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Abstract 

Research has consistently indicated a strong connection between eye movements and memory 

processes. This thesis explores this relationship by examining how repeated exposure to AI-

generated images of buildings influences eye movements and memory. Twenty-four participants 

viewed 120 building images across four levels of repetition (novel, once, three, and five times), 

while their eye movements were recorded, and their memory assessed. The results showed 

significant repetition effects on both eye movements and memory. Eye movement measures 

revealed a decrease in fixation count and saccadic amplitude, and an increase in fixation 

duration, with increased repetitions. Memory measures revealed improved recognition and 

confidence, with increased repetitions. These repetition effects align with previous studies on 

faces and scenes, suggesting that the effects supersede differences in how specific object 

categories are processed. Overall, this thesis demonstrates that memory and oculomotor systems 

are associated in processing buildings, just as they are in processing faces and scenes. 
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Chapter 1: Introduction 

In a typical state, our eyes move at an average of three saccades per second (Tatler et al., 

2014). These rapid movements accumulate visual information, enabling us to form and retrieve 

visual memories (Damiano & Walther, 2019). Visual memory holds great importance as it is 

vital to many essential functions, such as spatial navigation. We use visual memory to learn the 

geometry of new spatial environments and to recognize the visual appearance of familiar 

landmarks that can aid in navigation. For example, a visually salient building situated at an 

intersection of an unfamiliar street can act as a landmark, providing directional cues and 

preventing us from getting lost. The efficacy of visual memory critically depends on the 

interactions between the oculomotor and memory systems, which are anatomically and 

functionally linked, and collaborate in encoding and retrieval of visual information (Ryan & 

Shen, 2020; Shen et al., 2016). Despite the importance of visual memory, the exact nature of 

how visual memories are encoded, stored, and retrieved, is not well understood.  

One method to bridge this gap in understanding is through eye tracking research 

involving visual memory tasks. Previous eye tracking studies have demonstrated that memory 

formation and retrieval are associated with distinct eye movement expressions (Hannula & 

Ranganath, 2009; Johansson et al., 2022; etc.). These studies have used eye tracking to probe 

memory processes, and their findings have provided some insight into how visual memory 

representations are formed, stored, and subsequently retrieved.  

For example, multiple eye tracking studies involving repeated exposure to face, scene, 

and everyday object stimuli have revealed that, during initial viewing, a greater number of 

fixations and a more dispersed distribution of fixations throughout the image, are associated with 

stronger recognition memory upon subsequent viewing (Kafkas & Montaldi, 2011; Olsen et al., 
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2016; Ramey et al., 2020). However, when eye movements are restricted during initial viewing, 

recognition memory becomes weaker (Damiano & Walther, 2019). These findings suggest that 

visual stimuli across different visual categories are remembered better if they are explored more 

extensively (Mikhailova et al., 2021). Although it seems intuitive that the more we look at 

things, the better we remember them, these findings demonstrate how eye movements help 

construct visual representations in memory.  

 Further evidence that eye movements can be used to index memory comes from findings 

of a memory-dependent eye movement effect known as the repetition effect. This effect is 

characterized by a negative correlation between the frequency of stimulus viewings and the 

number of fixations made upon subsequent viewings (Mazloum-Farzaghi et al., 2023). The 

repetition effect was found for both face and scene stimuli, suggesting that the more we look at 

visual stimuli, the less we tend to explore them when we re-encounter them. Additionally, the 

repetition effect was present regardless of whether participants explicitly recognized the stimuli 

(Olsen et al., 2016; Smith & Squire, 2017). The presence of the repetition effect in the absence of 

explicit recollection suggests that implicit memory is involved in the formation and retrieval of 

visual representations, or that visual memory may be a form of implicit memory (Ryals et al., 

2015; Olsen et al., 2016).  

Other research has revealed that greater overlap between fixation positions made during 

initial viewing and repeated viewing is associated with memory strength (Nikolaev et al., 2023). 

This effect is known as the resampling effect. Ramey et al. (2020) found that a greater magnitude 

of exploration overlap is associated with enhanced familiarity strength for scenes, while others 

found the effect to be associated with improved recollection strength (Damiano & Walther, 2015; 

Johansson et al., 2022). Taken together, greater exploration overlap seems to be associated with 
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better overall memory performance, but the interpretation of this effect remains a subject of 

ongoing debate. Some have proposed that resampling represents the reactivation of the motor 

memory traces that are stored along with perceptual memory traces made during initial viewing 

(Noton & Stark 1971), while others have argued that resampling reflects the process of 

reinstating the spatiotemporal context of scenes (Robin, 2018).  

In contrast to scenes, the resampling effect has not been found for faces. Although an 

exploration overlap between encoding and retrieval of faces has been previously found, it was 

not linked to stronger memory (Chuk et al., 2017). The absence of the resampling effect in faces 

may be explained by the fact that eye movements tend to overlap in face exploration (Blais et al., 

2008, Caldara et al., 2010) due to the similarity between the components (eyes, nose, mouth) and 

the configurations of all faces in general, which, in turn, diminishes the resampling effect. 

Additionally, the resampling effect may be absent in faces because faces and scenes are 

processed by distinct neural mechanisms; scenes activate the parahippocampal place area (PPA), 

while faces activate the face fusiform area (Epstein, 2008; James et al., 2010). Faces are also 

processed holistically as unified objects, whereas scenes typically consist of multiple objects, 

their spatial configurations, and background spatial context (Epstein & Baker, 2019).  Lastly, 

resampling might only apply to scenes because scenes possess a greater amount of spatial 

information compared to faces. Overall, the absence of the resampling effect in faces indicates 

that there are stimulus category-related differences in eye movement behavior.  

The stimulus-specific difference in eye movement expression of memory signals the 

importance of stimulus category in eye tracking research. While faces and scenes have received 

considerable attention in eye tracking studies, another category of stimuli, buildings, has never 

been investigated in this context. Building stimuli, which refer to images of architectural 
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structures, can be considered a subset of scenes. However, the underlying neural mechanism 

involved in buildings is posterior to and separate from the more broadly focused scene-

processing area, and the PPA’s response to buildings is smaller than that of scenes (Haxby et al., 

2000; Epstein, 2008). While buildings contain spatial contextual information, much like scenes, 

buildings also represent unified, context-free, holistic entities, more akin to faces. In this sense, 

buildings fall somewhere between scenes and faces. What makes buildings completely unique, 

however, is the fact that they are large, non-living, space-defining entities, with the potential to 

be recruited as navigational landmarks (Bastin et al., 2013; Cate et al., 2011; Mullally and 

Maguire, 2011; Troiani et al., 2014). In sum, despite having shared similarities and differences 

with faces and scenes, it remains uncertain whether buildings exhibit the same eye movement 

effects found for faces and scenes.   

To understand if the relationship between memory and eye-movements in the processing 

of buildings is more similar to faces or scenes, it is necessary to first establish whether buildings 

elicit repetition effects similar to those observed in other visual categories. My thesis aims to 

explore this inquiry by investigating how eye movements in response to building stimuli are 

modulated by repeated exposure. To this end, I probed eye movements while novel and repeated 

building stimuli are presented, with every trial followed by recollection and familiarity memory 

judgments. By investigating changes in eye movement behavior, and evaluating their 

relationship with memory, I aim to provide insight into how visual memories are encoded, 

stored, and retrieved. 
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Chapter 2: Method 

2.1 Participants 

Twenty-five participants were recruited at York University. The sample size was selected 

to provide more than 80% power to detect the weakest effect of memory on eye movements, 

based on a prior study (Ramey et al., 2020). One participant was excluded due to technical 

difficulties with the eye tracking program at testing. Participants were screened to have normal 

or corrected-to-normal vision, and had no neurological or psychological conditions. The study 

was approved by the York University Human Participant Review Committee (HPRC).   

2.2 Design 

The experiment used a within-subjects design. The independent variable was the level of 

image familiarity (4 levels: novel, repeated once, repeated three times, repeated five times), 

manipulated by presenting images repeatedly. The dependent variables were the fixation count, 

fixation duration, saccadic amplitude, recognition accuracy, and confidence rating.  

2.3 Materials and Apparatus 

The experiment was conducted in a lab setting using a PC desktop computer and a 24” 

monitor, with a resolution of 1920x1080, and a refresh rate of 120 Hz. Participants were seated 

at a distance of 20” (50 cm) away from the screen, and a chin rest was used to reduce head 

movements. Eye movement behavior was recorded using an Eyelink 1000+ eye-tracker, which 

tracks ocular movements at 1000 Hz. SR Research software (SR Research, 2010) was used to 

display stimuli and record participants’ ocular behavior.  

The stimulus set consisted of 120 images of buildings generated using MidJourney 

(MidJourney, 2023), an AI image generative program. The program combines various 

combinations of words, or prompts, to generate images. The language prompts were produced by 
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ChatGPT 3.5 (OpenAI, 2023). First, ChatGPT was asked to "generate a list of 50 adjectives 

describing visual and architectural features of buildings," which produced a list of words such as 

‘Minimalist’ and ‘colorful’. ChatGPT was then asked to "generate a list of 50 building types," 

producing a list of words such as 'Recording Studio' and 'Arts and Culture Center'. The two lists 

were then used to generate 100 prompts by randomly combining three adjectives with one 

building type. The prompt used was: “Generate 100 prompts using the format /imagine 

[Photograph adjective, adjective, adjective building], using adjectives from List 1 and buildings 

from List 2 in random order.” This produced prompts such as:  

1. /imagine [Photograph Aesthetic, angular, tranquil Arts and Culture Center] 

2. /imagine [Photograph Post-war, colorful, brick-clad duplex] 

3. /imagine [Photograph Brick, Colonial, intertwined building] 

4. /imagine [Photograph Minimalist, concrete, utilitarian power plant] 

5. /imagine [Photograph Steep stepped, sleek Recording Studio] 

These language prompts were subsequently used to generate 400 images of buildings in 

MidJourney. Lastly, 120 building images were manually selected based on specific criteria, 

ensuring they depict a unified, whole building (e.g., an apartment building) that is photorealistic, 

fully visible, and unobstructed by other objects. All images maintained a resolution of 1024 x 

1024 pixels.  

2.4 Procedure 

The experiment consisted of a study phase and a retrieval phase, separated by a one-

minute break during which the eye-tracker was recalibrated. On each trial, a fixation cross was 

presented for 1000ms, followed by the presentation of a stimulus for 3500ms. After each 

stimulus presentation, participants were given as much time as they need to make building-
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function judgment (residential or non-residential?) in the study phase, and recollection and 

familiarity judgments in the test phase. 

Figure 1 

Example of an image presented in the learning and retrieval phases. 

 

2.4a Learning Phase  

At the start of the learning phase, the eye tracker was calibrated, and participants were 

presented with instructions and 4 practice trials. Following, a total of 60 building images were 

presented over 180 trials: 20 buildings were presented once (Category 1), 20 were presented 3 

times (Category 2), and 20 were presented 5 times (Category 3). All images were presented in 

random order and counterbalanced across participants. Each trial was succeeded by a building-

function judgment asking participants to decide whether the building is “Residential” or “Non-

residential”. Participants were told that there are no right or wrong answers, and were given as 

much time as they needed to respond by pressing buttons on a keyboard.  

2.4b Retrieval Phase  

In the retrieval phase, 120 buildings images were presented, 20 of which were repeated 

images from Category 1, 20 repeated from Category 2, 20 repeated from Category 3, and 60 

were completely novel. Each stimulus presentation was followed by a recognition judgment and 
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a confidence rating. All stimuli were presented in random order and counterbalanced across 

participants.  

Following each trial, participants made a recognition judgment indicating whether the 

building was "Old" (previously seen) or "New" (never before seen) using a keyboard. 

Immediately afterward, participants provided a confidence judgment by selecting a number on a 

scale from one to five, where one indicated "Not confident at all" and five indicated "Extremely 

confident”. 

2.5 Statistical Analysis  

Statistical analyses were performed using the JASP statistical analysis program (JASP 

Team, 2024). The eye movement data during the retrieval phase of the experiment were collected 

using SR Research Data Viewer (SR Research, 2010), which provides eye movement metrics 

such as fixation count, fixation duration, and saccadic amplitude. Recognition accuracy and 

confidence ratings during the retrieval phase were recorded using SR Research Experiment 

Builder (SR Research, 2010), which logged participants’ keyboard responses. 

A repeated-measures ANOVA was conducted on each dependent variable across four 

levels of repetition to assess the repetition effect with increasing repetitions. Additionally, to 

ensure the consistency of the repetition effect across the entire image set, the mean slope of 

fixation counts across the images was calculated, and a one-sample t-test was performed to 

determine if the mean slope significantly differed from zero. 
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Chapter 3: Results 

In this study, we aimed to uncover novel insights into the role of eye movements in visual 

memory processes, particularly within the context of building stimuli. To this end, we 

manipulated memory through repeated exposures to building stimuli while tracking eye 

movements. The independent variable was the number of repeated presentations (novel, 1, 3, 5) 

of building images, and the dependent variables included recognition accuracy, confidence 

rating, fixation count, duration of fixation, and saccadic amplitude. We applied repeated-

measures ANOVA to each variable across the four levels of repetitions. Finally, we conducted an 

item-analysis to examine whether the reported effects were consistent across the different items 

in our stimulus set.  

3.1 Recognition Accuracy 

To measure recognition accuracy, participants were asked to indicate whether they 

recognized the stimulus as old (previously encountered) or new (not previously encountered). 

Figure 2 visualizes the differences in mean recognition accuracy across four levels of repetitions. 

Mean accuracy was highest for three and five repetitions (M = 0.94). In contrast, accuracy was 

lowest for one repetition (M = 0.74). For novel stimuli, accuracy was moderately high (M = 

0.87). A repeated measures ANOVA revealed a highly significant main effect, F(3, 69) = 29.427, 

p < .001, η² = 0.561. These findings indicate that greater repetitions improve recognition 

accuracy.  

To better understand the main effect, two contrasts were conducted. The first contrast 

evaluates whether recognition accuracy for the novel condition significantly differs from 1, 3 and 

5 repetitions, combined. The second contrast evaluates whether the recognition accuracy for 1 

repetition significantly differs from 5 repetitions, similar to linear regression analysis. Contrast 
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results showed no significant difference for Comparison 1 (Estimate = 0.013, SE = 0.062, t = 

0.207, p = 0.836), suggesting that the novel condition does not differ significantly from the 

repetition conditions combined. However, Comparison 2 showed a significant effect (Estimate = 

0.205, SE = 0.025, t = 8.083, p < .001), indicating that recognition accuracy for 1 repetition is 

significantly lower than for 5 repetitions.  

Figure 2 

Mean accuracy across repetition levels (novel, 1, 3, 5). The error bars on the plot represent 95% 

confidence intervals (CI). 

 

 
 

3.2 Confidence Rating 

To measure memory confidence, participants were asked to indicate their level of 

confidence that they had seen the stimulus before on a scale from 1 to 5, with 1 indicating not 

confident at all, and 5 indicating extremely confident. Participants showed the highest mean 

confidence for 5 repetitions (M = 4.801), and the lowest mean confidence for novel stimuli (M = 

4.33). Figure 3 visualizes the increase in confidence across the four levels of repetitions. 

Repeated-measures ANOVA revealed a statistically significant main effect of repetitions, F(3, 
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69) = 16.952, p < .001, η² = 0.424. Thus, as repetitions increased, participants showed higher 

confidence in their responses.  

To better understand the main effect, two contrasts were conducted. The first contrast 

assessed whether confidence ratings for the novel condition differed from 1, 3, and 5 repetitions, 

combined. The second contrast evaluated whether confidence ratings for 1 repetition 

significantly differed from 5 repetitions. Contrast results showed a significant difference for 

Comparison 1 (Estimate = 0.882, SE = 0.188, t = 4.702, p < .001) and Comparison 2 (Estimate = 

0.403, SE = 0.077, t = 5.255, p < .001). 

Figure 3 

Mean confidence across repetition levels (novel, 1, 3, 5). The error bars on the plot represent 

95% confidence intervals (CI). 

 

 

3.3 Fixation Count 

The fixation count represents the number of fixations made during the 3500ms viewing 

of each stimulus. Figure 4 visually depicts a gradual decrease in mean fixation count with 

increasing repetitions. The fixation count for stimuli repeated once was the highest (M = 10.683), 
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and the fixation count for novel stimuli was similar (M = 10.617). However, as repetitions 

increased to three, the fixation count decreased (M = 9.833), and decreased further with five 

repetitions (M = 9.19). A repeated-measures ANOVA revealed a significant main effect, F(3, 69) 

= 32.252, p < .001, η² = 0.584, signifying the presence of a repetition effect.  

To better understand the main effect, two contrasts were conducted. The first contrast 

assessed whether fixation counts for the novel condition differed from 1, 3, and 5 repetitions, 

combined. The second contrast evaluated whether fixation counts for 1 repetition significantly 

differed from 5 repetitions. The results revealed a significant difference for Comparison 1 

(Estimate = -2.146, SE = 0.432, t = -4.966, p < .001) and Comparison 2 (Estimate = -1.493, SE = 

0.176, t = -8.463, p < .001). 

Figure 4 

Fixation count across repetition levels (novel, 1, 3, 5). The error bars on the plot represent 95% 

confidence intervals (CI). 
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3.4 Fixation Duration 

The fixation duration represents the mean amount of time (ms) spent on each fixation, 

throughout the 3500ms viewing of each stimulus. Given the constant exposure duration, this 

effect is somewhat predicted and negatively correlated with the measurement of fixation count. 

Accordingly, the mean fixation duration was the lowest for stimuli repeated once (M = 292.26), 

and the highest for stimuli repeated five times (M = 341.116). A repeated measures ANOVA 

revealed a statistically significant main effect, F(3, 69) = 10.988, p < .001, η² = 0.323. These 

results demonstrate that, as repetitions increase, the fixation duration also increases (see Figure 

5).  

Two contrasts were conducted to better understand the main effect. The first contrast 

assessed whether fixation duration for the novel condition differed from 1, 3, and 5 repetitions, 

combined. The second contrast evaluated whether fixation duration for 1 repetition significantly 

differed from 5 repetitions. Contrast results showed a significant difference for Comparison 1 

(Estimate = 57.431, SE = 23.125, t = 2.484, p = 0.015) and Comparison 2 (Estimate = 48.856, 

SE = 9.441, t = 5.175, p < .001). 
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Figure 5 

Fixation duration (ms) across repetition levels (novel, 1, 3, 5). The error bars on the plot 

represent 95% confidence intervals (CI). 

 

3.5 Saccadic Amplitude 

Saccadic amplitude is the measure of the range of eye movement expressed in degrees of 

visual angle. Larger values indicate a greater distance covered by the eyes during a saccade, 

implying increased exploration. Figure 6 visually depicts a decline in saccadic amplitude with 

increasing repetitions. A repeated measures ANOVA revealed a statistically significant main 

effect of repetitions, F(3, 69) = 9.961, p < .001, η² = 0.302. These findings show that participants 

made gradually shorter saccades as repetitions increased, suggesting reduced visual exploration.  

Lastly, two contrasts were conducted to better understand the main effect. The first 

contrast assessed whether saccadic amplitude for the novel condition differed from 1, 3, and 5 

repetitions, combined. The second contrast evaluated whether saccadic amplitude for 1 repetition 

significantly differed from 5 repetitions. Contrast results showed a significant difference for 
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Comparison 1 (Estimate = -0.833, SE = 0.239, t = -3.482, p < .001) and Comparison 2 (Estimate 

= -0.410, SE = 0.098, t = -4.194, p < .001). 

Figure 6 

Saccadic amplitude across repetition levels (novel, 1, 3, 5). The error bars on the plot represent 

95% confidence intervals (CI).  

 

 

3.6 Item Analysis 

An item analysis was conducted to ensure the consistency of the repetition effect across 

the entire image set. For each image, we calculated the slope of fixation counts across the four 

levels of repetition. The rationale behind measuring the slope of fixation counts was to assess 

how they changed across repeated exposures, to determine the presence of the repetition effect 

for each stimulus. Values below zero indicate that the fixation count decreased across four levels 

of repetitions. The mean slope of fixation counts was found to be -0.330, signifying an overall 

decrease in fixation counts over repetitions. A one-sample t-test showed a significant difference 

from zero (t(119) = -14.205, p < .001), indicating a highly consistent repetition effect across the 

stimuli. Out of 120 images, only 9 (7.5%) exhibited a slope of 0 or greater (see Figure 7), but 
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these images were not noticeably distinct from the other images. This analysis confirms the 

consistency of the repetition effect across the AI-generated set, and validates that the repetition 

effect was not mediated by particular exemplars.  

Figure 7 

Plot of the fixation count slope across 120 stimuli. Slopes smaller than 0 indicate that the 

fixation count decreased as the number of repetitions increased. 
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  Chapter 4: Discussion 

The main objective of this study was to explore how repeated exposure to images of 

buildings influences episodic memory and eye movements, with a focus on understanding how 

memory and oculomotor systems interact in processing building stimuli. While faces and scenes 

have received considerable attention in eye tracking studies, buildings, a visual category that 

shares properties with both faces and scenes, have never been investigated in this context. The 

results revealed a repetition effect for buildings, characterized by increased memory and 

decreased fixations with repeated exposure, similar to findings on faces and scenes (Olsen et al., 

2016; Smith & Squire, 2017; Mazloum-Farzaghi et al., 2023). These results suggest that the 

repetition effect supersedes differences in how specific object categories are processed. 

Moreover, they indicate that the memory and oculomotor systems are associated in processing 

buildings, akin to their association in processing faces and scenes. 

4.1 Memory Performance 

In the present study, we assessed recognition accuracy and confidence ratings. 

Recognition accuracy measures episodic memory for specific events, such as encountering an 

image, while confidence rating is a general measure of episodic memory strength that may or 

may not involve explicit recall (Yonelinas et al., 2010). It has been suggested that the two 

measures reflect two distinct underlying cognitive processes: recollection and familiarity 

(Yonelinas et al., 2010). The results indicated improved recognition accuracy with repeated 

presentation of building images in participants, increasing from one to three repetitions and 

plateauing due to a ceiling effect. Participants also showed incremental confidence ratings with 

increasing repetitions. Interestingly, recognition accuracy was lower for images repeated only 

once compared to novel images, likely due to a weaker recognition signal for images repeated 
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once compared to those repeated three or five times, which led participants to misclassify them 

as novel.  

The results show that repeated exposure to building images enhances participants' ability 

to recognize images, and boosts their confidence in recognition, although previous research has 

shown that recognition and confidence do not always correspond (Busey et al., 2000; Reinitz, 

2012). For instance, Busey et al. (2000) found that increasing the luminance of an image may 

increase confidence, but reduce recognition accuracy, suggesting a dissociation between 

subjective confidence and objective accuracy. In the present study, we only manipulated repeated 

exposure as the independent variable. However, to control for extraneous variables such as image 

luminance, all stimuli were counterbalanced in six sequences to ensure equal exposure, and the 

experiment occurred in a controlled laboratory setting to minimize the impact of external 

influences. Thus, our findings serve as validation that repeated exposure to building stimuli 

effectively improves recognition and familiarity.  

4.2 Eye Movement Metrics 

Changes observed in eye movement metrics such as fixation count, fixation duration, and 

saccadic amplitude presumably uncover the cognitive processes underlying visual memory of 

buildings. In the current study, a significant repetition effect for building stimuli was found, 

characterized by a decreasing fixation count with increasing repetitions. The repetition effect 

showed a linear increase from three to five repetitions, compared to novel or once-repeated 

stimuli. Additionally, longer fixation durations, which refers to the mean length of time 

participants spent on each fixation, were strongly correlated with lower fixation counts. 

However, this correlation is predictable because fewer fixations leads to longer fixation duration, 

given the constant exposure duration of 3500ms for each stimulus. Finally, saccadic amplitude 
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significantly decreased with more repetitions, implying reduced visual exploration. In sum, eye 

movement metrics indicate the presence of a repetition effect, previously found for faces and 

scenes, which is presumed to reflect implicit processing of previously encountered information 

by the brain (Olsen et al., 2016; Smith & Squire, 2017; Mazloum-Farzaghi et al., 2023).  

4.3 Implicit vs. Explicit Memory 

There is an ongoing debate as to whether the eye movement repetition effect reflects 

implicit or explicit memory processing. Prior studies examining the association between eye 

movement measures and memory measures have found support for both perspectives. Some 

results suggest the repetition effect may be implicit and hippocampus-independent, while others 

suggest it correlates with explicit memory and is hippocampus-dependent (Olsen et al., 2016; 

Smith & Squire, 2017; Mazloum-Farzaghi et al., 2023). The key difference between studies that 

showed associations with implicit memory, and those that did not, was the methodology used.  

For instance, in a study by Olsen et al. (2016), healthy controls showed a repetition effect 

for fixed viewpoint faces and varied viewpoint faces, while, in contrast, a participant (H.C.) with 

compromised hippocampal function exhibited a repetition effect only for fixed viewpoint faces. 

The absence of a repetition effect for varied viewpoint faces indicates that the repetition effect 

exhibited by H.C. reflects implicit, hippocampal-independent, processing (Olsen et al., 2016). 

Consequently, if the task involves more complex visual memory processing, such as binding 

multiple face representations from variable viewpoints, then an intact hippocampal system is 

necessary (Ryan et al., 2000; Olsen et al., 2016). These results suggest that that the repetition 

effect may reflect both implicit and explicit processing, depending on the methodology used in 

the study.  
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Another study where methodology played a key role in determining whether the 

repetition effect was associated with implicit or explicit memory was conducted by Smith and 

Squire (2008; 2017). In an earlier study, Smith and Squire (2008) reported that the presence of a 

repetition effect was associated with explicit recognition, suggesting that the effect reflects 

explicit processing. However, in a later study conducted by the same researchers, Smith and 

Squire (2017) reported conflicting results, finding that the repetition effect was not associated 

with explicit recognition. The key difference was that the findings in the former study pointed 

towards an association with explicit memory, while the latter study indicated that the repetition 

effect may also reflect implicit memory, but only if memory testing is not expected (Smith & 

Squire 2017). In line with these findings, other studies found no association between explicit 

recognition memory and eye movement repetition effects when they used a distractor task, such 

as judging the gender of the presented faces, followed by a surprise memory test (Olsen et al., 

2016; Mazloum-Farzaghi et al., 2023). In summary, awareness of upcoming memory testing has 

a significant impact on the repetition effect while viewing scenes and faces, leaving uncertainty 

as to whether the effect represents implicit or explicit memory. 

Our experiment’s findings point to both implicit and explicit memory involvement. In our 

experiment’s study phase, participants judged whether buildings were residential or non-

residential, intended to facilitate incidental encoding, which arguably reflects implicit memory 

(Olsen et al., 2016; Smith & Squire, 2017; Mazloum-Farzaghi et al., 2023). However, during the 

test phase, explicit memory measures showed repetition effects, while changes in eye movements 

suggested implicit memory engagement (Ryals et al., 2015; Ryan & Shen, 2020). Therefore, 

while our task likely involved implicit encoding, our behavioral results indicate the presence of 

both implicit and explicit memory in retrieval.  
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Additionally, despite implementing a distractor task involving judging building function, 

participants were informed via recruitment emails that the study aimed to explore how eye 

movements can uncover stored memories. This introduced uncertainty about whether encoding 

was genuinely incidental and whether participants had expectations of a memory test, or not. 

Consequently, although we observed a repetition effect, it remains unclear whether this effect 

reflects implicit or explicit memory, highlighting the challenge in interpreting this effect. 

4.4 Stimulus Analysis 

Another factor that influences eye movements is object category. Building images 

represent a distinct category of objects that are large, non-living, space-defining entities that can 

serve as landmarks with navigational value (Bastin et al., 2013; Cate et al., 2011; Mullally and 

Maguire, 2011; Troiani et al., 2014). Buildings can be considered a subset of scenes which are 

processed spatially and contextually (James et al., 2010; Epstein & Baker, 2019). However, 

buildings also represent unified entities similar to faces, but not entirely holistic, as evidenced by 

the absence of an inversion effect that is present for faces (Epstein et al., 2006). Repetition 

effects observed in our study suggest that buildings undergo more efficient processing by the 

brain with repeated exposure, much like scenes and faces (Ryals et al., 2015; Olsen et al., 2016; 

Smith & Squire, 2017; Mazloum-Farzaghi et al., 2023), indicating that the effect is not limited to 

specific categories of objects.  

4.5 Limitations 

Despite the new evidence provided by this study, some limitations should be 

acknowledged. In the present study, we utilized AI to generate novel building images. To the best 

of our knowledge, this is the first eye-tracking study to use AI-generated images of buildings as 

stimuli. Our item analysis revealed that the repetition effect was present for nearly all of the 
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images, thus validating the quality of our stimulus set, and highlighting the promising potential 

of AI-generated stimuli in eye-tracking research. While this approach allows for manual selection 

and modification of images based on specific criteria, such as ensuring that the buildings are 

unified as a whole, fully visible, and free from obstruction by other objects, it also poses 

important limitations. In particular, there is uncertainty about the computations in the latent space 

used to generate AI images. The latent space serves as a mathematical coordinate system that 

links text and image features (Byrne, 2023). However, it is challenging for humans to understand 

and verify these relationships, which affects how reliable AI-generated images are for scientific 

experiments. In addition, AI-generated building stimuli may appear artificial and not 

generalizable to the real world, thus lacking ecological validity.  

Another potential limitation relates to the fact that the incidental nature of the encoding 

phase could not be verified. Participants were informed via the recruitment email that the 

research aims to explore how eye movements can uncover stored memories. However, during the 

encoding phase of the experiment, participants were instructed to judge the function of buildings 

to encourage them to explore the images, which likely led to incidental encoding of the stimuli. 

Despite participants’ awareness of the involvement of memory in the experiment, significant 

repetition effects were observed in our study.  

One final limitation found in our study was the presence of a ceiling effect. Most 

participants achieved very high recognition accuracy, with six out of twenty-four participants 

achieving near-perfect accuracy. Similarly, confidence ratings were very high across all levels of 

repetition. Participants consistently performed well on both memory measures, even without any 

repetitions, suggesting that the task may have been too easy behaviorally. Since our participants 

achieved such high accuracy and confidence rates, we were unable to compare eye movements 
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between participants with high accuracy and those with low accuracy, as there were virtually no 

participants with low accuracy scores. The ceiling effect also prevented us from performing an 

effective receiver operating characteristics (ROC) analysis between recognition accuracy and 

confidence ratings due to a narrow range of scores. Additionally, our study had a low number of 

participants (N=24) which allowed minimal power to uncover the repetition effect, but was 

inadequate for exploring individual differences. The presence of a ceiling effect, as well as a low 

number of participants, limited our ability to find meaningful correlations between memory and 

eye movement measures.  

To counter the ceiling effect, future studies should reduce the number of repetitions to 

one, two, and three to avoid plateauing above three repetitions. Additionally, task difficulty may 

be increased by introducing a longer delay period between study and test phases, accompanied 

by a secondary task like engaging with auditory stimuli. This secondary task would increase the 

cognitive load by engaging auditory processing without directly competing with visual memory, 

thereby making it more challenging to retain details of previously presented images. 

4.6 Conclusion and Future Directions 

Our study revealed significant repetition effects in both memory and eye movements, 

akin to those previously observed with faces and scenes, suggesting that the repetition effect 

supersedes differences in how specific object categories are processed. Our findings highlight the 

interconnectedness of the oculomotor and memory systems in encoding and retrieving of visual 

building stimuli, which is crucial for spatial navigation and landmark recognition.  

While these findings are significant, there is considerable potential for further 

exploration. Notably, our study did not investigate the resampling effect (Damiano & Walther, 

2015; Ramey et al., 2020; Johansson et al., 2022, Nikolaev et al., 2023). By investigating the 
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resampling effect, future studies may uncover stimulus-specific differences between buildings 

and other object categories. This exploration could shed light on whether buildings are processed 

more like faces or scenes, or in an entirely unique way, which may provide further understanding 

of how buildings are visually processed and remembered.  

Future studies should also compare AI-generated buildings to real-world buildings. 

Additionally, different subcategories of buildings can also be compared by sorting them based on 

their semantic properties (a hospital vs. a house). Furthermore, using the approach in the study 

by Olsen et al. (2016), buildings viewed from fixed viewpoints can be compared with those 

viewed from varied viewpoints. AI tools like Midjourney (Midjourney, 2023) can be used to 

generate stimulus sets of buildings with both varied and fixed viewpoints. Lastly, to investigate 

the impact of memory test awareness, comparisons can be made between participants who 

viewed buildings with the expectation of a subsequent memory test, and those who were not 

expecting a memory test.  

In our study, we sampled from a population of young adults. In the long term, future 

research on buildings should include older adults and individuals with selective neurological 

impairments. For instance, Mazloum-Farzaghi et al. (2023) found that older adults exhibit a 

weaker repetition effect for faces compared to young adults, likely due to age-related memory 

decline. Investigating how age affects the repetition effect for buildings could provide deeper 

insights into the processes responsible for this effect, and into how visual memory changes with 

age. Moreover, including individuals with compromised hippocampal or neocortical systems 

may help determine whether the repetition effect for buildings is mediated by specific brain 

systems, and whether it reflects implicit or explicit processing (Ryan et al., 2000; Olsen et al., 

2016).  
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