rather than on search guidance.  Future work will have to examine 

whether this result is due to the use of text cues or whether it is specific to the use of categorical 

cues.  More specifically, if observers are instructed to recall specific objects rather than a 

category of objects, the target features can be highly specific, which may allow for a more 
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detailed coding of relational information and possibly the use of relational information in guiding 

search.      
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Experiment 4  

All three experiments thus far have used arbitrary objects to test for relational guidance; 

this experiment investigated how the target objects themselves affect the use of relational 

information.  Functional interactions between objects are known to bias relational judgments 

(Carlson-Radvansky, Covey, & Lattanzi, 1999); when observers are instructed to place a coin 

above a piggy bank they tend to place it close to the slot in the piggy bank rather than directly 

above it.  More recent evidence suggests that functionally related interacting objects, or objects 

depicting an action, seem to be perceptually grouped, resulting in more accurate recognition of 

these objects relative to non-interacting related and unrelated objects (e.g. Green & Hummel, 

2006; Humphreys et al., 2010).  In fact, RT and neural imaging data suggest that related 

interacting objects may in fact be linked, such that they generate a unified representation 

(Gronau, Neta, & Bar, 2008).   This linking of functionally-interacting/action-related objects 

(Green & Hummel, 2006; Humphreys et al., 2010; Riddoch et al., 2011; Roberts & Humphreys, 

2011a, 2011b), e.g. a corkscrew opening a bottle, also results in benefits relative to semantically 

related objects (Riddoch, Humphreys, Edwards, Baker, & Willson, 2003).  The preferential 

processing of action related interacting objects is likely due to the affordances associated with 

the implied action between the objects (Roberts & Humphreys, 2011a, 2011b); ‘active’ objects 

(the corkscrew) are more accurately recognized when oriented for use with the dominant hand, 

whereas ‘passive’ objects (the bottle), are more accurately recognized when presented in a 

functionally-interacting pair, relative to non-related objects, e.g. a match over a bottle (Roberts & 

Humphreys, 2011b).   If related interacting objects are perceptually grouped or linked, this might 

result in the relational information being coded more effectively.   
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Interestingly, most of the work investigating related interacting objects has not required 

the coding of relational information.  Often observers perform a single object verification task, 

with the other object presented as a distractor.  Its presence and position seems to selectively 

affect performance despite the lack of any explicit use of relational information.  Thus, it is 

unclear what may happen in our task, given that observers’ must code the relational information. 

Assuming the earlier reported effects of functionally related and interacting objects translates 

into an effect in search guidance; relational guidance should be strongest with related interacting 

objects and should be weakest with related non-interacting objects compared to unrelated 

objects.  This would suggest that relational information may be weighted by the relatedness and 

relative positions of the target objects (see also Carlson et al., 2006; Regier & Carlson, 2001).   

However, rather than a shift in the magnitude, it is possible that relational guidance may 

selectively exert its influence.  The previous literature certainly suggests that related non-

interacting objects should be the least well recognized and processed, which may result in a lack 

of relational guidance in this condition.  Likewise, when the targets are related and interacting, 

and when the targets are unrelated and non-interacting, the implied function and the relational 

information are not conflicting, thus coding the relational information may be easiest in these 

circumstances.  
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Methods 

Participants 

Twenty-four undergraduate students from Stony Brook University participated for course 

credit.  All had normal or corrected-to-normal vision and were native English speakers, by self-

report. 

Design and Procedure 

Stimuli, apparatus, and procedure were identical to Experiment 2, with the following 

exceptions.  Target pairs were replaced with objects in which the relational information is 

consistent with common functional associations; e.g. a hammer above a nail, or a spoon above 

soup (for a complete list of related pairs see Figure 6).  The interacting nature of these objects 

provides a degree of directionality inherent to the relational information. Half of the trials 

maintained the related nature of the target pairs (related condition); the other half used unrelated 

objects (unrelated condition), e.g. a spoon above nail or a hammer above soup.  On 50% of the 

trials, previews were presented with the directionality of the functional relationship preserved 

(interacting condition), i.e. a hammer above a nail; on the remaining 50% of the trials, the 

previews were presented with the directionality of the relationship contrary to the functional 

placement of the objects (non-interacting condition), i.e. a hammer below a nail.  In both cases, 

unrelated trials used the object placements from the related condition.  This resulted in 8 

conditions, related & interacting, related & non-interacting, unrelated & interacting, and 

unrelated & non-interacting, presented with both matched targets and swapped targets in the 

search display.  As in Experiment 2, half of the search displays were target absent, in which the 

relative locations of the previewed objects were swapped in the search display.  Like Experiment 

2, all distractors were trial unique; though unlike Experiment 2, the target objects were repeated 
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once per condition to control for object specific effects such as ease of naming or imagability of 

the object.  Due to the nature of the stimuli, across trials target pairs were no longer balanced 

across orientations (2/3 vertical, 1/3 horizontal), however each orientation occurred equally in 

each condition.  Only the two object preview condition was tested.  The number of search trials 

per condition was reduced from 60 to 30 to accommodate the fewer number of target pairs and 

the additional conditions.  Conditions were completely interleaved within observer to discourage 

the use of long term memory, which could allow observers to ignore the previewed relation; if a 

particular block of trials only tested interacting objects (hammer above a nail), observers might 

ignore the previewed relational information and respond present/match if the search pair matched 

their real world knowledge about the target objects.  Conditions were counterbalanced across 

observers and trials by changing the previews and targets in the search display such that each 

trial matched/mismatched equally often and the preview was presented with an interacting/non-

interacting direction equally often.  As well, eight sets of unrelated object pairings were 

generated such that each observer received a unique condition/target pair/search scene pairing.   
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Results & Discussion 

 Relational guidance might be affected by the semantic relatedness of the target objects, 

the functional interaction between these objects (whether their positions suggest an interaction or 

not), or both.  If relational guidance is dependent upon the semantic relatedness of the target 

objects, then target relatedness should interact with relational guidance (the difference in 

guidance between the match and swap trials).  If relational guidance is dependent upon the 

position of the target objects, then the functional interaction should likewise interact with 

relational guidance.  If however, relational guidance is dependent upon both the semantic 

relatedness and position of the target objects, there should be a three way interaction between 

relational guidance, semantic relatedness, and functional interaction, suggesting that coding 

relational information is affected by the LTM memory associations of both the target objects and 

their expected arrangements. 

 RT data revealed a significant main effect of matching target relations (Table 4, F(1, 21) 

= 7.24, p = .01), demonstrating that matched targets are searched for and recognized faster than 

swapped targets
2
.  RT data also revealed a significant main effect of functional interaction, F(1, 

21) = 6.50, p = .02, suggesting that interacting targets are searched for and recognized faster than 

non-interacting targets.  All other main effects and interactions were not significant, all Fs(1, 21) 

≤ 1.26, all ps  ≥ .28.  The target fixated first analysis (Figure 7) revealed significant main effects 

of relational guidance and functional interaction, as well as a significant interaction between 

relational guidance, semantic relatedness, and functional interaction,  all Fs(1, 21) ≥ 4.68, all ps 

≤ .04.  All other effects were not significant, all Fs(1, 21) ≤ 0.69, all ps ≥ .41.  These analyses 

show that matched targets generate stronger search guidance than swapped targets, as do non-

interacting targets relative to interacting targets, although this latter effect of functional 
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interaction may be driven by the three-way interaction.  The interaction demonstrates that 

relational guidance is selectively expressed in the related-interacting condition and in the 

unrelated-non-interacting condition.  This selective expression of relational guidance suggests 

that LTM associations for the target objects impact the coding of relational information, as 

relational guidance was expressed only when the target semantic relationship and the target 

functional interaction were consistent with real world expectations.   

Lastly, the time until the target was fixated was analyzed (Table 4) to obtain a more 

complete measure of search guidance.  This measure revealed a significant main effect relational 

guidance, F(1, 21) = 7.66, p = .01,  and a significant interaction of relational guidance and 

semantic relatedness, F(1, 21) = 8.07, p = .01, all other effects were n.s. all Fs(1, 21) ≤ 0.81, all 

ps ≥ .36.  This interaction was driven by large effects of relational guidance in both unrelated 

conditions and the lack of relational guidance in both related conditions.  Whereas the target 

fixated first analysis revealed a lack of relational guidance in the unrelated-interacting condition, 

this more holistic measure of search guidance revealed a rather large effect of the relational 

guidance.  One explanation for this might be that the interacting but unrelated target objects 

resulted in the relational information being encoded after search commenced, and thus relational 

guidance exerted its influence only on later measures of guidance.   Alternatively, the relational 

information may not have become useful in this condition until after the search displays were 

further evaluated (i.e. an object had already been fixated).  Future work may seek to alter the 

preview duration to tease apart these possibilities; if encoding the relational information simply 

took longer in this condition, a longer preview should result in relational guidance being 

expressed in the first object fixated analysis as well.  The predicted lack of relational guidance in 

the related non-interacting condition may have resulted from interference between the LTM 
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associations of the related objects (their expected interacting arrangement) and the actual 

perceived arrangement of the related objects (non-interacting).  However, it is puzzling that the 

related interacting condition expressed relational guidance in the first object fixated measure 

(Figure 7) but not in the time to target measure (Table 4), especially given that relational 

guidance was expected to be expressed rather strongly in this condition.   

 These results are surprising in the context of the existing literature.  It may be the case 

that related interacting objects are processed such that they result in more accurate recognition, 

yet when the task requires the encoding of relational information these processes may interfere 

with the relational coding.  Future work will need to test guidance processes for functionally 

related interacting objects when the task does not require relational coding to see if the explicit 

relational coding in this task may contribute to this unexpected data pattern.  Nevertheless, the 

results clearly demonstrate that the semantic relatedness of the target objects and the positions of 

the target objects modulate the expression of relational guidance, as well as when this 

information is available to guide search.  These findings serve to further parameterize relational 

guidance, suggesting that the LTM associations of the target objects impact the coding and the 

timing of when relational guidance is expressed.  
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Experiment 5 

Experiment 5 tested whether relational information is automatically obtained from a 

preview and used to guide search.  If relational information is not coded automatically, but rather 

must be explicitly and effortfully encoded, then a task change which removes the necessity to 

attend to the relational information should affect the expression of relational guidance. This 

should result in the match and swap conditions interacting with the task; there should be no 

difference in guidance between the match and swap conditions when the observers’ task is to 

localize the target pair irrespective of the relational information.  A relational guidance effect 

should be replicated when the task requires the coding of relational information.  Conversely, if 

relational information is coded automatically then relational guidance should be observed even 

when the task does not require the coding of relational information; relational guidance should 

not interact with the task.   
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Methods 

Participants 

Twenty-four undergraduate students from Stony Brook University participated for course 

credit.  All had normal or corrected-to-normal vision and were native English speakers, by self-

report. 

Design and Procedure 

Stimuli, apparatus, and procedure were identical to Experiment 2, with the following 

exceptions.  In separate blocks, observers performed two tasks, one required the use of the 

relational information and the other did not.  In one block of trials observers performed the same 

present/absent task as in Experiment 2 (relation relevant task).  In another block the observer’s 

task was to localize the target pair irrespective of the relational information and, while looking at 

the target pair, to press either of the top shoulder buttons to indicate their selection (relation-

irrelevant task).  If they were looking at a non-target pair when they pressed the shoulder button 

this was counted as an incorrect response.  However, in both tasks 50% of the trials had a 

matched spatial relationship and 50% had a swapped spatial relationship.  Only the two-target 

condition was tested.  Search displays were identical across observers,  however conditions were 

counterbalanced across trials by changing the order of the tasks and the relational information of 

the previewed objects such that each condition appeared equally often on each trial across 

observers.  

  



38 

 

Results & Discussion 

If relational information is coded automatically then significant relational guidance 

should be observed in the relation-irrelevant task.  As well, the amount of relational guidance 

should not interact with the task.  However, if relational guidance requires effortful and explicit 

encoding, there should not be significant relational guidance in the relation-irrelevant task and 

the task should significantly interact with relational guidance.   

Overall RTs were 951ms (56) and 1068ms (71) in the Relation Irrelevant Match and 

Swap conditions, respectively, and 1161ms (37) and 1303ms (53) in the Relation Relevant 

Match and Swap conditions, respectively (values in parentheses indicate standard error of the 

mean).  Analysis of these data revealed a significant main effect of the relational information 

F(1, 23) = 24.47, p < .001, demonstrating that match trials were again faster than swap trials.  

Not surprisingly, the main effect of task was also significant, suggesting that the search judgment 

was faster when the relational information did not have to be verified, F(1, 23) = 21.02, p < .001.  

In both tasks the objects must be recognized and a motor response made, however, the relation 

relevant task also required recognizing the relational information and deciding which button to 

press and this generally took an additional ~200ms.  Critically, the interaction between relational 

guidance and the task failed to reach significance F(1, 23) = 1.04,  p = .32.  To determine how 

much of these main effects were due to relational guidance, as opposed to verification, I again 

analyzed oculomotor measures of search.  The proportion of trials in which the target was the 

first object fixated showed a marginally significant main effect of relational guidance, F(1, 23) = 

3.64, p = .07, however, both the main effect of task and the interaction of task with relational 

guidance failed to reach significance (both F(1, 23) ≤ 0.95, both p ≥ .33, Relation Irrelevant 

Match 0.52 (0.02)and Swap 0.51 (0.02); Relation Relevant Match 0.53 (0.02)and Swap 0.49 
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(0.02)).  As well, the time to target measure revealed a significant main effect of relational 

guidance, F(1, 23) = 17.85, p < .001, but again both the main effect of task and the interaction of 

task with relational guidance failed to reach significance (both F(1, 23) ≤ 1.53, both p ≥ .22, 

Relation Irrelevant Match 457ms (14)and Swap 476ms (16); Relation Relevant Match 451ms 

(10) and Swap 487ms (11)).  Taken together these guidance measures suggest some degree of 

automatic encoding of relational information; relational guidance was found even when it was 

not required by the task.   

However, further analysis revealed that this evidence for an automatic coding of spatial 

relations was subject to a practice or exposure effect.  Analyzing the first block of trials and 

looking at the effect of task between subjects revealed a main effect of the relational information 

in time to target, F(1, 22) = 5.42, p = .03 (Table 5), and a trend in the same direction in first 

object fixated, F(1, 22) = 1.90, p = .18 (Figure 8);  all effects of task and interactions were not 

significant, all F(1, 22) ≤ 0.34, all p ≥ .60.  This supports the previous conclusion that there is 

some weak evidence for the automatic coding of relational information with minimal practice.  

However, when analyses were restricted to the second block of trials a significant interaction 

between task and relational guidance emerged in time to target, F(1, 22) = 5.67, p = .03 (Table 

5), and a marginal interaction emerged in first object fixated, F(1, 22) = 3.05, p = .09 (Figure 8)).  

Relational guidance was evident in the relation relevant task (time to target, t(22) = 3.48,  p = 

.005, and a marginal effect in first object fixated, t(22) = 1.84,  p = .09), but there was no hint of 

relational guidance in the relation irrelevant task (time to target, t(22) = 1.61,  p = .13, first object 

fixated, t(22) = 0.37,  p = .71).  Taken together these findings suggest that there may be some 

small automatic contribution to relational guidance with minimal practice (see footnote 3 for an 

additional discussion related to the effects of practice), but that this disappears with greater 
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exposure to the task as observers learn to code the relational information more strongly in the 

relation relevant task and learn not to code the relational information in the relation irrelevant 

task.  All of these findings suggest a degree of control in the coding of relational information for 

the purpose of guidance that is not normally associated with an automatic process.    
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Experiment 6 

In this experiment, grouping effects on relational guidance were tested so as to inform 

existing search theory as to how relational information may be coded.  Depending upon how the 

relational information is represented, grouping may or may not affect the weighting of relational 

information for search guidance.  One method of representing relational information might be to 

combine the two objects into a single representation, essentially ignoring the object boundaries 

and implicitly capturing the relational information between the objects’ features (referred to 

earlier as the unified percept hypothesis).  Such grouping would likely be a low-level process, 

one that potentially even metrically represents the space between the two unitized objects.  The 

partial evidence for automatic relational guidance in Experiment 5 is also consistent with low-

level visual coding of relational information.  Yet effortful encoding of relational information 

does seem to magnify relational guidance after practice (Experiment 5), suggesting that there 

may be more explicit processes operating in addition to the lower-level processes.  Such an 

explicit code might keep separate the features of the two objects, connecting them only by the 

use of a higher-level and an explicit spatial reference (referred to earlier as the explicit reference 

hypothesis).  According to this hypothesis, features might be extracted from the two objects, with 

these objects linked by the spatial reference.  And because an explicit spatial reference is 

categorical, one would not expect it to be affected by grouping cues or metrical changes in 

distance; X to the left of Y will remain to the left of Y regardless of how strongly X and Y are 

grouped.  If humans code relational information using an explicit categorical reference, it need 

not be affected by grouping cues.   

If relational information is coded in the form of a low-level unitized percept, it might be 

affected by grouping cues, as such grouping effects are known to be mediated by low-level 

processes. However, if relational information is coded using an explicit categorical reference, 
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then grouping cues would not be expected to have an effect.  Experiment 6 increased both 

perceptual and semantic grouping by placing a picture frame around each pair of objects.     
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Methods 

Participants 

Fourty-eight undergraduate students from Stony Brook University participated for course 

credit.  All had normal or corrected-to-normal vision and were native English speakers, by self-

report. 

Design and Procedure 

Stimuli, apparatus, and procedure were identical to Experiment 2, with the following 

exceptions.  Each pair of objects was placed on top of an image of a picture frame, both at 

preview and in the search display (see Figure 9), thereby creating the perception of a framed 

photograph of two random objects.  The frame was sized to accommodate the widest and the 

tallest pair of objects on a trial by trial basis.  All distractor pairs were presented in the same 

orientation as the target pair to allow the frame to be the same height and width across all pairs 

of objects on a given trial.  The presence of the frame was a between subjects factor to prevent 

carry-over effects.    
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Results & Discussion 

The no frame baseline condition should serve as a direct replication of Experiment 2, 

confirming that relational guidance occurs despite the orientation of the distractor pairs (see also 

Experiment 1).   If the presence of the frame increases grouping, and relational information is 

coded as a unified percept, relational guidance should increase, interacting with the presence of 

the frame. In addition to this interaction, the presence of the frame may also produce poorer 

search performance and lower guidance overall relative to the no-frame baseline condition.  This 

is because the placement of an identical frame behind each pair of objects would increase target-

distractor similarity, a factor known to reduce search guidance and search efficiency (Alexander 

& Zelinsky, 2011; 2012; Duncan & Humphreys, 1989).   

Analysis of the RT data in the no-frame baseline condition (Table 6) revealed that search 

was significantly faster in the matched condition relative to the swapped condition, F(1, 23) = 

46.58, p < .001, however, both the main effect of number of previewed objects and the 

interaction of the relational information with the number of previewed objects failed to reach 

significance, both Fs (1, 23) ≤  2.30, both ps ≥ .14.  As can be observed in Figure 10, the target 

first object analysis revealed significant relational guidance, F(1, 23) = 15.14, p = .001, however,  

the effect of the number of previewed objects and the interaction of the two again failed to reach 

significance, both Fs (1, 23) ≤  1.71, both ps  ≥ .20.  The time to target data (Table 6) showed 

clear relational guidance, F(1, 23) = 52.70, p < .001, and an advantage for having previewed both 

targets F(1, 23) = 5.87, p = .02, although without a hint of an interaction F(1, 23) = .30,  p = .59.  

This pattern of data generally replicates the results of Experiment 2, confirming that the 

orientation of the distractors does not impact relational guidance.   
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 The presence of the frame should result in a similar but magnified pattern of data if a 

unified percept is used to code relational information.  Analysis of the RT data in the frame 

condition (Table 6) revealed that search was significantly faster in the matched condition relative 

to the swapped condition, F(1, 23) = 27.27, p < .001, and with a two-object preview relative to a 

one-object preview, F(1, 23) = 6.29, p = .02, but the interaction of the two failed to reach 

significance, F (1, 23) = 0.28, both p = .60.  As well, the target first object analysis (Figure 10) 

revealed significant relational guidance, F(1, 23) = 8.00, p = .01, but the number of previewed 

objects and the interaction of the two failed to reach significance, both Fs (1, 23) ≤  2.20, both ps  

≥ .15.  Lastly, the time to target data (Table 6) again showed significant relational guidance, F(1, 

23) = 15.48, p = .001, however both the effect of number of previewed objects and the 

interaction of the two failed to reach significance, both Fs (1, 23) ≤  0.83, both ps  ≥ .37.  These 

results generally confirm the effects of relational guidance on search when a frame is present; 

however the two object advantage was only evident in the RT measure, and not in the time to 

target measure. 

The critical test of the unified percept hypothesis is the comparison between the frame 

and the no-frame conditions, which should reveal more relational guidance with a frame if 

relational information is coded using a unified percept.  For RT, proportion target is the first 

object fixated, and in the time to the target measure, the presence of the frame failed to interact 

with relational guidance, all Fs(1,46) ) ≤  0.98, all ps  ≥ .33, suggesting that the increased 

grouping associated with the presence of the frame did not improve relational guidance (all other 

interactions were also n.s.). The presence of the frame did, however, produce marginally worse 

search guidance (both in proportion target is the first object fixated and in time to target, both Fs 

(1, 46) ≥ 2.68, both ps  ≤ .10), likely because of the increased target-distractor similarity, 
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although this decreased guidance failed to produce significantly slower search as measured by 

overall RTs,  F(1,46) = 0.57, p=.46.  Taken together these results provide no support for the 

unified percept hypothesis, and offer indirect support the explicit reference hypothesis.     
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Experiment 7 

Experiment 6 tested a relatively novel grouping procedure and provided some initial 

evidence against the unified percept hypothesis.  Experiment 7 again tests the effects of grouping 

on relational guidance, but this time using a more standard grouping principle.  Proximity is 

generally considered a very strong grouping cue (e.g. Shihui, 2004), and therefore may be more 

effective at modulating how strongly relational information is represented.  Grouping by 

proximity should be strongest when the objects are close, and should decrease as the distance 

between the objects increases.  When grouping is strong, relational guidance should have its 

maximal effect, if a unified percept is used.  Conversely, as the distance between the objects 

increases, relational guidance should decrease, again assuming a unified percept is used.   
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Methods 

Participants 

Twenty-four undergraduate students from Stony Brook University participated for course 

credit.  All had normal or corrected-to-normal vision and were native English speakers, by self-

report. 

Design and Procedure 

Stimuli, apparatus, and procedure were identical to the Experiment 6 no-frame condition, 

with the following exceptions. The distance between the objects in each pair (both at preview 

and in the search display) was manipulated in near and far conditions (see Figure 11).  Distances 

between the object pairs were either 80 pixels (1.84°, double the distance from all prior 

experiments; far distance condition), relative to the smallest bounding box enclosing each object, 

or eliminated (close distance condition).  Irregularly shaped targets or targets at a steep 

orientation were replaced so as to allow at least one point where the objects were very close to 

each other in the close distance condition (bounding boxes touching and the actual objects within 

the bounding boxes being less than 10 pixels from each other in both the match and swap 

conditions).  The close condition allows for the relational information to be more efficiently 

coded relative to a single point, while the far distance condition should make this difficult.  Only 

the two preview condition was tested as a distance manipulation should not affect a one object 

preview.  Distance conditions were blocked within subject, and distance between the objects and 

relational match were counterbalanced across observers and trials.   
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Results & Discussion 

If increased grouping results in a more effective coding of the relational information, then 

the close condition should have a larger difference in magnitude between the matched and 

swapped trials when compared to the far condition, resulting in an interaction of relational 

guidance and distance.   Finding such an interaction between relational guidance and grouping 

would be consistent with the predictions of the unified percept hypothesis.  However, if grouping 

is found not to affect relational guidance this would again provide indirect support for the 

explicit reference hypothesis.   

Analysis of the RT data (Table 7) revealed a clear effect of the relational information, 

F(1, 23) = 29.41, p <.001, demonstrating that match trials were again faster than swap trials.  

However, both the main effect of distance and the interaction of distance and the relational 

information failed to reach significance, both F(1, 23) ≤ 1.01, both p ≥ .32.  As can be observed 

in Figure 12 the target was fixated first significantly more often when the relational information 

matched the preview compared to when the objects swapped relative positions, F(1, 23) = 30.21, 

p < .001, replicating the effect of relational guidance.  The target pair was also fixated first 

significantly more often in the far distance condition compared to the close distance condition, 

F(1, 23) = 8.93, p = .01, suggesting that guidance was in fact somewhat stronger when the target 

objects were widely separated.  One possible explanation for this is a relationship between 

separation and the eccentricity of the closest object; as the distance between the objects 

increased, one object always moves closer to central fixation which may have increased guidance 

(see also Carrasco, Evert, Chang, & Katz, 1995; Wolfe, O'Neill, & Bennett, 1998).  

Alternatively, this may have occurred because clutter increased as the objects moved closer 

together (e.g. Rosenholtz, Li, & Nakano, 2007), making it more difficult to detect the target 
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locations.  Critically, distance and relational guidance did not interact, F(1, 23) = 0.02 p = .90.  

Analysis of the time until the target is fixated (Table 7) revealed a highly significant advantage 

for the matched compared to the swapped targets, F(1, 23) = 30.07 p < .001, but like the RT data 

both the effect of distance and the interaction of distance and the relational information failed to 

reach significance, both F(1, 23) ≤ 0.11, both p ≥ .74. This suggests that the guidance benefit for 

the far condition observed in the target first object analysis was a rather short-lived benefit
4
.   

Taken together these results and the findings from Experiment 6, suggest that relational 

guidance is unaffected by grouping cues.  This provides converging evidence against the unified 

percept hypothesis, and indirect evidence in support of the explicit reference hypothesis
5
.  Future 

work may also test the unified percept hypothesis by systematically changing the distance 

between the objects at preview and at search, as this might be expected to disrupt a low-level 

metrical coding of the objects’ spatial relationship but should not affect a categorical coding of 

the relational information.       
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General Discussion 

In a series of seven experiments, the relational information between objects was 

demonstrated to affect search guidance.  Current theory suggests that focal attention is required 

to determine relational information between objects (Logan, 1994, 1995).  If this is true, it should 

not be possible to use relational information to pre-attentively guide search.  Experiment 1 used 

the design and parameters of Logan’s now seminal work, in conjunction with real-world objects 

and more sensitive eye movement dependent measures, and demonstrated that relational 

guidance is indeed possible under these conditions (Aim 1).  Experiment 1 used extremely 

homogenous displays to rule out guidance by anything other than relational information.  

Experiments 2-7 parameterized the use, generalizability and boundary conditions in which 

relational information affects search guidance (Aim 2).  Experiment 2 increased the variability in 

the search displays to show that relational guidance persists even when specific target features 

are available to guide search.  Experiment 3 removed the pictorial previews and linguistically 

cued the targets, and found that this manipulation resulted in no relational guidance.  Experiment 

4 examined how functional relations and the relative positions of the target objects affect 

relational guidance.  Experiment 5 addressed the automaticity of relational guidance, and in 

Experiments 6 and 7 relational guidance was found to not be affected by the manipulation of 

object grouping. 

Despite a close replication of the design and parameters from Logan (1994 experiment 5), 

our interpretation of the data led us to fundamentally different conclusions.  Logan suggested 

that attention must first be directed to a pair of objects in order to determine their spatial 

relationship, precluding pre-attentive search guidance by relational information.  There are two 

likely reasons why relational guidance was found in the present study but not by Logan (1994).  
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First, Logan used highly self-similar pluses and dashes whereas the present work used real-world 

color objects.  The perceptual self-similarity of the pluses and dashes likely weakened any 

relational guidance that may have existed.  As well, the pluses and dashes of one arrangement 

were targets on some trials and distractors on other trials, a phenomenon known to cause less 

efficient search (e.g. Becker, 2008; Lamy, Yashar, & Ruderman, 2010; Maljkovic & Nakayama, 

1994).   The use of trial-unique, real-world, color objects likely maximized the chances of 

finding relational guidance in this study.  One could certainly envision a scenario in which, 

relational guidance scales with the saliency of the arranged objects.  Objects that create a high 

contrast, very salient (Itti & Koch, 2000) boundary may allow for the relational information to be 

more easily discerned in peripheral vision when compared to less salient, low contrast pairs.  

Future work may seek to explore this potentially interesting relationship.  More importantly, 

however, Logan arrived at his conclusion because search for a specific relation is highly 

inefficient, as measured by the change in RT as a function of the change in the number of search 

objects.  Specifically, RTs increased as items were added to the search display, resulting in a 

large search slope.  Efficient search is easy to determine; search slopes that are near zero indicate 

that adding additional distractors does not affect search speed, a phenomenon known as pop-out 

(Treisman & Gelade, 1980).  Of course, in real world search targets rarely pop-out.  The feature 

complexity of objects instead causes search guidance to exist on a continuum; search is guided 

strongly to some objects (perhaps not even requiring an eye movement to detect a target) and 

weakly to others (perhaps resulting in many eye movements and inefficient search).  Given this 

range of slopes commonly reported in the search literature, quantifying inefficient search 

becomes a problem.  Slopes greater than ~30ms per item are often taken as evidence for a lack of 

guidance (e.g. Wolfe & Horowitz, 2004), yet Logan observed slopes in excess of ~85ms per item 
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in target present displays and ~125ms per item in target absent displays.  What does this mean 

for actual search guidance?  As Experiment 5 showed, verifying relational information is a very 

time consuming process.  By chance alone, as the set-size increases distractors are more likely to 

be visited; given how long  relational judgments take, search will likely be inefficient due to 

recognition factors rather than guidance factors.  Inefficient search therefore doesn’t indicate a 

lack of guidance.  Measures of eye-movements make it possible to determine a clear chance 

baseline; a lower-bound on search performance indicating the complete absence of guidance.  

The presence of relational guidance in this task, suggests that tasks considered highly inefficient 

(e.g. Greene & Wolfe, 2011; Wolfe & Myers, 2010) need not be unguided in terms of actual eye-

movements to the target.  In this study I demonstrated that search can be guided by a non-basic 

(i.e., constructed) visual feature, a spatial pointer indicating the spatial relationship between two 

objects.  This challenges the commonly held belief that “Efficient search is, therefore, a 

necessary but not sufficient property for showing the presence of a guiding feature” (Wolfe & 

Horowitz, 2004, pp. 3) and calls into question the very definition of search guidance.  If one 

defines guidance as the above-chance direction of eye movements to a target rather than some 

arbitrary efficiency cut-off, then the range of guiding features will broaden far beyond the basic 

features (e.g., color, orientation, etc.) typically considered by this literature and will include a 

variety of constructed features, many of which may produce quite inefficient search.   

Experiment 1 clearly demonstrated relational guidance; however, it did so in the context 

of highly homogenous displays so as to rule out guidance from features of the target objects.  

Experiment 2 showed that relational guidance generalizes to a more naturalistic context.  Due to 

the heterogeneity of objects in the real-world, features of the target objects are commonly 

available and used to guide search.  By replicating relational guidance in the context of multiple 
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orientations and trial unique distractors, this experiment demonstrated that relational guidance 

persists despite the presence of target feature guidance, and that it is not limited to the somewhat 

unnatural conditions described in Experiment 1 and Logan (1994).  More generally, this 

demonstration suggests that relational guidance may contribute to more natural search settings 

and situations outside of the laboratory.  On this note, in the real-world relational guidance may 

indeed influence search to a far greater extent than what was observed in these tasks.    Because 

knowing that mugs generally sit on flat surfaces impacts what regions are inspected (Torralba, 

Oliva, Castelhano, & Henderson, 2006), it is likely that relational guidance would interact with 

these contextual cues, perhaps increasing its influence. 

Experiment 3 sought to further test the generalizability of relational guidance by 

removing the pictorial preview and cuing the target objects linguistically with a text based cue.  

Targets were referenced with a categorical text label referring to one or two out of four target 

classes.  This experiment failed to show reliable relational guidance, suggesting that target 

features may need to be highly specific in order to effectively code relational information 

between them.  An interesting direction for future work will be to determine if relational 

guidance is specific to pictorial previews, or if recalling specific objects from LTM results in 

target features precise enough to effectively code relational information.     

Experiment 4 further parameterized relational guidance by showing that it is affected by 

prior expectations of the functional and semantic relations between the target objects, and that it 

is selectively expressed in certain conditions and at certain times during search.  Early measures 

of search, such as the proportion of trials in which the target was the first pair fixated, showed 

that related-interacting object pairs and unrelated-non-interacting object pairs selectively showed 

relational guidance.  However, later guidance measures, such as the time to fixate the target, 
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showed relational guidance only in the two unrelated conditions.  The only condition that 

completely failed to exhibit relational guidance across measures was the related-non-interacting 

condition, perhaps due to the relational information conflicting with the expected object 

arrangement from LTM.  Interestingly, this is the precise condition under which extremely poor 

recognition has been previously reported in the literature (e.g. Green & Hummel, 2006).  This 

clearly demonstrates that LTM associations for the target objects and their expected arrangement 

impact the use of relational information.  However, and unlike the object verification paradigm 

used in previous studies, when the task requires encoding relational information and search 

guidance is the measure of performance, there is not a large difference between the related-

interacting and the related-non-interacting condition in later measures of search.  Perhaps the 

encoding of relational information in this search task interfered with the later verification 

processes that are needed to find differences between interacting and non-interacting objects.  

Future work might explore the possibility that related objects may be processed differently when 

relational information must be encoded versus when it is superfluous to the task.  Lastly, the 

unrelated-non-interacting condition seemed to exhibit delayed relational guidance, as it was 

found only after the first object had been fixated.  Perhaps simply presenting a longer preview 

would produce search guidance in early measures as well in this condition.   

Experiment 5 moved beyond parameterizing relational guidance to investigating how 

relational information is coded by asking if it is automatically available or if it must be explicitly 

and effortfully encoded to produce relational guidance.  Results initially supported the automatic 

coding of relational information, but further analysis showed that after sufficient practice 

relational guidance was significantly modulated by the task.  When the task required an explicit 

coding of the relational information, relational guidance was evident; when the task did not 
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require coding of the relational information, the target objects were coded in a spatially invariant 

way such that guidance was unaffected by the relational information.  It is unclear from these 

results what initially caused the coding of relational information even when it was irrelevant to 

the task.  Perhaps observers needed some initial practice with the stimuli to learn to code the 

objects in a spatially invariant way.  This would suggest that the relational information may 

initially be automatically primed. Alternatively, the initial instruction period which described 

both tasks may have biased observers to code the relational information even when it was 

irrelevant to the task.  Future work will have to test this using a between subjects design to 

determine if this was the result of the initial instruction period or if relational information is 

initially automatically processed to some minimal extent.  What is clear is that after some 

practice relational guidance is modulated by task requirements.  This suggests that the process of 

encoding the relational information for the manual response automatically results in a change to 

the guiding template, suggesting that both guidance and recognition procedures may in fact use 

the same representation.   

Experiments 6 and 7 showed that relational guidance is completely unaffected by various 

grouping cues.  When each pair of objects was placed on top of a picture frame to create the 

percept of a framed picture of two random objects, this explicit unitization of the objects should 

have increased both semantic and perceptual grouping processes. Similarly, the manipulation of 

the separation between objects using near and far conditions should have differentially engaged 

low-level grouping by proximity.  However, in both experiments grouping did not impact the 

amount of relational guidance that was produced.  These results suggest that object spatial 

relationships are not coded by low-level visual processes, at least for those processes that would 

be expected to be modulated by grouping cues.  Rather, relational information between objects 
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for the purposes of guiding search is likely to be coded by higher order spatial pointers.  This 

observation, combined with the results from Experiment 5, provides theoretical insight into the 

mechanism of relation guidance, suggesting that the coding of spatial relationships between 

objects may in some sense be categorical (left of, above, etc.) and not the type of metrical coding 

associated with lower-level visual processes. 

In addition to demonstrating relational guidance this work also has clear implications for 

multiple target search.  Multiple target search is generally more difficult than single target search 

(e.g. Kaplan & Carvellas, 1965; Menneer et al., 2007; Menneer et al., 2009; Menneer et al., 

2010; Moore & Osman, 1993; Yang & Zelinsky, in preparation) however, the reason for this is 

debated.  Search could be more difficult because the features from both targets are combined or 

unified, allowing for guidance from both targets simultaneously.  Alternatively, search could be 

more difficult because it is guided only by one of the targets, then after fixating an object, both 

target representations would be compared to the visual pattern for the purposes of making a 

target or distractor judgment.  The former option would create poorer search performance by 

including too many target features (the other target); the latter option would create poorer search 

performance due to the wrong target being searched for on some percentage of trials.  This work 

suggests that neither view is entirely correct.  The grouping by frame (Experiment 6) and the 

grouping by proximity (Experiment 7) studies argue against a unitized percept of the two targets.  

However, this work also argues against search guidance being entirely based on a single target, 

as evidenced by the repeated 2 target advantage and guidance by relation information between 

objects.  Taken together, this work suggests that it is possible to simultaneously represent the 

features from both objects, but that the features of each object remain separate and in this case, 

linked by a spatial relationship.  However, it is also worth noting that the current studies depicted 
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two targets in the search display simultaneously and in close spatial proximity, a procedure not 

typically used in the multiple target search literature.  The multiple target aspect of the current 

task also places a sort of upper bound on the level of guidance that might be expected during 

search, which could be another reason why some of the reported effects of relational guidance 

were small.   

In conclusion, these experiments clearly demonstrate that object spatial relationships can 

be encoded into the target representation formed at preview, possibly through the use of a 

categorical explicit reference, and that this relational information is then available to guide 

search. This conceptualization of relational guidance removes the need to assume a pre-attentive 

coding of relational information between peripherally viewed search objects, which was the 

dominant view embraced by previous theory on this topic (Logan, 1994).  Moreover, previous 

theory had assumed that the inefficient search that is typically observed to targets defined by 

relational information meant that that this search was unguided; the small but extremely robust 

effect of relational guidance that is reported in this series of experiments requires theories to now 

include a relational feature among the other appearance-based and contextual features that are 

known to guide search.               
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Endnotes 

1
 Observers took significantly longer to fixate the first pair of objects after a long preview 

compared a short preview F(1, 23) = 7.12, p = .01, yet achieved similar levels of guidance as 

measured by the proportion of trials in which the target was the first pair fixated.  This speed-

accuracy trade-off is consistent with a general slowing of search speed, suggesting an attentional 

effect.   

2
 Two subjects were removed from all analyses because they failed to look at the target 

on the majority of trials, making it impossible to reliably calculate the proportion of trials in 

which the target is the first pair fixated and the time to fixate the target for these subjects.  

3
 Re-examining experiments 1 & 2 revealed similar trends towards practice effects.  

However, the blocked design resulted in between subjects’ comparisons that generally failed to 

reach significance.  Interestingly, the two-preview advantage appears to primarily emerge from 

early trials.  Thus, with practice observers may learn to improve one-preview search and to code 

the relational information more effectively.  Future work will have to more closely examine 

these potentially very interesting practice effects in the context of an interleaved design.   

4 
Observes took marginally longer to fixate the first pair of objects in the far distance 

condition compared to the close distance condition F(1, 23) = 3.62, p = .07.  This speed-accuracy 

trade-off may have contributed to the more accurate target first fixations in the far distance 

condition.      

5
 A version of this study in which the objects overlapped by 1-5 pixels was also 

conducted (N=40).  Connecting the pair of objects so as to create the percept of a single object 

(Logan, 1994) should have enabled the relational information to be calculated relative to a single 

point.  However, an identical pattern of results was obtained.        
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Table 1.  RTs and time to fixate the target for correct trials in Experiment 1 

 

==================================================================== 

Number of Previews           One           Two 

Preview Duration (ms)     400     1600       400     1600 

______________________________________________________________________________ 

RT (ms)    1635 (76)  1712 (81) 1553 (60) 1670 (85) 

 

Time to Target (ms)   874   (29) 931   (30) 849   (24) 899   (29) 

______________________________________________________________________________ 

Note:  Values in parentheses indicate standard error of the mean (SEM).    
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Table 2.  RTs and time to fixate the target for correct trials in Experiment 2 

 

==================================================================== 

Number of Previews           One           Two 

Spatial Relationship   Match   Swap   Match   Swap 

___________________________________________________________________________ 

RT (ms)    1194 (51)  1304 (48) 1063 (44) 1196 (45) 

 

Time to Target (ms)   493   (16) 552   (22) 470   (13) 502   (13) 

______________________________________________________________________________ 

Note:  Values in parentheses indicate standard error of the mean (SEM).    
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Table 3.  RTs and time to fixate the target for correct trials in Experiment 3 

 

==================================================================== 

Number of Previews           One           Two 

Spatial Relationship   Match   Swap   Match   Swap 

______________________________________________________________________________ 

RT (ms)    1823 (83)  2038 (97) 1792 (75) 1979 (84) 

 

Time to Target (ms)   629   (17)  635   (16) 621   (14) 634   (16) 

______________________________________________________________________________ 

Note:  Values in parentheses indicate standard error of the mean (SEM).    
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Table 4.  RTs and time to fixate the target for correct trials in Experiment 4 

 

==================================================================== 

Semantic Association     Related            Unrelated 

Functional Interaction Interacting Noninteracting      Interacting      Noninteracting  

Spatial Relationship         Match    Swap    Match    Swap    Match    Swap    Match    Swap  

______________________________________________________________________________ 

RT (ms)             1025 1134   1066     1138       1071      1113     1094  1150 

SEM             (67) (99)   (79)        (75)        (116)     (66)      (108)       (75) 

 

Time to Target (ms)             414  414    407      416        403        434        398  438 

 SEM              (13)  (9)    (10)       (13)        (9)         (11)       (11)        (13) 

______________________________________________________________________________ 
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Table 5.  RTs and time to fixate the target for correct trials in Experiment 5 

 

==================================================================== 

Block           One              Two 

Relational Information  Irrelevant      Relevant          Irrelevant   Relevant 

Spatial Relationship         Match    Swap    Match    Swap    Match    Swap    Match    Swap  

______________________________________________________________________________ 

RT (ms)              977 1090   1222     1383        926      1046     1100  1224 

SEM              (78) (96)   (51)        (91)         (84)     (108)     (51)         (49) 

 

Time to Target (ms)             471 497   466      482         443      456        435  492 

 SEM              (23) (31)   (17)        (22)         (23)     (21)       (16)         (14) 

______________________________________________________________________________  
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Table 6.  RTs and time to fixate the target for correct trials in Experiment 6 

 

==================================================================== 

Grouping Condition      No Frame            Frame 

Number of Previews       One           Two                      One                    Two         

Spatial Relationship         Match    Swap    Match    Swap    Match    Swap    Match    Swap  

______________________________________________________________________________ 

RT (ms)            1233 1354   1179     1341       1290      1482     1205  1380 

SEM            (46) (56)   (58)       (71)         (55)       (83)      (58)         (73) 

 

Time to Target (ms)           496 543   473     530         549        608       513  597 

 SEM            (14) (14)   (15)       (17)         (30)       (39)      (23)         (44) 

______________________________________________________________________________ 
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Table 7.  RTs and time to fixate the target for correct trials in Experiment 7 

 

==================================================================== 

Grouping Distance        Close            Far 

Spatial Relationship   Match   Swap   Match   Swap 

______________________________________________________________________________ 

RT (ms)    1101 (50)  1241 (57) 1120 (51) 1233 (53) 

 

Time to Target (ms)   445   (11)  491   (18) 442   (12) 489   (15) 

______________________________________________________________________________ 

Note:  Values in parentheses indicate standard error of the mean (SEM).    
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Figure Captions 

Figure 1.   An example preview and search view used in Experiment 1.  Previews were presented 

for either 400 ms or 1600 ms and contained either one or both target objects.    

Figure 2.   The proportion of trial in which the target pair was the first pair fixated during search 

in Experiment 1 (correct trials only), as a function of number of previewed targets and 

preview duration.  Chance is indicated by the dashed line and  is equal to .167.  Error 

bars indicate one standard error of the mean (SEM).  

Figure 3.   An example preview and search view used in Experiment 2.  Previews contained 

either one or both target objects and matched the search view perfectly (spatial match 

conditions) or the objects swapped relative postions (spatial mismatch conditions).   

Figure 4.   The proportion of trials in which the target pair was the first pair fixated during search 

in Experiment 2 (correct trials only), as a function of previewed relation (match or 

swap) and the number of previewed targets.  Error bars indicate one standard error of 

the mean (SEM).   

Figure 5.   The proportion of trials in which the target pair was the first pair fixated during search 

in Experiment 3 (correct trials only), as a function of cued relation (match or swap) 

and the number of cued targets.  Error bars indicate one standard error of the mean 

(SEM).    

Figure 6.   A complete list of all related pairs and functional directions used in Experiment 4.  

Figure 7.   The proportion of trials in which the target pair was the first pair fixated during search 

in Experiment 4 (correct trials only), as a function of previewed relation (match or 

swap), semantic relatedness and functional interaction of the targets.  Error bars 

indicate one standard error of the mean (SEM).     

Figure 8.   The proportion of trials in which the target pair was the first pair fixated during search 

in Experiment 5 (correct trials only), as a function of previewed relation (match or 

swap), task and block number.  Error bars indicate one standard error of the mean 

(SEM).    

Figure 9.   An example preview and search view used in Experiment 6 (frame condition).  

Previews contained either one or both target objects and matched the search view 

perfectly or the objects swapped relative postions. 

Figure 10. The proportion of trials in which the target pair was the first pair fixated during search 

in Experiment 6 (correct trials only), as a function of previewed relation (match or 

swap), the number of previewed targets and frame presence.  Error bars indicate one 

standard error of the mean (SEM).     

Figure 11. An example preview and search view used in Experiment 7 depicting both near and 

far distance conditions.  Previews either matched the search view perfectly or the 

objects swapped relative postions. 

Figure 12. The proportion of trials in which the target pair was the first pair fixated during search 

in Experiment 7 (correct trials only), as a function of previewed relation (match or 

swap), and the distance between the objects.  Error bars indicate one standard error of 

the mean (SEM).     

 

  



Figure 1 

400 ms or 
1600 ms 

  

2 Preview 

  

1 Preview  

Until 
Response 

  

76 



0.15

0.20

0.25

0.30

0.35

0.40

0.45

400ms Preview 1600ms Preview

P
ro

p
o

rt
io

n
 T

a
rg

e
t 

F
ix

a
te

d
 F

ir
s
t 

1p 2p

Figure 2 

77 



Figure 3 

400 ms 

2 Preview  
Match 

2 Preview  
Swap 

1 Preview  
Match 

1 Preview 
Swap 

Until 
Response 

78 



0.40

0.45

0.50

0.55

0.60

0.65

0.70

1p 2p

P
ro

p
o

rt
io

n
 T

a
rg

e
t 

F
ix

a
te

d
 F

ir
s
t 

Matched Swapped

Figure 4 

79 



0.15

0.20

0.25

0.30

0.35

0.40

0.45

1 Cue 2 Cues

P
ro

p
o

rt
io

n
 T

a
rg

e
t 

F
ix

a
te

d
 F

ir
s
t 

Matched Swapped

Figure 5 

80 



Figure 6 

Experimental Practice 

81 



0.40

0.45

0.50

0.55

0.60

0.65

0.70

Interacting Noninteracting Interacting Noninteracting

Related Unrelated

P
ro

p
o

rt
io

in
 T

a
rg

e
t 

F
ix

a
te

d
 F

ir
s
t 

Matched Swapped

Figure 7 

82 



0.40

0.45

0.50

0.55

0.60

0.65

0.70

Relation
Irrelevant

Relation
Relevant

Relation
Irrelevant

Relation
Relevant

Block 1 Block 2

P
ro

p
o

rt
io

n
 T

a
rg

e
t 

F
ix

a
te

d
 F

ir
s
t 

Matched Swapped

Figure 8 

83 



Figure 9 

400ms   

2 Preview  
Match 

2 Preview  
Swap 

Until 
Response 

  

1 Preview  
Match 

1 Preview  
Swap 

84 



0.40

0.45

0.50

0.55

0.60

0.65

0.70

1p No Frame 2p No Frame 1p Frame 2p Frame

P
ro

p
o

rt
io

n
 T

a
rg

e
t 

F
ix

a
te

d
 F

ir
s
t 

Matched Swapped

Figure 10 

85 



    

4
0

0
 m

s 

Far M
atch

 
Far Sw

ap
 

U
n

til 
R

esp
o

n
se

 

C
lo

se M
atch

 
C

lo
se Sw

ap
 

F
ig

u
re

 1
1

 

86 



0.40

0.45

0.50

0.55

0.60

0.65

0.70

Close Far

P
ro

p
o

rt
io

n
 T

a
rg

e
t 

F
ix

a
te

d
 F

ir
s
t 

Matched Swapped

Figure 12 

87 




