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Field independence refers to the ability to perceive details from the surrounding context as a whole and to represent the environment by relying on an internal reference frame. Conversely, field dependence individuals tend to focus their attention on single environmental features analysing them individually. This cognitive style affects several visuo-spatial abilities including spatial memory. This study assesses both the effect of field independence and field dependence on performance displayed on virtual environments of different complexity. Forty young healthy individuals took part in this study. Participants performed the Embedded Figures Test for field independence or dependence assessment and a new spatial memory recognition test. The spatial memory recognition test demanded to memorize a green box location in a virtual room picture. Thereafter, during ten trials participants had to decide if a green box was located in the same position as in the sample picture. Five of the pictures were correct. The information available in the virtual room was manipulated. Hence, two different experimental conditions were tested: a virtual room containing all landmarks and a virtual room with only two cues. Accuracy and reaction time were registered. Analyses demonstrated that higher field independent individuals were related to better spatial memory performance in two landmarks condition and were faster in all landmark condition. In addition, men and women did not differ in their performance. These results suggested that cognitive style affects spatial memory performance and this phenomenon is modulated by environment complexity. This does not affect accuracy but time spent. Moreover, field dependent individuals are unable to organize the navigational field by relying on internal reference frames when few landmarks are available, and this causes them to commit more errors.
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INTRODUCTION

Spatial memory is a cognitive ability that permits the recollection of information about the space, its layout and locations (Castree et al., 2013). Spatial information can be analysed differently and allows diverse possibilities of action in a given spatial task (Kyritsis et al., 2009; Li et al., 2016). The distinct preferences to perceive and organize the information about the surrounding space are known as cognitive style (CS) (Hayes and Allinson, 1998; Smith and Riding, 2004; Kyritsis et al., 2009). Two opposite CS can be found: on the one hand, field independent (FI) participants can manage a holistic environmental representation, while, at the same time, they can perceive parts as a whole. On the other hand, field dependent (FD) subjects focus their attention on single environmental features by analyzing them individually (Witkin, 1977; Kyritsis et al., 2009).

The Embedded Figures Test is a paper-and-pencil task used to define the CS (Witkin et al., 1971). Participants are requested to search for a simple figure hidden in a complex one. Usually, FD individuals take longer to perform the task.

It is worthy to note that CS can predict performance on different spatial tasks. For instance, FI people are good at object rotation, perspective taking and using no-rotating maps (Boccia et al., 2016; Li et al., 2016). They have also been reported to handle more complex and flexible environmental representations (i.e., map-like representation) as compared with FD (Boccia et al., 2017).

Moreover, gender differences have been found in spatial tasks (Coluccia and Louse, 2004; Iachini et al., 2005; Cimadevilla et al., 2011; Piccardi et al., 2011a,b; Nori et al., 2015; León et al., 2016; Palmiero et al., 2016; Tascón et al., 2016, 2017). It is important to highlight that dimorphism depends on the task difficulty level, disappearing with low and very high demands (Coluccia and Louse, 2004; Nori and Piccardi, 2011; León et al., 2014; Tascón et al., 2017).

In addition to this, men and women are prone to use different strategies and spatial information to solve the same tasks (Coluccia and Louse, 2004; Driscoll et al., 2005; Woolley et al., 2010; Nori et al., 2015). In accordance with the Siegel and White's Model (see Siegel and White, 1975), the spatial CS corresponds to the type of information individuals select to navigate and orientate themselves in the environment. Generally speaking, women normally adopt a “landmark style” so as to “beacon” towards a salient landmark, using a sort of figurative memory, or a “route style” to navigate relying on the memory of the paths that connect different landmarks. Both styles are related to the use of egocentric strategies. Unlike them, men prefer to use “survey style,” a global map-like environmental representation associated with the use of allocentric strategies (Pazzaglia and De Beni, 2001; Coluccia and Louse, 2004; Nori et al., 2006). Considering field dependence/independence continuum, men have been reported to be FI while women are FD (Boccia et al., 2016).

On the other hand, spatial abilities have been assessed in humans using different methods. Virtual reality-based tasks have proved to be more accurate and useful to detect brain damages than classical neuropsychological tests (Cimadevilla et al., 2014). Indeed, spatial orientation in virtual environments is considered realistic enough to activate the same mechanisms involved during navigation in real environments both at behavioural and at neural levels (Aguirre et al., 1996).

Recently, a new spatial task was developed for assessing spatial memory in humans (Tascón et al., 2017). It demands participants to remember locations in a spatial recognition test and it has been reported as a good gender discrimination (Tascón et al., 2017).

The aim of the present study was to determine the effect of CS and gender on the performance in the spatial recognition task. According to previous literature, FI are better in handling spatial information, like perspective taking, a kind of process involved in the spatial recognition task used in this work. In addition, FI are more capable than FD in extracting important environmental information required for an accurate orientation. Taking into account that women are more often FD than men and two contexts with a different amount of landmarks will be used, we hypothesize that FI will show a better performance in spatial recognition than FD and we also expect that women will do better when all landmarks are available.

MATERIALS AND METHODS

Participants

The sample was made up of 40 undergraduate College students from “Sapienza” University, Rome (Italy). Twenty of them were men (Mean age = 25.7; SD = 2.8) and the other half women (Mean age = 25.7; SD = 2.3). None of them had a history of neurological or psychiatric diseases, which was later confirmed during an informal interview carried out before the test phase. In addition, all participants performed the Familiarity and Spatial Cognitive Style scale (FSCS; Piccardi et al., 2011c) which included 22 self-referential statements about various aspects of environmental spatial orientation. All participants self-classified themselves as having a “good or quite good sense-of-direction,” as evaluated by filling in the FSCS. Indeed, this scale was used to ensure that participants did not suffer from topographical orientation disorders. None of the participants showed the presence of navigational deficits or developmental topographical disorientation (see Iaria et al., 2005, 2009; Bianchini et al., 2010).

For demographic details see Table 1.


Table 1. Distribution of the sample in gender and age.
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The study was developed under the European Community Council Directive, 2001/20/EC for biomedical research in humans. All subjects gave written informed consent.

Instruments and Procedure

The individual's predisposition toward the FD or the FI (i.e., CS) is usually assessed by tasks requiring participants to detect embedded simple figures in complex configurations (e.g., Witkin et al., 1971; Ekstrom et al., 1976). In these tasks, FI individuals, by ignoring contextual information, are better at detecting the embedded figures than FD individuals, who are more affected by the contextual information of the complex configurations and are less able at detecting the embedded figures in the whole configurations (Witkin, 1977; Witkin et al., 1977; Walter and Dassonville, 2011).

In the present study, we adopted the Embedded Figures Test (EFT) for assessing the participants' CS. The EFT is a paper-and-pencil test developed by Witkin et al. (1971) to analyse how an individual perceives and processes the surrounding field. It consists of a collection of cards 12.9 × 7.7 cm with complex and simple figures. Those simple figures are uncoloured and are formed by a single line. Complex figures are composed of a conjunction of small simple and multi-coloured figures. Each simple figure is hidden in the complex one. That is, the contour of the simple figure is formed by several substructures of the complex, so the simple one cannot be easily identified.

Each trial started showing a complex figure for 15 s. During this time participants had to describe it out in loud voice. Thereafter, the card with the simple figure overlapped the complex one for 10 s. After that, the experimenter removed the card with the simple figure and the participants had to find the contour of it inside the complex. They were instructed to inform the experimenter as soon as they found the simple figure and then to trace it by using a stylus. When a participant believed to have found the simple figure, the experimenter annotated the elapsed time (timing): if the response was correct, that time represented the response time; otherwise, if the response was wrong, the experimenter continued to clock the time until the participant reported the correct response or until 180 s had passed. The total time was computed by summing up the response time on each item, the result being divided by the number of items (Piccardi et al., 2011a) in order to compute the overall time averaged across items. Averaged times (EFT scores) were used as the measure of the individual's CS, with lower times indicating individuals with higher predisposition towards the FI.

As a scale for dividing subjects into FI and FD does not exist, and taking into account that the individual's predisposition to be field in/dependent is along a continuum, we decided to sort participants according to the median of the averaged times on the EFT. In such a way we divided participants into two groups: FI (i.e. higher times than median, that is faster individuals in detecting embedded figures) and FD (i.e. lower times than median, that is slower individuals in solving the EFT) groups.

The spatial recognition test (Tascón et al., 2017) was displayed on a Hewlett Packard 2600-MHz notebook equipped with 3 GB of RAM and a 15.4 Thin Film Transistor (TFT) colour screen (1920 × 1200 pixels). The recognition test was implemented in MATLAB using Cogent 2000 (Well- come Laboratory of Neurobiology, UCL, London, www.vislab.ucl.ac.uk/cogent.php).

The spatial recognition task was based on the Almeria Spatial Memory Recognition Test (ASMRT) (Tascón et al., 2017). Instructions along with an example were displayed on the screen. The spatial task included two phases: learning and recognition phase. In the learning phase a picture showed a square virtual room with 9 boxes (3 × 3), one of them in green color. Participants were asked to memorize the green box location. No time limits were set. The recognition phase started when the space-key was pressed. A total of ten pictures in the virtual room was shown one by one. The virtual room was shown again with 9 boxes, one of them in green color. Participants had to decide if the green box corresponded spatially to the one of the sample phase. They had to provide positive or negative responses (yes/no) by pressing two buttons on the keyboard. The viewpoint changed across the pictures (see Figure 1). Five pictures represented correct locations. Both accuracy and reaction time were automatically recorded.
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FIGURE 1. Two pictures from the spatial recognition task. (A) Learning phase: participants have to memorize the location of the green box. (B) Recognition phase: individuals have to indicate if the green box is in the same location than in the learning phase. Note that ten pictures were used in the recognition phase.



Based on the fact that FI and FD individuals perform differently in complex and simple environments, two contextual conditions were administered. In the first one, all possible landmarks (AL) were available in the virtual room represented in the picture (see Figures 2A,B). Every room wall but one had one or more cues. In the two landmarks condition (2L) a door and a picture were available in adjacent walls (see Figures 2C,D).
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FIGURE 2. Different conditions applied in the spatial recognition task. (A,B) Different perspectives of the room with all landmarks available (AL condition). (C,D) Different perspectives of the room with only two landmarks available (2L condition). Note that two walls did not contain any landmark.



Statistical Analyses

The median (33.06) of the averaged times on the Embedded Figures Test (in seconds) was used to divide the group into FI (i.e., higher times than median) and FD (i.e., lower times than median) groups. A chi-square was used to determine if the proportion of men and women changed in FD and FI groups.

The number of correct answers and time spent in every condition (AL and 2L) were analysed using a two-way ANOVA (Gender x CS). Tukey test was applied for post-hoc analyses and differences were considered statistically significant for p < 0.05. STATISTICA 10 was used to run analyses.

RESULTS

A chi-square test showed that proportion of men and women did not differ in FI and FD groups, X2 = 0.4, p = 0.527.

All Landmarks Condition (AL)

Accuracy (Number of Correct Answers)

ANOVA (Gender × CS) did not reveal any significant main effect of Gender F(1, 36) = 0.001, p = 0.977, ηp2 = 0, CS F(1, 36) = 2.594, p = 0.116, ηp2 = 0.06, nor Gender × CS interaction F(1, 36) = 0.065, p = 0.801, ηp2 = 0.002.

Latency

The time to perform the recognition task was analyzed with ANOVA (Gender × CS) and revealed a significant main effect of CS F(1, 36) = 5.265, p = 0.02, ηp2 = 0.13. No differences emerged neither in Gender factor F(1, 36) = 0.022, p = 0.88, ηp2 = 0.001, nor Gender × CS interaction F(1, 36) = 0.141, p = 0.709, ηp2 = 0.004. FI group response was faster in the recognition task (1162.7 vs. 1413 ms for FI and FD groups, respectively) (see Figure 3).
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FIGURE 3. Mean and S.E.M. of time by Field Independent (FI) and Field Dependent (FD) groups to perform the recognition task with all landmarks available. The FI group was faster than the FD one.



Two Landmarks Condition (2L)

Accuracy (Number of Correct Answers)

ANOVA (Gender x CS) disclosed a significant main effect of CS F(1, 36) = 6.505, p = 0.015, ηp2 = 0.15. No significant main effect was found either in Gender factor F(1, 36) = 0.027, p = 0.869, ηp2 = 0.001 or in Gender × CS interaction F(1, 36) = 0.777, p = 0.383, ηp2 = 0.02. FI participants obtained a higher number of correct answers than those in the FD group (9.66 vs. 9.11 correct answers for FI and FD groups, respectively) (see Figure 4).
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FIGURE 4. Mean and S.E.M. of number of correct answers for Field Independent (FI) and Dependent (FD) groups in the recognition task with only two available landmarks. The FI group showed a higher accuracy.



Latency

ANOVA (Gender x CS) did not reveal any effect of Gender F(1, 36) = 0.295, p = 0.591, ηp2 = 0.008, CS F(1, 36) = 2.626, p = 0.114, ηp2 = 0.06 nor Gender × CS interaction F(1, 36) = 0.017, p = 0.896, ηp2 = 0.0.

For means and SD see Table 2.


Table 2. Mean and SD for gender and cognitive style.
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DISCUSSION

Relationship between CS and spatial memory performance was assessed in this study. Analyses revealed that FI participants were more accurate than FD when few landmarks were available in the environment (2L) and they were faster than FD when all landmarks were available (AL). Note that in both conditions the virtual room was the same although the only significant change was to be found in the number of cues available.

Taking into account that FI outperform FD in tasks where spatial information needs to be cognitively handled (Witkin, 1977), such as mental object rotation, perspective taking and non-rotating maps usage (Boccia et al., 2016; Li et al., 2016), it is not unusual that they made fewer errors than FD in the 2L condition. FI individuals are more capable than FD in extracting prominent information from the environment and putting them in other's perspective to imagine what they are looking at Witkin (1977). The capacity to extract the prominent information is named disembedding and the ability to imagine other's perspective is known as perspectivism (Witkin, 1977) and both are essential for performing the spatial memory recognition task used in this study. Hence, participants needed to remember one picture and interpret locations from other viewpoints.

In the complex environment, once more we found that FI outperformed FD participants, although group differences emerged on latencies. It is therefore likely that FD individuals could not extract important spatial information and take advantage of it. These findings are in line with subjects' spatial style, where “landmark style” participants are prone to analyse useless details of the environment making difficult their spatial orientation (Siegel and White, 1975; Piccardi et al., 2016). Piccardi et al. (2016) found that “landmark style” subjects were able to recall familiar landmarks but they did not relate them with spatial information. In this regard, they proved to be poor navigators. The eye movement pattern of “landmark style” individuals is characterised by a greater number of fixations of short duration focusing their exploration on the path and related targets. However, survey style individuals explored the environment more comprehensively, focusing their attention on salient cues (Piccardi et al., 2016). In the current research, FD participants may have analysed useless spatial information and, even in the absence of different accuracy, the time required to complete the task was higher for FD than FI. Having excessive information available could affect the FD individuals' performance, since they do not rely on important spatial information. They may spend more time because they use external reference frames which are not reliable for identifying cues in unknown settings (Witkin, 1977).

Regarding gender, Siegel and White (1975) have noted that there are different strategies to solve spatial tasks depending on the information chosen to navigate. These strategies are named “spatial styles.” Some studies have found that women are usually prone to use “landmark” or “route styles,” where egocentric information is necessary. On the contrary, men usually choose a “survey style,” which implies allocentric information and capacity to represent the environment as a map (Coluccia and Louse, 2004; Nori et al., 2006; Nori and Piccardi, 2015). This is evident in tasks where they have to indicate how to reach a target: men normally provide cardinal points and distance information whereas women prefer to add information about landmarks (Miller and Santoni, 1986; Ward et al., 1986; Schmitz, 1997; Dabbs et al., 1998; Denis et al., 1999). This supports that FD and FI may be related to “landmark” and “survey styles,” respectively (Boccia et al., 2017). “Route style” individuals could be both FD and FI since both men and women use this type of orientation (e.g., Boccia et al., 2017).

No gender differences have been revealed in our study. It is well known that dimorphism requires an optimum level of difficulty. When the level of difficulty is low both genders performed accurately. Conversely, very high difficulty levels produce an increase of errors which also increase dispersion and reduce the possibility of finding group differences (Cánovas et al., 2008; León et al., 2014; Tascón et al., 2017). In this study we have shown that men and women displayed a similar performance. We presume that increasing difficulty would disclose a differential performance in both genders, as revealed by Tascón et al., (León et al., 2014) in similar tasks with higher difficulty levels. Another possible interpretation may be related to the distribution of men and women in the FD and FI groups, even if literature shows that women are generally more FD than men, in our sample men and women are equally distributed in the two groups. Boccia et al. (2017) demonstrated that women and men with the same CS did not differ in their performance in spatial memory tasks, adopting similar strategies. Moreover, when both gender adopted the same strategies i.e., military pilots with high spatial abilities, gender differences never appear (Verde et al., 2013, 2015, 2016).

The sample could be a limitation of this study. Although the sample was not too small according to the number of participants included in other studies using the same task (Tascón et al., 2016, 2017), when assessing cognitive styles samples are slightly bigger (Boccia et al., 2016, 2017). A bigger group would allow limiting FI and FD groups to those individuals with extreme values.

As a conclusion, it is important to highlight that different spatial contexts can modify the performance in spatial tasks depending on the CS assumed. FD participants use landmark information to navigate, so a very complex environment makes them not to focus on essential spatial information like landmarks relationship that would facilitate task resolution. FI individuals rely on internal frame references that make them better navigators.

AUTHOR CONTRIBUTIONS

LT, MB, LP, and JC: Conception and design, data collection, interpretation, critical revision, and manuscript preparation.

FUNDING

This work was supported by MINECO (PSI2015-67442-P) and by the Ministry of Education, Culture and Sport of Spain [FPU2013/02655].

ACKNOWLEDGMENTS

We thank Jose R. Ibañez for his help with English. The research was conducted in the absence of any commercial or financial relationships.

ABBREVIATIONS

2L, two landmarks condition; AL, all landmarks condition; CS, cognitive style; FD, field dependence/dependent; FI, field independence/independent.

REFERENCES

 Aguirre, G. K., Detre, J. A., Alsop, D. C., and D'Esposito, M. (1996). The parahippocampus subserves topographical learning in man. Cereb. Cortex 6, 823–829.

 Bianchini, F., Incoccia, C., Palermo, L., Piccardi, L., Zompanti, L., Sabatini, U., et al. (2010). Developmental topographical disorientation in a healthy subject. Neuropsychologia 48, 1563–1573. doi: 10.1016/j.neuropsychologia.2010.01.025

 Boccia, M., Piccardi, L., D'Alessandro, A., Nori, R., and Guariglia, C. (2017). Restructuring the navigational field: individual predisposition towards field independence predicts preferred navigational strategy. Exp. Brain Res. 235, 1741–1748. doi: 10.1007/s00221-017-4936-1

 Boccia, M., Piccardi, L., Di Marco, M., Pizzamiglio, L., and Guariglia, C. (2016). Does field independence predict visuo-spatial abilities underpinning human navigation? behavioural evidence. Exp. Brain Res. 234, 2799–2807. doi: 10.1007/s00221-016-4682-9

 Cánovas, R., Espinola, M., Iribarne, L., and Cimadevilla, J. M. (2008). A new spatial task to evaluate human place learning. Behav. Brain Res. 190, 112–118. doi: 10.1016/j.bbr.2008.02.024

 Castree, N., Kitchin, R., and Rogers, A. (2013). A Dictionary of Human Geography. England: Oxford University Press.

 Cimadevilla, J. M., Cánovas, R., Iribarne, L., Soria, A., and López, L. (2011). A virtual-based task to assess place avoidance in humans. J. Neurosci. Methods 196, 45–50. doi: 10.1016/j.jneumeth.2010.12.026

 Cimadevilla, J. M., Lizana, J. R., Roldán, M. D., Cánovas, R., and Rodríguez, E. (2014). Spatial memory alterations in children with epilepsy of genetic origin or unknown cause. Epilept. Dis. 16, 203–207. doi: 10.1684/epd.2014.0661

 Coluccia, E., and Louse, G. (2004). Gender differences in spatial orientation: a review. J. Environ. Psychol. 24, 329–340. doi: 10.1016/j.jenvp.2004.08.006

 Dabbs, J. M., Chang, L., and Strong, R. A. (1998). Spatial ability, navigation strategy and geographic knowledge among men and women. Evol. Hum. Behav. 19, 89–98. doi: 10.1016/S1090-5138(97)00107-4

 Denis, M., Pazzaglia, F., Cornoldi, C., and Bertolo, L. (1999). Spatial discourse and navigation: an analysis of route directions in the city of Venice. Appl. Cog. Psychol. 13, 145–74. doi: 10.1002/(SICI)1099-0720(199904)13:2<145::AID-ACP550>3.0.CO;2-4

 Driscoll, I., Hamilton, D. A., Yeo, R. A., Brooks, W. M., and Sutherland, R. J. (2005). Virtual navigation in humans: the impact of age, sex and hormones on place learning. Horm. Behav. 47, 326–335. doi: 10.1016/j.yhbeh.2004.11.013

 Ekstrom, R., French, J., Harman, H., and Demen, D. (1976). Manual for Kit of Factor-Refered Cognitive Tests, Vol. 102. Princenton, NJ: Educational Testing Service.

 Hayes, J., and Allinson, C. W. (1998). Cognitive style and the practice of individual and collective learning in organizations. Hum. Relat. 51, 847–871. doi: 10.1177/001872679805100701

 Iachini, T., Sergi, I., Ruggiero, G., and Gnisci, A. (2005). Gender differences in object location memory in a real three-dimensional environment. Brain Cogn. 59, 52–59. doi: 10.1016/j.bandc.2005.04.004

 Iaria, G., Bogod, N., Fox, C. J., and Barton, J. J. (2009). Developmental topographical disorientation: case one. Neuropsychologia 47, 30–40. doi: 10.1016/j.neuropsychologia.2008.08.021

 Iaria, G., Incoccia, C., Piccardi, L., Nico, D., Sabatini, U., and Guariglia, C. (2005). Lack of orientation due to a congenital brain malformation: a case study. Neurocase 11, 463–474. doi: 10.1080/13554790500423602

 Kyritsis, M., Gulliver, S. R., Morar, S., and Macredie, R. (2009). “Impact of cognitive style on spatial knowledge acquisition,” 2009 IEEE International Conference on Multimedia and Expo. (Congress carried out in New York, NY).

 León, I., Tascón, L., and Cimadevilla, J. M. (2014). Developmental gender differences in children in a virtual spatial memory task. Neuropsychology 28, 485–495. doi: 10.1037/neu0000054

 León, I., Tascón, L., and Cimadevilla, J. M. (2016). Age and gender-related differences in a spatial memory task in humans. Behav. Brain Res. 306, 8–12. doi: 10.1016/j.bbr.2016.03.008

 Li, H., Zhang, Y., Wu, C., and Mei, D. (2016). Effects of field dependence-independence and frame of reference on navigation performance using multi-dimensional electronic maps. Pers. Individ. Diff. 97, 289–299. doi: 10.1016/j.paid.2016.03.078

 Miller, L. K., and Santoni, V. (1986). Sex Differences in spatial abilities: strategic and experiential correlates. Acta Psychol. 62, 225–235. doi: 10.1016/0001-6918(86)90089-2

 Nori, R., Grandicelli, S., and Giusberti, F. (2006). Alignment effect: primary–secondary learning and cognitive styles. Perception 35, 1233–1249. doi: 10.1068/p5351

 Nori, R., and Piccardi, L. (2011). “Familiarity and spatial cognitive style: how important are they for spatial representation?” in Spatial Memory: Visuospatial Processes, Cognitive Performance and Developmental Effects, ed J. B. Thomas (New York, NY: Nova Science), 123–144.

 Nori, R., and Piccardi, L. (2015). I believe I'm good at orienting myself…But is that true? Cog. Process 16, 301–307. doi: 10.1007/s10339-015-0655-3

 Nori, R., Piccardi, L., Pelosi, A., De Luca, D., Frasca, F., and Giusberti, F. (2015). Perspective changing in WalCT and VR-WalCT: a gender difference study [WalCT–VR-WalCT: Gender differences]. Comput. Human Behav. 53, 316–323. doi: 10.1016/j.chb.2015.07.015

 Palmiero, M., Nori, R., Rogolino, C., D'Amico, S., and Piccardi, L. (2016). Sex differences in visuospatial and navigational working memory: the role of mood induced by background music. Exp. Brain Res. 234, 2381–2389. doi: 10.1007/s00221-016-4643-3

 Pazzaglia, F., and De Beni, R. (2001). Strategies of processing spatial information in survey and landmark-centred individuals. Eur. J. Cog. Psychol. 13, 493–508. doi: 10.1080/09541440125778

 Piccardi, L., Risetti, M., Nori, R., Tanzilli, A., Bernardi, L., and Guariglia, C. (2011a). Perspective changing in primary and secondary learning: a gender difference study. Learn. Individ. Differ. 21, 114–118. doi: 10.1016/j.lindif.2010.11.003

 Piccardi, L., Bianchini, F., Iasevoli, L., Giannone, G., and Guariglia, C. (2011b). Sex differences in a landmark environmental re-orientation task only during the learning phase. Neurosci. Lett. 503, 181–185. doi: 10.1016/j.neulet.2011.08.031

 Piccardi, L., De Luca, M., Nori, R., Palermo, L., Iachini, F., and Guariglia, C. (2016). Navigational style influences eye movement pattern during exploration and learning of an environmental map. Front. Behav. Neurosci. 10:140. doi: 10.3389/fnbeh.2016.00140

 Piccardi, L., Risetti, M., and Nori, R. (2011c). Familiarity and environmental representations of a city: a self-report study. Psychol. Rep. 109, 309–326. doi: 10.2466/01.13.17.PR0.109.4.309-326

 Schmitz, S. (1997). Gender related strategies in environmental development: effect of anxiety on wayfinding in a representation of a three-dimensional maze. J. Environ. Psychol. 17, 215–228. doi: 10.1006/jevp.1997.0056

 Siegel, A. W., and White, S. H. (1975). The development of spatial representations of large-scale environments. Adv. Child Dev. Behav. 10, 9–55. doi: 10.1016/S0065-2407(08)60007-5

 Smith, E., and Riding, R. (2004). Cognitive style and instructional preferences. Instruct. Sci. 27, 355–371. doi: 10.1007/BF00892031

 Tascón, L., García-Moreno, L. M., and Cimadevilla, J. M. (2017). Almeria spatial memory recognition test (ASMRT): gender differences emerged in a new passive spatial task. Neurosci. Lett. 651, 188–191. doi: 10.1016/j.neulet.2017.05.011

 Tascón, L., León, I., and Cimadevilla, J. M. (2016). Viewpoint-related gender differences in a spatial recognition task. Learn. Indiv. Diff. 50, 270–274. doi: 10.1016/j.lindif.2016.08.007

 Verde, P., Boccia, M., Colangeli, S., Barbetti, S., Nori, R., Ferlazzo, F., et al. (2016). Domain-specific interference tests on navigational working memory in military pilots. Aerosp. Med. Hum. Perform. 87, 528–533. doi: 10.3357/AMHP.4521.2016

 Verde, P., Piccardi, L., Bianchini, F., Guariglia, C., Carrozzo, P., Morgagni, F., et al. (2015). Gender differences in navigational memory: pilots vs. nonpilots. Aerosp. Med. Hum. Perform. 86, 103–111. doi: 10.3357/AMHP.4024.2015

 Verde, P., Piccardi, L., Bianchini, F., Trivelloni, P., Guariglia, C., and Tomao, E. (2013). Gender effects on mental rotation in pilots vs. nonpilots. Aviat. Space Environ. Med. 84, 726–729. doi: 10.3357/ASEM.3466.2013

 Walter, E., and Dassonville, P. (2011). Activation in a frontoparietal cortical network underlies individual differences in the performance of an embedded figures task., PLoS ONE 6:e20742. doi: 10.1371/journal.pone.0020742

 Ward, S. L., Newcombe, N., and Overton, W. F. (1986). Turn left at the church, or three miles North. A study of direction giving and sex differences. Environ. Behav. 18, 192–213. doi: 10.1177/0013916586182003

 Witkin, H. A. (1977). Cognitive Style in Personal and Cultural Adaption. Field-Dependent and Field-Independent Cognitive Styles and Their Educational Implications. Massachusetts: Clark University Press.

 Witkin, H. A., Moore, C. A., Goodenough, D., and Cox, P. W. (1977). Field-dependent and field-independent cognitive styles and their educational implications. Rev. Educ. Res. (1977) 47, 1–64. doi: 10.3102/00346543047001001

 Witkin, H. A., Oltman, P. K., Raskin, E., and Karp, S. (1971). A Manual for the Embedded Figures Test. Palo Alto, CA: Consulting Psychologists Press.

 Woolley, D. G., Vermaerck, B., Op de Beeck, H., Wagemans, J., Gantois, I., D'Hooge, R., et al. (2010). Sex differences in human virtual water maze performance: novel measures reveal the relative contribution of directional responding and spatial knowledge. Behav. Brain Res. 208, 408–414. doi: 10.1016/j.bbr.2009.12.019

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2017 Tascón, Boccia, Piccardi and Cimadevilla. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) or licensor are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fphar-08-00550-t001.jpg
Males

N=40
Mean age = 25.7

Females SD=25






OPS/images/fphar-08-00550-t002.jpg
Accuracy

Latency

Accuracy

Latency

Men
Women
)

fl

Men
Wornen
D

Fl

Men
Women
)

Fl

Men
Wornen
)

Fl

Mean

95
9.46
9.65
931

1267
1,308
1418
1,162

9.43
934
911
9.66

1,447
1,398
1523
1,323

sD

0.72
06
0.14
0.14

383
327
306
357

067

0.76

089
03

455
348
288
a7s





OPS/images/fphar-08-00550-g003.gif
FEHTHEE





OPS/images/fphar-08-00550-g004.gif





OPS/images/fphar-08-00550-g001.gif





OPS/images/fphar-08-00550-g002.gif





OPS/images/cover.jpg
’ frontiers
in Pharmacology

Differences in Spatial Memory
Recognition Due to Cognitive Style









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Pharmacology





