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Abstract 

Long-term memory has been widely studied, but it is unclear whether it can influence processing 

efficiency. In the past, researchers have focused on the effect of familiarity through repeated exposure 

to examine effects on subsequent processing. Behavioural, electrophysiological, and neuroimaging 

studies have demonstrated processing savings at an early stage for simple and complex visual stimuli. 

However, other researchers have argued that familiarity has a negligible or even a negative effect on 

processing mechanisms, making it unclear whether benefits can be attained at all. 

In the present study, we used complex real-world scenes to investigate the effects of familiarity 

on early processing of visual information and to investigate the mechanisms that could be responsible 

for any effects. In a pilot study, we established that there was an effect of familiarity on early scene 

processing. Thus, the present study examined the effect of different memory representations on early 

scene processing (Experiment 1), and investigated a potential underlying attentional mechanism of the 

processing benefits (Experiment 2). 

In Experiment 1, we explored whether familiarity effects on processing were due to a priming of a 

scene’s low-level perceptual details from a single image (Familiar Viewpoint) or due to a scene’s high-

level conceptual representation from multiple viewpoints (Familiar Place). A lack of power within the 

study did not allow us to draw conclusions from the data; however, the findings suggest that there may 

be a benefit for familiar information. In Experiment 2, we explored whether processing savings from 

familiarity were due to fewer attentional resources required for familiar scenes. The availability of 

resources was manipulated using a dual-task paradigm. We found no performance detriment to scene 

processing under low and high cognitive load conditions. Our findings likely reflect a change in strategy 

and prioritization of scene processing over the secondary task, indicating that more sensitive methods of 

measuring attentional resources are required. In summary, long-term memory from perceptually-driven 
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and conceptually-based representations can affect early scene processing mechanisms, without any 

effect on the underlying attentional resources needed for familiar information. 
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Chapter 1 – Introduction 

While scanning the aisles of a grocery store in an attempt to remember what ingredients we need 

to buy for dinner, we might try to recall whether a recipe called for an onion or an artichoke, a task that 

would be easier if we had recently read the recipe or if we had made it many times over the years. This 

common scenario illustrates two broad classes of memory that play a vital role in everyday tasks: short-

term and long-term memory. Short-term memory is defined as a memory store for holding a small 

amount of information in an active state for a short period of time, and long-term memory is defined as 

a store that can retain vast quantities of information for long periods of time. By using both short-term 

and long-term memory to store knowledge about items, environments, and situations, we can 

immediately draw upon different types of information to complete various tasks or to plan and execute 

future goals (Tulving, 1972). Long-term memory effects have been widely studied, but it is still unclear 

whether it can contribute to higher processing efficiency. In this paper, we focus on the effects of long-

term memory on processing, and investigate whether long-term memory can directly affect mechanisms 

that rely on stored information (Epstein, Harris, Stanley, & Kanwisher, 1999; Fabre-Thorpe, Delorme, 

Marlot, & Thorpe, 2001; Thorpe, Fize, & Marlot, 1996). 

Many studies on processing efficiency have focused on the effects of repeated exposure to novel 

stimuli or “familiarity.” Initial studies have used a paradigm known as priming, in which specific stimuli, 

contexts, or layouts are learned incidentally or without intention. These studies have demonstrated that 

incidental learning of stimuli can facilitate subsequent visual processing. Many early researchers 

attributed this process to a lowering of the thresholds necessary for activating knowledge and relevant 

information within long-term memory (Chun & Jiang, 1998; Chun & Phelps, 1999). Although recent 

research suggests that these processing savings occur at a more basic perceptual level, incidental 

learning from priming has been found to be mediated by both attention and aspects of long-term 
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memory, and as such, can offer general insight into the underlying mechanisms of processing efficiency 

(Giesbrecht, Sy, & Guerin, 2013; Manelis & Reder, 2012). 

Early priming research suggested that we gain processing benefits from familiar information, 

particularly at the early perceptual stages of visual processing. Research has found that prior exposure 

can reduce reaction time to that stimulus when it is then subsequently presented (Schacter & Buckner, 

1998; Warren & Morton, 1982). Electrophysiological studies that examine neuronal responses during 

tasks have shown similar effects, with reduced responses for repeated presentations of stimuli in both 

humans and primates (Li, Miller, & Desimone, 1993; Ringo, 1996). In addition, studies examining more 

complex stimuli have demonstrated that repeated exposure can result in large changes in the event-

related potentials (ERP) for both shape repetition and face perception (Begleiter, Porjesz, & Wang, 1995; 

George, Jemel, Fiori, & Renault, 1997). Taken together, these studies strongly support an effect of 

familiarity on early perceptual processes. 

In addition to behavioural and ERP findings from priming research, processing benefits from 

familiarity have also been found with functional magnetic resonance imaging (fMRI). These findings have 

linked the benefit of familiarity to long-term memory representations (Turk-Browne, Yi, & Chun, 2006). 

Neuroimaging studies have demonstrated reduced fMRI responses for repeated versus novel stimuli 

within various regions of the brain – research has demonstrated reductions in the extrastriate visual 

cortex for object repetition, inferior frontal regions for real-world objects, and both the posterior visual 

and higher-level prefrontal brain regions for verbal and visual processing tasks (Bentley, Vuilleumier, 

Thiel, Driver, & Dolan, 2003; Buckner & Koutstaal, 1998; Buckner et al., 1998). This pattern of activation 

suggests that familiarity effects may also be related to higher-level perceptual areas. Even within more 

complex real-world scenes, fMRI research has demonstrated that the parahippocampal place area (PPA) 

and the retrosplenial cortex (RSC), regions of the brain associated with scene processing and highly 
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responsive to scene layout, show lower activation for repeated scenes compared to novel scenes 

(Epstein et al., 1999; Maguire, 2001). These findings suggest that processing benefits do exist for long-

term representations of both simple and complex stimuli (Park, Intraub, Yi, Widders, & Chun, 2007). 

Contrary to these results, other researchers have argued that long-term memory for visual 

information does not result in processing benefits. These researchers have demonstrated that familiarity 

can have a negligible or negative effect on perceptual processing mechanisms (Biederman, Teitelbaum, 

& Mezzanotte, 1983; Thorpe et al., 1996; Tipper, 1985; 2001). For example, some priming studies have 

revealed inhibition of repeated stimuli, resulting in slower reaction time or slower processing time due 

to inhibitory effects on either the encoding of the stimulus or retrieval from memory stores (Fox, 1995; 

Tipper, 2001). Earlier research has also found that long-term memory for complex real-world scenes did 

not influence scene identification in subsequent trials (Biederman et al., 1983). More recently, Fabre-

Thorpe and colleagues (2001) demonstrated no change in processing for repeated versus novel scenes 

in a visual categorization task, even after extensive training with the scene images for three weeks. 

Further, they did not find any priming effects in either reaction time or ERP data, suggesting that 

processing may have a relatively fixed time course that cannot be sped-up, even with extensive prior 

exposure to stimuli. These findings suggest that processing benefits cannot be gained from familiarity at 

the initial stages of scene processing, and moreover, that processing may actually plateau after 

information has been encoded in long-term visual memory (Fabre-Thorpe et al., 2001; Thorpe et al., 

1996). 

Although past studies have suggested that processing benefits do exist for long-term 

representations of scenes, the results from Fabre-Thorpe and colleagues (2001) provide strong evidence 

to the contrary. Though their findings do lend credence to the notion that processing savings cannot be 

gained from familiarity, there have only been a few studies to reconcile their findings with the vast 
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literature demonstrating processing savings from long-term memory (Buckner & Koutstaal, 1998; 

Epstein et al., 1999; Li et al., 1993; Maguire, 2001; Schacter & Buckner, 1998). In addition, a large 

number of studies examining processing savings have focused on stimuli that are either not masked, 

novel and presented only once, or repeated and less complex than what we see in day-to-day life 

(Biederman et al., 1983; Fabre-Thorpe et al., 2001; George et al., 1997; Thorpe et al., 1996; Warren & 

Morton, 1982). As such, using more complex representational stimuli would be one way of reconciling 

the findings from past literature and determining if processing savings from familiarity do exist. 

Real-world scene representations within long-term memory have the unique feature of not only 

consisting of predictable structure and stable regularities, but our frequent exposure to scenes allow us 

to continually update these representations with new, incoming information (Biederman, Mezzanotte, & 

Rabinowitz, 1982; Henderson & Ferreira, 2004; Henderson & Hollingworth, 1998). For this reason, 

memory for familiar scenes can be thought of as operating within two representational subtypes of 

long-term memory: semantic and episodic. Semantic memory is a long-term store for non-contextual 

representations of experience for meaningful organized information (e.g., general knowledge of 

concepts, identity of objects). Episodic memory is typically thought of as a long-term memory store that 

records specific detailed information about personal experiences in one’s own life (e.g., dates, times, 

events, occurrences). Within these definitions, familiar scenes can be thought of as being characteristic 

of both semantic memory (due to our understanding of the features characteristic of scene categories) 

and episodic (due to our own experiences with particular scenes). These representational properties not 

only differentiate familiar scenes from the simple repeated arrays typically used in visual experiments, 

but also allow us to examine long-term memory structures in a more comprehensive manner. 
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Pilot Study 

In a pilot study, we examined the effects of long-term memory on early processing mechanisms 

using studied and novel complex real-world scenes. Participants (N=20) studied a set of 30 scene images 

for 2mins each over three consecutive days. Thus, we were able to establish that these scenes were very 

familiar as participants were able to reach 100% accuracy on the memory test by the third day. On the 

fourth day, participants completed a rapid scene identification task, during which studied and novel 

scenes were presented for either 20 or 50ms. Participants indicated whether a scene category 

descriptor presented immediately afterwards matched the image. A typical trial sequence is illustrated 

in Figure 1. Accuracy rates for 20ms were comparable for both studied and novel scenes and averaged 

57%; however, accuracy rates for 50ms were significantly higher for studied (M = 92%, SD = 10%) 

compared to novel scenes (M = 82%, SD = 12%), t(19) = 3.13, p = .005, d = .91. These results suggest that 

long-term memory for complex real-world scenes does affect the subsequent rapid processing of scene 

identification. Based on this finding, the present study had two aims: (1) to investigate the nature of 

how memory representations of scenes affect early processing, and (2) to examine whether these 

processing savings are due to reduced resource requirements for processing.  
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Days 1 – 3 (Learning Phase) 

Studying Task      Memory Task 

 

 

 

 

 

 

 

 

 

 

 

Day 4 (Test Phase)  

Scene Identification Task 

 

 

 

 

 

 

 

Figure 1. Trial sequence for the pilot study. 
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Processing benefits and memory representations 

The first aim of the current study was to examine whether differences in how scene 

representations are encoded into long-term memory affect the benefit of familiarity. First, it is 

important to consider the type of information the visual system extracts from real-world scenes over 

time. In an early seminal study by Standing (1973), observers were briefly presented with 10,000 images 

that were then tested in a subsequent recognition task two days later. They showed a high degree of 

discriminability for these scenes demonstrating that scene memory can be quite robust and accurate 

(Standing, 1973). Further research has indicated that although our visual system can remember and 

discriminate between vast numbers of scenes, scene information gradually accrues over time 

(Castelhano & Henderson, 2008; Greene & Oliva, 2009; Oliva & Torralba, 2001). Thus, an initial glance of 

a scene can provide observers with overall global properties of an image, or scene “gist,” and with 

increased exposure time, more visual details are acquired (Greene & Oliva, 2009; Konkle, Brady, Alvarez, 

& Oliva, 2010; Oliva, 2005). In this manner, exposure to the global properties of a scene provides a 

general conceptual framework for supporting more detailed visual long-term memory for scenes and 

objects (Konkle et al., 2010). These findings suggest that perceptual information can be primed at a 

higher level than previously believed. This high-level priming suggests that, with increased familiarity, a 

more detailed scene representation can be constructed in long-term memory that consists of both low-

level (e.g., colour, textures, orientation) and high-level (e.g., kitchen, bedroom, porch) scene 

information. 

In the past, researchers have posited that memory for scenes consists of both low-level and high-

level information; therefore, it stands to reason that the accrued benefits from familiarity with scenes 

may result from both types of information: (1) the visual system is primed to the low-level perceptual 

visual information of a specific scene, or (2) the visual system has formed a high-level conceptual 
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representation of the overall scene. Numerous studies have shown that incidental learning of repeated 

stimuli can reduce the response threshold necessary for future processing of the stimuli (Hout & 

Goldinger, 2010; Kunar, Flusberg, Horowitz, & Wolfe, 2007). This suggests that processing benefits 

gained from the long-term representation of a scene may be tied to the specific low-level perceptual 

properties of the scene itself. As such, processing savings may be the result of a form of priming for 

perceptual visual information, such that a reduced amount of information is needed to accurately 

identify the same scene in future trials. 

However, recent research suggests that processing savings can also be gained from encoding the 

high-level conceptual representation of the stimuli. As mentioned earlier, research has shown that the 

statistical properties and common regularities found within scenes can provide our visual system with 

high-level information about the scene itself (Oliva, 2005; Oliva & Torralba, 2001; Torralba & Oliva, 

2002). When presented with familiar stimuli, neurophysiological studies point towards distinct patterns 

within brain regions, regardless of the type of image used (i.e., complex real-world or artificially-

constructed scenes) to represent the space. fMRI studies have demonstrated that areas of the brain 

responsible for interpreting a scene’s high-level gist (PPA and RSC) show lower activation when scenes 

have been previously viewed; however, areas responsive to low-level structural features and objects 

(lateral occipital complex; LOC) show no change in activation when the same scene is shown again 

(Epstein et al., 1999; Maguire, 2001; Park et al., 2007). This pattern of results suggests that a scene may 

be represented both perceptually and conceptually across different areas of the visual system. Thus, by 

examining whether processing benefits are due to a priming of a specific scene image with identical low-

level perceptual properties or whether they are due to a scene’s high-level conceptual representation, 

we can gain a broader understanding of how representational memory stores benefit processing. 
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Processing benefits and attentional resources 

The second aim of the current study is to explore the degree to which long-term representations 

of scenes can affect early processing benefits through reduced attentional resources. Attentional 

resources can be thought of as the finite amount of attention in reserves that can be allocated within a 

single task or distributed across multiple tasks as required (Knowles, 1963; Moray, 1967). Because 

attention on its own is a difficult construct to measure, studies investigating attentional resources 

typically use a dual-task paradigm. In the dual-task paradigm, two tasks (a primary and a secondary task) 

are performed concurrently. In order to perform accurately for both tasks, finite attentional resources 

need to be shared between the two tasks. However, if the cognitive load for a dual task is considered to 

be high (e.g., by making the secondary task more difficult), the amount of information that needs to be 

processed concurrently is sufficient to tax and overload the finite resources available. In this regard, the 

secondary task will then require more resources than the primary task, leading to impairments for the 

latter. Thus, performance changes in the primary dual task can directly be associated with changes in 

attentional resource requirements. 

Within scene perception literature, there has been much debate as to whether scene processing 

requires attentional resources at all. Some researchers have posited that real-world scenes can be 

recognized without attention, as the amount of information extracted from a scene presented for 

extremely short durations was thought to be too rapid for focused attention to play a significant role 

(Biederman, 1972; Thorpe et al., 1996). More recently, Fei-Fei and colleagues (2005) utilized a dual-task 

paradigm of scene categorization and letter discrimination (primary and secondary task, respectively) to 

demonstrate that our ability to detect and classify items within a scene was not impaired under dual-

task conditions. This pattern suggests that our visual system may be able to consciously process scenes 
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without focused attention (Fei-Fei, VanRullen, Koch, & Perona, 2005; Li, VanRullen, Koch, & Perona, 

2002; Rousselet, Fabre-Thorpe, & Thorpe, 2002). 

However, more recent research suggests that processing of a scene can be compromised under 

specific attentionally-demanding circumstances. In a more recent study, Cohen, Alvarez, and Nakayama 

(2011) paired a primary scene identification task with a secondary multiple-object tracking (MOT) task, 

the latter of which is quite difficult and requires continuous, sustained attention. Under these 

circumstances, results demonstrated that when the secondary task of object tracking was easy, the 

primary task of scene identification saw no interference between single and dual tasks. Theoretically, 

this is consistent with the notion that sufficient attentional resources were available for both tasks. 

However, when the secondary tracking task was difficult under high load conditions, a cost was 

observed for both tasks; thus, as the secondary task required more attentional resources, scene 

identification performance suffered due to reduced resource availability. Overall, these findings support 

the notion that scene identification requires minimal attentional resources so as to only be affected by a 

secondary task that is extremely taxing (Cohen et al., 2011; Rousselet, Thorpe, & Fabre-Thorpe, 2004). 

Therefore, by taxing attentional resources with a challenging secondary task in a dual-task paradigm, we 

should be able to examine whether processing benefits from familiarity arise from lower resource 

demands. If fewer attentional resources are required to process familiar images, then familiar scenes 

should not be as affected by a secondary task as compared to novel scenes. In addition, we explored 

whether the attentional resources required varied based on the type of scene representation encoded 

(low-level perceptual or high-level conceptual). Thus, by examining two types of long-term scene 

representations, we can gain insight into the underlying mechanisms and functional architecture behind 

representational memory stores of real-world scenes.  
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Summary 

In summary, scene representations appear to be based on low-level and high-level information, 

and increased exposure to scenes can result in subsequent processing benefits at the initial stages of 

processing (as demonstrated in the pilot results). Determining how processing benefits occur from 

familiar information would not only broaden our understanding of visual representations in long-term 

memory, but also allow us to gain greater insight into early processing mechanisms and the extent of 

interconnectedness in our visual system. Benefits of familiarity have also been found in the auditory 

domain; Johnsrude and colleagues (2013) demonstrated that older listeners can exploit vocal familiarity 

in order to compensate for the effects of sensory or cognitive decline. Thus, similar findings within the 

visual domain would improve our understanding of how we process complex information and lead to 

developments that could assist older individuals and those experiencing visual deficits. 

In the current study, we examined how processing savings arise from familiarity with complex 

real-world scenes. In Experiment 1, we explored whether processing savings from repeated exposure to 

scenes was gained primarily through the priming of low-level perceptual details of the scene or also 

through a more high-level conceptual-based representation. In Experiment 2, we explored the degree to 

which processing savings from repeated exposure to scenes was due to fewer attentional resources 

required.  
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Chapter 2 – Experiment 1 

In Experiment 1, we explored whether processing savings gained from familiarity to real-world 

scenes can be attributable to a priming of the low-level perceptual details of the scene and to a more 

high-level conceptual-based representation of the scene. Participants studied real-world scenes over 

three consecutive days. Half of the scenes were presented from an identical viewpoint (Familiar 

Viewpoint scenes) and the other half were presented as a set of three images that depicted different 

viewpoints of the same scene or place (Familiar Place scenes; see Figure 2). Thus, the learned scene 

representations were either based on a specific image or were more dynamic and based on learning the 

scene across different images. On the fourth day, participants were presented with Familiar Viewpoint 

scenes, Familiar Place scenes (depicting a different viewpoint of the scene that was not previously 

viewed), or Novel scenes in a rapid scene identification task. 

If early processing benefits are gained from a priming of low-level perceptual information, then 

we would expect that Familiar Viewpoint scenes would show improved performance compared to Novel 

scenes (Chun & Jiang, 1998; Hout & Goldinger, 2010). If early processing benefits can be gained from a 

high-level conceptual representation of the scene, then we would expect that Familiar Place scenes 

would also show improved performance compared to Novel scenes (Bar, 2004; Burgess, 2006; Chun, 

2000; Intraub & Richardson, 1989). The relative difference in improvement between Familiar Viewpoint 

and Familiar Place scenes is dependent on how effectively our visual system can use stored information 

at low- and high-levels of representations in a scene identification task. If each contributes to some 

extent to the processing benefit, we would not expect a difference between the two types of 

representations. 
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Days 1 – 3 (Study Days)        Day 4 (Test Day) 

Familiar Viewpoint Scene 

          
 

Familiar Place Scenes 

          

          

          

 

Figure 2. Example of the Familiar Viewpoint and Familiar Place scenes used for Experiment 1. 

 

Methods 

Participants. Thirty Queen’s University undergraduate students, with normal or corrected-to-

normal vision, participated for course credit or for $10/hr. 

Apparatus & Stimuli. The presentation of the stimuli was controlled via MATLAB (MathWorks) 

using the Psychophysics toolbox routines (Brainard, 1997). The stimuli were presented on a 21” CRT 

monitor with a refresh rate of 100 Hz, with participants sitting 60cm away from the display monitor. 
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The stimuli consisted of 540 real-world indoor and outdoor scenes (obtained from realtor 

websites). The scenes were displayed at a resolution of 800 x 600 pixels, with images subtending a visual 

angle of 38.1° x 28.6°. The studied images were manipulated across two conditions: (i) Familiar 

Viewpoint scene: a single image of a scene; and (ii) Familiar Place scene: a series of three images of the 

same scene, each presenting a different viewpoint. Figure 2 details example scene conditions for 

Experiment 1. 

Procedure. The study took place over four consecutive days – three learning phases followed by 

one test phase. On each of the learning phases, participants were presented with the same 120 images 

and instructed to memorize them with the intent of performing a memory task directly after; Familiar 

Viewpoint scenes were displayed for 30s each, and each of the three Familiar Place scenes were 

presented for 10s each (totaling 30s for each scene in each condition). At the end of each learning 

phase, participants performed a memory task on the studied images. They were presented with either a 

Familiar Viewpoint scene, Familiar Place scene, or Novel scene, and were instructed to respond (yes or 

no via button press) whether the image was one they had just studied. During the test phase, on the 

fourth and final day, participants were given a scene identification task. Images were either a Familiar 

Viewpoint scene, a Familiar Place scene (from a novel viewpoint), or a Novel scene, and were presented 

for 20, 30, 40, 50, or 100ms, followed by a mask for 50ms. After each trial, a word describing the scene 

gist category (e.g., backyard, kitchen, bedroom) was presented (grey screen, Arial, black text, font size 

20), and participants were instructed to respond (yes or no via button press) whether this category 

descriptor matched the image. A typical trial sequence for each experimental phase is illustrated in 

Figure 3. Conditions were randomized for each participant, and counterbalanced across participants. 

The experiment took 75mins on each of the learning phases and 15mins on the test phase, and the 

entire experiment lasted approximately 4hrs across four days. 
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Days 1 – 3 (Learning Phase) 

Studying Task         Memory Task 

 

 

 

 

 

 

 

 

 

 

 

Day 4 (Test Phase)  

Scene Identification Task 

 

 

 

 

 

 

 

Figure 3. Trial sequence for Experiment 1. 
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Results 

Data Analysis. Before reporting the test phase analyses, it is important to establish whether 

learning took place during the first three days of study. Therefore, a repeated-measures ANOVA was 

conducted to examine whether memory for scenes increased over time, with two further planned 

comparisons conducted (day 1 versus day 2, and day 2 versus day 3). All participants who had an 

accuracy lower than 80% on the third learning day were excluded from further analysis (no participants 

were excluded). 

To investigate the degree to which repeated exposure to real-world scenes facilitates scene 

perception, we calculated accuracy and overall reaction time (RT) for the scene identification task on 

day 4.1 All participants who had a reaction time greater than 2 SDs from the mean were excluded from 

further analysis. Out of 2700 trials, 60 were excluded (2.2%). To measure overall familiarity effects, a 

repeated-measures ANOVA was conducted to examine whether repeated exposure to real-world scenes 

would result in early processing benefits. To examine the specific effects of representations across 

presentation times, three planned comparisons were conducted at each presentation time (15 

comparisons). To measure the effect of familiarity on processing, we examined: (1) whether processing 

benefits could be gained through priming the low-level perceptual details of the scene (Familiar 

Viewpoint scenes versus Novel scenes), and (2) whether processing benefits could be gained through 

learning the high-level conceptual representation of a place (Familiar Place scenes versus Novel scenes). 

To measure the influence of the studied representation, we examined: (3) whether differences existed 

between the benefits gained from low-level versus high-level scene representations (Familiar Viewpoint 

                                                            
1 Due to the nature of the task, we expected memory for both types of familiar scenes on the test phase to be 
greater than novel scenes; for this reason, accuracy may not be equivalent between scene conditions nor 
sufficiently high for shorter presentation times. This renders any changes in RT difficult to interpret as it may not 
accurately reflect early processing savings between scene conditions. As such, all primary analyses were conducted 
on accuracy rates, and reaction time was assessed to ensure that there was no speed / accuracy trade-off (Fitts, 
1954). 
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versus Familiar Place scenes). To avoid possible Type I errors due to multiple planned comparisons, a 

Bonferroni correction was used (αFW = .05; α = .003).2  

Learning Phase Analysis 

Accuracy. Memory trials were scored as accurate if the participant correctly identified whether a 

scene had been studied before. Overall accuracy was quite high at 92%. A main effect was found for 

learning day, F(2,58) = 54.40, p < .001, ƞ2 = .65, and further analyses showed that accuracy increased as 

the days progressed: day 1 versus day 2, t(29) = -6.20, p < .001, d = .70; day 2 versus day 3, t(29) = -4.59, 

p < .001, d = .44. Overall, accuracy on day 1 was high, and learning allowed participants to further 

improve their memory for the scenes on each successive day. Figure 4 depicts the accuracy for each of 

the learning days. 

 

Figure 4. Overall accuracy for each of the learning days. Error bars represent +/- 1 SE. 

 

 

                                                            
2 The Bonferroni correction was chosen to due to its lack of assumptions about the data and its ability to protect 
against Type I error. The choice of adjustment method is discussed further in the General Discussion. 
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Test Phase Analysis 

Accuracy. A trial was scored as accurate if the participant correctly identified the scene’s gist 

category. Mauchly’s test of sphericity was violated for the main effect of presentation time, χ2 (9) = 

25.52, p = .002, Ɛ = .69, and the interaction between scene condition and presentation time, χ2 (35) = 

59.90, p = .006, Ɛ = .70; therefore the Greenhouse-Geisser correction was used. There was no main 

effect for scene conditions, p = .10, ƞ2 = .01, but a main effect was found for presentation time, 

F(2.8,80.9) = 93.31, p < .001, ƞ2 = .63, with accuracy increasing as the presentation times increased 

(except between 50 and 100ms, p = .10). This is in-line with previous findings showing that scene 

identification effects plateau after a certain presentation time (Castelhano & Henderson, 2008; Fabre-

Thorpe et al., 2001). No significant interaction was found, p = .18, ƞ2 = .02. Further planned comparisons 

revealed that at 50ms, Familiar Viewpoint scenes marginally outperformed Novel scenes, t(29) = -3.12, p 

= .004, d = .79; however, no differences were found between the Familiar Place and Novel scenes, p = 

.02, d = .59, nor between the Familiar Viewpoint and Familiar Place scenes, p = .48, d = .18, at 50ms. 

Thus, when compared to completely novel scenes, participants were marginally more accurate at scene 

identification when primed to the scene’s low-level perceptual details, but there was no difference in 

accuracy when made to study the scene’s high-level conceptual space. However, the medium-to-large 

effect size for both familiar scene representations suggests that differences did exist but were not 

detected due to a lack of power. Figure 5a depicts the accuracy rates across the three scene conditions. 

Reaction Time. RT was defined as the elapsed time from the onset of the category gist descriptor 

until a response was made, and was assessed to ensure that there were no speed / accuracy trade-offs. 

On average, participants took approximately 1.1s to respond. Mauchly’s test of sphericity was violated 

for the main effect of presentation time, χ2 (9) = 24.92, p = .003, Ɛ = .66, and the interaction, χ2 (35) = 

64.46, p = .002, Ɛ = .63; therefore the Greenhouse-Geisser correction was used. There was a main effect 

for scene conditions, F(2,58) = 3.39, p = .041, ƞ2 = .01, such that Familiar Place scenes were significantly 



EXPERTISE IN SCENE GIST  19 
 

faster than Novel scenes. There was also a main effect for presentation time, F(2.4,69.8) = 28.77, p < 

.001, ƞ2 = .45, with reaction time being significantly faster as the presentation times increased (except 

between 50 and 100ms, p = .28). No interaction was found, p = .59, ƞ2 = .01. Further comparisons 

revealed no significant differences between the scene conditions for each of the presentation times, ps 

> .06, ds < .39. Overall, the results from the accuracy and RT analyses revealed that with longer exposure 

time to scenes, accuracy and speed both increased, indicating that there was no trade-off between the 

two. Figure 5b depicts reaction time across all conditions. 
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Figure 5. Overall accuracy and reaction time (ms) for the scene conditions as a function of presentation 

time. Error bars represent +/- 1 SE. 
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Discussion for a more detailed discussion). At 50ms, we found a large effect size for scene identification 

accuracy between Familiar Viewpoint and Novel scenes (according to Cohen, 1988; d = .79). 

Furthermore, at 50ms, we found a medium to large effect size in the difference between Familiar Place 

and Novel scenes (according to Cohen, 1988; d = .59). Although the lack of power does not enable us to 

draw conclusions from the data, these effects are consistent with previous findings from both 

behavioural and fMRI research that have demonstrated that familiar visual stimuli can benefit 

subsequent processing (Bar, 2004; Burgess, 2006; Chun, 2000; Epstein et al., 1999; Intraub & 

Richardson, 1989; Park et al., 2007). We also did not find any trade-offs between speed and accuracy 

across presentation times suggesting that processing benefits from familiar scenes may arise from the 

stored scene representation. 

The results from Experiment 1 are consistent with previous research on gist extraction showing 

that a 50ms masked presentation time is sufficient for visual information to activate scene gist 

(Castelhano & Henderson, 2008; Davenport & Potter, 2004; Oliva & Schyns, 1997). In addition, other 

studies have found that even shorter presentation times can activate scene gist in both unmasked and 

masked presentations across a variety of tasks (i.e., 20-40ms; Delorme, Richard, & Fabre-Thorpe, 2000; 

Fabre-Thorpe et al., 2001; Greene & Oliva, 2009; Rousselet, Joubert, & Fabre-Thorpe, 2005; Schyns & 

Oliva, 1994; Thorpe et al., 1996). As a possible explanation, Castelhano and Henderson (2008) theorized 

that scene recognition may occur as a continuous activation of information that increases over time 

until it reaches the threshold necessary for correct identification. As such, scenes that are easily 

discernable from one another require less time to process compared to scenes that greatly overlap in 

gist category (Konkle et al., 2010). Given that our stimuli mainly consisted of indoor scenes with a high 

degree of image similarity (e.g., predominantly consisting of horizontal and vertical edges, and similar 

textures and colours), our stimulus set may have been more difficult to distinguish and identify, resulting 

in a smaller processing benefit. However, our overall findings of processing benefits for familiar complex 
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stimuli for a brief 50ms presentation time are comparable with past literature examining savings based 

on long-term representations of visual information (Chun & Jiang, 1998; Hout & Goldinger, 2010; Kunar 

et al., 2007) and with our pilot data. 

The pattern of results in Experiment 1 suggests that processing benefits may exist through 

repeated exposure to real-world scenes, such that there are benefits to being familiar with the low-level 

perceptual details of an image and with the high-level conceptual representations as well. Given the 

processing savings found (based on the data from the pilot study and from Experiment 1), it is still 

unclear how these benefits manifest. One possibility is that familiarity results from an increased ease of 

processing and fewer attentional resource requirements. For familiar scenes, detailed representations 

will have been built up within long-term memory; thus, fewer details may need to be processed before 

the scene can be correctly identified, even when presented for extremely short durations. In the next 

experiment, we sought to investigate whether familiar scenes are processed using fewer attentional 

resources than novel scenes by using a dual-task paradigm. 

  



EXPERTISE IN SCENE GIST  23 
 

Chapter 3 – Experiment 2 

In Experiment 2, we explored whether processing savings from familiarity were due to fewer 

attentional resources required for early scene processing by employing a dual-task paradigm. Similar to 

Experiment 1, participants studied real-world scenes over three consecutive days; on the fourth day, 

participants performed a primary task of scene identification with or without a secondary task of 

multiple-object tracking (MOT). To the degree that the primary task requires resources, we should see a 

drop in performance when it is performed concurrently with the secondary task (Cohen et al., 2011). In 

order to have a baseline performance comparison for the secondary task, participants also performed 

the MOT as a single-task. Given that the MOT task is attentionally-demanding, differences between the 

single and dual tasks should denote a change in the attentional resources required across the three 

scene representation types (Familiar Viewpoint, Familiar Place, and Novel scenes). For the dual task, we 

also varied the tracking speed of the discs to produce two levels of difficulty: slow and fast, representing 

low and high cognitive load, respectively. These two tracking speeds allowed us to differentiate between 

processing savings gained from familiarity due to differences in how scenes are represented in memory. 

If processing savings from familiarity were not due to fewer attentional resources, then we would 

expect to see a similar magnitude difference in performance between single and dual tasks for both 

Familiar and Novel scene conditions. These findings would be consistent with others that have shown 

that the ability to identify scenes is not impaired by dual-task conditions (Fei-Fei et al., 2005; Li et al., 

2002). However, if processing savings from familiarity were due to fewer attentional resources, we 

would expect that performance for both the Familiar Viewpoint and Familiar Place conditions will be less 

impaired than the Novel scene condition. Theoretically, there should also be a greater amount of 

attentional resources available for the secondary task in the Familiar Viewpoint and Familiar Place 

conditions, so we would expect to find a similar performance patterns for the MOT task. Similar to 

Cohen et al. (2011), we expect this pattern to be potentiated in the fast tracking speed condition, as 
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higher cognitive load is expected to overload attentional resources. Any differences in attentional 

resource requirements depending on the studied representation between the Familiar Viewpoint and 

Familiar Place scenes should also be reflected in performance in the high cognitive load condition. 

Methods 

Participants. Thirty-six Queen’s University undergraduate students, with normal or corrected-to-

normal vision, participated for course credit or for $10/hr. None of the participants took part in 

Experiment 1. 

Apparatus & Stimuli. The apparatus and stimuli were identical to Experiment 1. In addition, on the 

final test day, eight identical black discs (5px radius) were presented on the screen and moved in a 

random pattern that was pre-selected prior to the start of the study; movement was random with none 

of the discs intersecting. For the slow tracking speed condition, all eight discs moved at approximately 

6.4°/s, and for the fast speed condition, the discs moved at 12.9°/s.3 

Procedure. Similar to Experiment 1, Experiment 2 took place over four consecutive days – three 

learning phases followed by one test phase. The learning phases were identical to Experiment 1. During 

the test phase, on the fourth and final day, participants performed a series of three tasks (across two 

different tracking speeds): a single-task multiple-object tracking, a single task scene identification, and a 

dual-task consisting of both multiple-object tracking and scene identification. 

For each trial, participants were instructed that eight identical black discs would be presented on 

the screen and move in a random pattern while rapidly-presented masks were continuously presented 

                                                            
3 Cohen et al. (2011) used a similar paradigm with tracking speeds of 4.5°/s and 10.5°/s (for slow and fast speed 
conditions, respectively) and presentation times of 67ms. They found that attention was required for scene 
perception by demonstrating a reduction in scene identification accuracy between the single and dual tasks for the 
fast tracking condition. Thus, we implemented equivalent values for tracking speed in our experiment, which were 
bounded by programming and refresh rate restrictions. 
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in the background for 67ms each (to a total of 5s).2 The second-last background image presented would 

either be a Familiar Viewpoint scene, Familiar Place scene, or Novel scene. 

For the single-task multiple-object tracking, four of the eight discs flashed red for 2s before the 

start of the trial and participants were asked to keep track of the specified discs. At the end of the trial, 

all eight discs were presented on the screen at their last-displayed position, and participants were 

instructed to use the mouse cursor to select the four discs they were asked to track. For the single-task 

scene identification, participants were presented with a word (grey screen, Arial, black text, font size 20) 

at the end of the trial describing the scene gist category. They were instructed to respond (yes or no via 

button press) whether this category descriptor matched the image presented. For the dual-task 

multiple-object tracking and scene identification, participants were first asked to select the correct discs 

followed by a response to the scene identification query. A typical trial sequence is illustrated in Figure 

6. 

Conditions were counterbalanced across participants, with the task type condition blocked (task 

type sequence was randomized prior to the start of the study). The experiment took 75mins on each of 

the learning phases and 60mins on the test phase, and the entire experiment lasted approximately 4hrs 

45mins across four days. 
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Days 1 – 3 (Learning Phase) 

Similar to Experiment 1 

Day 4 (Test Phase) 

 

 

 

 

 

 

 

 

 

 

 

      Single-task multiple-object tracking         Single-task scene identification  

 

 

 

             Dual-task multiple-object tracking + scene identification 

 

 

 

 

 

Figure 6. Trial sequence for Experiment 2. The moving discs have been highlighted white for illustrative 

purposes only. 
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Results 

Data Analysis. As with Experiment 1, we examined learning effects by calculating accuracy for the 

memory task over the first three days of study. A repeated-measures ANOVA was conducted to examine 

whether memory for scenes increased over time, with two further planned comparisons conducted (day 

1 versus day 2, day 2 versus day 3). Participants who scored less than 80% on the third day were 

excluded from further analysis (no participants were excluded). 

To investigate whether processing savings from familiarity were due to fewer attentional 

resources required for scene processing, we calculated accuracy and RT for the scene identification task 

on day 4. We also calculated accuracy and RT for the MOT task in order to examine whether attentional 

resource requirements had any effect on the secondary task, and to determine if there were any 

performance trade-offs between the primary and secondary tasks. As before, all primary analyses were 

conducted on accuracy, with a check of RT to ensure there were no speed / accuracy trade-offs. All 

participants who had a reaction time greater than 2 SDs from the mean were excluded from further 

analysis. Out of 6480 trials, 120 were excluded (1.9%). A repeated-measures ANOVA was conducted on 

the scene identification and MOT tasks to examine the effect of single- and dual-task paradigms across 

both tracking speed conditions (slow/fast) for each of the scene conditions. Two planned comparisons 

were conducted for each scene representation (6 comparisons). To measure the effect of familiarity on 

attentional resource requirements, we compared performance for: (1) single versus dual tasks for both 

the slow and fast tracking speed condition for Novel and Familiar conditions (Familiar Viewpoint and 

Familiar Place scenes). To measure the influence of the studied representation on attentional resources, 

we compared performance for: (2) single and dual tasks for both tracking speeds for Familiar Viewpoint 

versus Familiar Place scenes. To avoid possible Type I errors due to multiple planned comparisons, a 

Bonferroni correction was used (αFW = .05; α = .008). 
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Learning Phase Analysis 

Accuracy. As with Experiment 1, memory trials were scored as accurate if the participant correctly 

identified whether a scene had been studied before. Overall accuracy was quite high at 90%. Mauchly’s 

test of sphericity was violated for the main effect of learning day, χ2 (2) = 26.86, p < .001, Ɛ = .65; 

therefore the Greenhouse-Geisser correction was used. A main effect of learning day was found, 

F(1.3,45.3) = 66.16, p < .001, ƞ2 = .65. Further analyses showed accuracy increased as each study day 

progressed: day 1 versus day 2, t(35) = -8.85, p < .001, d = .91; day 2 versus day 3, t(35) = -3.64, p = .001, 

d = .31. Overall, accuracy started high on day 1 and participants further improved their memory 

performance on each successive day. Figure 7 depicts the accuracy for each of the learning days. 

 

Figure 7. Overall accuracy for each of the learning days. Error bars represent +/- 1 SE. 
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scene condition, p = .06, ƞ2 = .03, tracking speed, p = .37, ƞ2 = .01, or for any interactions, ps > .33, ƞ2s < 

.01. Further planned comparisons revealed that, in the slow tracking speed condition, no differences 

were found in scene identification accuracy between the dual and single tasks across any of the scene 

conditions, ps > .02, ds < .50. This finding is consistent with previous research from Cohen and 

colleagues (2011) that showed no scene identification detriments under low cognitive load conditions. 

However, in the fast tracking speed condition, there were also no differences found between the dual- 

and single-tasks for any of the scene conditions, ps > .09, ds < .36. Thus, when the tracking speed was 

fast and the task was more attentionally-demanding, there were still no detriments to scene 

identification accuracy across scene conditions. Figure 8a depicts the scene identification accuracy 

across the three scene conditions. 

Multiple-Object Tracking. MOT accuracy was calculated as the percentage of discs that the 

participants correctly identified. A main effect was found for type of task, F(1,35) = 15.01, p = .001, ƞ2 = 

.18, with lower accuracy for dual tasks than single tasks. A main effect was also found for tracking speed, 

F(1,35) = 100.59, p < .001, ƞ2 = .64, such that overall accuracy was lower when the discs were moving 

faster. No main effect was found for scene condition or for any of the interactions, ps > .38, ƞ2s < .01. 

Further planned comparisons revealed that, when the discs moved at a slower speed, there were no 

differences in MOT accuracy for the dual- versus the single-task for any of the scene conditions, ps > .02, 

ds < .50, in line with findings from Cohen et al. (2011). However, when the discs moved at a faster 

speed, MOT was less accurate for the dual- versus single-task for Familiar Viewpoint, t(35) = 3.65, p = 

.001, d = .51, and Familiar Place scenes, t(35) = 3.00, p = .005, d = .46, with no differences found for 

Novel scenes, p = .016, d = .40. Thus, under the high cognitive load condition, differences between the 

single and dual tasks were found for familiar scenes in the secondary MOT task, but surprisingly not for 

the primary scene identification task. Increasing the speed of the discs from low to high has been shown 

to increase the difficulty of the secondary task; for this reason, we would have expected performance 
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impairments for the primary task between single- and dual-task conditions. Our findings of impairments 

for the secondary rather than the primary task suggest that participants may have utilized a different 

strategy while completing the dual task under the high load condition, such that greater attentional 

resources were allocated to the primary task. Figure 8b depicts the MOT accuracy across the three scene 

conditions.  
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Figure 8. Overall accuracy for (a) the scene identification task, and (b) the multiple-object tracking 

task. Error bars represent +/- 1 SE.  
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Reaction Time 

Scene Identification. As with the previous experiment, scene identification RT was defined as 

the elapsed time from the onset of the category gist descriptor until a response was made, and was 

mainly examined to ensure no speed / accuracy trade-offs existed. On average, participants took 

approximately 1.5s to respond. No significant main effects or interactions were found across conditions, 

ps > .11, ƞ2s < .19. Thus, there was no speed / accuracy trade-off for scene identification. Figure 9a 

depicts scene identification reaction time across all conditions. 

Multiple-Object Tracking. RT for the MOT task was defined as the elapsed time from the onset 

of the discs until all four selections were made. On average, participants took approximately 3.3s to 

respond. A significant main effect was found for the type of task, F(1,35) = 18.87, p < .001, ƞ2 = .72, such 

that reaction time was longer for the dual task versus single task. No other significant main effects or 

interaction effects were found across any of the conditions, ps > .11, ƞ2s < .09. Our findings suggest that 

there was a trade-off between speed and accuracy for the secondary task of multiple-object tracking, 

such that participants found the dual task to be more taxing than the single task, resulting in longer 

reaction times. Coupled with the null effects found for the scene identification accuracy in the fast 

tracking speed condition, this result suggests that there was likely a change in strategy for the dual task 

under high load conditions with scene identification being prioritized over MOT. Figure 9b depicts MOT 

reaction time across all conditions. 
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Figure 9. Overall reaction time (ms) for (a) the scene identification task, and (b) the multiple-object 

tracking task. Error bars represent +/- 1 SE. 
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Discussion 

Results from the second experiment demonstrated that scene identification for both familiar and 

novel scenes were not impaired when performing a dual task, even under high cognitive load conditions. 

These findings are consistent with previous studies that suggest that scene identification requires 

minimal attentional resources that it cannot be impaired under increased cognitive load conditions (Fei-

Fei et al., 2005; Li et al., 2002). In addition, we did not find any differences in the pattern of results 

across scene conditions, suggesting that neither form of scene representation in long-term memory 

(low-level perceptual or high-level conceptual) resulted in fewer attentional resource requirements for 

early processing. 

The lack of an effect for the dual task is quite unlike the pattern of results found by Cohen et al. 

(2011), who demonstrated impairments for both tasks when the tracking speed was fast. The lack of 

differences in scene identification accuracy, together with the detriment found for MOT accuracy in the 

dual-task condition for familiar scenes, suggests that participants may have been trading-off between 

the two tasks. If the dual task was sufficiently taxing and if both tasks were prioritized, then a split in 

attentional resources should have been observed, and as a result we would have expected to see 

impairments across both tasks. However, a drop in accuracy for the secondary MOT task for both 

familiar scenes without an equivalent drop in performance for the primary scene identification task 

suggests that participants modified their task strategy in the high load condition, and greatly prioritized 

the scene identification over the MOT. Given that participants also took longer to respond for the dual- 

versus single-task for MOT under the high load condition, our findings support the notion that, as the 

task demands increased under high load conditions, participants emphasized the scene identification 

task causing MOT performance to be impaired. As a result, this possible change in strategy makes the 

overall pattern of results difficult to interpret. 
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In summary, the pattern of results from Experiment 2 suggests that processing benefits that exist 

through repeated exposure to real-world scenes (as found in both the pilot study and in Experiment 1) 

may not be the result of fewer attentional resources necessary for scene processing. However, it is also 

possible that the high load dual-task condition caused a prioritization of the primary over the secondary 

task, resulting in differing processing demands; thus, it is unclear whether attentional resource demands 

were indeed affected by long-term memory representations. 
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Chapter 4 – General Discussion 

In the present study, we examined the effects of long-term memory on early processing 

mechanisms by using familiar and novel complex real-world scenes. In a pilot study, we demonstrated 

that long-term memory for familiar scenes does affect subsequent processing of scenes at an early 

stage. In Experiment 1, we examined how long-term memory representations affect early processing 

mechanisms by comparing two different forms of scene representations: a low-level perceptual and a 

high-level conceptual representation. A lack of power within the study did not allow us to draw any 

conclusions from the data; however, when compared to Novel scenes, both Familiar Viewpoint and 

Familiar Place scenes demonstrated medium to large effect sizes, suggesting that there may be some 

benefit for familiar information. The lack of power will be discussed further in the General Discussion. 

In Experiment 2, we investigated the underlying mechanisms behind early processing savings by 

examining whether familiar scenes required fewer attentional resources for processing. By interfering 

with the availability of resources using a dual-task paradigm, we found that scene identification 

performance was not impaired for dual- versus single-task conditions across the different scene 

representations under both low and high cognitive load. However, the secondary MOT task did show 

significant performance impairment in the high load condition for both Familiar Viewpoint and Familiar 

Place scenes. Since no equivalent detriment was found in the primary scene identification task, our 

findings may have reflected a change in strategy between the low and high load conditions, where a 

prioritization of the primary task over the secondary task was preferred. Taken as a whole, this study 

suggests that long-term memory from a perceptually-driven and conceptually-based representation can 

affect early scene processing mechanisms, but that they may not necessarily have an effect on 

underlying attentional mechanisms for familiar information. 
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Our findings are supported by past research showing processing benefits for complex stimuli 

(Buckner et al., 1998; Burgess, 2006; Chun & Jiang, 2003; Desimone, 1996; Epstein et al., 1999; Li et al., 

1993; Schacter & Buckner, 1998). However, as noted earlier, some researchers have not found 

processing benefits for familiar information, though there are likely methodological differences that 

contribute to this discrepancy (Biederman et al., 1983; Fabre-Thorpe et al., 2001; Thorpe et al., 1996; 

Tipper, 2001). One possible explanation may be due to the different stimuli used across tasks. 

Processing savings have typically been examined in the past using stimuli that are not masked, or 

are novel and presented only once. First, unmasked stimuli may not provide for a good measure of early 

processing mechanisms, as research has shown that this type of stimulus can be processed well-beyond 

actual presentation time (Breitmeyer, 1984; Breitmeyer & Ganz, 1976; Enns & Di Lollo, 2000). In this 

manner, masked stimuli are useful in studying the timing of early processing in the visual system 

because they allow for processing to be interrupted depending on the presentation time. Secondly, 

images that are novel and presented only once may not necessarily tap into similar memory 

representations as images that have been presented repeatedly and studied over a period of time. 

Repeated presentations of stimuli are beneficial in that they allow us to study the nature of the 

representation itself and how it might affect different stages of processing (Grill-Spector, Henson, & 

Martin, 2006; Schacter & Buckner, 1998; Schacter, Dobbins, & Schnyer, 2004). As such, the lack of 

processing benefits in previous studies may have been related to these timing or representational 

differences arising from the type of stimuli and methodology used. In the current study, we encoded 

two types of representations of naturalistic, real-world scenes within long-term memory through 

repeated exposure over three days; we then subsequently utilized a masked presentation in order to 

assess early processing benefits. For these reasons, our findings not only provide us with a great degree 

of knowledge on how naturalistic, complex information is represented within long-term memory stores, 
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but also extend our understanding of how low-level perceptual representational information in long-

term memory affects subsequent early processing. 

 

Attentional resources for scenes 

Although our findings may suggest that early processing effects are not related to changes in the 

attentional resources required for studied representations, attentional resources may still play a role in 

processing savings. No impairments were found in scene identification across all scene conditions for 

the low cognitive load condition, a finding that is consistent with previous research suggesting that 

scene identification requires minimal attentional resources so as to not be impaired with a low load 

secondary task (Cohen et al., 2011; Fei-Fei et al., 2005). However, we also did not find any impairment 

for high load conditions, a finding which is counterintuitive given that Cohen and colleagues (2011) 

found detriments to scene identification at a slightly slower speed for their high load condition (tracking 

speed of 10.5°/s in their study versus 12.9°/s for our study); thus, the high cognitive load condition was 

predicted to potentiate this effect. These results suggest that the plateau in the high load condition may 

have been related to a change in task strategies, with participants prioritizing or favouring the scene 

identification task over the MOT task. This pattern is mirrored in both accuracy and reaction time results 

in the secondary MOT task in the high load condition, implying that the findings from this condition may 

not be a reliable indicator of shared attentional resource. Although we did not find performance 

impairment in the low cognitive load condition, the change in task strategy for the high load condition 

does not allow us to use the latter as an accurate comparison point when examining resource allocation; 

this makes it hard to say whether attentional resources were in fact fully utilized in the low cognitive 

load condition when completing the dual task. As such, processing benefits may still arise from lower 

attentional demands for familiar scenes, but more research would need to be conducted in order to 

definitively answer this question. 
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It is possible that although the dual-task paradigm is a well-established method for manipulating 

cognitive load, it may not be the most ideal methodology to examine differences in attentional resource 

requirements. Studies have shown varied results on the task’s overall effectiveness, with some studies 

finding no evidence of impairments between the primary and secondary tasks (Gopie, Craik, & Hashler, 

2011; Kensinger, Clarke, & Corkin, 2003). These findings suggest that dual tasks may not always use full 

attentional resources or may bias attentional resources to prioritize one task over the other, as found in 

the current study. Past research has demonstrated that attentional resources are correlated with long-

term memory, such that automatic or familiar tasks take up fewer attentional resources than novel ones 

(Schneider & Fisk, 1982; Wickens, 1980). Together with the findings from Cohen and colleagues (2011) 

suggesting that scene perception requires attentional resources, we expected that familiar scenes would 

require fewer attentional resources for processing. Moreover, we expected that the type of scene 

representation might further reduce or enhance this resource requirement (Schacter, Addis, & Buckner, 

2007; Turk-Browne et al., 2006; Turk-Browne, Golomb, & Chun, 2013). However, results from the 

current study did not demonstrate any change in attentional resource requirement, suggesting that a 

more discerning methodology may be required in order to examine attentional resources. 

Future studies may be able to better examine attentional demands of familiar scenes using 

alternative methodologies. For example, instead of a dual-task paradigm, we could use an n-back 

paradigm with an fMRI scanner to assess brain areas that are responsive during higher cognitive loads. 

Visual n-back tasks typically present participants with a series of scenes and ask them to respond when 

they see an image that matches one from “n” trials earlier in the sequence. Thus, by adjusting the “n” 

factor (i.e., 0, 1, 2, etc.), we can control difficulty levels within the task and identify regions of interest 

that are most active as the cognitive load of the task increases. These interest regions can then be used 

to gauge attentional resources for novel and familiar scenes by examining changes in the activation level 

between the two scene representations. Using this neuroimaging technique would help us examine the 
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underlying mechanisms of processing benefits by directly examining activation patterns rather than 

inferring attentional resources through primary and secondary tasks. 

 

Representations of scenes 

The benefits found from familiar scenes are consistent with past behavioural and 

electrophysiological data demonstrating the effect of long-term memory representations on initial 

processing (Buckner et al., 1998; Chun & Jiang, 2003; Desimone, 1996; Li et al., 1993); however, the 

medium to large effect size is suggestive of a Type II error: the alternative hypothesis is true but missed 

due to a lack of power. Across both experiments, Bonferroni corrections were applied in order to control 

for the familywise error rate and to avoid Type I errors. Although this adjustment method is one of the 

simplest to apply due to its lack of assumptions about the data, it is widely considered to be one of the 

most conservative ways of counteracting the use of multiple comparisons, and often increases the 

probability of Type II errors (Perneger, 1998). In Experiment 1, we had a relatively large number of 

comparisons within our data (15), which would have significantly reduced our overall power for finding 

an effect if one truly did exist. Thus, the marginal effects between Familiar Viewpoint and Novel scenes 

and the null effects between Familiar Place and Novel scenes must be considered in combination with 

the medium to large effect size. As such, using a less conservative adjustment like Tukey’s HSD or a 

stepdown variation of the Bonferroni correction like Holm-Bonferroni may reduce the likelihood of 

inflating our Type II error rate. 

Overall, the medium to large effects of processing savings from both a low-level perceptual and 

high-level conceptual encoding of scenes not only speaks to the great degree of flexibility of 

representational stores within long-term memory, but leads to further questions about the equivalency 

of these two types of representations. One possible avenue of research suggests that specific brain 
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regions may be responsible for encoding high-level conceptual scene representations from low-level 

perceptual information. Past research has demonstrated that we can encode scene layout 

representations that are either viewpoint-specific or viewpoint-independent, equivalent to the familiar 

viewpoint and familiar place representations used for the present study (Burgess, 2002; Chua & Chun, 

2003; Epstein, Higgins, & Thompson-Schill, 2005; O’Keefe & Nadel, 1978). Further, studies have also 

suggested that due to our adeptness at conceptually categorizing scenes beyond current visual input, we 

may also be able to extrapolate familiar viewpoint-specific scenes into a more comprehensive 

viewpoint-independent layout (Bar, 2004; Burgess, 2006; Chun, 2000; Epstein et al., 2005; Intraub & 

Richardson, 1989). Support for this theory has been found in various navigational fMRI studies, as well 

as in clinical case studies. For instance, the parahippocampal place area (PPA) has been found to 

respond strongly when scenes are used in the context of a navigational task, and specific damage to this 

region can result in severe navigational impairments (Maguire et al., 1998; Mendez & Cherrier, 2003). 

Further to this, case studies have found that PPA impairments may be specifically dedicated to the 

encoding of scenes within long-term memory rather than the perception of the scenes themselves 

(Epstein, DeYoe, Press, Rosen, & Kanwisher, 2001). Coupled with previous research showing lower 

activation in the PPA for repeated versus novel stimuli (Epstein et al., 1999), the findings suggest that 

this region may also be critical for self-specific navigation, through which we can learn familiar places 

from multiple viewpoints. Given these findings, follow-up studies can be designed to further investigate 

the role of the PPA in processing familiar scene information. Using a more immersive environment 

(three-dimensional layouts or virtual reality sets) when training participants may offer us a more 

extreme means of varying the degree of representation stored within long-term memory. As well, 

replicating Experiment 1 while utilizing fMRI to target regions of the brain responsive to low-level 

perceptual and high-level conceptual scene information (LOC, PPA, RSC) would not only add a great deal 

to the literature by informing us about the structural mechanisms behind long-term memory 
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representations, but would also provide more concrete evidence about how familiar information affects 

these scene processing regions. 

 

Low- and high-level scene information 

Research in scene perception suggests that an initial glance at a scene provides our visual system 

with high-level information about the image, with low-level visual details acquired as exposure time 

increases (Greene & Oliva, 2009). But with longer exposure and study time, to what degree does the 

level of scene information acquired benefit subsequent processing? Past research by Oliva and Schyns 

(1997) demonstrated that our visual system can actively select and process either high-level or low-level 

information depending on the task, even at extremely fast presentation times. Within scenes, there is 

vast literature demonstrating that high-level scene information has a strong effect on where attention is 

allocated (Castelhano & Heaven, 2010; Neider & Zelinsky, 2006; Torralba, Oliva, Castelhano, & 

Henderson, 2006). However, research has also shown that low-level salient regions are considered 

“informative” and are also likely to capture eye movements (Mackworth & Morandi, 1967; Reinagel & 

Zador, 1999). Various computational models have since defined low-level regions within scenes by 

highlighting areas that differ greatly from their surroundings, and subsequent research has since shown 

that these informative areas are more likely to be correlated with objects (Bruce & Tsotsos, 2009; Itti & 

Koch, 2000; Itti, Koch & Niebur, 1998; Koch & Ullman, 1985). As such, both high-level scene information 

and low-level object information have been found to be prioritized and attended to within complex real-

world scenes (Pereira & Castelhano, in press; Schyns & Oliva, 1994; Torralba et al., 2006). 

Within our study, participants had access to both high-level scene information and low-level 

object information during the encoding phase of the experiment. Although both levels of information 

were likely stored in representational memory, it is possible that at fast presentation times, the 
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presence of highly salient or discernable objects within the scene (e.g., floral bedspread, colourful 

painting) may have been more beneficial in accessing the stored representation than high-level 

contextual information. As well, behavioural, neurophysiological, and fMRI studies have found evidence 

for viewpoint-specific and viewpoint-independent representations of objects within long-term memory, 

suggesting that our visual system may be able to rely on different types of object representations in 

order to benefit early processing (Grill-Spector et al., 1999; Logothetis & Pauls, 1995; Tarr, Williams, 

Hayward, & Gauthier, 1998; Vuilleumier, Henson, Driver, & Dolan, 2002). Within the object perception 

literature, there is still considerable debate as to what type of representation is most critical for 

recognition. Therefore, utilizing an eye tracker to record eye movements during the encoding phase for 

familiar viewpoint and familiar place scenes may be advantageous in gaining a clearer picture of how 

different representations of low-level object and high-level scene information interact to affect 

subsequent processing. 

 

Models of Processing 

The current findings of early processing benefits from long-term memory representations can also 

lend insight into various models of processing (Biederman et al., 1982; Friedman, 1979; Schyns & Oliva, 

1994). Both behavioural and ERP studies have demonstrated that scene information can be acquired 

quickly (as early as 20ms) and then processed rapidly (approximately 50-150ms) to result in accurate 

recognition (Greene & Oliva, 2009; Intraub, 1981; Konkle et al., 2010; Oliva & Schyns, 2000; Potter, 

1976; Thorpe et al., 1996). Similar patterns have been reflected in other complex visual stimuli as well 

(e.g., faces, objects; Mouchetant-Rostaing, Giard, Bentin, Augera, & Pernier, 2000; VanRullen & Thorpe, 

2001). As a result, some researchers have conjectured that the speeds with which complex stimuli are 

identified are too rapid to involve any form of high-level conceptual information (e.g., scene context, 

object information, task instructions) feeding back to the visual system during the first pass (Fabre-
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Thorpe et al., 2001; Thorpe et al., 1996). Instead, they argue that some forms of visual processing may 

occur from an automatic feed-forward mechanism that places a stronger reliance on low-level visual 

information (e.g., colour, orientation, texture) during the initial wave of visual processing (Fabre-Thorpe 

et al., 2001; Thorpe & Imbert, 1989). These mechanisms typically rely on a sequence of successive stages 

that begin with low-level information being used to construct high-level concepts (Broadbent, 1977; 

Marr, 1982; Neisser, 1967; Rumelhart, 1970). For instance, when our visual system examines spatial 

layouts, we can theoretically use low-level structural properties to quickly extract high-level scene 

information without the need for an explicit recognition of the entire image itself (Oliva & Torralba, 

2001; Torralba & Oliva, 2003). This first pass feed-forward account is in contrast to feedback models of 

processing that suggest a more bidirectional relationship involving an interplay between low- and high-

level information (Desimone, 1998; Luck, Chelazzi, Hillyard, & Desimone, 1997). 

Although the effects found for long-term memory from a low-level perceptual and high-level 

conceptual information may not necessarily distinguish between feed-forward and feedback models, 

utilizing stored representations of high-level conceptual information might offer insight into whether an 

integrative relationship exists at a relatively early stage in processing. The current findings suggest that 

future studies are needed to examine this question further, possibly though electrophysiological and 

fMRI methodologies to specifically target regions within the early visual system (V1-V4). By using a 

similar paradigm to this experiment and encoding long-term representations from both low- and high-

level perspectives, modulation within these visual areas can be analyzed to determine whether any form 

of feedback is present from higher- to lower-level visual areas, and whether the modulation is 

contingent on how scenes are represented within long-term memory stores (Buffalo, Fries, Landman, 

Liang, & Desimone, 2010). 
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Conclusion 

In summary, the present study provides evidence that long-term memory for complex real-world 

scenes can lead to early processing benefits. We also found evidence that processing benefits may not 

be dependent on changes in attentional resources for familiar scenes; however, more research is 

needed to fully examine underlying mechanisms for processing benefits. Thus, our findings not only 

suggest that information contained within long-term memory stores can lead to greater efficiency over 

time, but also furthers our understanding of how complex visual information is characterized within 

memory stores and speaks to the extent of interconnectedness of early processing areas with long-term 

memory.  
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