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Abstract

:

In the present study, we employed the dual task technique to explore the role of language in topographical working memory when landmarks are present along the path. We performed three experiments to mainly test the effects of language but also motor, spatial motor and spatial environment interferences on topographical working memory. We aimed to clarify both the role of language in navigational working memory per se and the extent to which spatial language interferes with the main task more than the other types of interference. Specifically, in the three experiments we investigated the differences due to different verbal interference sources (i.e., articulatory suppression of nonsense syllables; right and left, up and bottom; and north, south, east and west). The main hypothesis was that the use of spatial language affected more landmark-based topographical working memory than both the verbalization of nonsense syllables and other types of interference. Results show no effect of spatial language, only spatial environmental interference affected the navigational working memory performance. In general, this might depend on the scarce role of spatial language in online navigational working memory tasks. Specifically, language is more important for learning and retrieval of the cognitive map. Implications and future research directions are discussed.






Keywords:


spatial; interference; navigation; orientation; working memory; frame of reference; gender












1. Introduction


A landmark is a salient natural or artificial feature of the environment that stands out, working as a spatial reference [1,2,3]. The importance of having a view-dependent landmark representation to avoid getting lost is widely accepted. Undoubtedly, people take directional decisions during navigation based on landmark array representations [4]. MacDonald et al. [5] identified three different landmark-based strategies: (i) a configural strategy, by which the landmarks’ spatial array helps to identify the target (i.e., “I parked my car close to the postal office in front of the National Library”); (ii) a combination of configural and elemental strategies, which allows the processing of both distances and directions from the landmarks (i.e., “My car is at about 30 meters from the flower shop and on the left of the postal office”); (iii) the beaconing strategy, by which a landmark works as a beacon providing environmental suggestions to find the target (i.e., “I do not really remember where I parked my car, but it should be close to the National Library”).



Taking into account the key role of landmarks in everyday spatial orientation, it is not surprising that a critical step in children’s development is to learn to use single and multiple landmarks with the purpose of spatial orientation [6]. At the beginning, children are able to use single landmarks as direct markers of the goal location [7,8,9] and only later as indirect markers of the goal [6,10]. In general, children are unable to use multiple landmarks to find a hidden toy until they are in the preschool age (i.e., [11,12]). According to Siegel and White’s model [13], the spatial knowledge evolves from landmark (i.e., such as a figurative memory of environmental objects) to route (i.e., an egocentric perspective in which the relation between landmarks met along the path is coded through the own body) and then from route to survey (i.e., an allocentric perspective that implies a map-like representation) knowledge. At each stage, new skills are acquired. However, there is an ongoing debate about the assumptions of this seminal model, especially concerning its cumulative and hierarchical structure as well as the ancillary almost non-existent role of spatial language. Therefore, while still a key theoretical model in the literature on spatial orientation, other models have proposed different ways of acquiring environmental information, as well as different steps for the acquisition. For example, Tversky [14] highlights the importance of language for human beings with respect to other species very skilled in navigation. Tversky hypothesized the existence of a further stage, only for humans, in which environmental representations are integrated with linguistic spatial categories. Montello [15], on the other hand, proposed the “Continuous Model”, which supports the idea of a continuous metric development and allows the acquisition of survey knowledge even after a few seconds of environmental exposure.



Undoubtedly, spatial language and spatial orientation are closely linked to each other in the early years of development. Piccardi et al. [16] found that the more proficient children are in understanding spatial locatives, the more they are able to learn pathways, retrieve them after a delay and represent them on a map when landmarks are present in the environment. These findings suggest that comprehension of linguistic spatial categories has a key role when individuals rely on sequences of landmarks to drive their navigation towards a given goal. Nevertheless, the role of language seems to be less important when landmarks are not present and individuals have to use the geometric shape of the environment or when paths to remember are short and coding the own body movements is enough to reach the target or to come back (e.g., [17,18]).



Based on the idea that a task can interfere with another task only if it uses the same cognitive resources, dual-task paradigms allow for testing mechanisms underlying specific spatial components. Indeed, through the specific interference paradigm it is possible to test the existence of different components within the visuo-spatial working memory (VSWM, e.g., [19,20]). When the main task is associated with a secondary interfering task, a suppression effect occurs. For example, secondary tasks that interfere with the VSWM are spatial tapping, pointing, voluntary eye movements, attentional shift, movements of legs and arms. All of these tasks may reduce the participants’ performance of VSWM. In a previous study, Piccardi and co-workers [17], investigating the nature of topographical working memory, found that only one component affected the performance, namely spatial environmental interference. Specifically, they asked participants to repeat short paths on a large space after having observed the examiner perform them. While participants were observing the examiner, different interference tasks were administered. Specifically, in the articulatory suppression, the participants had to repeat without meaning syllables. In the motor interference, the participants were asked to walk on the spot, whereas during the spatial motor interference, the participants were required to bend his/her leg at knee level and then stretch it out backward, alternating the left and right leg, always standing in the same place while the investigator was illustrating the sequence. Finally, in the spatial environmental interference, participants were asked to point with their index finger to the source of a sound coming from a PC every 2 s from four random different positions (i.e., in front, behind, on the right, or on the left) while the investigator was illustrating the sequence. Findings show that topographical working memory was only impaired when participants pointed at different sound positions in the environment; in other words, only the environmental interference reduced the performance of topographical working memory. However, landmarks were not displayed, and this may explain the reason why the verbal interference did not affect the participants’ performance.



In the present study, we aimed at investigating whether the presence of landmarks in the navigational vista space (the space that can be visually apprehended from a single location or with only little exploratory movements, Wolbers and Wiener [21]) requires different information processing including some linguistic aspects inherent to spatial language as indicators of direction and position. Specifically, we hypothesized that when landmarks were available in the environment, participants could also use language to anchor their position in the array and with respect to themselves. To this purpose, we performed three different experiments in which the verbal interference was changed. In the first one, participants performed a classical articulatory suppression task in which the examiner asked them to repeat syllables without meaning. In the second experiment, instead the examiner asked participants to repeat words with underlying egocentric representation, such as right, left, back and forth and in the last experiment, the examiner asked participants to repeat words with underlying allocentric representation, that is to say, north, south, east and west.



It is known, indeed, that right, left, back and forth are egocentric terminologies, while the cardinal points are considered allocentric terminologies that can convey either a route or a survey perspective to an individual (e.g., [22,23]). For this reason, we do not expect to observe an effect in the first experiment using a classical articulatory suppression task (a generic verbal interference), but we expect to observe an effect in the second experiment using the terms underlying the egocentric representation, as in the working memory topographical task the participant maintains a first-person perspective (egocentric) while observing the examiner illustrating the path. For such a reason, we hypothesized that participants would show a poorer performance when the interfering task requires using the same egocentric terms used to store the path previously illustrated by the examiner. On the contrary, we do not expect effects with allocentric terms that do not correspond to the perspective that the subject takes during the observation of the paths made by the examiner. Furthermore, the allocentric terms require a cognitive transformation from an egocentric to a more abstract allocentric representation. Furthermore, spatial language when associated with landmarks is more often associated with egocentric terms than with allocentric ones. For example, when an individual provides directional information, they will tend to explain the route by using more egocentric terms than allocentric terms, even if this tendency could be related to individual navigational strategies.




2. Materials and Methods


2.1. Overview of the Experiments


2.1.1. Ethic Statement


The three experiments described hereafter met the criteria of the Declaration of Helsinki and were approved by the Institutional Ethical Board. Specifically, the Research Ethics Committee of the Psychology Department of Bologna University approved the study (prot. n. 118,423) on 30 May 2019.



All participants signed an informed consent form before starting the experiment that they took part in.




2.1.2. Participants


In all three experiments, no participant has a history of psychiatric or neurological disorders or spatial orientation disorders, and no participant reports the presence of developmental topographical disorientation (as evaluated by the Familiarity and Spatial Cognitive Style Scale: [24]), a neurodevelopment disorder characterized by a specific and selective deficit in environmental learning that affects healthy individuals (e.g., [25,26]). To exclude general visuo-spatial and topographical short-term memory deficits, all subjects were administered the Corsi Block-Tapping Test (CBT; [27,28]) and the Walking Corsi Test (WalCT: [28,29]). All participants performed the CBT and WalCT well above the cut-off for their age, gender and schooling (in accordance with normative data reported in [28]). Failure in these two tests was considered an exclusion criterion. Demographic details of participants who took part in the three experiments are reported below in the specific sections.




2.1.3. Apparatus


The Walking Corsi Test (WalCT: [28,29] see Figure 1) was used for the three experiments. WalCT allows for testing topographical memory in a vista-navigational space (i.e., a space corresponding to the portion of navigational space that can be experienced from a single location or with only little exploratory movements; [21]). It consists of nine squares (30 × 30 cm) placed on the floor (3 × 2.5 m) and it represents a large-scale version of the well-known Corsi Block-Tapping Test (CBT: [27,28]). The squares are placed on the floor respecting the same position of the cubes in the CBT. The room in which WalCT is placed is empty. Different span sequences, balanced for degree of difficulty, as tested in Piccardi et al. [17], were used in the 4 different dual-task interference conditions. Three 30 × 30 cm pictures of landmarks (a fountain, a bench, a slide, see Figure 1) were placed on three out of the nine WalCT squares, the landmarks’ position varied across sequences and landmarks were placed in the main turning points of the short paths. The landmarks were clearly visible to the participants during all the experiments, both while observing the experimenter showing the different paths, and when they had to repeat the path previously seen.



During the WalCT, the examiner illustrated the sequence by walking across the WalCT test [28,29] and stopping on each square for 2 s. The participant then had to repeat the same sequence as the examiner by walking and stopping on the same previously shown squares. The sequences gradually increased in length (starting from a two-square sequence up to a nine-square sequence), and the score was calculated on the number of squares in the longest sequence remembered correctly (square span).




2.1.4. Procedure


The WalCT was administered to assess landmark topographical short-term memory (LTSTM) in 4 dual-task interference conditions (articulatory suppression (AS); motor interference (M); spatial motor interference (SM) and spatial environmental interference (SE)). In the AS condition, participants were asked to repeat an irrelevant speech sound (i.e., COLA-COLA-COLA-COLA) (first experiment), four egocentric spatial terms (i.e., right, left, back and forth; right, left, back and forth…) (second experiment), or four allocentric spatial terms (i.e., north, south, east, west; north, south, east, west) (third experiment) when the examiner was showing the sequence and when they were repeating the sequence just seen (see Figure 1). In the M condition, participants walked on the spot while the examiner was showing the sequence and then they had to repeat it (see Figure 1). In the SM condition, participants repeatedly made a sequence of leg movements, that is, they had to bend their leg at knee level and then stretch it out backward alternating the left and right leg, always standing in the same place, while the examiner was showing the sequence. Afterwards, they repeated the just seen sequence (see Figure 1). In the SE condition, participants were asked to point with their index finger to the source of a sound coming from a PC every 2 s from four random different positions (in front, back, on the right or on the left) while the examiner was showing the sequence, then they had to repeat the sequence previously observed. This procedure was the same as described by Wen et al. [30] and then adopted by Piccardi et al. [17] (see Figure 1). The administration order of the four dual-task interferences was counterbalanced across subjects to avoid facilitation effects on one interference condition with respect to the others.




2.1.5. Statistical Analysis


A 2 × 5 mixed factorial ANOVA was performed for each of the three experiments, with gender as a between factor and task as a repeated measure (LTSTM, LTSTM + M, LTSTM + SM, LTSTM + AS, LTSTM + SE). Gender differences were also checked because in previous studies men showed better short-term topographical memory than women [17,28,29]. The Bonferroni’s correction for multiple comparisons was used as post-hoc comparisons.





2.2. Differences in Each Experiment


2.2.1. Experiment 1: Articulatory Suppression with Syllables without Meaning


Participants


Forty students from the Department of Biotechnological and Applied Clinical Science, University of L’Aquila (L’Aquila, Italy) participated (20 females; mean age = 23.5; standard deviation = 2.82; age range = 19–30 years). Only right-handed subjects were included [31].





2.2.2. Experiment 2: Articulatory Suppression with Words Underlying Egocentric Representation


Participants


Forty students were also recruited from the Department of Biotechnological and Applied Clinical Science, University of L’Aquila (L’Aquila, Italy) (24 females; mean age = 24.6, standard deviation = 3.27; age range = 20–36 years). Only right-handed subjects were recruited [31].




Procedure


Participants performed a one-task condition and the four dual-task conditions (AS, M, SM and SE) with landmarks. Only the AS condition was administered in a different way, as follows: participants were requested to continuously repeat four egocentric spatial terms (i.e., right, left, back and forth; right, left, back and forth…) while the examiner was illustrating the sequence and while repeating the sequence just seen (see Figure 1). The order of presentation of the conditions was randomized among participants.





2.2.3. Experiment 3: Articulatory Suppression with Words Underlying Allocentric Representation


Participants


Forty students of the Department of Biotechnological and Applied Clinical Science, University of L’Aquila (22 females; mean age = 20.38, standard deviation = 1.44; age range = 19–24 years) volunteered to participate in experiment three. All participants were right-handed [31].




Procedure


Additionally, in experiment three, participants performed a one-task condition and the four dual-task conditions (AS, M, SM and SE) with landmarks. M, SM and SE were performed as in the other experiments, but the AS condition was administered as follows: participants were requested to continuously repeat four egocentric spatial terms (i.e., north, south, east and west; north, south, east and west …) while the examiner was illustrating the sequence and while repeating the sequence just seen (see Figure 1). The order of presentation of the conditions was randomized among participants.







3. Results


3.1. Experiment 1: Articulatory Suppression with Syllables without Meaning


None of the participants was impaired in visuo-spatial working memory (VSWM; mean = 6.08, SD = 0.94; cut-off < 3.69 in [28]) or topographic short-term memory (TSTM; mean = 5.18, SD = 0.78; cut-off < 3.14, as in [28]).



The ANOVA showed a main effect of gender (F (1, 38) = 4.6658, p = 0.037; partial η2 = 0.109), men (mean = 6.17, SE = 0.26) performed better than women (mean = 5.37, SE = 0.26). In addition, the analysis showed a main effect of task (F (4, 152) = 15.015, p = 0.000001; partial η2 = 0.283), post-hoc comparisons (Bonferroni: p < 0.00001) revealed that the LTSTM + SE dual-task condition (mean = 4.48; SE = 0.29) produced lower scores than LTSTM (mean = 6.25; SE = 0.25), LTSTM + M (mean = 6.28; SE = 0.26), LTSTM + SM (mean = 5.98; SE = 0.21 ) and LTSTM + AS (mean = 5.88; SE = 0.28) dual-task conditions. No further significant differences were found between conditions. The interaction effect of gender and task was not significant (F (4, 152) = 1.0345, p = 0.39; partial η2 = 0.027). Table 1 shows means, standard deviations and standard errors (see Figure 2).




3.2. Experiment 2: Articulatory Suppression with Words Underlying Egocentric Representation


None of the participants was impaired in VSTM (mean = 5.95, SD = 1.13; cut-off < 3.69 in [28]) or TSTM (mean = 5.3, SD = 0.94; cut-off < 3.14, as in [28]).



The ANOVA showed a main effect of gender (F (1, 38) = 15.646, p = 0.0003; partial η2 = 0.292), men (mean = 6.44, SE = 0.27) were better than women (mean = 5.08, SE = 0.22). In addition, the analysis also showed a main effect of task (F (4, 152) = 29.472, p = 0.0000001; partial η2 = 0.437), post-hoc comparisons (Bonferroni: p < 0.0000001) revealed that the LTSTM + SE dual-task condition (mean = 3.74; SE = 0.33) produced lower scores than LTSTM (mean = 5.86; SE = 0.21), LTSTM + M (mean = 6.44; SE = 0.27), LTSTM + SM (mean = 6.21; SE = 0.20) and LTSTM + AS (mean = 6.53; SE = 0.26) dual-task conditions. No further significant differences were found between conditions. The interaction effect of gender and task was also significant (F (4, 152) = 3.251, p = 0.014; partial η2 = 0.079), post-hoc comparisons (Bonferroni: p < 0.05) revealed that men (mean = 7.63; SE = 0.41) were better than women (mean = 5.25; SE = 0.34) only in the LTSTM + M. In general, both males and females produced lower scores in the LTSTM + SE dual-task condition as compared to other conditions. Table 2 shows means, standard deviations and standard errors.




3.3. Experiment 3: Articulatory Suppression with Words Underlying Allocentric Representation


None of the participants was impaired in VSTM (mean = 6.15, SD = 1; cut-off < 3.69 in [28]) or TSTM (mean = 5.15, SD = 0.83; cut-off < 3.14, as in [28]).



The ANOVA showed a main effect of gender (F (1, 38) = 6.201, p = 0.017; partial η2 = 0.140), men (mean = 6.5, SE = 0.21) were better than women (mean = 5.78, SE = 0.19). In addition, the analysis showed a main effect of task (F (4, 152)= 16.674, p = 0.000001; partial η2 = 0.305), post-hoc comparisons (Bonferroni: p < 0.0000001) revealed that the LTSTM + SE dual-task condition (mean = 4.91; SE = 0.18) produced lower scores than LTSTM (mean = 6.38; SE = 0.20), LTSTM + M (mean = 6.47; SE = 0.26), LTSTM + SM (mean = 6.31; SE = 0.16) and LTSTM + AS (mean = 6.63; SE = 0.25) dual-task conditions. No further significant differences were found between conditions. The interaction effect of gender and task was not significant (F (4, 152) = 1.315, p = 0.27; partial η2 = 0.033). Table 3 and Figure 2 show means, standard deviations and standard errors.





4. Discussion


4.1. Experiment Parts


4.1.1. Experiment 1: Articulatory Suppression with Syllables without Meaning


The aim of the first experiment was to investigate what kind of interfering task would reduce the topographical short-term memory performance in the presence of landmarks. Assuming that spatial language plays a role in relating the position of the individual landmarks to each other and their sequence within the path, as well as the position of the individual along the path and with respect to the landmarks, it is possible that even a simple articulatory suppression task could worsen the performance. Concerning gender differences, our results confirm that males performed better in all conditions, both in one-task and dual-task conditions. Moreover, with respect to the main aim, these results extend Piccardi et al.’s [17] study, since it emerged that even with the presence of landmarks, the only interfering condition that affected the topographical performance was the SE condition, in which participants had a smaller span. The articulatory suppression did not compromise the execution of the task.




4.1.2. Experiment 2: Articulatory Suppression with Words Underlying Egocentric Representation


The present topographical memory task requires an egocentric perspective, because the participant observed the examiner showing the sequence and then repeated it. For this reason, the hypothesis was that with the presence of landmarks not only the environmental interference would reduce the performance, but also the articulatory suppression in which the subjects repeated right, left, back and forth. Results confirm once again the presence of gender differences, men were better than women, specifically in the dual-task condition with motor interference. Both genders performed worse in the SE condition. In addition, the only interference condition that significantly reduced the performance was the SE condition, no significant effects emerged in the AS condition.




4.1.3. Experiment 3: Articulatory Suppression with Words Underlying Allocentric Representation


In the present experiment, we assessed whether the landmark topographical working memory could be reduced when participants performed an interfering task using allocentric terms, such as cardinal points, hypothesizing that even if the learning perspective was in first-person when subjects repeat the just observed sequence, they could handle a mental representation of it in the WalCT (similar to a map). Results show that men outperformed women and that the only interference condition that reduced performance was the environmental condition (SE), no significant effects emerged in the AS condition.





4.2. General Discussion for all Experiments


The space around us is represented into different frames of reference, namely body-centered and world-centered. The interaction between these two representations allows placing landmarks and their spatial location in respect to us and to other environmental objects. Whenever landmarks are present in an environment, the individual tends to associate verbal labels that link the landmark to the next one with the direction to take. For this reason, we have hypothesized that the landmark-based navigational working memory could be affected by verbal interference. In a previous study, Piccardi et al. [17] found that only environmental interference, in which the subjects had to indicate the origin of a sound in the environment, interfered with the navigational working memory. However, in this experiment, no landmark was present in the environment. In the present study, through a series of experiments, we investigated the effect of verbal interference using different types of verbal material, meaningless syllables, spatial egocentric terms and spatial allocentric terms. Our hypothesis was that in a task where the participant’s perspective was in first person, the egocentric terms would interfere more at the time of acquisition. Moreover, in the general population, differences in using navigational strategies have been described and three different navigational strategy (landmark, route, and survey) users have been identified. Considering that most of the population is route user, this has allowed us to assume that mainly egocentric terms could reduce the performance. We also consider spatial allocentric terms because part of the participants would solve the WalCT in an allocentric way, as they view the route from the side of the environment. However, results did not confirm the initial hypothesis, as well as an interference due to spatial allocentric terms.



The three experiments consistently show that only environmental interference significantly reduced participant’s performance. In addition, across experiments, men showed better navigational working memory than women regardless of the type of interference.



How can we interpret these results? It is possible that language, although it has an undisputed role within some navigational models (e.g., [14]) and has a fundamental role for us especially in providing directional instructions, communicating our position and sharing environmental knowledge with our co-specifics, does not play a role in keeping environmental information online. It is also possible that language, particularly spatial language, may play a role at specific moments in the life span or in the presence of neurological pathologies and/or neurodevelopment diseases. In fact, Piccardi et al. [16] showed how children’s competence of understanding space locations predicted their ability to learn paths. It is also possible to imagine that this aspect may be present in the elderly, navigational working memory deficits already being present in the early stages of Alzheimer’s disease [32]. Another possibility is that language makes a contribution at different times in the navigation process, for example, during the learning and retrieval of the cognitive environmental map, and that its weight is less in keeping temporary information online, as was the case in our experiments, which evaluated verbal interference during navigational working memory tasks. To give a real-life example, we used this skill while finding our way back out of a shopping center that we had never entered before. During navigation, we used every day different temporal aspects of navigational memory and this determined a successful spatial orientation process.



Although the presence of gender differences was a secondary purpose, as we expected, men outperformed women (e.g., [33,34,35,36,37]). We also expected gender difference to be more pronounced in verbal interference because previous studies have reported that women tend to use verbal strategies more than men during navigation. However, we observed that men were better than women despite the type of interference and also, for them, environmental spatial interference made the task more difficult.



Taken together, these results contribute to clarify what type of interference may hamper performances during landmark-based navigational working memory tasks. When landmarks are present, the spatial-environmental interference is the only one that affects topographical working memory. In these experiments (similar to in [17,18]), motor and spatial-motor interferences do not impair performance on the landmark WalCT, supporting the evidence that the motor component is automatic and not explicitly processed during navigation. In line with this, patients with cerebellar deficits also showed no problem with the WalCT due to motor impairment [38]. These findings also shed some light on the role of spatial language in landmark-based working memory, suggesting that even in this case language represents something that we usually use as we move around the environment without being affected by it. For example, it is customary to take a walk with friends and talk amiably, but this does not prevent us from retracing our steps or retracing our steps in reverse. Thus, it is possible, as we mentioned above, that language has a fundamental role in building, representing, and recollecting the sequences of the environmental cognitive map and not in the transient holding and processing of new environmental information.



Undoubtedly, future studies should take into account the different navigational strategies, stratifying the sample on the basis of navigational styles to really understand whether individuals with route style suffer more from verbal interference with egocentric terms when compared to landmark and survey users or whether, in spite of the navigational strategy, the spatial language does not affect topographical working memory.



Furthermore, future studies should investigate the effect of verbal interference in pathological populations. For example, in patients with mild cognitive impairment, where recently navigational memory appears to be one of the neuropsychological markers for the earlier identification of the disorder [39], or in the early stages of Alzheimer’s disease, or in brain-damaged patients with aphasia, or even in healthy subjects with developmental topographical disorientation, navigational memory seems to be an element that can allow the creation of a specific taxonomy of the disorder to emphasize the agnostic aspects against the amnestic ones (see, for example, [40]). Surely investigating the effects of interferences on neurological pathologies will help both the diagnosis and the planning of targeted rehabilitation interventions.





5. Conclusions


In conclusion, the present series of experiments show that verbal interference does not affect the topographic working memory even when landmarks are present. This type of interference does not occur even when verbal interference requires the participant to produce egocentric and allocentric spatial terms. Interestingly the only interference able to reduce performance is those environmental when participants have to point a sound locates in the room. Undoubtedly, our data throws some light on the topographic working memory and its characteristics.







Author Contributions


Conceptualization: L.P.; R.N.; S.D.A.; methodology, M.P., M.B. and A.B.; software, R.N.; validation, L.P. and R.N.; formal analysis, M.P.; R.N. and M.B. investigation, M.P. and A.B.; data curation, M.P.; writing—original draft preparation, L.P.; writing—review and editing, L.P.; M.P.; R.N.; S.D.A.; M.B.; A.B.; visualization, L.P.; M.P.; R.N.; S.D.A.; M.B.; A.B.; supervision, L.P.; R.N. and S.D.A. 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


	



Lynch, K. The Image of the City; MIT Press: Cambridge, MA, USA, 1960. [Google Scholar]

	



Palmiero, M.; Piccardi, L. The role of emotional landmarks on topographic memory. Front. Psychol. 2017, 8, 763. [Google Scholar] [CrossRef]

	



Piccardi, L.; Guariglia, P.; Nori, R.; Palmiero, M. The role of emotional landmarks in embodied and not-embodied tasks. Brain Sci. 2020, 10, 58. [Google Scholar] [CrossRef]

	



Mallot, H.A.; Gillner, S. Route navigating without place recognition: What is recognised in recognition-triggered responses? Perception 2000, 29, 43–55. [Google Scholar] [CrossRef]

	



MacDonald, S.E.; Spetch, M.L.; Kelly, D.M.; Cheng, K. Strategies in landmark use by children, adults, and marmoset monkeys. Learn. Motiv. 2004, 35, 322–347. [Google Scholar] [CrossRef]

	



Sutton, J.E. The development of landmark and beacon use in young children: Evidence from a touchscreen search task. Dev. Sci. 2006, 9, 108–123. [Google Scholar] [CrossRef]

	



Acredolo, L.P.; Evans, D. Developmental changes in the effects of landmarks on infant spatial behaviour. Dev. Psychol. 1980, 16, 312–318. [Google Scholar] [CrossRef]

	



DeLoache, J.S.; Brown, A.L. Very young children’s memory for the location of objects in a large-scale environment. Child Dev. 1983, 54, 888–897. [Google Scholar] [CrossRef] [PubMed]

	



Lew, A.R.; Foster, K.A.; Crowther, H.L.; Green, M. Indirect landmark use at 6 months of age in a spatial orientation task. Infant Behav. Dev. 2004, 27, 81–90. [Google Scholar] [CrossRef]

	



Plumert, J.M.; Hawkins, A.M. Biases in young children’s communication about spatial relations: Containment versus proximity. Child Dev. 2001, 72, 22–36. [Google Scholar] [CrossRef]

	



Spetch, M.L.; Parent, M.B. Age and sex differences in children’s spatial search strategies. Psychon. Bull. Rev. 2006, 13, 807–812. [Google Scholar] [CrossRef]

	



Uttal, D.H.; Sandstrom, L.B.; Newcombe, N.S. One hidden object, two spatial codes: Young children’s use of relational and vector coding. J. Cogn. Dev. 2006, 7, 503–525. [Google Scholar] [CrossRef]

	



Siegel, A.W.; White, S.H. The Development of Spatial Representations of Large-Scale Environments; Academic Press Elsevier: Amsterdam, The Netherlands, 1975. [Google Scholar]

	



Tversky, B. Cogntive maps, cognitive collages and spatial mental models. In Spatial Information Theory: A Theoretical Basis for GIS, Proceedings COSIT’93. Lecture Notes in Computer Science; Frank, A.U., Campari, I., Eds.; Springer Science + Business Media: Berlin/Heidelberg, Germany, 1993; Volume 716, pp. 14–24. [Google Scholar]

	



Montello, D.R. A New Framework for Understanding the Acquisition of Spatial Knowledge in Large-Scale Environments; Oxford University Press: New York, NY, USA, 1998; pp. 143–154. [Google Scholar]

	



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

	



Piccardi, L.; Nori, R.; Boccia, M.; Barbetti, S.; Verde, P.; Guariglia, C.; Ferlazzo, F. A dedicated system for topographical working memory: Evidence from domain-specific interference tests. Exp. Brain Res. 2015, 233, 2489–2495. [Google Scholar] [CrossRef] [PubMed]

	



Verde, P.; Boccia, M.; Colangeli, S.; Barbetti, S.; Nori, R.; Ferlazzo, F.; Piccolo, F.; Vitalone, R.; Lucertini, E.; Piccardi, L. Domain-specific interference tests on navigational working memory in military pilots. Aerosp. Med. Hum. Perform. 2016, 87, 528–533. [Google Scholar] [CrossRef]

	



Logie, R.H.; Marchetti, C. Visuo-spatial working memory: Visual, spatial or central executive. In Mental Images in Human Cognition; Logie, R.H., Denis, M., Eds.; Elsevier: Amsterdam, The Netherlands, 1991; pp. 105–115. [Google Scholar]

	



Logie, R.H.; Pearson, D. The inner eye and the inner scribe of visuospatial working memory: Evidence from developmental fractioning. Eur. J. Cogn. Psychol. 1997, 9, 241–257. [Google Scholar] [CrossRef]

	



Wolbers, T.; Wiener, J.M. Challenges for identifying the neural mechanisms that support spatial navigation: The impact of spatial scale. Front. Hum. Neurosci. 2014, 4, 571. [Google Scholar] [CrossRef]

	



Taylor, H.A.; Tversky, B. Spatial mental models derived from survey and route descriptions. J. Mem. Lang. 1992, 31, 261–292. [Google Scholar] [CrossRef]

	



Taylor, H.A.; Tversky, B. Perspective in spatial descriptions. J. Mem. Lang. 1996, 35, 371–391. [Google Scholar] [CrossRef]

	



Piccardi, L.; Risetti, M.; Nori, R. Familiarity and environmental representations of a city: A self-report study. Psychol. Rep. 2011, 109, 309–326. [Google Scholar] [CrossRef]

	



Iaria, G.; Bogod, N.; Fox, C.J.; Barton, J.J. Developmental topographical disorientation: Case one. Neuropsychologia 2009, 47, 30–40. [Google Scholar] [CrossRef]

	



Bianchini, F.; Incoccia, C.; Palermo, L.; Piccardi, L.; Zompanti, L.; Sabatini, U.; Guariglia, C. Developmental topographical disorientation in a healthy subject. Neuropsychologia 2010, 48, 1563–1573. [Google Scholar] [CrossRef] [PubMed]

	



Corsi, P.M. Human memory and the medial temporal region of the brain. Diss. Abstr. Int. 1972, 34, 891B. [Google Scholar]

	



Piccardi, L.; Bianchini, F.; Argento, O.; De Nigris, A.; Maialetti, A.; Palermo, L.; Guariglia, C. The Walking Corsi Test (WalCT): Standardization of the topographical memory test in an Italian population. Neurol. Sci. 2013, 34, 971–978. [Google Scholar] [CrossRef]

	



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. [Google Scholar] [CrossRef]

	



Wen, W.; Ishikawa, T.; Sato, T. Individual differences in the encoding processes of egocentric and allocentric survey knowledge. Cogn. Sci. 2013, 37, 176–192. [Google Scholar] [CrossRef]

	



Salmaso, D.; Longoni, A.M. Hand preference in an Italian sample. Percept. Mot. Skills 1983, 57, 1039–1042. [Google Scholar] [CrossRef] [PubMed]

	



Bianchini, F.; Di Vita, A.; Palermo, L.; Piccardi, L.; Blundo, C.; Guariglia, C. A selective egocentric topographical working memory deficit in the early stages of Alzheimer’s disease. Am. J. Alzheimers Dis. Other Dement. 2014, 29, 749–754. [Google Scholar] [CrossRef]

	



Montello, D.R.; Lovelace, K.L.; Golledge, R.G.; Self, C.M. Sex-related differences and similarities in geographic and environmental spatial abilities. Ann. Am. Assoc. Geogr. 1999, 89, 515–534. [Google Scholar] [CrossRef]

	



Lawton, C.A. Gender, spatial abilities, and wayfinding. In Handbook of Gender Research in Psychology, Vol 1: Gender Research in General and Experimental Psychology; Chrisler, J.C., McCreary, D.R., Eds.; Springer: New York, NY, USA, 2010; pp. 317–341. [Google Scholar]

	



Picucci, L.; Caffò, A.O.; Bosco, A. Besides navigation accuracy: Gender differences in strategy selection and level of spatial confidence. J. Environ. Psychol. 2011, 31, 430–438. [Google Scholar] [CrossRef]

	



Munion, A.; Stefanucci, J.K.; Rovira, E.; Squire, P.; Hendricks, M. Gender differences in spatialnavigation: Characterizingwayfindingbehaviors. Psychon. Bull. Rev. 2019, 26, 1933–1940. [Google Scholar] [CrossRef]

	



Gagnon, K.T.; Thomas, B.J.; Munion, A.; Creem-Regehr, S.H.; Cashdan, E.A.; Stefanucci, J.K. Not all those who wander are lost: Spatial exploration patterns and their relationship to gender and spatial memory. Cognition 2018, 180, 108–117. [Google Scholar] [CrossRef]

	



Tedesco, A.M.; Bianchini, F.; Piccardi, L.; Clausi, S.; Berthoz, A.; Molinari, M.; Guariglia, C.; Leggio, M. Does the cerebellum contribute to human navigation by processing sequential information? Neuropsychology 2017, 31, 564–574. [Google Scholar] [CrossRef] [PubMed]

	



Boccia, M.; Di Vita, A.; Diana, S.; Margiotta, R.; Imbriano, L.; Rendace, L.; Campanelli, A.; D’Antonio, F.; Trebbastoni, A.; de Lena, C.; et al. Is losing one’s way a sign of cognitive decay? Topographical memory deficit as an early marker of pathological aging. J. Alzheimers Dis. 2019, 68, 679–693. [Google Scholar] [CrossRef]

	



Piccardi, L.; De Luca, M.; Di Vita, A.; Palermo, L.; Tanzilli, A.; Dacquino, C.; Pizzamiglio, M.R. Evidence of taxonomy for developmental topographical disorientation: Developmental landmark agnosia case 1. Appl. Neuropsychol. Child 2019, 8, 187–198. [Google Scholar] [CrossRef] [PubMed]








[image: Brainsci 10 00811 g001 550] 





Figure 1. Experimental design and procedure. From left to right, figures show: the Walking Corsi Test (WalCT) administered to assess landmark topographical short-term memory (LTSTM), and the 4 dual-task interference conditions (articulatory suppression: LTSTM-AS; motor interference: LTSTM-M; spatial motor interference: LTSTM-SM and spatial environmental interference: LTSTM-SE). In the LTSTM-AS, participants were asked to repeat an irrelevant speech sound (i.e., COLA-COLA-COLA-COLA) (first experiment: E1), four egocentric spatial terms (i.e., right, left, back and forth; right, left, back and forth…) (second experiment: E2), or four allocentric spatial terms (i.e., north, south, east, west; north, south, east, west) (third experiment: E3) when the examiner was showing the sequence and when they were repeating the sequence just seen. In the LTSTM-M condition, participants walked on the spot while the examiner was showing the sequence and then they had to repeat it. In the LTSTM-SM condition, participants repeatedly made a sequence of leg movements, that is, they had to bend their leg at knee level and then stretch it out backward alternating the left and right leg, always standing in the same place, while the examiner was showing the sequence. Afterwards, they repeated the just seen sequence. In the LTSTM-SE condition, participants were asked to point with their index finger to the source of a sound coming from a PC every 2 s from four random different positions (in front, back, on the right or on the left) while the examiner was showing the sequence, then they had to repeat the sequence previously observed. 
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Figure 2. Lines depict average performances in experiment 1 (A), experiment 2 (B) and experiment 3 (C). Shadow lines depict standard error. 
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Table 1. Descriptive statistics: means (standard deviations) and standard errors (SE).
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	LTSTM
	LTSTM + M
	LTSTM + SM
	LTSTM + AS
	LTSTM + SE





	Females
	5.65 (1.53)

SE = 0.34
	5.95 (1.79)

SE = 0.40
	5.6 (1.10)

SE = 0.25
	5.75 (1.65)

SE = 0.37
	3.9 (1.37)

SE = 0.31



	Males
	6.85 (1.39)

SE = 0.31
	6.6 (1.47)

SE = 0.33
	6.35 (1.42)

SE = 0.32
	6 (1.95)

SE = 0.44
	5.05 (2.06)

SE = 0.46



	Total
	6.25 (1.57)

SE = 0.25
	6.28 (1.65)

SE = 0.26
	5.98 (1.31)

SE = 0.21
	5.88 (1.79)

SE = 0.28
	4.48 (1.83)

SE = 0.29







Note: LTSTM = landmark topographic short-term memory; + M = motor; + SM = spatial-motor; + AS; articulatory suppression; + SE = spatial environmental.
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Table 2. Descriptive statistics: means (standard deviations) and standard errors (SE).
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	Groups
	LTSTM
	LTSTM + M
	LTSTM + SM
	LTSTM + AS
	LTSTM + SE





	Females
	5.04 (1.49)

SE = 0.30
	5.25 (1.73)

SE = 0.35
	5.79 (1.35)

SE = 0.28
	5.75 (1.7)

SE = 0.35
	3.54 (1.64)

SE = 0.34



	Males
	6.69 (0.87)

SE = 0.22
	7.63 (1.54)

SE = 0.39
	6.63 (1.02)

SE = 0.26
	7.31 (1.49)

SE = 0.37
	3.94 (2.52)

SE = 0.63



	Total
	5.86 (1.51)

SE = 0.21
	6.44 (2.02)

SE = 0.27
	6.21 (1.28)

SE = 0.20
	6.53 (1.78)

SE = 0.26
	3.74 (2.05)

SE = 0.33







Note: LTSTM = landmark topographic short-term memory; + M = motor; + SM = spatial-motor; + AS; articulatory suppression; + SE = spatial environmental.
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Table 3. Descriptive statistics: means (standard deviations) and standard errors (SE).
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	TSTM-L
	TSTM-L + M
	TSTM-L + SM
	TSTM-L + AS
	TSTM-L + SE





	Females
	6.32 (1.25)

SE = 0.27
	6 (1.51)

SE = 0.32
	5.95 (0.9)

SE = 0.19
	6.05 (1.84)

SE = 0.39
	4.59 (1.14)

SE = 0.24



	Males
	6.44 (1.29)

SE = 0.30
	6.94 (1.7)

SE = 0.4
	6.67 (1.08)

SE = 0.26
	7.22 (1.11)

SE = 0.26
	5.22 (1.06)

SE = 0.25



	Total
	6.38 (1.25)

SE = 0.20
	6.47 (1.65)

SE = 0.26
	6.31 (1.04)

SE = 0.16
	6.63 (1.65)

SE = 0.25
	4.91(1.14)

SE = 0.18







Note: TSTM = topographic short-term memory; -L = landmark; + M = motor; + SM = spatial-motor; + AS; articulatory suppression; + SE = spatial environmental.
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