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Abstract
Attention plays a key role in memory processes and has been widely studied in various memory tasks. The role of attention in sex differences in object location memory is not clearly understood. In the present study, two experiments involving 186 participants and using an object array presented on paper were conducted to examine two encoding conditions: incidental and intentional. In each experiment, the participants were randomly assigned to divided vs. full attention conditions. In the first experiment, which involved incidental encoding, women outperformed men in memorizing location-exchanged objects in both the full and in the divided attention condition. In the second experiment, which involved intentional encoding, women outperformed men in memorizing location-exchanged objects in the full attention condition, but not the divided attention condition. These findings deepen our knowledge regarding the role of attention in object location memory, specifically in terms of the conditions under which females have an advantage for detecting changes in an array of objects. 
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Introduction
In cognitive psychology, memory and attention are two important functions that have traditionally been studied as separate processes. However, a growing body of literature has examined the interplay between these cognitive processes. This research has focused mainly on the role of attention in memory performance during various memory tasks (e.g., Mulligan, 1998). It has also been suggested that sex differences in memory performance may vary under different attention allocation conditions (Herlitz et al., 1997; Palmer, Brewer, & Horry, 2013; Secer & Yilmazogullari, 2016). Although women's superiority in object location memory performance has been established, the role of attention in the differences between the sexes in object location memory is not clearly understood.
Sex differences in object location memory   
Spatial ability is an everyday process, and it has been well established that it encompasses a range of abilities that can show sex differences (Iachini, Sergi, Ruggiero, & Gnisci, 2005). Men tend to outperform women on mental rotation and spatial navigation (e.g., Burton & Henninger, 2013), whereas women tend to outperform men on object location memory tasks (Eals & Silverman, 1994; Silverman & Eals, 1992). Empirical studies support the possible evolutionary bases of sex differences in spatial abilities (for a meta-analysis, see Voyer, Postma, Brake, & Imperato-McGinely, 2007). Silverman and Eals (1992) proposed an evolutionary approach based on the notions of sexual division of labor and sexual pressures differentially exerted upon males and females. With males engaged primarily in hunting and females in gathering, selection may have resulted in men and women showing differences in certain specific spatial abilities related to hunting and gathering. For males, competition for mating as well as hunting demanded traveling great distances, and therefore resulted in better navigating skills, whereas for females, protecting and feeding offspring demanded traveling only short distances and remembering locations where food could be located (De Goede & Postma, 2008).  
Women's advantage in object location memory has been replicated under various conditions (e.g., paper and pencil tests and actual setting; Hassan & Rahman, 2007). Nevertheless, some studies failed to confirm the female advantage (Choi & L’Hirondelle, 2005; Rahman, Bakare, & Serinsu, 2011). It has been proposed that the diversity in research findings may result from the different task components that were assessed, and the specific conditions under which the information was encoded and retrieved  (De Goede & Postma, 2008; Ecuyer-Dab & Robert, 2007). Researchers have explored the spatial and verbal components of object location memory. Some studies have demonstrated that men scored higher than women in recalling the distance between objects (Iachini et al., 2005), suggesting a male advantage for the purely spatial elements of the cognitive task. Other attempts to separate the verbal components of object location memory yielded inconsistent results. Some confirmed the female advantage even after reducing the verbalizability of the stimuli (Eals & Silverman, 1994), whereas others failed to support it (Choi & L’Hirondelle, 2005; Rahman et al., 2011). Studies manipulating object type also yield also inconsistent results. In Voyer et al. ' (2007), meta-analysis of studies with object type as the variable produced the between-group heterogeneity showing, for example, that for geometric objects, women outperformed men, and that, for masculine objects, men outperformed women, whereas for feminine objects there were no sex differences (although only two effect sizes fell in this category). Furthermore, studies differed also in another task characteristics,s concerns the recognition of location-exchanged (the number of correct detection of objects exchanging locations) and location-maintained (the number of correct detection of objects maintaining locations) objects. Honda and Nihei (2009) and Barel (2016) shown that the female advantage was observed only in memorizing location-exchanged objects.
The role of attention in sex differences in object location memory   
Attention - an active process of selecting and obtaining information - plays a key role in memory. Attentional resources are essential for encoding and retrieving information effectively (Craik, 1983). Attention allocation during encoding is examined in object location memory through incidental and intentional learning conditions for common objects and through incidental learning for uncommon objects (Eals & Silverman, 1994). While in intentional encoding conditions, participants are aware of the requirement of subsequent retrieval via  explicit instruction, in incidental encoding conditions, participants are shown with a stimuli array without their awareness of the subsequent retrieval phase. Findings suggest a female advantage in location memory under incidental conditions, when encoding is unconscious (Eals & Silverman, 1994; McGivern et al., 1998). This advantage represents an adaptive mechanism that is crucial for successful foraging and for protecting offspring (De Goede & Postma, 2008). Selective pressures may have acted not only on location memory but on attentional and perceptual patterns in that males and females may differ in the form and amount of attention they pay to stimuli in their environment (Eals & Silverman, 1994). 
Other attention allocation tasks involve divided versus selective attention. In divided attention tasks, participants are required to respond to both target and distractor stimuli; in selective attention tasks, participants are required to direct their attention to the target stimulus only (Ballesteros & Mayas, 2015). Given that attention is central to human performance, the use of various types of attention paradigms are widely used in cognitive research. For example, Odegaard, Wozny, and Shams (2016) examined the role of attention in sensory precision and integration, for with two modalities,: auditory and visual, in two domains,: a spatial task and a temporal numerosity judgement tasks. The authors found, among others, that in the spatial task, selective attention improveds precision of the visual sensory representations, but not for of the auditory sensory representations, whereas in the temporal task an improvement in sensory precision was shown in both modalities. The authors suggested that participants benefited from signal reliable for the task, but when the signal wais poor it did not benefit from attention. Studies addressing memory usually have demonstrated that in various memory tasks, divided attention during incidental or intentional encoding reduces performance (e.g., Ballesteros & Mayas, 2015; Mulligan, 1998). However, lately it has been suggested that under specific conditions, divided attention may facilitate memory performance. For example, Nussenbaum, Amso, and Markant (2017) have shown that increasing the number of distractors in a divided attention condition did not impair memory for target content. Moreover, when distractors contained information conflicting with the target, increasing the numbers of distractors benefitted memory. That is, the influence pattern of attention allocation on memory performance is not unified, but rather influenced affected by the nature of the distractors, including the modality of the distractor and the target, number and content relatedness of the distractor to the target.    	Comment by Editor: This sentence is not clear. I looked at the abstract of the paper and think it is relating to " a sensory modality must possess a certain inherent degree of encoding precision in order to benefit from selective attention," and to the noise vs precision of the representation but I am not sure. 
	Comment by Editor: what does "it" refer to?
Studies exploring sex differences in various memory tasks under conditions of full and divided attention have produced mixed results. Although women outperformed men in some memory tasks (verbal memory, face recognition; Secer & Yilmazogullari, 2016), the role of attention in this difference has not been fully proven (Herlitz et al., 1997; Palmer et al., 2013; Secer & Yilmazogullari, 2016). One study directly addressed the role of attention in sex differences in object location memory (Barel, 2016). Two experiments were conducted using an actual object array, the first with incidental encoding and the second with intentional encoding. In both experiments, participants were randomly assigned to one of two attention conditions: divided vs. full attention. In both experiments (incidental and intentional encoding), women outperformed men in memorizing location-exchanged objects in the full attention condition but not the divided attention condition. The author proposed that the absence of an effect under divided attention conditions may be due to the nature of the distraction task. Previous studies of various memory tasks used various distraction tasks in the divided attention conditions (e.g., card sorting, tone pitch detection; Herlitz et al., 1997; Palmer et al., 2013; Secer & Yilmazogullari, 2016), whereas this study used an arithmetic task as a distractor. It has been proposed that the fact that both the memory and the distraction task included a verbal component placed a competitive demand on resources. The distraction task, which had more noticeable features, diluted the attentional resources allocated for the memory task. This suggestion was strengthened by the poor performance of both men and women under the divided attention condition.
 The present experiments   
The role of attentional resources in explaining sex differences in object location memory is not yet fully understood. An evolutionary approach regarding labor division suggests that in women, global perception has been selected to allow them to simultaneously orchestrate the tasks of foraging and protecting offspring (Eals & Silverman, 1994; McGivern et al., 1998). Because attentional resources are crucial for memory tasks, the present study explored sex differences in two experiments: the first includes an object location memory task with incidental encoding under one of two conditions: divided or full attention; the second resembles the first, except that all participants engaged in intentional encoding. To the best of my knowledge, only one previous study has addressed the role of attention in sex differences in object location memory (Barel, 2016). The present study differs from the former in several respects. : Ffirst, the nature of the distraction task selected;  in both studies was differentt. The present study used a tone pitch discrimination as a distractor whereas the previous study used an arithmetic task (Barel, 2016). It was assumed that the distraction task used in the present study would not dilute the participants' attentional resources given the nonverbal nature of the task. Second, the nature of the stmuli array;. tThe present study used a paper and pencil task based on those used in the Eals and Silverman (1994) study, whereas the previous study used an actual array. All other study features resembled the previous study, including following Honda and Nihei’s (2009) and James and Kimura’s (1997) suggestion regarding the female advantage for location-exchanged as opposed to location-maintained objects, in order to uncover reveal the conditions under under which the female advantage prevails. Furthermore, the present study resembles the previous one in that it followed Honda and Nihei’s (2009) and James and Kimura’s (1997) suggestion regarding the female advantage for location-exchanged as opposed to location-maintained objects to shed light on the conditions under which the female advantage occurs.   	Comment by Editor: Does the paper only have one author? If not , it shoud be "To the best of our knowledge". In general, the first person singular is not used in research papers.

Experiment 1
In the first experiment, sex differences in object location memory were tested under the conditions of incidental encoding and both full and divided attention.
Method
Participants
Ninety-six students from a college in the north of Israel (mean age 23.5 ± 3.22 yrs) participated in the study. Forty-eight of the participants were female (mean age 23.15 ± 3.0 yrs), and 48 were male (mean age 23.85 ± 3.41 yrs). The participants were recruited through advertisements at the college and received course credit for their participation. The participants were randomly and equally assigned to one of two conditions (full vs. divided attention). 

Materials and Procedure
The study included 25 black-and-white drawing of objects in a stimulus array based on those used in the Eals and Silverman (1994) study. The stimuli were presented on size A4 white paper (See Fig. 1). In the full attention condition, the participants were asked to give a price tag for each object in writing on the paper within a time limit of 2 minutes. They were told that if they are unable to estimate the price, they should guess (Gallagher, Neave, Hamilton, & Gray, 2006). Immediately afterward, the participants were shown another array in which 14 of the objects were in different locations and were given 60 seconds to mark the unchanged objects and circle the ones whose position had changed (sSee Fig. 2). In the divided attention condition, the participants were instructed to complete both the pricing task and a distraction task in a time limit of 2 minutes. In the distraction task, a pre-recorded soundtrack of piano tones randomized for pitch (low or high) in intervals of 2 or 3 s was presented (Palmer et al., 2013). The participants were asked to indicate the low-pitched tone by raising their left hand and the high-pitched tone by raising their right hand. Following this task, they were shown the next stimulus array as in the full attention condition. A manipulation check indicated that the participants were not suspicious about the purpose of the experiment. 
Figure 1 about here
Figure 2 about here
Results
Sex differences in the distraction task
	An independent sample t-test was conducted, with sex as the independent variable and the tone discrimination score (a correct answer received a score of 1, and all scores were totaled) as the dependent variable. No sex difference was found [t (46) = 1.41, p = .166].

Sex differences in object location memory: Total score
Two-way analysis of variance was conducted with condition (full attention, divided attention) and sex (male, female) as independent variables for the total object location memory score (comprising the total number of correctly detected location-maintained and location-exchanged objects) in the incidental encoding condition. No significant main effect for condition was found [F (1, 92) = .08, p = .781; 2p = .00]. A significant main effect for sex was found [F (1, 92) = 4.79, p < .05; 2p = .05], with women scoring higher than men. No significant interaction between condition and sex was found [F (1, 92) = .08, p = .781; 2p = .00].
Sex differences in object location memory: Maintained and exchanged objects
Two-way analysis of variance was conducted with condition (full attention, divided attention) and sex (male, female) as independent variables for the location-maintained objects. No significant main effect was found for condition [F (1, 2) = 1.68, p = .198; 2p = .02], sex [F (1, 92) =.02, p = .897; 2p = .00], or the interaction between condition and sex [F (1, 92) = .00, p = 1.00; 2p = .00]. 
Two-way analysis of variance was also conducted with condition (full attention, divided attention) and sex (male, female) as independent variables for location-exchanged objects. No significant main effect for condition was found [F (1, 92) = 1.76, p = .188; 2p = .02]. A significant main effect was found for sex [F (1, 92) = 7.83, p < .01; 2p = .08], with women scoring higher than men. There was no significant interaction between condition and sex [F (1, 92) =.12, p = .732; 2p = .00]. See Fig. 3. 
Figure 3 about here
Discussion 
	In the case of incidental encoding, sex differences were found in object location memory under both the full and divided attention conditions, with women outperforming men in memorizing location-exchanged objects. Regarding the full attention condition, the present findings support previous studies showing a female advantage in object location memory in cases of incidental encoding (Eals & Silverman, 1994; McGivern et al., 1998). However, not all studies have demonstrated this advantage (De Goede & Postma, 2008). Furthermore, the female advantage also occurred under the divided attention condition. In this study, women retained memory performance even when performing a parallel task that was presumed to compete for attentional resources. The current results contradict previous attempt to establish female superiority in object location memory under divided attention condition (Barel, 2016). However, the current study differs from the previous one in two ways: first, the presentation of physical object array vs. an array presented on paper, and second, the use of an arithmetic task vs. tone discrimination as a distraction task in the former vs. the present study, respectively. The author suggested that the lack of a sex difference in object location memory performance under the divided attention condition may be explained by the nature of the distraction task. The explicit distraction task appeared to consume almost all available attention resources, preventing the encoding of other objects. The verbal requirement of both the memory task and the distraction task might have resulted in competition for resources, and the distraction task, which had more noticeable features, diluted the attentional resources allocated for the memory task. The poor performance of both men and women under this condition supports this assertion. That is, although the memory task and the distraction task were based on different sensory modalities (visual and auditory, respectively), they shared a verbal characteristic and hence, competed for precedence of processing. The present study adopted the different modalities paradigm using a visual array memory task combined with an auditory distraction task, but it eliminated the shared verbal component by using a tone discrimination task that did not require a verbal response. PThe performance of in all four groups was relatively high, indicating that the participants were able to allocate attentional resources for both tasks, and that the distraction task did not dilute the attentional resources. This finding joins supports the previous suggestion that under specific conditions, divided attention may facilitate memory performance (Nussenbaum et al., 2017).  Nevertheless, the women outperformed men under both attention conditions, adding support to the theory that women develop greater environmental awareness than men (Eals & Silverman, 1994; McGivern et al., 1998).
	 The second experiment was designed to further explore whether sex differences are also present under conditions of divided and full attention with intentional encoding. 
Experiment 2
 In the second experiment, sex differences in object location memory were tested under conditions of intentional encoding and both full and divided attention.
Method
Participants
Ninety students from a college in the north of Israel (mean age 23.48 ± 5.04 yrs) participated in the study. Forty-nine of the participants were female (mean age 22.26 ± 4.69 yrs), and 41 were male (mean age 24.94 ± 5.09 yrs). 
The participants were recruited through advertisements at the college and received course credit for their participation. They were randomly assigned to one of two conditions: 25 females and 21 males were assigned to the full attention condition, and 24 females and 20 males were assigned to the divided attention condition.
Materials and Procedure
The design and all the materials were identical to those used in experiment 1, except that experiment 2 used intentional encoding. The participants were given two minutes to "try to memorize as many objects in the array as possible and their approximate locations" (Eals & Silvermn, p. 100, 1994). 
Results
Sex differences in the distraction task
	Independent sample t-tests was conducted with sex as the independent variable and the tone discrimination task score (a correct answer received a score of 1, and all scores were totaled) as the dependent variable. No sex difference was found [t (41) = .92, p = .362].

Sex differences in object location memory: Total score
Two-way analysis of variance was conducted with condition (full attention, divided attention) and sex (male, female) as independent variables for the total object location memory score (comprising the total number of correctly detected location-maintained and location-exchanged objects). A significant main effect for condition was found [F (1, 86) = 8.62, p < .01; 2p = .09]. The participants in the full attention condition scored higher than those in the divided attention condition. No significant main effect was found for sex [F (1, 86) = 3.00, p = .087; 2p = .03]. There was a significant interaction between condition and sex [F (1, 86) = 5.29, p < .05; 2p = .06]: women scored higher than men in the full attention condition (p < .01), but no sex difference was found in the divided attention condition (p = .719). 
Sex differences in object location memory: Maintained and exchanged objects
Two-way analysis of variance was conducted with condition (full attention, divided attention) and sex (male, female) as independent variables for location-maintained objects. No significant main effect was found for condition [F (1, 86) = .13, p = .719; 2p = .02], sex [F (1, 86) = 3.07, p = .083; 2p = .03], or the interaction between condition and sex [F (1, 86) = 2.17, p = .144; 2p = .03].
Two-way analysis of variance was also conducted with condition (full attention, divided attention) and sex (male, female) as independent variables for location-exchanged objects. A significant main effect for condition was found [F (1, 86) = 13.53, p < .001; 2p = .14]: the participants in the full attention condition scored higher than those in the divided attention condition. No significant main effect was found for sex [F (1, 86) = 1.63, p = .205 2p = .02]. There was a significant interaction between condition and sex [F (1, 86) = 4.80, p < .05; 2p = .05]: women scored higher than men in the full attention condition (p < .01), but no sex difference was found for the divided attention condition (p = .584). See Fig. 4. 
Figure 4 about here
Discussion
	In the case of intentional encoding, sex differences were found for object location memory in the full attention condition, with women outperforming men for memorizing location-exchanged objects. In the divided attention condition, however, no sex differences were found. The present study confirms previous findings showing a female advantage for object location memory under intentional encoding conditions in various experimental designs (e.g., Silverman & Eals, 1992). Furthermore, the present findings support a previous study showing that in the intentional encoding of an actual object array, women excelled under a full attention condition, whereas the sex differences under the divided attention condition did not reach significance (Barel, 2016). In the present study, a paper and pencil paradigm was used with a tone discrimination task in the divided attention condition. The participants scored relatively high under both conditions, suggesting that the distraction task did not severely dilute attentional resources. Silverman and Eals (1992) suggested that women use a different memory strategy when they are explicitly required to memorize the locations of stimuli, and that strategy conflicts with spontaneously attending to surrounding elements, thus diminishing the female advantage. Empirical studies have provided mixed results regarding this assertion when only a full attention condition was used (e.g., Janowsky, Chavez, Zamboni, & Orwoll, 1998). The present findings suggest that under certain conditions (divided attention), the female superiority is indeed diminished, perhaps due to the use of a different memory strategy than the one women use under incidental conditions.

General Discussion
The present study aimed to uncover the conditions under which the female advantage in object location memory prevails, exploring the role of attentional resource allocation in the memory process. In incidental encoding, women outperformed men under both full and divided attention conditions. The effect size for sex differences in the full condition (Cohen's d = .61) was higher compared thanwith the mean effect size reported in Voyer's et al. (2007) meta-analysis (Cohen's d =.26) but lower compared than that reported by otherswith other publications (e.g., Cohen's d = 1.25; Hassan & Rahman, 2007).  However, in the intentional encoding task, women outperformed men under the full attention condition only. Again, the effect size for sex differences in the full condition (Cohen's d = .88) was higher compared withthan the mean effect size reported in Voyer's et al. (2007) meta-analysis (Cohen's d =.29) but lower compared withthan that reported by others publications (e.g., Cohen's d = 1.43; Silverman & Eals, 1992). The variance in effect sizes may be due to different task characteristics (e.g., the nature of instructions, time limit, etc.). The present study adds to previous findings showing the female advantage under conditions of incidental encoding (e.g., Eals & Silverman, 1994). The authors have raised the possibility that selective pressures that have resulted in better object location memory in women may also have influenced their attentional style, thus allowing women to unconsciously record features of their environment and later are retrieve their representation. The present study demonstrates that even under distraction condition the female advantage is apparent. Moreover, the present study shows that women still excel when given explicit instructions to memorize objects; however, the female advantage disappears in the presence of a distractor. Ecuyer-Dab and Robert (2007) suggest that women might employ different strategies for incidental and intentional encoding. While under incidental encoding conditions, women spontaneously encode the surrounding elements, under intentional encoding with explicit instructions to memorize objects, women use an alternative strategy. Whereas in men, Ecuyer-Dab and Robert suggested the existence of a facilitating (attention focusing) mechanism. De Goede and Postma (2008) have suggested that the controversies in research findings may be due to processing differences under various encoding conditions. While some aspects of object location memory can profit from automatic encoding, other aspects profit from elaborative encoding. Spatial information and word meaning Among are two the aspects of events encoded automatically into memory are spatial information and word meaning. Such encoding ensures the remembering of some components of internal and external events (Hasher & Zacks, 1979). It is suggested that women benefit from automatic encoding as it allows them to successfully accomplish multiple tasks related to foraging and offspring protection. Under conditions with direct encoding requirements, a different strategy is needed, and while women preserve their superiority to men under full attention conditions, under conditions of divided attention, this alternative strategy does not provide a benefit.
The present findings add to previous suggestions regarding the female superiority in memory tasks other than object location memory. Previous studies have used various distraction tasks in the divided attention condition: card sorting, tone pitch detection, and arithmetic tasks (Herlitz et al., 1997; Palmer et al., 2013; Secer & Yilmazogullari, 2016). In the present study, a tone discrimination task was used as a distractor. When the performance of men and women in the present study was compared with the performance in the previous study (Barel, 2016) to unravel the role of attention in sex differences in object location memory, the scores from the present study were relatively high, even for incidental encoding and under divided attention conditions. The previous study used an actual array and an arithmetic task as a the distraction task, and both women and men demonstrated poor performance under divided attention conditions. It is possible that the verbal requirement of both the memory and the distraction task placed a competitive demand on resources, and the distraction task, which had more noticeable features, diluted the attentional resources allocated for the memory task. In the present study, the distraction task did not involve a verbal component and thus did not markedly divert attentional resources from the memory task. These findings may imply that the distraction task did not place severe demands on valuable attentional resources needed for the memory task. The relatively high performance of the participants under divided conditions in the present study may be explained by the embedded-processes model (Cowan, 1999). According to this model, auditory distractors may divert attentional resources away from the memory processes needed for the visual stimuli. However, there will be less interference in the memory process with repeated stimuli presentation than with changing-state sequences. Therefore, habituation serves as attentional filter (Röer, Bell, Dentale, & Buchner, 2011). In the present study, the use of two-tone discrimination may have resulted in some level of habituation, leading to a relatively smaller interference in memory performance. Future studies should examine the role of auditory distraction under various levels of potential habituation to the distractor.
	
The present study replicated Honda and Nihei’s (2009) results showing sex differences for location-exchanged objects but not for unchanged objects and extends their results to both incidental and intentional learning and divided attention in incidental encoding.  These findings fine-tune the conditions under which the female advantage occurs. Men and women did not differ in their ability to recognize unchanged objects. The sex differences that were reported in previous studies by summing the number of correct locations for maintained and exchanged objects (e.g., Silverman & Eals, 1992) may be the result of sex differences in the identification of location-exchanged objects only, as was the case in the present study. Honda and Nihei have suggested that the female advantage manifests only for exchanged objects because this ability has been selected along with other traits fundamentally related to maternal behavior that have contributed to the ability to detect the signals of altricial offspring (McGivern et al., 1998).
The present study has some limitations. First, the present study focused on full vs. divided attention conditions. While under the full attention condition participants are requested to attend to the entireall the information presented, under selective and divided attention memory is impaired by the requirement to direct attention to some stimuli by ignoring others (selective attention) or by multitasking (divided attention; Moen, Miller, & Lloyd, 2017). Since the object location memory literature regarding manipulations of attention conditions in the realm of full vs. divided or selective attention is scarce, the present study maintained the accustomed full attention condition and explored the differences in performance as opposedcompared to that to performance under the divided attention condition. Future studies should include the selective attention condition when exploringe the conditions under which the female advantage in location memory prevails including selective attention condition. Second, previous studies examined the role of retention interval in explaining controversial results in studies examining sex differences in object location memory. The premise laid underunderlying the search of female superiority under various retention intervals relates to the hunter-gatherer theory suggesting which suggests that successful gathering also depends also on finding and detecting food spots in subsequent growing seasons (Honda & Nihei, 2009). In the present study participants performed the memory test immediately following the exposure phase in order to avoid additional load on participants in the divided attention condition. Future studies should manipulate the retention interval to magnify the ecological validity of the test. Third, a word of caution is in order, given the variability in of results in previous findings. One should bear in mind other influential variables regarding differences in location memory performance such as: participants age (Voyer et al., 2007), intellectual factors (Hassan & Rahman, 2007), or perceived stereotypes (Gallagher et al., 2006). Fourth, the participants in the present study included were students participants. Future studies should broaden the sampling frame in order to elevate improve the external validity of the findings. Fifth, the attention manipulation in the incidental experiment was ineffective. Although former suggestions imply that attention is more imperative in intentional encoding, especially for meaningful objects (Mack & Rock, 1998), perhaps the use of the tone discrimination, which does not require highly valuable attention resources, as a the distraction, which did not require highly valuable attention resources was the cause for of the ineffective attention manipulation, given the relatively high scores of participants across all conditions. 
    
Conclusion
A variety of evidence from various paradigms suggests female superiority in object location memory. In the present study, women also exceled also under a divided attention condition in incidental learning. Based on based on the evolutionary approach, it is assumed that selective pressures have affected women’s learning, attentionnal, and perceptual abilities, resulting in superior strategies for both the conscious and unconscious processing of their surroundings. In the present study women was were successful at encoding information inattentively even while engaging with another task, suggesting that women possess processing strategies that have been selected to benefit their ability to orchestrate the simultaneous tasks of foraging and protecting offspring (Eals & Silverman, 1994; McGivern et al., 1998).  

References
Ballesteros, S., & Mayas, J. (2015). Selective attention affects conceptual object priming and	recognition: A study with young and older adults. Frontiers in Psychology, 5, article 1567.
Barel, E. (2016). The role of attentional resources in explaining sex differences in 	object 	location memory. International Journal of Psychology.
Burton, L.A., Henninger, D. (2013). Sex differences in relationships between verbal 	fluency and personality. Current Psychology, 32, 168-174.
Choi, J., & L’Hirondelle, N. (2005). Object location memory: A direct test of the verbal	
memory hypothesis. Learning and Individual Differences, 15, 237–245.
Cowan, N. (1999). An embedded-processes model of working memory. In A. Miyake & P.	 Shah (Eds.), Models of working memory: Mechanisms of active maintenance and 	executive control (pp. 62–101). New York: Cambridge University Press.
Craik, F. I. M. (1983). On the transfer of information from temporary to permanent memory. Philosophical Transactions of the Royal Society of London, Series B, 302, 341–359. 
De Goede, M., & Postma, A. (2008). Gender differences in memory for objects and their locations: A study on automatic versus controlled encoding and retrieval contexts. Brain & Cognition, 66, 232-242.
Eals, M., & Silverman, I. (1994). The Hunter-Gatherer theory of spatial sex differences: Proximate factors mediating the female advantage in recall of object arrays. Ethology & Sociobiology, 15, 95-105.
Ecuyer-Dab, I., & Robert, M. (2007). The female advantage in object location memory	 according to the foraging hypothesis: A critical analysis. Human Nature, 18, 365-385.
Fernandes, M. A., & Moscovitch, M. (2000). Divided attention and memory: Evidence of		 substantial interference effects at retrieval and encoding. Journal of Experimental 	Psychology: General, 129, 155–176.
Gallagher, P., Neave, N., Hamilton, C., & Gray, J. M. (2006). Sex differences in object location memory: Some further methodological considerations. Learning and Individual Differences, 16, 27-290.
Hasher, L. & Zacks, T. T. (1979). Automatic and effortful processes in memory. Journal of 	Experimental Psychology: General, 108, 356-388. 
Hassan, B., & Rahman, Q. (2007). Selective sexual orientation-related differences in object location memory. Behavioral Neuroscience, 121, 625-633.
Herlitz, A., Nilsson, L., & Backman, L. (1997). Gender differences in episodic memory. Memory and Cognition, 25, 801–811.
Honda, A., & Nihei, Y. (2009). Sex differences in object location memory: The female advantage of immediate detection of changes. Learning and Individual Differences, 19, 234-237.
Iachini, T., Sergi, I., Ruggiero, G., & Gnisci, A. (2005). Gender differences in object location	 memory in a real three-dimensional environment. Brain and Cognition, 59, 52-59. 
James, T. W., & Kimura, D. (1997). Sex differences in remembering the locations of objects	in an array: Location-shifts versus location exchanges. Evolution and Human 	Behavior, 18, 155–163.
Janowsky, J. S., Chavez, B., Zamboni, B. D., & Orwoll, E. (1998). The cognitive 	neuropsychology of sex hormones in men and women. Developmental 	Neuropsychology, 14, 421–440.
Mack, A. & Rock, I. (1998). Inattentional blindness. New York: Oxford University Press.
McGivern, R. F., Mutter, K. L., Anderson, J., Wideman, G., Bodnar, M., & Huston, P. J.		 (1998). Gender differences in incidental learning and visual recognition memory: 	Support for a sex difference in unconscious environmental awareness. Personality 	and Individual Differences, 25, 223–232.
Moen, K. C., Miller, J. K., & Lloyd, M E. (2017). Selective attention meets spontaneous 	recognition memory: Evidence for effects at retrieval. Consciousness and Cognition,	49, 181-189.
Mulligan, N. W. (1998). The role of attention during coding on implicit and explicit memory. 	Journal of Experimental Psychology – Learning, Memory, & Cognition, 24, 27–47.
Nussenbaum, K., Amso, D., & Markant, J. (2017). When increasing distraction help leaning:	 Distractors number and content interact in their effects on memory. Attention, 	Perception, & Psychophysics, 79, 2606-2619.
Odegaard, B., Wozny, D. R., & Shams, L. (2016). The effects of selective and divided 	attention on sensory precision and integration. Neuroscience Letters, 614, 24-28.
Palmer, M. A., Brewer, A., & Horry, R. (2013). Understanding gender bias in face 	recognition: Effects of divided attention at encoding. Acta Psychologica, 142, 362–	369.
Rahman, Q., Bakare, M., & Serinsu, C. (2011). No sex differences in spatial location 		 memory for abstract designs. Brain & Cognition, 76, 15-19.
Röer, J. P., Bell, R., Dentale, S. & Buchner, A. (2011).The role of habituation and 	attentional orienting in the disruption of short-term memory performance. Memory &	 Cognition, 39, 839-850.
Secer, I., & Yilmazogullari, Y. (2016). Are attentional resources a mediator for sex 	differences in memory? International Journal of Psychology, 51, 117-122.
Silverman, I., & Eals, M. (1992). Sex differences in spatial abilities: Evolutionary theory and	 data. In L. Cosmides & J. Tooby (Eds.), The adapted mind: Evolutionary psychology 	and the generation of culture (pp. 19 –136). New York: Oxford University Press.
Voyer, D., Postma, A., Brake, B., & Imperato-McGinley, J. (2007). Gender differences in		 object location memory: A meta-analysis. Psychonomic Bulletin & Review, 14, 23-	38.

 
[image: ]
Fig. 1. The stimulus array for Experiment 1 and 2. 
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Fig. 2. The stimulus array with items moved  for Experiment 1 and 2. 






Fig. 3. Mean number of correctly detected location-exchanged objects with incidental encoding as a function of sex and attention condition. Error bars are standard errors of the mean (SEM).
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