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Abstract: The role of emotional landmarks in navigation has been scarcely studied. Previous findings
showed that valence and arousal of landmarks increase landmark’s salience and improve performance
in navigational memory tasks. However, no study has directly explored the interplay between valence
and arousal of emotionally laden landmarks in embodied and not-embodied navigational tasks.
At the aim, 115 college students have been subdivided in five groups according to the landmarks
they were exposed (High Positive Landmarks HPL; Low Positive Landmarks LPL; High Negative
Landmarks HNL; Low Negative Landmarks LNL and Neutral Landmarks NeuL). In the embodied
tasks participants were asked to learn a path in a first-person perspective and to recall it after five
minutes, whereas in the not-embodied tasks participants were asked to track the learned path on
a silent map and to recognize landmarks among distractors. Results highlighted firstly the key role of
valence in the embodied task related to the immediate learning, but not to the delayed recall of the
path, probably because of the short retention interval used. Secondly, results showed the importance
of the interplay between valence and arousal in the non-embodied tasks, specifically, neutral and high
negative emotional landmarks yielded the lowest performance probably because of the avoidance
learning effect. Implications for future research directions are discussed.

Keywords: landmark-based navigation; emotions; arousal; emotional cues; embodied perspective;
situated cognition

1. Introduction

The ability to orient in the environment is crucial for human beings. There is a wide individual
difference in this ability, due to several internal (e.g., gender, familiarity; spatial skills; personal attributes)
and/or external (e.g., degree of landmarks differentiation; emotional landmark; environmental layout
complexity; continuous environmental changes) factors (e.g., [1–4]). In particular, human beings use
landmarks, the focus of the present paper (monuments, salient objects or buildings stand out from the
environment), to spatial re-orient themselves [5–7]. In landmark-based navigation, subjects process the
exact spatial relationship between environmental objects (landmarks) and themselves. This requires
aligning one’s own perspective with that of landmarks, which needs mental self-rotation [8].

Indeed, during navigation individuals process both body and external world features in accordance
with the perspective taking. For example, during a first-person perspective navigation self-body
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information is crucial and associated with salient environmental cues (e.g., at the yellow building turn
on the left), while in a world-based perspective is independent from one’s position in the environment
(e.g., the church is far from the statue).

However, not all objects that individuals meet along the street are used for re-orienting; in
order to be useful objects need to have structural (a prominent spatial location) [9], visual (a peculiar,
shape, size and/or colour), semantic (a cultural, historical or autobiographical influences) features.
Specifically, the semantic features contain a high idiosyncratic relevance since they are strictly related
to personality [5].

In this vein, the key role of emotional landmarks defined in terms of valence (positive/pleasant vs.
negative/unpleasant) and arousal (activating/excited vs. deactivating/calm) has only recently been
investigated [3,10,11], demonstrating that positive/negative emotions increasing landmark’s salience
improve performance in navigational memory tasks. More specifically, Palmiero and Piccardi [3]
observed that both positive and negative emotional landmarks equally enhanced the ability to learn
a path, but just positive emotional ones improved the reproduction of the path on the map. In general,
these authors highlighted that emotional landmarks enhance egocentric-based topographical memory.
In addition, emotionally more arousing pictures were found to produce a negative perceptual bias in
estimating distances [12].

These findings are also in line with the body-specificity hypothesis advanced by Casasanto [13]
in which different kinds of bodies may produce different mental representation of the space.
This hypothesis refers to the theories of embodied cognition that suggest that thoughts include
mental simulations or mental images of bodily experiences [14–19]. Moreover, perceptual and
interactive richness landmark can alleviate cognitive load imposed on working memory by effectively
embedding the learner’s cognitive activity in the environment [20]. In such a sense, it is interesting
that the egocentric-based navigation is affected by emotional stimuli. Ruotolo et al. [11] showed that
participants were more accurate in locating the positive landmarks along the route and drawing the
route. In contrast, they found that participants judged the route as longer and were less accurate in
mentally reproducing distances between landmarks when they were exposed to negative landmarks.

Taken together, these studies support the idea that spatial cognition is situated, or co-determined by
both the characteristics of the body and those of the elements in the external world: Cognition is afforded
and constrained by ongoing interactions between body and environment, emphasizing an intimate
relationship between external artefacts and cognitive processes [21].

The novelty of the present study is to investigate both the role of valence (positive/negative) and
arousal (high/low) of emotional landmarks in egocentric-based navigation. In light of Schwarz and
Clore’s theory [22], which posits that positive-negative feelings are embodied information on the
value of events, while activating-deactivating information contributes to provide information about
the importance of the events, we hypothesized that the valence of landmarks would affect mostly
embodied tasks (learning and recalling a path in a first-person perspective) rather than non-embodied
tasks (tracking the learned path on a silent map and recognizing landmarks among distractors).
Moreover, based on the Yerkes-Dodson law [23], according to which higher level of arousal may
negatively affect memory, we also hypothesized that the high arousal of landmarks would affect both
embodied and not-embodied tasks. In general, we assume that the non-embodied tasks are more
prone to be affected by the interplay between valence and arousal than embodied tasks, which are
supposed to be affected exclusively by valence.

2. Method

2.1. Participants

A sample 115 (54 males and 61 females; mean age: 23.61 years old; standard deviation (SD):
2.63 years old) college students from the “Department of Life, Health and Environmental Sciences”,
University of L’Aquila (L’Aquila, Italy) voluntarily participated in exchange for extra credit in
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psychology courses. They were randomly subdivided into five groups (composed by 23 subjects
per group) according to the type of landmarks they were exposed while performing the topographic
memory tasks:

• Group with High Arousal and Positive Valence Landmarks (HPL): 23 participants (11 females and
12 males; mean age: 23.9; SD: 3.4);

• Group with Low Arousal and Positive Valence Landmarks (LPL): 23 participants (13 females and
10 males; mean age: 24.7; SD: 2.3);

• Group with High Arousal and Negative Valence Landmarks (HNL): 23 participants (12 females
and 11 males; mean age: 22.3; SD: 1.4);

• Group with Low Arousal and Negative Valence Landmarks (LNL): 23 participants (12 females
and 11 males; mean age: 24.9; SD: 2.4);

• Group with Neutral Landmarks (NeuL): 23 participants (13 females and 10 males mean age: 22.3;
SD: 2.0).

Participants filled out the anamnesis questionnaire aimed at collecting demographic, health and
alcohol/drugs assumption information. From the anamnesis, participants resulted healthy, had normal
or corrected to normal (soft contact lenses or glasses) vision; they reported no neurological
and/or psychiatric disorders and no problem with alcohol or drug addiction. In particular,
participants self-declared no topographical orientation disorders. None of them showed the presence
of navigational deficits or developmental topographical disorientation [24].

Furthermore, to exclude differences between groups with respect to the emotional
intelligence, all participants underwent to the Trait Emotional Intelligence Questionnaire-Short Form
(TEIQue-SF [25,26]; Italian version [27]). The TEIQue-SF is a 30-item questionnaire that investigates
the global trait emotional intelligence. The univariate ANOVA showed no difference (F4,109 = 1.59; p =

0.184). In addition, all participants were submitted to PANAS [28,29] to rule out a mood manipulation
due to the presence of emotional landmarks. Using Phillips et al.’s procedure [30], the individual’s
mood scores at both the first and the second administration (after the completion of the Walking
Corsi Test-WalCT) of the PANAS was computed by subtracting the total negative affect score from
the positive affect score. Then, mood scores at the first administration (baseline) were compared with
mood scores at the second administration in terms of group conditions (HPL, LPL, HNL, LNL, NeuL).
Results showed no significant effect: ‘Group’ [F(4,110) = 1.92, p = 0.11]; ‘time’ [F(1,110) = 3.43, p = 0.067,
partial eta-squared = 0.030]; interaction effect of ‘group and time’ [F(4,110) = 0.71, p = 0.59]. These results
allowed to rule out the possibility that effects on topographical memory were not due to individuals’
mood changes, but rather on emotional landmarks.

In accordance with the policy of the local ethics committee of the IRCCS Fondazione Santa Lucia
(Rome, Italy) project approved in July 2017 and the Declaration of Helsinki, all participants gave their
informed written consent before participating in this study.

2.2. Instruments

2.2.1. Positive and Negative Affect Schedule (PANAS)

The Italian version [29] of PANAS [28] was administered to assess how the participant was feeling
‘right now’. It included 10 positive and 10 negative adjectives that were scored using a 5-point Likert
scale, ranging from 1 (very slightly or not at all) to 5 (extremely).

2.2.2. Images from The International Affective Picture System (IAPS) Inventory

Positive/negative valence with high/low arousal and neutral landmarks were selected
from the Images from The International Affective Picture System (IAPS) Inventory [31,32].
Specifically, 15 affect-laden images were printed in the size 30 cm× 30 cm. Pictures include standardized
coloured photographs representing three categories of emotional stimuli (positive, negative and neutral),
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being scored in terms of valence (ranging from pleasant to unpleasant) and arousal (ranging from high
to low). In this study, images were differentiated according to their valence and arousal, which are the
two fundamental aspects of emotionality [33], according to the original scores [32], as follows:

− 3 positive emotional images with pleasant valence (mean = 8.02, (SD) = 0.25) and high arousal
(mean = 6.21, SD = 0.47), namely the images of ‘beach’, ‘skier’ and ‘sailing’;

− 3 positive emotional images with pleasant valence (mean = 7.42, SD = 0.35) and low arousal
(mean = 3.11; SD = 0.13), namely the images of ‘rabbit’, ‘flower’, and ‘clouds’;

− 3 negative emotional images with unpleasant valence (mean = 1.55, SD = 0.12) and high arousal
(mean = 6.82, SD = 0.6), namely the images of ‘face mutilated’, ‘soldier’, and ‘dog’;

− 3 negative emotional images with unpleasant valence (mean = 3.37, SD = 0.44) and low arousal
(mean = 3.93, SD = 0.06), namely the images of ‘homeless man’, ‘exhaust’, and ‘woman’;

− 3 neutral emotional images both in terms of valence (mean = 6.03, SD = 1.18) and arousal (mean
= 3.37, SD = 0.22), namely the images of ‘parrots’, ‘cow’, and ‘man’.

Neutral emotional images were selected following valence and arousal values indicated in
Nowicka et al.’s study [34].

2.2.3. The Walking Corsi Test (WalCT)

The Walking Corsi Test (WalCT) [35,36] was used to measure topographic working memory.
It consists of nine squares (30 cm × 30 cm) placed in an empty room within a walking space (3 m × 2.5
m) reproducing the well-known Corsi Block Tapping Test (1:10 scale) [37]. As in Piccardi et al. [38],
three 30 × 30 cm pictures of landmarks were placed on three out of the nine WalCT squares (see
Figure 1). However, in the present study we used 15 affect-laden images previously selected from the
IAPS Inventory [31,32] according to the high/low arousal and the positive/negative valence. Emotional
or neutral landmarks were placed on the squares of the WalCT, in the same position for all conditions
for having comparable intersections among squares and the same spatial distances with respect to the
path to learn. (See Figure 1).Brain Sci. 2020, 10, x FOR PEER REVIEW 5 of 11 
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from the person represented in the picture for publication. A copy of the written consent is available 
for review by the Editor-in-Chief of this journal. Around the centre figure are shown the disposition 
of the high/low arousal positive (on the left), high/low arousal negative (on the right) and neutral 
(below and in the photo) landmarks through the path. 
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2.3.1. Learning of the Path 

The examiner showed an eight-square path (the same for all conditions) by walking on squares 
at a rate of one square per 2 s. Participants were asked to learn the path demonstrated by the 
examiner. When participants were able to reproduce correctly the path three times in a row, the 
examiner considered that the learning criterion had been reached. Anyway, if the subject was not 
able to repeat the path, the examiner showed it to him/her for a maximum of 18 repetitions until the 
learning criterion or the maximum number of repetition were reached. The learning score was 
calculated as follows: one point was given for each square correctly walked within the right order of 
the sequence, until learning has taken place; then, eight points were summed for each of the 
remaining trials (up to the 18th repetition; maximum score = 144). 

2.3.2. Delayed Recall of the Path 

Five minutes later, participants were asked to reproduce again the path by walking the 
previously learned eight-square path. The delayed recall score was obtained by summing the number 
of squares correctly walked (maximum score = 8). 

2.4. Not-Embodied Tasks 

2.4.1. Drawing of the Path 

Examiner asked participants to retrace with a felt-tip pen the eight-square path on the silent map 
representing the WalCT. The silent map score was the number of squares correctly drawn (maximum 
score = 8). 

2.4.2. Recognition of Landmarks 

Participants were also asked to recognize the emotional or neutral landmarks used among 3 
distractors comparable in terms of valence and arousal (for emotional images with pleasant valence 
and high arousal, valence: mean = 8.05, SD = 0.25, arousal: mean = 6.11, SD = 0.52; for emotional images 

Figure 1. The landmark-based navigational memory task (the Walking Corsi Test with emotional
landmarks). The eight-square path was designed in order to let participants move through the squares,
as showed by the red line. In the centre of the figure is displayed the experimental set-up with
a participant who performed the learning path task. Written informed consent was obtained from
the person represented in the picture for publication. A copy of the written consent is available for
review by the Editor-in-Chief of this journal. Around the centre figure are shown the disposition of the
high/low arousal positive (on the left), high/low arousal negative (on the right) and neutral (below and
in the photo) landmarks through the path.
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2.3. Embodied Tasks

2.3.1. Learning of the Path

The examiner showed an eight-square path (the same for all conditions) by walking on squares at
a rate of one square per 2 s. Participants were asked to learn the path demonstrated by the examiner.
When participants were able to reproduce correctly the path three times in a row, the examiner
considered that the learning criterion had been reached. Anyway, if the subject was not able to repeat
the path, the examiner showed it to him/her for a maximum of 18 repetitions until the learning criterion
or the maximum number of repetition were reached. The learning score was calculated as follows: one
point was given for each square correctly walked within the right order of the sequence, until learning
has taken place; then, eight points were summed for each of the remaining trials (up to the 18th
repetition; maximum score = 144).

2.3.2. Delayed Recall of the Path

Five minutes later, participants were asked to reproduce again the path by walking the previously
learned eight-square path. The delayed recall score was obtained by summing the number of squares
correctly walked (maximum score = 8).

2.4. Not-Embodied Tasks

2.4.1. Drawing of the Path

Examiner asked participants to retrace with a felt-tip pen the eight-square path on the silent map
representing the WalCT. The silent map score was the number of squares correctly drawn (maximum
score = 8).

2.4.2. Recognition of Landmarks

Participants were also asked to recognize the emotional or neutral landmarks used among
3 distractors comparable in terms of valence and arousal (for emotional images with pleasant valence
and high arousal, valence: mean = 8.05, SD = 0.25, arousal: mean = 6.11, SD = 0.52; for emotional
images with pleasant valence and low arousal, valence: mean = 7.46, SD = 0.51, arousal: mean =

3.27, SD = 0.05; for emotional images with unpleasant valence and high arousal, valence: mean =

1.71, SD = 0.17, arousal: mean = 7.11, SD = 0.21; for emotional images with unpleasant valence and
low arousal, valence: mean = 3.35, SD = 0.11, arousal: mean = 3.8, SD = 0.26; for neutral images,
valence: mean = 5.95, SD = 0.55, arousal: mean = 3.43, SD = 0.33).

2.5. Experimental Procedure

At the beginning, participants were given brief instructions to participate in to the experiment,
they provided their written informed consent and they were randomly assigned to one of the five
experimental groups (HPL, LPL, HNL, LNL and NeuL). Then, they filled in the PANAS for the first time.
Afterwards, participants performed the three topographical memory tasks (learning, delayed recall
and the silent map of the eight-square path) in all conditions respectively. Afterwards, participants
filled in the PANAS for the second time. Finally, they performed the recognition landmark task.

3. Results

A significant threshold was set at p = 0.05/4 = 0.0125 by using Bonferroni’s correction for multiple
comparisons to avoid to commit a Type 1 error.
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3.1. Analyses on Topographical Memory

In order to exclude effects on learning, delayed recall and reproduction of the eight-square
sequence due to gender, firstly three separate ANOVAs were performed with gender as independent
variable. Results revealed no significant gender difference in learning [F(1,113) = 3.62, p = 0.06]; delayed
recall [F(1,113) = 0.05, p = 0.83] and reproduction [F(1,113) = 0.001, p = 0.98] scores. Given that gender
produced no effect on the variables of interest, subsequent analyses were carried without considering
gender differences.

3.2. First Embodied Task—Learning of the Path

The Univariate ANOVA carried out on the learning score of the sequence revealed an effect of
group [F(4,110) = 4.66, p = 0.002, partial eta-squared = 0.145; observed power = 0.94]: Post hoc analysis
(LSD: p < 0.05) showed that all groups exposed to emotional landmarks, regardless of the valence
and the arousal performed better that the neutral group; no difference was found between the HPL,
HNL, LPL and LNL.

3.3. Second Embodied Task—Delayed Recall of the Path

The Univariate ANOVA carried out on the delayed recall score of the sequence revealed no group
difference [F(4,110) = 0.58, p = 0.68].

3.4. First Non-Embodied Task—Drawing of the Path

The Univariate ANOVA carried out on the learning score of the sequence revealed an effect of
group [F(4,110) = 7.14, p = 0.00005, partial eta-squared = 0.206; observed power = 0.99]: Post hoc analysis
(LSD: p < 0.05) showed that the HPL, LPL and LNL scored higher than the neutral group. Only the
HNL scored as the neutral group and lower than the other groups. No difference was found between
HPL and LPL and between LPL and LNL.

3.5. Second Non-Embodied Task—Recognition of Landmarks

Finally, the Univariate ANOVA carried out on the recognition landmark score revealed an effect
of group [F(4,110) = 12.71, p = 0.00005, partial eta-squared = 0.316; observed power = 0.99]. Post hoc
analysis (LSD: p < 0.05) showed that the NeuL group had a better performance than the two groups
with high arousal (HPL and HNL), and no difference between the two groups with low arousal (LPL
and LNL). The HPL, scored lower than all other groups (see Figure 2).

Figure 2. Mean performances and SD of participants in embodied and not-embodied tasks.
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4. Discussion

In the present study we took into consideration both valence and arousal of emotional landmarks,
hypothesizing that positive/negative valence and high/low arousal may produce effects on the
navigational task (embodied or not-embodied) that participants had to perform. Considering that
valence is more embodied than arousal, we expected that learning in first-person perspective (embodied
tasks) and recalling a path may be more affected by positive/negative landmarks regardless of their
arousal. Anyway, it is also known that higher arousal may negatively affect memory [23]. In this vein,
we also expected to find significant differences due to high/low-arousal emotional landmarks in both
embodied and non-embodied tasks.

The results are partially in line with our initial hypotheses, given that although participants
exposed to positive or negative landmarks were faster in learning the path in a first-person perspective
regardless by the high/low arousal of the landmark, no differences due to landmarks were found in the
delayed recall task. In addition, participants exposed to negative/high arousal landmarks were worse
than the other three emotional landmark groups only in the drawing of the path task. Results confirmed
and extended Palmiero and Piccardi’s [3] study, showing that both positive and negative landmark
groups (with high arousal) enhanced the learning of the path task, with no advantages due to emotional
landmarks in the delayed recall phase, whereas only the positive landmark group was facilitated in the
reproduction of the path on the map.

Thus, on the one hand, in accordance with the first hypothesis, in the present study, we found
that the valence, regardless of the arousal, supports the embodied immediate learning, but not the
delayed recall of the path. The lack of no effect of landmarks on the delayed recall task could be
related to the retention interval. In fact, we asked participants to repeat the 8-squares path after
5 min. Carpenter et al. [39] demonstrated that it is more likely to yield a ceiling effect at the 5-min
retention interval with respect to longer intervals (i.e., 30 min, 1 day, 2 days, 7 days, 14 days, or 42 days).
Therefore, in future studies it would be interesting to vary the retention interval introducing longer
intervals of time to observe a possible effect of the emotional landmarks even on the delayed recall phase.

On the other hand, in accordance with the second hypothesis, we found that in not-embodied
task, when the task request is less situated, the interplay between valence and arousal is crucial.
Indeed, in tracking the route on the map participants with high/low positive emotional landmarks
and low negative emotional landmarks were more accurate than neutral landmarks and high negative
emotional landmarks. These findings are in line with Ruotolo et al.’s results [11], revealing that
participants in the positive condition were more accurate than those in the neutral condition in drawing
the route as well as in indicating the landmarks location. In addition, Palmiero and Piccardi [3]
highlighted that emotional landmarks, especially positive, promote accurate spatial representation.
The fact that only low negative landmarks and not high negative landmarks increased the accuracy
may be explained within the avoidance learning. Avoidance of genuinely threatening situations is a
key characteristic of adaptive fear (for a review see, [40]): People avoid to enter in a building after a
major earthquake, avoid to approach a snake, etc. Thus, in a not-embodied task participants have to
access to an abstract representation of the path learned and they are supported by high/low positive
emotions and not by those that are too negative or neutral.

One might argue that the one of the not-embodied task, the drawing task, could be a partially
embodied task as the participants could mentally simulate their previous exploration in order to draw it.
However, to draw the path on the map requires the transformation of the egocentric representation of
the environment in which the participant has to navigate through in an allocentric spatial not-embodied
representation that mitigates this criticism.

Another possible explanation could be related to the cognitive effort necessary to carry on this task.
Positive emotions may support the attentional mechanisms devoted to the task favouring the mental
transformation of egocentric information in allocentric one. According to Ashby et al. [41], the positive
mood should increase biological mechanisms of increasing of dopamine favouring cognitive processes,
such as working memory, and as a consequence facilitating the execution of more complex tasks,



Brain Sci. 2020, 10, 58 8 of 11

such as building a map-like representation. Although we did not find a mood manipulation as
demonstrated by the performance on PANAS, we could conceive that just emotional landmarks may
elicit these mechanisms. Indeed, the emotional arousal per se may affect the consolidation of long-term
memory through the interaction of amygdala with other brain regions [42,43]. According to Scheibe
and Carstensen [44], neural mechanisms underlying the memory of low and high arousal stimuli are
different. Generally speaking, low-arousal stimuli require emotional regulation and more controlled
processing performed by prefrontal brain regions, while high-arousal stimuli are more automatic and
associated with functions of the amygdala [45–47]. Moreover, in the recognition of landmarks, we found
that high-arousal stimuli were recognized worse than low-arousal stimuli and neutral stimuli, as if
emotions worsened the ability to recognize landmarks out of context. Considering that environmental
representation is situated, both the individual and the external features of the world are important
in the memory process, when landmarks are shown separately from the context the advantages of
emotionally laden landmarks disappears and the importance to remember high positive/negative
landmarks has no evolutionary advantage.

5. Conclusions

In conclusion, the present study sheds some light on the interplay between emotions and
topographic learning highlighting the importance of valence but not of arousal in building up
an embodied environmental map. Conversely, when individuals access to a spatial representation
regardless of their environmental position the interaction between arousal and valence is crucial,
as well as in the landmark recognition in which neither the individual’s position nor the environment
is required to solve the task. Present findings may have effects on the training devoted to rehabilitate
patients suffering from amnesia or memory disorders and patients affected by anterograde topographic
disorientation. Considering that when the retention interval is short, the most sensitive phase is
the encoding/learning phase [35,39,48–50], introducing emotional cues during the learning phase of
navigational tasks may help not only healthy individuals, but also patients in rehabilitation. In this
direction, seminal studies [51,52] demonstrated the interaction between emotions and memory in other
memory domains (episodic and autobiography memories), showing that memories for neutral events
decrease over time if compared with arousing events. In other words, emotional stimuli, arranged in
terms of valence and arousal might play a key role in facilitating both embodied and non-embodied
tasks in different types of population.

Author Contributions: L.P., P.G., R.N., and M.P. conceived and designed the experiment. P.G., R.N. and M.P.
collected data. L.P., P.G. and M.P. analyzed data and all authors contributed to the writing of the article. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Piccardi, L.; Palmiero, M.; Bocchi, A.; Boccia, M.; Guariglia, C. How does environmental knowledge allow us
to come back home? Exp. Brain Res. 2019, 237, 1811–1820. [CrossRef] [PubMed]

2. Bocchi, A.; Giancola, M.; Piccardi, L.; Palmiero, M.; Nori, R.; D’Amico, S. How would you describe a familiar
route or put in order the landmarks along it? It depends on your cognitive style! Exp. Brain Res. 2018, 236,
3121–3129. [CrossRef] [PubMed]

3. Palmiero, M.; Piccardi, L. The Role of Emotional Landmarks on Topographical Memory. Front. Psychol. 2017,
8, 763. [CrossRef] [PubMed]

4. Piccardi, L.; Palmiero, M.; Bocchi, A.; Giannini, A.M.; Boccia, M.; Baralla, F.; Cordellieri, P.; D’Amico, S.
Continuous environmental changes may enhance topographic memory skills. Evidence from L’Aquila
earthquake-exposed survivors. Front. Hum. Neurosci. 2018, 12, 318. [CrossRef] [PubMed]

5. Caduff, D.; Timpf, S. On the assessment of landmark salience for human navigation. Cogn. Process. 2008, 9,
249–267. [CrossRef] [PubMed]

http://dx.doi.org/10.1007/s00221-019-05552-9
http://www.ncbi.nlm.nih.gov/pubmed/31055606
http://dx.doi.org/10.1007/s00221-018-5367-3
http://www.ncbi.nlm.nih.gov/pubmed/30155563
http://dx.doi.org/10.3389/fpsyg.2017.00763
http://www.ncbi.nlm.nih.gov/pubmed/28539910
http://dx.doi.org/10.3389/fnhum.2018.00318
http://www.ncbi.nlm.nih.gov/pubmed/30131685
http://dx.doi.org/10.1007/s10339-007-0199-2
http://www.ncbi.nlm.nih.gov/pubmed/17999102


Brain Sci. 2020, 10, 58 9 of 11

6. Richter, K.-F.; Winter, S. Landmarks GIScience for Intelligent Services; Springer: Berlin, Germany, 2014.
7. Karimpur, H.; Röser, F.; Hamburger, K. Finding the Return Path: Landmark Position Effects and the Influence

of Perspective. Front. Psychol. 2016, 7, 1956. [CrossRef] [PubMed]
8. Surtees, A.D.R.; Apperly, I.A.; Samson, D. Similarities and differences in visual and spatial perspective-taking

processes. Cognition 2013, 129, 426–438. [CrossRef]
9. Raubal, M.; Winter, S. Enriching wayfinding instructions with local landmarks. In Geographic Information

Science, Lecture Notes in Computer Science; Egenhofer, M.J., Mark, D.M., Eds.; Springer: Berlin, Germany, 2002;
Volume 2478, pp. 243–259.

10. Balaban, C.Z.; Karimpur, H.; Röser, F.; Hamburger, K. Turn left where you felt unhappy: How affect influences
landmark-based wayfinding. Cogn. Process. 2017, 18, 135–144. [CrossRef]

11. Ruotolo, F.; Claessen, M.H.G.; van Der Ham, M. Putting emotions in routes: The influence of emotionally
laden landmarks on spatial memory. Psychol. Res. 2019, 83, 1083–1095. [CrossRef]

12. Stefanucci, J.K.; Storbeck, J. Don’t look down: Emotional arousal elevates height perception. J. Exppsychol.
Gen. 2009, 138, 131–145. [CrossRef]

13. Casasanto, D. Embodiment of Abstract Concepts: Good and Bad in Right- and Left-Handers. J. Exp. Psychol.
Gen. 2009, 138, 351–367. [CrossRef] [PubMed]

14. Barsalou, L. Perceptual symbol systems. Behav. Brain Sci. 1999, 22, 577–609. [CrossRef] [PubMed]
15. Feldman, J. From Molecules to Metaphor: A Neural Theory of Language; MIT Press: Cambridge, MA, USA, 2006.
16. Goldstone, R.; Barsalou, L. Reuniting perception and conception. Cognition 1998, 65, 231–262. [CrossRef]
17. Lakoff, G.; Johnson, M. Philosophy in the Flesh: The Embodied Mind and Its Challenge to Western Thought;

University of Chicago Press: Chicago, IL, USA, 1999.
18. Prinz, J. Furnishing the Mind; MIT Press: Cambridge, MA, USA, 2002.
19. Palmiero, M.; Piccardi, L.; Giancola, M.; Nori, R.; D’Amico, S.; Olivetti Belardinelli, M. The format of mental

imagery: From a critical review to an integrated embodied representation approach. Cogn. Process. 2019, 20,
277–289. [CrossRef]

20. Pouw, W.T.J.L.; van Gog, T.; Paas, F. An Embedded and Embodied Cognition Review of Instructional
Manipulatives. Educ. Psychol. Rev. 2014, 26, 51–72. [CrossRef]

21. Wilson, M. Six views of Embodied Cognition. Psychon. Bull. Rev. 2002, 9, 625–636. [CrossRef]
22. Schwarz, N.; Clore, G.L. Feelings and Phenomenal Experiences. In Social Psychology. A Handbook of Basic

Principles, 2nd ed.; Higgins, E.T., Kruglanski, A., Eds.; Guilford Press: New York, NY, USA, 2007; pp. 385–407.
23. Yerkes, R.; Dodson, J. The relation of strength of stimulus to rapidity of habit-information. J. Comp. Neurol.

Psychol. 1908, 18, 459–482. [CrossRef]
24. Bianchini, F.; Incoccia, C.; Palermo, L.; Piccardi, L.; Zompanti, L.; Sabatini, U.; Peran, P.; Guariglia, C.

Developmental topographical disorientation in a healthy subject. Neuropsychologia 2010, 48, 1563–1573.
[CrossRef]

25. Petrides, K.V.; Furnham, A. The Role of Trait Emotional Intelligence in a Gender-Specific Model of
Organizational Variables. J. Appl. Soc. Psychol. 2006, 36, 552–569. [CrossRef]

26. Cooper, A.; Petrides, K.V. A psychometric analysis of the Trait Emotional Intelligence Questionnaire-Short
Form (TEIQue-SF) using Item Response Theory. J. Personal. Assess. 2010, 92, 449–457. [CrossRef]

27. Di Fabio, A.; Palazzeschi, L. Trait Emotional Intelligence Questionnaire Short Form (TEIque-SF): Proprietà
psicometriche della versione italiana. Eta Evol. 2011, 100, 14–26.

28. Watson, D.; Clark, L.A.; Tellegen, A. Development and validation of brief measures of positive and negative
affect: The PANAS scales. Anim. Behav. 1988, 54, 1063–1070. [CrossRef]

29. Terracciano, A.; McCrae, R.R.; Costa, P.T., Jr. Factorial and construct validity of the Italian Positive and
Negative Affect Schedule (PANAS). Eur. J. Psychol. Assess. 2003, 19, 131–141. [CrossRef] [PubMed]

30. Phillips, L.H.; Smith, L.; Gilhooly, K.J. The effects of adult aging and induced positive and negative mood on
planning. Emotion 2002, 2, 263–272. [CrossRef]

31. Bradley, M.M.; Lang, P.J. The International Affective PictureSystem (IAPS) in the study of emotion and
attention. In Handbook of EmotionElicitation and Assessment; Coan, J.A., Allen, J.J.B., Eds.; Oxford University
Press: New York, NY, USA, 2007; pp. 29–46.

32. Lang, P.J.; Bradley, M.M.; Cuthbert, B.N. International Affective Picture System (IAPS): Affective Ratings of
Pictures and Instruction Manual; Technical Report A-8; University of Florida: Gainesville, FL, USA, 2008.

33. Russel, J.A. A circumplex model of affect. J. Pers. Soc. Psychol. 1980, 39, 1161–1178. [CrossRef]

http://dx.doi.org/10.3389/fpsyg.2016.01956
http://www.ncbi.nlm.nih.gov/pubmed/28066283
http://dx.doi.org/10.1016/j.cognition.2013.06.008
http://dx.doi.org/10.1007/s10339-017-0790-0
http://dx.doi.org/10.1007/s00426-018-1015-6
http://dx.doi.org/10.1037/a0014797
http://dx.doi.org/10.1037/a0015854
http://www.ncbi.nlm.nih.gov/pubmed/19653795
http://dx.doi.org/10.1017/S0140525X99002149
http://www.ncbi.nlm.nih.gov/pubmed/11301525
http://dx.doi.org/10.1016/S0010-0277(97)00047-4
http://dx.doi.org/10.1007/s10339-019-00908-z
http://dx.doi.org/10.1007/s10648-014-9255-5
http://dx.doi.org/10.3758/BF03196322
http://dx.doi.org/10.1002/cne.920180503
http://dx.doi.org/10.1016/j.neuropsychologia.2010.01.025
http://dx.doi.org/10.1111/j.0021-9029.2006.00019.x
http://dx.doi.org/10.1080/00223891.2010.497426
http://dx.doi.org/10.1037/0022-3514.54.6.1063
http://dx.doi.org/10.1027//1015-5759.19.2.131
http://www.ncbi.nlm.nih.gov/pubmed/20467578
http://dx.doi.org/10.1037/1528-3542.2.3.263
http://dx.doi.org/10.1037/h0077714


Brain Sci. 2020, 10, 58 10 of 11

34. Nowicka, A.; Marchewka, A.; Jednorög, K.; Tacikowski, P.; Brechmann, A. Forgetting of emotional information
is hard: An fMRI study of directed forgetting. Cereb. Cortex 2011, 21, 539–549. [CrossRef]

35. Piccardi, L.; Iaria, G.; Ricci, M.; Bianchini, F.; Zompanti, L.; Guariglia, C. Walking in the Corsi test: Which
type of memory do you need? Neurosci. Lett. 2008, 432, 127–131. [CrossRef]

36. Piccardi, L.; Bianchini, F.; Argento, O.; De Nigris, A.; Maialetti, A.; Palermo, L. The walking corsi test (WalCT):
Standardization of the topographical memory test in an Italian population. Neurol. Sci. 2013, 34, 971–978.
[CrossRef]

37. Corsi, P.M. Human Memory and the Medial Temporal Region of the Brain. Ph.D. Thesis, McGill University,
Montreal, QC, Canada, 1972.

38. Piccardi, L.; Palermo, L.; Bocchi, A.; Guariglia, C.; D’Amico, S. Does spatial locative comprehension predict
landmark-based navigation? PLoS ONE 2015, 10, e0115432. [CrossRef]

39. Carpenter, S.K.; Pashler, H.; Wixted, J.T.; Vul, E. The effects of tests on learning and forgetting. Mem. Cogn.
2008, 36, 438–448. [CrossRef]

40. Krypotos, A.M.; Effting, M.; Kindt, M.; Beckers, T. Avoidance learning: A review of theoretical models and
recent developments. Front. Behav. Neurosci. 2015, 9, 18. [CrossRef] [PubMed]

41. Ashby, F.G.; Isen, A.M.; Turken, A.U. A neuropsychological theory of positive affect and its influence on
cognition. Psychol. Rev. 1999, 106, 529–550. [CrossRef] [PubMed]

42. McGaugh, J.L. Making lasting memories: Remembering the significant. Proc. Natl. Acad. Sci. USA 2013, 110,
10402–10407. [CrossRef] [PubMed]

43. Madan, C.R.; Fujiwara, E.; Caplan, J.B.; Sommer, T. Emotional arousal impairs association-memory: Roles of
amygdala and hippocampus. Neuroimage 2017, 156, 14–28. [CrossRef]

44. Scheibe, S.; Carstensen, L.L. Emotional aging: Recent findings and future trends. J. Gerontol. B Psychol. Sci.
Soc. Sci. 2010, 65, 135–144. [CrossRef]

45. Dolcos, F.; LaBar, K.S.; Cabeza, R. Dissociable effects of arousal and valence on prefrontal activity indexing
emotional evaluation and subsequent memory: An event-related fMRI study. Neuroimage 2004, 23, 64–74.
[CrossRef]

46. Dolcos, F.; LaBar, K.S.; Cabeza, R. Interaction between the amygdala and the medial temporal lobe memory
system predicts better memory for emotional events. Neuron 2004, 42, 855–863. [CrossRef]

47. Kensinger, E.A.; Corkin, S. Two routes to emotional memory: Distinct neural processes for valence and
arousal. Proc. Natl. Acad. Sci. USA 2004, 101, 3310–3315. [CrossRef]

48. Piccardi, L.; Bianchini, F.; Iasevoli, L.; Giannone, G.; Guariglia, C. Sex differences in a landmark environmental
re-orientation task only during the learning phase. Neurosci. Lett. 2011, 503, 181–185. [CrossRef]

49. Piccardi, L.; Bianchini, F.; Nori, R.; Marano, A.; Iachini, F.; Lasala, L.; Guariglia, C. Spatial location and
pathway memory compared in the reaching vs. walking domains. Neurosci. Lett. 2014, 566, 226–230.
[CrossRef]

50. Verde, P.; Piccardi, L.; Bianchini, F.; Guariglia, C.; Carrozzo, P.; Morgagni, F.; Boccia, M.; Di Fiore, G.; Tomao, E.
Gender differences in navigational memory: Pilots vs. nonpilots. Aerosp. Med. Hum. Perform. 2015, 86,
103–111. [CrossRef] [PubMed]

51. Kleinsmith, L.J.; Kaplan, S. Paired-associate learning as a function of arousal and interpolated interval.
J. Exp. Psychol. 1963, 65, 190–193. [CrossRef] [PubMed]

52. Eysenck, M.W. Arousal, learning, and memory. Psychol. Bull. 1976, 83, 389–404. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1093/cercor/bhq117
http://dx.doi.org/10.1016/j.neulet.2007.12.044
http://dx.doi.org/10.1007/s10072-012-1175-x
http://dx.doi.org/10.1371/journal.pone.0115432
http://dx.doi.org/10.3758/MC.36.2.438
http://dx.doi.org/10.3389/fnbeh.2015.00189
http://www.ncbi.nlm.nih.gov/pubmed/26257618
http://dx.doi.org/10.1037/0033-295X.106.3.529
http://www.ncbi.nlm.nih.gov/pubmed/10467897
http://dx.doi.org/10.1073/pnas.1301209110
http://www.ncbi.nlm.nih.gov/pubmed/23754441
http://dx.doi.org/10.1016/j.neuroimage.2017.04.065
http://dx.doi.org/10.1093/geronb/gbp132
http://dx.doi.org/10.1016/j.neuroimage.2004.05.015
http://dx.doi.org/10.1016/S0896-6273(04)00289-2
http://dx.doi.org/10.1073/pnas.0306408101
http://dx.doi.org/10.1016/j.neulet.2011.08.031
http://dx.doi.org/10.1016/j.neulet.2014.03.005
http://dx.doi.org/10.3357/AMHP.4024.2015
http://www.ncbi.nlm.nih.gov/pubmed/25946734
http://dx.doi.org/10.1037/h0040288
http://www.ncbi.nlm.nih.gov/pubmed/14033436
http://dx.doi.org/10.1037/0033-2909.83.3.389
http://www.ncbi.nlm.nih.gov/pubmed/778883
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Method 
	Participants 
	Instruments 
	Positive and Negative Affect Schedule (PANAS) 
	Images from The International Affective Picture System (IAPS) Inventory 
	The Walking Corsi Test (WalCT) 

	Embodied Tasks 
	Learning of the Path 
	Delayed Recall of the Path 

	Not-Embodied Tasks 
	Drawing of the Path 
	Recognition of Landmarks 

	Experimental Procedure 

	Results 
	Analyses on Topographical Memory 
	First Embodied Task—Learning of the Path 
	Second Embodied Task—Delayed Recall of the Path 
	First Non-Embodied Task—Drawing of the Path 
	Second Non-Embodied Task—Recognition of Landmarks 

	Discussion 
	Conclusions 
	References

