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Abstract
Two experiments evaluated the effects of simple or winding short trajectories on the capacity of 60 male and female undergraduates to indicate the right direction that the trajectories began. In Experiment 1, 40 participants were distributed in four groups (Only-stairs, Only-elevator, Stairs-then-elevator ,and Elevator-then-stairs), received a tag and should go by stairs or elevator, depending on the group, from the ground floor to the first floor in a building where they answered two questions: 1) "Do you remember where you got the tag? Using your arm, point the direction" and 2) “How do you know?” Then they were asked to pick up a pen in the other corner of the room and go to the second floor where they answered the same two questions but related to pen delivery location. In Experiment 2, 20 participants were distributed in two groups (Only-elevator and Only-stairs) and should go from the ground floor to the second floor, where they answered the same two questions asked in Experiment 1. In Experiment 1, 12 participants failed to point the right direction on the first floor. On the second floor, all the participants point the direction correctly. In Experiment 2, three participants failed to point the right direction. No statistical differences were found between men and women as well as between the use of the stairs or elevator. In response to a questionnaire about their own perception of the sense of direction and anxiety levels when lost in an unknown location more men self-reported having a good sense of direction and more women reported feeling anxious when they perceive themselves lost in an unknown location. It was discussed that the task difficulty, the duration ,and length of the procedure could be affected the results. 
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Resumo
Dois experimentos avaliaram os efeitos de trajetórias curtas simples ou sinuosas na capacidade de 60 universitários do sexo masculino e feminino em indicar a direção certa em que as trajetórias começaram. No Experimento 1, 40 participantes foram distribuídos em quatro grupos (apenas escadas, apenas elevador, escadas-elevador e elevador-escadas), recebiam uma etiqueta e se deslocavam por escadas ou elevador, dependendo do grupo, do térreo até o primeiro andar de um prédio, local onde eles respondiam duas perguntas: 1) "Você se lembra de onde você pegou a etiqueta? Usando o braço, aponte a direção" e 2) "Como você sabe?". Então, eles eram solicitados a pegar uma caneta no outro canto da sala e ir para o segundo andar, onde eles respondiam às mesmas duas perguntas, mas relacionadas com o local de entrega de caneta. No Experimento 2, 20 participantes foram distribuídos em dois grupos (somente elevador e somente escada) e iam do térreo ao segundo andar, onde respondiam as mesmas duas perguntas feitas no Experimento 1. No Experimento 1, 12 participantes não conseguiram apontar a direção certa no primeiro andar. No segundo andar, todos os participantes apontaram a direção corretamente. No experimento 2, três participantes não conseguiram apontar a direção certa. Não foram encontradas diferenças estatísticas entre homens e mulheres, assim como entre o uso da escada ou do elevador. Em resposta a um questionário sobre sua própria percepção do senso de direção e níveis de ansiedade quando perdidos em um local desconhecido, mais homens relataram ter um bom senso de direção e mais mulheres relataram sentirem-se ansiosas quando se percebiam perdidas em um local desconhecido. Discutiu-se que a dificuldade e duração da tarefa assim como a duração do procedimento poderiam afetar os resultados.
Palavras-chave: desempenho espacialmente orientado, gênero, Análise do Comportamento, tarefa de apontar, psicologia evolutiva

Dislocating efficiently in space was critical to survival during evolution, since it allows finding shelters and/or food sources in a brief period (Rodrigo, 2002). In this context, spatial capabilities are also related to sexual selection (Geary, 1995) and it is assumed that human males have suffered greater pressure to develop better spatial capabilities than females due to their mobility required in typical male tasks like hunting or wars. In its turn, females are supposed to be part of the environmental pressures that selected the most skillful males, by seeking those males that showed well-developed abilities.
Several studies have used various spatial orientation tasks to evaluate and compare spatial abilities between males and females. Some of those studies showed that men presented better performance than women, but in other studies the researchers did not found any differences between gender (e.g., Coluccia & Louse, 2004; Kelly, Mcnamara, Bodenheimer, Carr, & Rieser, 2009; Picucci, Caffò, & Bosco, 2011). The differences between these results indicate that the gender can be a factor that interferes the spatial orientation, but other variables must be considered as part of the equation, for example, the configuration of the place where one is navigating, the type of spatial task required (Carlson, Holscher, Shipley, & Dalton, 2010) and emotional aspects (Lawton, 1994, Ruginski, Stefanucci, & Creem-Regehr, 2018) .
Iachini, Sergi, Ruggiero and Gnisci (2005), for example, identified that men and women can perform differently or equally depending on the task. Testing the ability to memorize the location of objects, Iachini et al., did not found significant differences between men and women, but pointed out that men obtained better performances in estimating distances and sizes than women. Using other task, Lawton and Hatcher (2005) investigated the mental integration of images into short-term spatial vision memory and found that men obtained better results than women. Also, were found differences between emotional aspects of men and women in tasks related to spatial abilities. Lawton (1994), in an important study in the field, investigated how men and women report locational strategies and how they feel when they perceive themselves lost. The results showed that men strategy is based in their own location in relation to the environment around them. On the other hand, female strategy is frequently related to more detailed instruction of sites with specific reference points and more women reported feeling anxious when lost in an unknown location.
The place where the task is required and its complexity can also affect the spatial orientation performance (e.g., Allison et al., 2017, Brunec, Javadi, Zisch, & Spiers, 2017; Carlson et al., 2010; Dalton, Hölscher, & Spiers, 2015; Dollé, Droulez, Bennequin, Berthoz, & Thibault, 2015; Viegas, 2012). Werner and Schindler (2004), for example, observed that participants who needed to remember and to indicate the location of a predetermined landmark in the beginning of a task orientation had high error rates when the floors were misaligned in relation to this landmark.
 Although it is common that studies of spatial orientation consider the structure of the navigation site, the gender of the participants and their self-reports, many of them used large spaces and/or open areas, with spatial tasks varying along the procedure and with long trajectories. Once that procedural differences seem to produce different performances, the present study hypothesized that tasks with short trajectories, different windings and inside a building (closed environment), could induce spatial orientation errors. To test this assertion, the type of sinuosity of the trajectory was manipulated to verify if it had effects in the spatial orientation and if the gender can differentially affect the results. It will also be investigated about their own perception of sense of direction and anxiety levels when lost in an unknown location accessed through a short questionnaire to compare the findings with the existing literature data.

General Method

Participants 
Sixty undergraduates, 29 men and 31 women aged between 18 and 36 years (M = 22.11, SD = 3.66). 

Environment, Materials and Instruments
The study was conducted in the building of the Rectory of the Federal University of Pará (UFPA), represented by Figure 1. The building included: ground floor; first floor and second floor; a semicircular staircase with 52 steps separated in the middle by a two-meter landing and two elevators. It was used two webcams linked to two netbooks; two desks with support for notebook; adhesive labels (name tags); white tape; A4 paper sheets containing a questionnaire or trigonometric circles; envelopes to arrange the papers containing the data and the terms of informed consent.
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Figure 1. Ground floor of the UFPA rectory building. The participant arrived from entrance A, move to point C to receive the name tag and according to the group, he or she moved to the ground floor to the first floor by elevator or stairs.

General Procedure
To avoid possible interferences in the results, participants were not informed of the main objective of this research, but only that the study investigate people skills to give information following certain instructions. 
The experiments always began in the building's ground floor where participants received a name tag indicating the group to which each belonged. Groups were formed depending on the combination of means of displacement used to move from one floor to another (i.e., stairs and/or elevators). The distribution among groups followed the order of participants’ arrival at the experimental location.
After that, the participants were asked to go from one floor to another floor in the building through simple short (elevator) or winding short trajectories (staircase). By completing the task, the participants were asked to stand on a "X" marked on the floor with white tape to standardize the positioning of all participants and to capture his/her image frontally by the webcam. Once positioned, the participants should orally answer the following questions: 1) "Do you remember where you got the tag? Using your arm, point the direction (i.e., Point Task)." and 2) "How do you know?”. After the participants answered the first question, an observer wrote the approximate direction pointed by the participants in the trigonometric circle of the record sheet. No feedback at any time was given to the participant on his performance in the pointing task.
After the experiment, participants were required to answer a short questionnaire (see Appendices) used to identify some ontogenetic variables possibly involved in pointing behaviors. After each participant answered the survey, the experimenter thanked for his/her collaboration and indicated the exit of the building.

Data Analysis
For the pointing task, it was deemed correct the directions located in corner A when the pointing referred to the place where the name tag was received, and the corner B when referring to the place where the pen was received. It was compared the participant’s answers noted by the observer with the video made with the webcam to double check the position pointed out by the participants. 
The answers to the questionnaire were organized in Microsoft Excel 2016 spreadsheets and subsequently analyzed with the statistical program SPSS 20. Specifically, the answers to the secondo question of the questionnaire were scored through an anxiety grading, which followed the order of "calm", "moderately calm," "moderately desperate" and "very desperate".
Due to the non-normal distribution of the sample, two types of non-parametric tests were performed to verify if there were effects of the sinuosity of the trajectory and the gender in the performance in the pointing task. It was used the Kruskal-Wallis test in   Experiment 1, and the Mann-Whitney test in Experiment 2.

Experiment 1

Procedure
Four groups were formed with 10 participants each: G1 (Only-elevator), six males and four females; G2 (Only-stairs), five males and five females; G3 (Elevator-then- stairs), five males and five females; G4 (Stairs-then-elevator), four males and six females. After received a nametag, participants were asked to move using the stairs or the elevator from the ground floor to the first floor, depending on the group to which he/she belonged. Then, they were asked to stand on a "X" marked on the floor with white tape by a researcher who was operating a webcam. He/she responded to the oral questions proposed and asked to move forward to another researcher, who was located two meters from the webcam operator. With this another researcher, he/she received a common blue ball pen and was instructed to go to the second floor using the stairs or the elevator depending on the group. There the participant should point in the direction where he/she had received the pen, and then responded to the written questionnaire. Figure 2 represents the first and second floor 
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Figure 2. Schematic drawing of the first and second floors of the UFPA rectory building for Experiment 1.

Results
Out of the 40 participants, 12 failed to point correctly in the direction of the place where they had received the name tag in the point task of first floor. On the second floor, when they were asked where they had received the pen, none of the participants failed. Table 1 summarize the result of correct answers and the number of participants per group.

Table 1
Number of right answers in each floor for males and female distributed along the
four groups 
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Group
	First floor
	
	Second floor

	
	Male
	n
	Female
	n
	
	Male
	n
	Female
	N

	G1 (elevator-elevator)
	5
	6
	2
	4
	
	6
	6
	4
	4

	G2 (stairs-stairs)
	5
	5
	1
	5
	
	5
	5
	5
	5

	G3 (elevator-stairs)
	4
	5
	5
	5
	
	5
	5
	5
	5

	G4 (stairs-elevator)
	2
	4
	4
	6
	
	4
	4
	6
	6

	Total (N)
	16
	20
	12
	20
	
	20
	20
	20
	20


Note. n = number of participants.

First, we only considered the path leading to the first floor because all participants succeeded in the task on the second floor. Thus, the G1 and G3 groups together formed the category "elevator", while the G2 and G4 groups formed the category "stairs". In relation to the test to verify if there were effects of the sinuosity of the trajectory in the performance of the participants in the first floor, it was found that, in absolute numbers that the participants, who used the elevator failed less than those who used the stairs. Out of the 20 participants who went to the first floor using the elevator in Experiment 1, only four failed the pointing task. Among those who used the stairs, eight failed. However, no significant differences were found between any of the groups for performance on the first-floor pointing task. When comparisons were made between genders, it was seen that men did not differ from women, U = 160, ns, r = -0,03.

Discussion
For Experiment 1, it was expected more failures in pointing the right direction in the first floor comparing to the second floor, because the questions may have functioned as stimulus control to some aspects of the environment increasing performance on the second floor. At the same time, more failures of pointing in the right direction on the first floor could have occurred because the participants had to stop walking to answer the questions. So, the questions could be worked as disrupting operation changing the organism-environment interaction when they don’t have previous experience with those questions. 
We suppose that when participants learned that they were in a situation where they will be asked about aspects of environment it can increase attention and memory to spatial tips improving spatial orientation skills. With these findings, we support the notion found in the literature, that attention and memory are broadly related to spatial orientation (e.g.,  Dollé et al., 2015; C. A. Lawton & Hatcher, 2005; Viegas, 2012; Wolbers & Hegarty, 2010).

Experiment 2

Procedure
Two groups were formed in this second experiment with 10 participants each: G5 (Only-stairs) and G6 (Only-elevator). The procedure of Experiment 2 was the same as in Experiment 1, except that the participants took his nametag and asked to move directly from the ground floor to the second floor with no stop in the first floor, using stairs or elevator depending of his/her group. Figure 3 represents the pathway between the ground floor and second floor.
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Figure 3. Schematic drawing of the first and second floors of the UFPA rectory 
building for experiment 2.
Having arrived at the second floor, the participants were asked to stand on a "X" marked on the floor and answer the following questions: 1) "Do you remember where you got the tag? Using your arm, point the direction" and 2) “How do you know?” After that he/she was asked to answer a questionnaire. 

Results
Three of 20 participants failed of pointing correctly to the place where he had received the name tag. Table 2 summarize the result of correct answers and the number of participants per group.

Table 2
Number of right answers for males and
female distributed along the two groups 
	Group
	First floor

	
	Male
	n
	Female
	n

	G5 (elevator)
	5
	6
	2
	4

	G6 (stairs)
	5
	5
	1
	5

	Total (N)
	8
	9
	9
	11


Note. n = number of participants.

Comparing trajectories in absolute numbers, one participant of G5 failed in the pointing the right direction and two participants of G6 failed in the pointing the right direction. However, G5 did not appear to differ from group 6 in relation to performance on the second floor, U = 45, ns, r = -0.03. In addition, there were no significant differences between men and women in relation to second-floor performance, U = 46, ns, r = -0.02.

Discussion
For Experiment 2, it was expected that the group that used the elevator (i.e., G5) to move would obtain superior performance when compared to the group that used the stairs (i.e., G6), since the sinuosity could interfere in the spatial orientation of the participants. Unlike Experiment 1, there was no stop on the first floor and this was thought so that the participant could travel a continuous route without tips of what would be asked. However, no differences were found and this may have been because the route remained short and not enough to disrupt the orientation.
The three errors that occurred (considering the two groups) may have occurred due to variables that we could not identify including individual variations (Carlson et al., 2010). However, individualities will not be addressed in the present study.

General Results
In both experiments, there were no significant differences between men and women regarding the performance of the pointing task. In other words, gender does not seem to correlate with differences in spatial orientation in short distances, at least in these studies. 

Questionnaire Results

Good sense of direction.
The question asked to measure good sense of direction was “Do you consider that you have a good sense of direction?”. More men believed to have a good sense of direction (n = 24) than women (n = 16). Among the 24 men who reported good sense of direction, three failed in the pointing task. Among the 16 women who claim to have a good sense of direction, six failed the task. In contrast, more women (n = 9) than men (n = 4) believe they don’t have a good sense of direction. And, among these participants, six women and two men correctly assessed their sense of direction. As a result, the participants’ self-evaluation does not always correspond to their effective performance. The rest of the participants answered, "do not know".

Anxiety. 
To measure how anxious the participant was when lost in an unknown location, the following question was made "How do you feel when you realize you are lost in an unfamiliar place?". More women than men reported having felt "moderately desperate" and "very desperate" when they perceived themselves lost in an unfamiliar place.
Twelve women reported feeling "moderately desperate" and four "very desperate" while six men reported feeling "moderately desperate" and none reported feeling "very desperate." On the other hand, more men reported feeling "moderately calm" (n = 18) and "calm" (n = 5) than women, five of which reported feeling "moderately calm" and five reported feeling "calm". Considering these values, it was observed that both for men and for women there were more correct answers than errors, regardless of the state of anxiety declared when they perceived themselves lost in an unfamiliar place. The only exception was for women who reported feeling "calm". Out of the five women who reported feeling this way, three failed to point in the right direction.

General Discussion
This work aimed to verify if there is an effect of simple shortest or winding short paths on men and women’s ability to point correctly in a direction in space. For that, two experiments were conducted and the variables gender, type and size of trajectory were manipulated. For both experiments, it was expected that the group that used the elevator (simple path) to move from one floor to another would perform better than the group that used the stairs (winding path). We had this expectation because we had hypothesized that the sinuosity of the stairs could negatively interfere with the spatial orientation of the participant by increasing the number of environmental aspects to pay attention and to memorize. However, this hypothesis was not confirmed in this study.
In Experiment 1 (Groups 1, 2, 3 and 4) and in Experiment 2 (Groups 5 and 6), there were no statistically significant differences between the groups. This finding is interesting as it indicates that the type of path, even with different combinations of displacement means for composing the trajectory to be performed, did not appear to disturb the spatial orientation of many participants, at least in this study which used a short path (a semicircular staircase with 52 steps, separated in the middle by a two-meter landing). 
Based on these results, we suggest that a short trajectory "cancels" the possible interference of its sinuosity on the spatial orientation of the participants. According to Carlson et al.(2010), each turn in a trajectory, makes it harder to maintain the sense of direction. Different people will have different thresholds at which they will no longer be able to control the sequence of movements. In the present study, since 1) the use of stairs or elevator did not differentially impair performance and 2) those who failed in the first sentence of Experiment 1 succeed the second after receiving evidences of the type of performance expected, it seems safe to assume that the deliberate attention to spatial navigation context has a facilitating role, at least for short trajectories. Additional studies are needed to investigate which conditions would favor this "tacit spatial attention" and what kind of learning history would favor the development of this repertoire.
According to an evolutionary interpretation, in both experiments, it was expected that men had a better performance than women, regardless the group to which they belonged. This hypothesis, however, has not been confirmed since there were no significant differences between men and women on the pointing task. This data confirms the findings of a literature review made by Coluccia and Louse (2004). They showed that, despite many studies indicate that men have better performance on spatial tasks than women, there are others which show no performance difference between the sexes. According to the authors, the type of task to be performed as well as its difficulty level, are factors to be considered in this kind of investigation. We believe that the task in this study had a low level of difficulty. Here, the participant should only receive an object (i.e., name tag on the ground-floor, pen on the first floor) that would signal the landmark, use a elevator or stairs to move to another floor and answer questions related to the location of the object. The duration of the full task did not exceed five minutes in both experiments. The apparent low difficulty of the task may have been a key factor to explain our results, and we suggest that the time of the task should be a variable more investigate. Burke, Kandler and Good (2012) also found that, depending on the type of spatial task, there are no differences in performance between men and women. They argue that these results question the relevance of evolutionary theory that different pressures have selected different spatial abilities in both genders.
In addition, other factors may have contributed to the absence of significant differences both between men and women and between groups using elevator or stairs. According to Werner and Schindler (2004), people prefer environments that are orthogonal and aligned to points in space which they remember, even if they not clearly discriminated the type of plan they are in. Furthermore, such space configuration may play a key role in their ability to combine responses related to a behavioral-class of spatial knowledge effectively. The floors of the rectory building have orthogonal corners and the position in which participants were to perform the pointing task, as they reached the requested floor, left them aligned with the place where they initially were (downstairs) and that where they received the object (name tag/pen). Thus, we suggest that there were no significant differences because these variables were kept intact. That is, there were no misalignment in the participants position or changes in the building configurations, since the ground floor is very like the first floor.
Considering the answers presented in the questionnaire, the assessment of one’s own sense of direction, more men believed to have a good sense of direction, while more women considered to not have the same ability. It is also noteworthy that even those who reported having no good sense of direction were, in some cases, able to perform the task efficiently and vice versa. It was also found that more women reported feeling "very desperate" or "moderately desperate" when they perceive themselves lost in an unfamiliar place. On the other hand, most men reported feeling "moderately calm" in the same circumstance. These results corroborate the findings of Lawton (1994), as well as O'Laughlin and Brubaker’s (1998) and Gagnon and colleagues (2018), who found that more women than men report experiences of feeling or become lost.
Considering the important percentage of errors, a practical implication of these results is the help parents and teachers get, for example, to teach their children to pay more attention to the environment in which they move, not only to prevent them from getting lost, but also to teach them a repertoire that will help them to move through new paths independently and with less anxiety. In addition, the results emphasize the need for more studies to investigate which factors are responsible for orientation errors of a significant part of the population as this work was only the beginning of gradual modifications in the possible control variables of spatial behavior.

Conclusion
Despite the need to consider spatial orientation as a result of the co-action of different variables, it is common in our culture to attribute spatial orientation difficulties to the individual itself. By implication, it is usually assumed that spatial orientation skills are primarily determined by genetic variables, for instance. However, the variables that favor good spatial orientation are still not clear, and the overestimation of phylogenic causes may be obscuring the identification of ontogenetic influences on spatial orientation behavior. There are also works that uses resources as metaphors, mental images or maps, to deal with spatial orientation. Those resources are theoretical constructs commonly adopted for interpreting the appropriate performance of spatial orientation, but they are often taken as explanations (or even as causes) of spatial navigation behaviors. Since behavior is the only factual basis for inferring mental maps, for example, the ready acceptance of these constructs as explanatory is questionable.
Thus, studies that attempt to clarify the role of familiarity with the environment in spatial orientation and the necessary skills to come and go can contribute not only to the theoretical refinement of the subject, but also with useful information to remediate, rather than simply label, the unsuccessful performance of spatial orientation. Also, in the field of practical applications, this knowledge can be used in urban planning or large department stores, for example, positioning efficiently signposts, helping people with difficulties to guide themselves, as well as people who are visiting a certain environment for the first time to properly locate themselves in the space.
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Appendices
Questionnaire 
Dear participant, we would like you to answer the following questions (please do not enter your name):

1. Gender:           Male                Female
1. Age: _________ years old
1. Course (University graduation): ________________ 
Course year:___________
1. Where’s your course? __________________
1.        Left-handed          Right-handed
1. Do you think you have a good sense of direction?
1.          Yes                  No                     I don’t know
1.  Do you consider that your father has a good sense of direction? 
       Yes                  No                     I don’t know
1. Do you consider that your mother has a good sense of direction?
         Yes                 No                     I don’t know
1.  How often do you come to the rectory building?
 (
 
)         Never               Sometimes (How many?_______)              Daily
1. When you perceive yourself lost in one place, how do you feel? 
Desperate/afraid ----------------------------------------------  Calm
               1  --------  2  ----  3  ---  4  ----  5  ----  6  -------- 7
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