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Abstract
Salient landmarks enhance route learning. We hypothesised that semantically salient nostalgic landmarks would improve route learning compared to non-nostalgic landmarks. In two experiments, participants learned a route through a computer-generated maze using directional arrows and wall-mounted pictures. On the test trial, the arrows were removed, and participants completed the maze using only the pictures. In the nostalgia condition, pictures were of popular music artists and TV characters from 5-10 years ago. In the control condition, they were recent pictures of these same artists and characters. In Experiment 1, in the test trial, participants in the nostalgia condition completed the maze faster than controls. Experiment 2 conceptually replicated these findings and extended them by exploring boundary conditions. Participants had to learn two mazes sequentially. In Maze 1, we placed nostalgic/control landmarks only at non-decision points (whereas we placed them at decision points in Experiment 1). In Maze 2, we placed nostalgic/control landmarks at decision points during acquisition but removed them in the test trial (whereas they were present in the test trial in Experiment 1). In both mazes, participants in the nostalgia (compared to control) condition completed the test trial faster. 
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Nostalgia Enhances Route Learning in a Virtual Environment
The salience of a stimulus increases the rate at which it acquires associative strength, due to the elevated attention paid to more salient stimuli (Mackintosh, 1976). In typical associative learning paradigms, more salient stimuli become associated with the neutral stimulus faster than less salient ones by acquiring the finite available associative strength at a faster rate (Redhead, 2007; Redhead & Pearce, 1995). For example, food will become associated with a loud bell faster than it would with a quiet bell. Likewise, in a spatial learning paradigm, larger landmarks are more likely to facilitate learning the position of a hidden goal than smaller ones (Chamizo et al., 2006). Davis et al. (2017) demonstrated that brightly coloured  landmarks facilitated performance on route-learning tasks. Specifically, a salient landmark at a junction where participants have to learn to go either left or right will more readily become associated with the correct response than will less salient landmarks. However, the salience of a stimulus is not determined exclusively by its physical attributes, like size or colour. Salience is also a function of the personal, cultural, or historical meaning of a stimulus (i.e., semantic salience; Caduff & Timpf, 2008; Seetharaman et al., 2021). The aim of the current research is to explore whether, by virtue of their high personal meaning, nostalgic stimuli can enhance route learning.
The Role of Semantic Salience
Caduff and Timpf (2008) proposed that the salience of a landmark used in a navigation task depends on three factors: (1) The visual salience of the landmark, such as size, contrast, luminance, and colour. For example, colour pictures of objects facilitated route learning compared to black-and-white pictures of the same objects (Davis & Therrien, 2012). (2) The structural salience of a landmark, such as its proximity to decision points within a maze. For instance, landmarks that were placed at decision points (intersections within a maze) were more readily remembered than landmarks that were placed at non-decision points (e.g., simple turns; Kessels et al., 2011). (3) The landmark’s semantic salience to the wayfinder (i.e., salience due to personal, cultural, or historical meaning). For example, people living with dementia rated the salience of a landmark as partly due to meaningfulness, which included subjective factors of personal and emotional significance that linked the landmarks to participants’ pasts (Seetharaman et al., 2021). Further, installing personalised memory boxes (e.g., pictures, personal memorabilia) outside the rooms of people living with dementia increased these individuals’ ability to locate their rooms by 45% (Nolan et al., 2002). 
The relative importance of semantic and visual salience of landmarks has been assessed by using eye tracking to map fixation points on a scene. Henderson et al. (2019) created a visual-salience map and a semantic-salience map of a single scene. They created the visual-salience map by analyzing each section of the scene to identify images with, for example, high luminance and contrast. They created the semantic-salience map by presenting sections of the scene to participants, who then rated how much meaning each section contributed to the scene as a whole. For instance, a section depicting bricks within a wall of a building would be rated less semantically salient than a section depicting the intersection between two buildings. The researchers found that, when participants looked at the scene as a whole, they were more likely to fixate on sections that were high (compared to low) in visual salience as well as on sections that were high (compared to low) in semantic salience. However, when the positive correlation between the sections’ visual and semantic salience was statistically controlled, only semantic salience uniquely predicted increased attention (i.e., fixation points).
Nostalgia and Semantic Salience
We propose that nostalgia entails a high level of semantic salience owing to its connection to unique and meaningful personal memories. Nostalgia has been defined as “a sentimental longing or wistful affection for the past” (The New Oxford Dictionary of English, 1998, p. 1266). Empirical evidence dovetails with this dictionary definition. Nostalgia typically refers to fond and personally meaningful memories of childhood and/or close relationships (Hepper et al., 2012, 2014). It is a predominantly positive and low-arousal emotion (Sedikides & Wildschut, 2016; Van Tilburg et al., 2018) but includes a tinge of sadness, giving rise to its distinctive, bittersweet affective signature (Frankenbach et al., 2021; Leunissen et al., 2021). The emotion is usually evoked by events that are appraised as temporally distant, unique, and pleasant, yet irretrievably lost (Hepper et al., 2021; Van Tilburg et al., 2019). As a result, one typically feels tender, content, and happy but with a sense of longing. The relevance of nostalgic memories to unique, bittersweet, and meaningful experiences of the self with close others accounts for its social, self-oriented, existential, and future-oriented psychological benefits (Sedikides et al., 2015; Wildschut & Sedikides, 2020). In light of the emotion’s high degree of semantic salience (i.e., personal meaning), nostalgic landmarks should enhance performance on route-learning tasks. We tested this hypothesis in two experiments. Both were approved by the University of Southampton’s Ethics Committee.
Experiment 1
In Experiment 1, we instructed participants to learn a specific route through a virtual maze. During acquisition, participants followed directional arrows to the end of the maze. There were local landmarks on the walls of the maze and four large distal landmarks in cardinal directions beyond the walls, which could be seen from most points in the maze. After three acquisition trials, the directional arrows were removed, and participants followed the learned route through the maze using the local and distal landmarks (test trial). 
We completed Experiment 1 in 2021. The experiment used a between-subjects design: nostalgia versus control. In both conditions, the landmarks in the virtual maze depicted popular music artists and TV characters. In the nostalgia condition, the landmarks depicted music artists and TV characters who were popular during the participants’ youth. For example, the pictures included Doctor Who, a British TV character, as portrayed by the actor Matt Smith between 2011-2014. In the control condition, the landmarks depicted these same music artists and TV characters but with more recent pictures. For example, the pictures included Dr. Who as portrayed by the actor Jodie Whittaker between 2017-2022 (Figure 1). We hypothesised that participants in the nostalgia condition would complete the test trial faster (i.e., have shorter latencies) than those in the control condition.
By manipulating nostalgia with matched pictures of the same familiar artists and TV characters, we intended to provide landmarks that differed in evoked nostalgia but were equally familiar and recognisable for participants in both conditions (Davis & Therrien, 2012). By carefully matching the nostalgic images with parallel control images, we also sought to rule out potential alternative explanations in terms of visual and structural salience (Caduff & Timpf, 2008), or to at least render such alternative explanations less plausible. We controlled for visual salience by using colour images with identical dimensions in both conditions. We controlled for structural salience by placing the matched images in the same position within the maze in both conditions. 
Method
Participants
We based the sample size on an a priori power analysis. Our effect-size estimate was informed by an experiment testing the effect of emotional landmarks on spatial memory (Palmiero & Piccardi, 2017).[footnoteRef:1] We predicated our power analysis on this study’s effect size (d = 0.78). Detecting an effect of this magnitude with power = .80 and two-tailed  = .05 requires 54 participants (G*Power 3.1; Faul et al., 2007).  [1:  We used the difference between the positive-landmark (M = 7.32, SE = 0.44) and neutral-landmark (M = 5.64, SE = 0.44) condition on reproduction of the eight-square sequence on the outline of the Walking Corsi Test (Palmiero & Piccardi, 2017, p. 5). ] 

We exceeded this target to hedge against attrition. Specifically, we recruited 60 participants (39 women, 21 men) via the crowdsourcing website Prolific Academic (https://www.prolific.co). We established eligibility criteria based on age (18-26 years) and location (U.K.). All participants were compensated £2.00 for taking part in the 25-minute experiment. We randomly assigned participants to conditions: nostalgia (n = 29; 20 women, 9 men) and control (n = 31; 19 women, 12 men). Participant age ranged from 18 to 26 years (M = 21.17, SD = 2.16).
Materials and Procedure
We posted a link to the experiment on Prolific Academic. First, we assessed participants’ prior experience with video games (“How much experience do you have with playing computer games?”; 1 = no experience at all, 7 = a lot of previous and recent experience; M = 5.57, SD = 1.63) and virtual reality environments (“How much experience do you have with playing computer games which involve a virtual environment technology [e.g., flight simulation])?”; 1 = no experience at all, 7 = a lot of previous and recent experience; M = 3.55, SD = 1.77). We did so to ascertain the absence of pre-existing differences between the randomised nostalgia and control conditions on these control variables. 
Next, we trained participants on a maze containing only neutral local and distal landmarks, to obtain a baseline measure of spatial ability (Figures 2-3A). Before participants completed the baseline test trial, they completed three acquisition trials. On these acquisition trials, we instructed them to follow the directional arrows in order to find the end of the maze, and to look at the wall-mounted local landmarks in order to aid navigation. Following the acquisition trials, we removed the directional arrows and instructed participants to complete the baseline test trial (Mtest trial 1 = 37.30 s, SDtest trial 1 = 9.09 s). We then placed participants in the experimental maze with either nostalgic or control (i.e., recent) landmarks located at decision points (e.g., intersections; Figure 3B). After three acquisition trials, which included the directional arrows, we again instructed participants to follow the route without the arrows (Mtest trial 2 = 63.08 s, SDtest trial 2 = 17.06 s). The route through the baseline maze was shorter than that of the experimental maze, which accounts for the shorter mean latency on the baseline test trial.
Following completion of the test trial in the experimental maze, we showed participants six pictures, five of which had been presented at decision points and one of which had not been presented in the maze. For each picture, participants indicated whether they had seen it in the maze and, if so, which direction (left, right, or straight on) they took at the landmark. We summed the number of correct responses (M = 4.08, SD = 1.13). Our procedure was similar to those used by O’Malley et al. (2018), who showed participants four landmarks that had been presented at decision points in the maze, and Grzeschik et al. (2021), who showed participants a selection of six landmarks from a set of 12 presented in the maze. Data pertaining to these responses were missing for nine participants due to technical difficulties.
Finally, participants rated their felt nostalgia (i.e., a manipulation check) on three items (e.g., “Right now, I am feeling quite nostalgic”; 1 = strongly disagree, 6 = strongly agree; Wildschut et al., 2006). We created an index of felt nostalgia by averaging participants’ responses to these three items (M = 3.26, SD = 1.70,  = .97).[footnoteRef:2]  [2:  For exploratory purposes, we administered several additional scales that were not pertinent to our research objectives, including measures of trait-level (i.e., dispositional) spatial anxiety and trait-level nostalgia.] 

Results and Discussion 
Manipulation Check
As intended, felt nostalgia was significantly higher in the nostalgia (M = 3.92, SD = 1.59) than control (M = 2.63, SD = 0.71) condition, F(1, 58) = 9.88, p = .003, η2 = .145, 90% CI = [.032, .281].[footnoteRef:3] The nostalgic (compared to control) landmarks successfully induced felt nostalgia. [3:  We report 90% confidence intervals for eta squared, because the F distribution is one sided (Steiger, 2004). This ensures that inferences based on p-values will agree with the lower confidence limit.] 

Control Variables
Participants in the nostalgia (M = 5.28, SD = 1.69) and control (M = 5.84, SD = 1.55) conditions did not differ significantly on prior experience with computer games, F(1, 58) = 1.81, p = .184, η2 = .030, 90% CI = [0, .130]. The nostalgia (M = 3.45, SD = 1.86) and control (M = 3.65, SD = 1.70) conditions did not differ on prior experience with virtual-reality environments either, F(1, 58) = 0.18, p = .671, η2 = .003, 90% CI = [0, .063]. 
Route-Learning Performance
We display in Figure 4 mean latency to complete the baseline and experimental mazes as a function of condition (shorter latency indicates faster completion of the maze). We conducted a 2 (condition: nostalgia, control)  2 (maze: baseline, experimental) mixed Analysis of Variance (ANOVA) with time to complete the test trials (s) as dependent variable. Results revealed a significant effect of maze, F(1, 58) = 139.51, p < .001, η2 = .706, 90% CI = [0.592, 0.771]. Test-trial latency was shorter in the baseline maze than in the longer experimental maze. The effect of condition was not significant, F(1, 58) = 2.80, p = .10, η2 = .046, 90% CI = [0, .156]. However, the crucial Condition  Maze interaction was significant, F(1, 58) = 5.98, p = .018, η2 = .093, 90% CI = [.009, .221]. To probe this interaction, we conducted a simple effects analysis. The effect of condition was not significant in the baseline maze, F(1, 58) = 0.12, p = .729, η2 = .002, 90% CI = [0, .056], but was so in the experimental maze, F(1, 58) = 5.28, p = .025, η2 = .083, 90% CI = [.006, .208]. Next, we repeated the analysis of test-trial latency in the experimental maze, controlling for test-trial latency in the baseline maze (by entering it as a covariate). The difference between the nostalgia and control conditions remained significant, F(1, 57) = 5.92, p = .018, ηp2 = .094, 90% CI = [.009, .220]. As hypothesised, in the experimental maze, participants in the nostalgia condition completed the test trial faster than those in the control condition. 
Recalled Direction at Landmarks
We showed participants six pictures, five of which had been included in the experimental maze, and asked them which direction they took at these landmarks. Supporting the postulated semantic salience of nostalgic (compared to control) landmarks, the number of directions that were correctly associated with the included landmarks was significantly higher in the nostalgia (M = 4.48, SD = 0.71) than control (M = 3.69, SD = 1.32) condition, F(1, 49) = 6.95, p = .011, η2 = .124, 90% CI = [.016, .268]. 
Experiment 2
Experiment 1 findings offered initial support for the hypothesis that nostalgic (compared to control) landmarks enhance route learning in a virtual environment. The objectives of Experiment 2 were to replicate conceptually this effect, to test its potential boundary conditions, and to examine its downstream consequences in terms of goal setting.
We tested the effect of nostalgic (compared to control) landmarks on route learning in two mazes. These mazes were designed to examine two potential boundary conditions for the effect of nostalgic landmarks on performance. In Experiment 1, the nostalgic/control landmarks were always located at decision points (e.g., intersections) within the maze. Kessels et al. (2011) found that, after seeing a film of a virtual maze, participants’ recognition accuracy for landmarks that were placed at non-decision points (i.e., simple forced turns) was lower than for landmarks that were placed at decision points, indicating that they had attended less to the former than the latter. This finding suggests the first potential boundary condition: do nostalgic (compared to control) landmarks still facilitate route learning when the landmarks are only placed at non-decision points within the maze? We addressed this question in Maze 1 by placing the nostalgic/control landmarks at non-decision points and the  neutral landmarks at decision points. 
Notwithstanding Kessels et al.’s (2011) finding, if the action of the nostalgic cues is governed by associative principles, we expected to replicate Experiment 1 results in Maze 1. This expectation is based on the principle of potentiation, which entails that a more salient cue facilitates the association between a simultaneously-presented less salient cue and the outcome or response (Bouton et al., 1987). In the current paradigm, we would expect semantically salient nostalgic landmarks (compared to control) to potentiate the neutral landmarks at the decision points, thereby allowing the neutral landmarks to more readily form an association with the correct response, and thus facilitate route learning. 
There have been several demonstrations of this potentiation principle in the spatial domain (Cole et al., 2011; Graham et al., 2006; Pearce et al., 2006). Horne and Pearce (2011), for example, required rats to find one of two submerged platforms that were situated in diagonally opposite corners of a rectangular swimming pool. In the experimental condition, during acquisition, wall-mounted black or white landmarks were attached to the walls forming the corners where the platforms were located (in a control condition the landmarks were in the correct corners on only half of the acquisition trials and thus uncorrelated with platform position). The landmarks and platforms were removed on the test trial. When trained with black landmarks, rats in the experimental condition spent more time searching near the geometrically correct corners of the pool (i.e., those associated with the platforms, where the short wall was to the left of the long wall) even though the landmarks were not present. The black landmarks had potentiated the geometric cues; associations formed between landmark and geometric cues during acquisition meant that seeing the geometric cues on test evoked a memory of the landmark that was strongly associated with the platform (Pearce, 2009). Rats trained with less salient white landmarks did not evince this potentiation effect. In the current experiment, we expected that the semantically salient nostalgic (compared to control) landmarks would more strongly potentiate the neutral landmarks at decision points and thus facilitate route-learning.
We now turn to the second boundary condition. In Maze 1, the nostalgic/control landmarks were located at non-decision points but were still present on the test trial. Horne and Pearce’s (2011) findings suggest that, as long as the nostalgic/control landmarks are present on the acquisition trials, they need not be present on the test trial to facilitate performance. We implemented this second boundary condition in Maze 2. In this maze, the nostalgic/control landmarks were located at decision points during acquisition but removed altogether during the test trial, leaving only neutral distal landmarks beyond the maze boundaries. Again, we expected stronger potentiation of the neutral distal landmarks, and thus enhanced route-learning, in the nostalgia condition than in the control condition.
 A second objective of Experiment 2 was to test the effect of nostalgic (compared to control) landmarks on future goal setting. We hypothesised that, if nostalgia enhances route-learning, this should have positive downstream consequences for goal setting in the spatial domain. According to the expectancy-value perspective on goal setting (Levy & Baumgardner, 1991), goal choice is a function of estimated ability to achieve the goal and the value assigned to the goal. If nostalgia enhances route-learning, it should increase perceived ability to complete a challenging future route-learning task and thus result in higher goal setting. We tested this hypothesis after participants completed Maze 1 by offering them a choice between navigating an additional maze that was either easy or difficult (all participants completed the same Maze 2). 
Our third objective was to address the potential role of positive affect (PA) and negative affect (NA). Previous studies have used pictures from the International Affective Picture System (IAPS; Lang et al., 2008) to examine the effect of positive and negative affective landmarks on route learning and topographical memory in virtual environments, with mixed results. Whereas some findings indicated that negative affective landmarks facilitate performance more than do positive ones (Balaban et al., 2017), other evidence pointed to the opposite conclusion (Ruotolo et al., 2019), or indicated that positive and negative affective landmarks have equivalent facilitative effects (Palmiero & Piccardi, 2017). In contrast to our present focus on the discrete emotion of nostalgia, these previous studies focused on generalised PA and NA. For example, whereas some used pictures of “beach,” “skier,” and “sailing” as positive affective landmarks (Palmiero & Piccardi, 2017), others used pictures of “smiling babies,” “puppies,” and “kiss scene” (Ruotolo et al., 2019). Despite this crucial difference with our present approach, it is prudent to assess whether the effect of nostalgic (compared to control) landmarks is due to PA/NA.
Method
Participants
We aimed to recruit at least the same number of participants as in Experiment 1, and exceeded this target. Sixty-two high-school students (48 women, 14 men; M = 16.95, SD = 0.46) attended a series of open days at the School of Psychology, University of Southampton. On a voluntary basis, participants completed a 30-minute study as part of a research demonstration activity. We randomly assigned them to the nostalgia (n = 31; 23 women, 8 men) or control (n = 31; 25 women, 6 men) conditions.[footnoteRef:4]  [4:  Four teachers who accompanied the students on their visit also completed the experiment. We excluded them from the final data analysis, because the nostalgic and control landmarks were tailored to high-school-aged individuals. Inclusion of the teachers’ responses did not alter the pattern of significant and non-significant findings.] 

Materials and Procedure 
We ran the experiment in a computer classroom containing 35 computers. As in Experiment 1, the mazes offered a first-person perspective and the nostalgic/control landmarks in the maze were similar to those used in Experiment 1. The mazes included neutral distal landmarks that could be seen beyond the walls and from most points within the maze. The experimenter instructed participants to navigate through the mazes using directional arrows and to pay attention to the local and distal landmarks to help learn the route. Maze 1 (Figure 5, upper panel) involved three acquisition trials and one test trial (Mtest trial 1 = 57.47 s, SDtest trial 1 = 25.95 s). Following completion of Maze 1, we assessed goal setting by asking participants if they would like to complete either a difficult or easy maze next; 52 out of 62 participants indicated that they wanted to complete a difficult maze (84%). In fact, all participants completed the same maze next. Maze 2 (Figure 5, lower panel) again involved three acquisition trials and one test trial (Mtest trial 2 = 53.22 s, SDtest trial 2 = 24.17 s). In Maze 1, the nostalgic/control landmarks were present only at non-decision points in the acquisition trials as well as the test trial. In Maze 2, the nostalgic/control landmarks were present in the acquisition trials, but we removed them on the test trial so only neutral distal landmarks remained.
Following this, participants completed the same 3-item measure of felt nostalgia (i.e., manipulation check) as in Experiment 1 (e.g., “Right now, I am feeling quite nostalgic”; 1 = strongly disagree, 6 = strongly agree; M = 2.83, SD = 1.29,  = .97). In addition, they completed 2-item measures of PA (e.g., “During the navigation task, I felt happy”; 1 = strongly disagree, 6 = strongly agree; M = 4.61, SD = 0.94,  = .91) and NA (e.g., “During the navigation task, I felt sad”; 1 = strongly disagree, 6 = strongly agree; M = 1.56, SD = 0.76,  = .83).
Next, in a free recall task, participants wrote down as many of the landmarks they had seen in the mazes as they could recall. We included this free recall task to ascertain that the popular music artists and TV characters presented in the nostalgia and control conditions were equally familiar and recognisable to participants; that is, to rule out the possibility that nostalgic (compared to control) landmarks facilitated performance because they were more familiar or recognisable. Finally, as a control variable, we assessed how experienced participants were in playing computer games (1 = I play every day, 4 = I never play; M = 3.13, SD = 0.88).[footnoteRef:5] [5:  For exploratory purposes, we administered several additional scales that were not unrelated to our research objectives, including measures of trait-level (i.e., dispositional) spatial anxiety, psychological benefits of nostalgia, and task enjoyment.] 

Results and Discussion
Manipulation Check
As intended, participants in the nostalgia condition (M = 3.22, SD = 1.25) felt more nostalgic than those in the control condition (M = 2.44, SD = 1.23), F(1, 60) = 6.02, p = .017, η2 = .091, 90% CI = [.009, .216]. The manipulation was effective. 
Control Variables
Participants in the nostalgia (M = 3.00, SD = 1.03) and control (M = 3.26, SD = 0.68) conditions did not differ significantly on computer game experience, F(1, 60) = 1.35, p = .250, η2 = .022, 90% CI = [.000, .113]. The nostalgia (M = 7.16, SD = 1.97) and control (M = 7.39, SD = 2.32) conditions did not differ significantly on the number of landmarks recalled either, F(1, 60) = 0.17, p = .681, η2 = .003, 90% CI = [.000, .060]. Thus, there was no evidence to suggest that the nostalgic landmarks were more familiar or recognisable than the control landmarks (the numerical pattern was in the opposite direction, with more landmarks recalled in the control than nostalgia condition). 
Route-Learning Performance
We display in Figure 6 the test-trial latencies in Mazes 1 and 2 as a function of condition. A 2 (condition: nostalgia, control)  2 (maze: Maze 1, Maze 2) mixed ANOVA on time to complete the test trials (s) revealed that the maze main effect was not significant, F(1, 60) = 1.24, p = .269, ηp2 = .020, 90% CI = [.000, .110]. A significant effect of condition indicated that, as hypothesised, latencies were significantly shorter in the nostalgia than control condition, F(1, 60) = 8.28, p = .005, ηp2 = .121, 90% CI = [.021, .252]. The Condition  Maze interaction was not significant, F(1, 60) = 0.08, p = .779, ηp2 = .001, 90% CI = [.000, .047]. Latencies to complete the test trial were shorter in the nostalgia than control condition and this effect did not vary as a function of maze. These results conceptually replicate and extend Experiment 1 findings.
Goal Setting
We obtained a significant effect of condition on goal setting, 2(1, N = 62) = 4.29, p = .038,  = .263, Odds Ratio = 5.04. The percentage of participants who, after completing Maze 1, preferred to complete a difficult (than easy) maze next was higher in the nostalgia condition (29/31 = 94%) than in the control condition (23/31 = 74%). Nostalgia (compared to control) conduced to more ambitious goal setting. We tested whether this effect of nostalgia on goal setting was mediated by (i.e., flowed from) nostalgia’s positive effect on route-learning performance. That is, better performance on the prior route-learning task (i.e., shorter latencies) may increase confidence in the spatial domain, resulting in more ambitious goal setting. To test the indirect effect, we implemented the bootstrapping method (MacKinnon et al., 2004) with the PROCESS macro (Hayes, 2022; 5,000 bootstrap samples).[footnoteRef:6] Indeed, the indirect effect (ab) of nostalgia (compared to control) on goal setting via route-learning performance (indexed as Maze 1 latency) was significant, ab = 0.76, 95% CI = [0.076, 2.260]. The residual direct effect of nostalgia (compared to control) on goal setting was not significant, b = 0.68, 95% CI = [-0.949, 2.686], Z = 0.94, p = .349. [6:  Bootstrapping is a non-parametric resampling procedure that approximates the sampling distribution of the indirect effect (i.e., the ab product) by repeatedly sampling the dataset.] 

Positive Affect and Negative Affect
Participants in the nostalgia (M = 4.69, SD = 0.93) and control (M = 4.53, SD = 0.96) conditions did not differ significantly on PA, F(1, 60) = 0.45, p = .503, η2 = .008, 90% CI = [.000, .079]. The nostalgia (M = 1.52, SD = 0.80) and control (M = 1.60, SD = 0.74) conditions did not differ on NA either, F(1, 60) = 0.17, p = .681, η2 = .003, 90% CI = [.000, .060]. Participants reported significantly more positive than negative affect (i.e., a positivity offset) in both the nostalgia (F[1, 30] = 143.84, p < .001, η2 = .827, 90% CI = [.713, .875]) and control (F[1, 30] = 124.50, p < .001, η2 = .806, 90% CI = [.679, .859]) condition. The facilitative effect of nostalgic (compared to control) landmarks on route learning and ensuing goal setting was not due to differences in generalised PA or NA.
Summary
[bookmark: OLE_LINK1]We had three objectives in Experiment 2. Relevant to the first, key objective, we replicated and extended Experiment 1 findings. Consistent with the principle of potentiation (Cole et al., 2011; Graham et al., 2006; Horne & Pearce, 2011; Pearce, 2009; Pearce et al., 2006), nostalgic (compared to control) landmarks facilitated route learning when nostalgic/control landmarks were placed at non-decision points (Maze 1) and when nostalgic/control landmarks were placed at decision points during acquisition but removed on the test trial (Maze 2). These results underscore that route learning involves more than the formation of strong associations between salient landmarks and directions. Via potentiation, salient landmarks can also facilitate associations between less salient neighbouring landmarks and directions. Turning to our second objective, results supported the hypothesis that, by virtue of their enhanced route-learning performance, participants in the nostalgia (vs. control) condition evinced more ambitious goal setting. That is, compared to controls, those in the nostalgia condition were more likely to select a difficult (than easy) future navigation task and this effect was mediated by prior route-learning performance (i.e., Maze 1 latency). As to our third objective, we ruled out a potential role for generalised PA or NA in accounting for these nostalgia effects.
General Discussion
Summary of Findings
We demonstrated that, compared to more recent but equally recognisable landmarks, nostalgic landmarks enhanced spatial performance on a route learning task. In Experiment 1, participants in the nostalgia (vs. control) condition identified more correct directions at landmarks shown in isolation from the maze, supporting the postulated semantic salience of the nostalgic (vs. control) landmarks. In Experiment 2, nostalgic landmarks enhanced spatial performance even when they were not placed at decision points (Maze 1) and when they were removed on the test trial (Maze 2), attesting to the robustness of their facilitative effect. These findings suggest that the salient nostalgic landmarks potentiated neutral landmarks within and outside the maze. Consistent with the expectancy-value perspective on goal setting (Levy & Baumgardner, 1991), Experiment 2 further revealed that participants in the nostalgia (vs. control) condition evinced more ambitious goal setting and that this effect was mediated by better route learning performance in the preceding route learning task. Commitment to specific, challenging goals is a robust predictor of future performance (Locke et al., 1981), pointing to potential further beneficial downstream consequences of nostalgia. 
Implications for Mechanisms Governing Spatial Navigation
Our theoretical point of departure was that (a) a salient landmark that identifies a correct navigational response becomes associated with that response more readily than a less salient one (Redhead et al., 2013), and (b) nostalgic landmarks possess a high level of semantic salience owing to their connection to unique and meaningful personal memories (Sedikides et al., 2015). Our findings are consistent with these tenets and corroborate previous research showing that semantically salient cues enhance route learning performance (Ruotolo et al., 2019). Importantly, Experiment 2 participants recalled an equivalent number of nostalgic and control cues, suggesting that facilitation was not due to the nostalgic cues being simply more familiar. 
Previous comparisons of cues within a spatial paradigm have either demonstrated overshadowing (Redhead & Hamilton, 2007), whereby the salient cues stop participants learning about the other cues, or potentiation of less salient cues (Cole et al., 2011), which is what we found here. According to Urcelay (2017), the determining factor as to which outcome would arise is contiguity between the competing cues, with increased spatial contiguity leading to overshadowing. Here, we manipulated between experiments the contiguity of the nostalgic cues and the cues at the decisions point. In Experiment 1 the nostalgic cues were at decision points, whereas in Maze 1 of Experiment 2 they were at a distance from the decision point. In both cases, we observed potentiation. Such a finding would be more compelling if cue contiguity was manipulated within an experiment.
Pearce (2009) suggested that potentiation was due to the associations formed between salient landmarks and the other less salient structural cues of the environment during training. The novel finding in Experiment 1—that participants more readily identified the correct direction when the nostalgic (compared to control) cues were presented in isolation—points to the association between the nostalgic cue and the response performed at the cue rather than to the associations between cues. Previous demonstrations of associations between spatial cues have been with watermaze paradigms that rely more on classical conditioning of associations between cues (i.e., position of platform relative to the position of the landmarks). The current route learning paradigm capitalises on the associations between the response and outcomes of operant conditioning. It would therefore be useful to examine the effects of nostalgic cues within a paradigm that promotes associations between cues, such as the watermaze.
Broader Implications
Landmarks are visual anchors that help navigators develop effective route dialogues (Allen, 2002; Denis, 1997; Fontaine & Denis, 1999), thus using distinctive landmarks is a key wayfinding tool (Deakin, 1996; Denis et al., 1999; Michon & Denis, 2001). Identifying emotions that heighten landmark saliency could assist navigators in achieving wayfinding success. Our findings indicate that nostalgic design elements strengthen navigation ability. Navigating unfamiliar spaces can be challenging (Baskaya et al., 2004; Gärling et al., 1983; Haq & Zimring, 2003; Hölscher et al., 2006), particularly within large-scale, multilevel indoor environments including libraries, museums, shopping centres, and hospitals (Dogu & Erkip, 2000; Eaton, 1991; Li & Klippel, 2012; Mandel, 2017). More often than not, these environments present long corridors and repetitive designs, making them confusing and disorientating to navigate. Infusing landmarks with nostalgia could help address these design pitfalls by providing a meaningful visual aid. 
The ability to find one’s way in the world is essential for independent functioning and social interaction, and the loss of this ability can have serious consequences. This is particularly the case for people with neurological conditions, such as Alzheimer’s disease, epilepsy, stroke, and topographical disorientation disorders (Cimadevilla et al., 2014; Barrett & Muzaffar, 2014; Iaria & Barton, 2010; Monacelli et al., 2003)—all of which result in devastating changes to everyday life. For instance, persons with dementia are more likely to become lost within their regular day-to-day environment, which can heighten spatial anxiety (Chiu et al., 2004; Kirasic, 2000; Tu & Pai, 2006) and reduce confidence in exploring environments (Lawton, 1994; Lawton & Kallai, 2002). Therefore, it is important to consider ways to provide environmental support for those with wayfinding difficulties. Environmental design guidelines highlight the need for landmarks (O’Malley et al., 2017) and call for artwork or items that evoke positive emotions to support orientation (Department of Health, 2015). As nostalgia enhances semantic salience, such guidelines should consider integrating more specific, scientifically tested guidance regarding landmark characteristics. 
A burgeoning literature has established the psychological utility of nostalgia. For example, the emotion increases sociality (i.e., sense of acceptance and belongingness; Sedikides & Wildschut, 2019), meaning in life (Sedikides & Wildschut, 2018), and self-continuity (i.e., a sense of connection between one’s past and present; Sedikides et al., 2016), while strengthening motivation to pursue one’s goals (Sedikides & Wildschut, 2020). Although these benefits have been documented primarily in young-adult samples, the same benefits also accrue to older adults living with dementia (Ismail et al., 2018, 2022). Our research showcased an additional function, namely, that nostalgic landmarks aid in spatial navigation. Future studies could examine the utility of salient nostalgic landmarks for aiding spatial navigation among people living with dementia and other neurological conditions affecting wayfinding ability (Davis et al., 2017). 
Limitations and Future Directions
We attributed the beneficial effects of nostalgic (compared to control) landmarks to their higher semantic salience, owing to nostalgia’s connection with fond and personally meaningful memories of childhood and/or close relationships (Hepper et al., 2012, 2014). We aimed to rule out potential alternative explanations in terms of visual and structural salience by carefully matching the nostalgic images with parallel control images. We controlled for visual salience by always using same-sized colour images of the same individuals. We controlled for structural salience by placing these matched images in the same point within the maze. Crucially, free-recall data in Experiment 2 demonstrated that the nostalgic landmarks were not more recognizable than the control landmarks (the numerical pattern was even in the opposite direction, with more landmarks recalled in the control than nostalgia condition). Yet, despite our best efforts, we cannot definitively rule out alternative explanations. For example, nostalgic and control landmarks differed (by design) in terms of their recency. Future research could eliminate this potential confound by selecting nostalgic and control images stemming from the same time period. This would also provide an opportunity to further refine and improve our novel pictorial-nostalgia induction—for example, by carefully pilot testing a larger set of nostalgic and control images in order to ascertain that they differ on nostalgia but not on other dimensions, such as familiarity, liking, or vividness.
Although the stimuli used were successful in evoking nostalgia (as demonstrated by the manipulation checks in both experiments), they focused on a particular theme (i.e., popular TV shows, popular music artists) that we expected to elicit nostalgia in our high-school-aged samples; that is, we adopted a nomothetic approach to manipulating nostalgia (Dimitriadou et al., 2019). Future studies would do well to incorporate additional themes (e.g., special places, childhood toys, transport). Further, nostalgia is a personally meaningful and self-relevant emotion (Sedikides & Wildschut, 2018). To harness this personal element, it would be valuable to tailor nostalgic landmarks to individual participants’ past life experiences; that is, to adopt an idiographic approach.
Finally, previous studies have shown that virtual environments like the ones we used are interactive and life-like (Hegarty et al., 2006; Richardson et al., 1999; Ruddle et al., 1997), boosting ecological validity. Virtual platforms are easily controlled and allow for the creation of routes and novel landmarks, which could otherwise be more challenging to implement in the real-world. We acknowledge that everyday navigation involves kinesthetic input, which virtual environments lack. Future studies would do well to apply the present findings to naturalistic virtual surroundings (e.g., indoor residences, outdoor urban landscapes; Davis et al., 2017) and actual real-world environments (Nolan et al., 2002). 
Concluding Remarks
Nostalgia is generally beneficial for psychological functioning. In this article, we documented a novel benefit of the emotion: Nostalgic landmarks improved spatial navigation. Our findings contribute to basic research and have application potential.
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Figure 1
Example of Nostalgic Versus Control Pictures
[image: Can Matt Smith be the first Doctor Who to regenerate as himself? - Daily  Record][image: A picture containing person

Description automatically generated]


Note. Left image illustrates a nostalgic picture. Right image illustrates a control picture.


Figure 2
Virtual Maze Presentation From Participants’ Perspective[image: A hot air balloon floating over a pool

Description automatically generated with low confidence]

Note. Participants’ perspective of the maze including a neutral wall-mounted image functioning as a local landmark, with a distal landmark located beyond the maze, and a directional arrow positioned at a junction.





Figure 3
Route Layout for the Baseline and Experimental Maze in Experiment 1 A
A


Note. Schematic of the baseline maze (A) and experimental maze (B) including layout, route, and landmark positions. The red arrows illustrate the specified route and the green box indicates the end destination. The blue circles mark the position of neutral distal landmarks. The orange triangles indicate the position of the neutral /nostalgic/control local landmarks. 
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Note. Schematic of the baseline maze (A) and experimental maze (B) including layout, route, and landmark positions. The red arrows illustrate the specified route and the green box indicates the end destination. The blue circles mark the position of neutral distal landmarks. The orange triangles indicate the position of the neutral /nostalgic/control local landmarks. 

Figure 4
Mean (±SEM) Latencies for the Baseline and Experimental Maze Test Trials in Experiment 1
[image: Chart, bar chart

Description automatically generated]
.







Figure 5
Route Layout for Maze 1 and Maze 2 in Experiment 2
A
B

Note. Schematic of Maze 1 (A) and Maze 2 (B) layout, route, and landmark positions. The red arrows illustrate the specified route and the green box indicates the end destination. The large blue circles mark the position of neutral distal landmarks. The small blue circles indicate the position of neutral local landmarks. The orange triangles indicate the position of nostalgic/control local landmarks.

Figure 6
Mean (±SEM) Latencies for the Route-Learning Tasks in Experiment 2
[image: Chart, bar chart

Description automatically generated]
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