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Abstract:
Objective: To investigate sex-specific effects in self-reported auditory abilities using an adapted version of the Speech, Spatial and Qualities (SSQ) questionnaire. Design: Three mixed-model analyses of variance were performed, one for each questionnaire section, using rationalized arcsine unit-transformed scores. Study Sample: 51 females and 39 males with normal or near-normal hearing. Results: Females gave significantly higher (better) scores for: (i) four speech questions, indicating less difficulty following two targets or a conversation when many people are talking, and conversing while ignoring an interfering voice with the same pitch as the talker, (ii) seven qualities questions, indicating less difficulty hearing sounds clearly, or stimuli sounding natural, judging mood, and finding it less effortful to concentrate when listening to or ignoring sounds. For both groups, scores were lowest for situations involving following two targets, judging distances, ignoring competing sounds and concentrating. Conclusions: While the observed female advantage for several speech and qualities questions is consistent with performance-based findings in the literature, the lack of male advantage for spatial questions is not. Results show a previously unreported advantage for females in situations involving concentration and listening effort, with implications for educational settings, where male students might benefit from lip-reading in noisy environments.
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Introduction
Sex-specific differences have been demonstrated in brain anatomy, chemistry and function (Cahill, 2006). Females generate stronger and more numerous otoacoustic emissions (sounds generated by the cochlear amplifier in the inner ear) than males (McFadden, 2000). Males show an advantage for interaural level discrimination (Wright and Dai, 2022), and detecting attended auditory oddballs originating from two possible loudspeaker locations (Simon-Dack et al., 2009). Boucher and Bryden (1997) tested non-musicians in melody and timbre tasks, where participants either listened for a target melody, or a target instrument. Females showed greater accuracy for the left ear when listening for a target melody, but no other significant ear differences were observed. Females show an advantage for verbal fluency (Scheuringer et al., 2017), and are generally more accurate than males at decoding nonverbal auditory cues, such as recognizing emotions (Hall, 1978). Füllgrabe et al. (2023) showed that females on average performed worse for envelope regularity discrimination than males. Sex differences in the auditory system were reviewed by McFadden (2014). However, the overall range of auditory abilities tested for possible sex differences to date is limited.
	Lewald (2004) investigated the ability to point to the elevation of sound sources presented to one ear only (the other ear being plugged). Males showed significantly greater precision than females for sounds presented to the right ear, but not for sounds presented to the left ear, an effect that was attributed to sex differences in the functional organization of the left hemisphere in the processing of monaural information. Schiff and Oldak (1990) reported that for a time of arrival estimation task, females under-estimated the time compared to males. Neuhoff et al. (2009) showed that females perceived looming sounds as closer than did males. Sex-specific differences were limited to spatial estimates for approaching sounds only, suggesting that females were more influenced by the possible threat of approaching sounds. A bias to perceive sounds as arriving early allows for preparatory actions, and Neuhoff et al. (2009) proposed that sex-specific differences in looming perception might have an evolutionary basis as a consequence of the different psychological and physiological mechanisms evolved by the sexes to aid survival. Zündorf et al. (2011) showed that males performed better than females in localizing a specific sound in the presence of multiple sound sources, a finding also reported by Lewald and Hausmann (2013), who suggested that there might be a general advantage for males for tasks involving auditory spatial attention.
As laboratory-based studies generally involve controlled and often rather artificial environments, it has been suggested that sex-specific effects may be more prominent in more realistic environments such as educational settings, where differences in listening abilities may affect learning (Sax, 2010). However, it is difficult to simulate realistic environments in the laboratory. One way of investigating sex differences in listening abilities in realistic environments is by self-report using structured questionnaires. Moulin and Richard (2016) investigated factors influencing scores for the Speech, Spatial, and Qualities of Hearing Scale, or SSQ (Gatehouse and Noble, 2004) using multiple-regression analysis with sex as a factor. The SSQ is divided into three sections: (i) the speech section assesses the ease of following speech in various listening situations, (ii) the spatial section assesses the ability to localize sound in azimuth, elevation and distance in a range of situations, (iii) the qualities section assesses the experiences of sound quality, such as being able to distinguish between multiple sound sources or how much effort is needed to hear sounds. The SSQ has been widely used to assess effects of age on auditory abilities in normally hearing people (Banh et al., 2012), and auditory abilities for people with hearing impairment (Gatehouse and Noble, 2004; Noble and Gatehouse, 2004). Moulin and Richard (2016) reported that spatial SSQ scores tended to be lower for females than for males, and speech scores tended to be higher for females than for males. The authors suggested that females might have more difficulty with spatial questions due to sex-specific differences in visuospatial ability (Voyer et al., 1995), since some of the questions in the SSQ have visual components. To reduce the influence of visual abilities, the present study assessed sex-specific effects in self-reported auditory abilities using a modified version of the SSQ, the SSQvi (Kolarik et al., 2017), where vi refers to visual impairment; the changes were intended to allow the questionnaire to be administered to individuals with vision loss. The questions are listed in Supplementary Materials S1.
A potential problem with self-report measures, including the SSQvi, is that results are influenced both by the actual difficulty experienced in a given listening situation and by the subjective self-reported assessment of the difficulty. It is possible that males and females differ in the latter. For example, for a fixed level of difficulty (as might be measured in a performance-related task), the overall difficulty might be judged as being greater by males than by females. If so, this would lead to systematically lower scores on the SSQvi for males than for females, even if the auditory abilities of males and females were identical. Hence, in the present study, we focused on whether the pattern of any sex differences differed across listening situations, i.e. across sections and questions in the SSQvi. Some of the SSQvi questions involve hearing situations that have not previously been investigated in laboratory studies of effects of sex, such as situations involving perceived effort and concentration, or having a conversation in a reverberant environment. Confidence that sex differences in SSQvi scores do not simply reflect overall differences in the appraisal of listening difficulty would be strengthened if the pattern of the results were consistent with predictions based on laboratory studies. Based on previous work, it was hypothesized that where significant sex effects were observed, females would give higher scores (better performance) for speech questions (Scheuringer et al., 2017) and qualities questions (Hall, 1978), while males would give higher scores for spatial questions (Lewald, 2004; Neuhoff et al., 2009; Schiff and Oldak, 1990).

Materials and Methods
Participants 
Ninety participants, 51 females and 39 males, recruited in Cambridge by Anglia Ruskin University and Cambridge University through advertisement, completed the SSQvi (females, mean age = 34.6 years, 20-81 years, mean years of education completed = 16.8 years; males, mean age = 32.5 years, 19-75 years, mean years of education completed = 16.0 years), and all reported normal or corrected-to-normal vision. Audiograms were acquired using the procedures recommended by the British Society of Audiology (2011) and used to calculate the pure-tone-average (PTA) hearing thresholds over the range 0.5-8 kHz. All participants had normal hearing (PTA ≤25 dB HL) or mild hearing loss (PTA 25–40 dB) for both ears, and better-ear PTA ≤25 dB HL, similar to Kolarik et al. (2017). Every participant reported learning English before five years of age. Informed written consent was obtained for every participant, in line with the Declaration of Helsinki. Ethics approval was given by the Anglia Ruskin Ethics Panel (approval number: FST/FREP/13/403).

Data collection
The SSQvi was adapted from the original SSQ with minor modifications to a subset of questions so as to remove visual aspects, making the SSQvi applicable to participants with vision loss as well as normally sighted participants (Kolarik et al., 2017). The SSQvi consists of 47 questions, 13 related to speech, 17 to spatial hearing, and 17 to the qualities of sound. For nine questions mentioning the visibility of sound sources, text was removed relating to this aspect. Examples are: SSQ speech Q3: “You are in a group of about five people, sitting round a table. It is an otherwise quiet place. You can see everyone else in the group. Can you follow the conversation?” was changed to SSQvi Q3 “You are in a group of about five people, sitting round a table. It is an otherwise quiet place. Can you follow the conversation?” SSQ Speech Q6 was removed since it matched Q4 except for specifying that visual information was available. SSQ Qualities Q6 referred to driving and was thus removed, and SSQ qualities Q7 was removed since it specified that the participant was in a car. SSQ qualities Q15 was removed since it referred to turning off a hearing aid/cochlear implant. To avoid overlap of question numbers between categories, the Spatial and Qualities questions were renumbered, so question numbers ranged from 1 to 47. To avoid a visual response scale being used, participants were instructed to provide a verbal or written rating between 0 and 10 for each question, where a score of ten represented a perfect ability to do or experience what was described in a certain situation, and a score of zero indicated that the participant was not at all able to do or experience what was described. All participants provided a score for all questions.
Data were collected either by self-administration or by interview. For both groups, 34% of the participants were tested using self-administration. Scores were not significantly affected by the method of administration (p>0.05). 

Statistical analyses
Between-subjects t-tests were performed to compare male and female groups for age and years of education completed. Three mixed-model analyses of variance (ANOVAs) were performed, one for each SSQvi section (speech, spatial and qualities), using rationalized arcsine unit (RAU)-transformed scores (Studebaker, 1985). SSQvi scores were converted to proportions before RAU transformation. For each ANOVA, item number was a within-subjects factor (thirteen levels for the speech section, and seventeen for each of the spatial and qualities sections), and sex was a between-subjects factor. Where sphericity was violated, the Greenhouse-Geisser procedure was utilized to correct the degrees of freedom. The level of significance was chosen as p < 0.05. Post-hoc t-tests on the RAU-transformed scores were used to compare the significance of differences between the female and male groups for each SSQvi item. For the speech and spatial sections, Holm-Bonferroni-corrected significance levels were used to allow for multiple comparisons. For the qualities section, following Keppel (1991), we used an uncorrected significance level of 0.05, because the ANOVA for qualities showed a significant interaction between sex and item number.

Results
Figure 1

The male and female groups did not differ significantly in age (t(88) = 0.65, p = 0.52) or years of education completed (t(88) = 1.58, p = 0.12). Figure 1 shows reverse-ordered mean scores for females (left panel) and males (right panel) for the SSQvi speech items, grouped in terms of the situation (single target talker in different types of backgrounds, and two talkers, Agus et al., 2009), to identify which situations resulted in the greatest perceived difficulty. The grouped situations, in order of increasing difficulty, were: single target in quiet, single target in noise, single target with single competing talker, single target with babble, and two targets. Questions 6 and 11 are not included in these categories, and scores for these are not shown in the panels. Figure 1 (left panel) shows that for females, the situations rated as the most difficult involved following two targets (questions 9 and 13). Following speech in babble was considered as markedly less difficult (questions 4 and 10) and following speech with a single competing talker (questions 7, 1 and 8) or in noise (question 5) was perceived as easier still. Questions involving following speech in quiet were rated as least difficult (questions 3, 12 and 2). For males (Figure 1, right panel), the pattern of difficulty was broadly similar to that observed for females, in that difficulty ranged from greatest to least for speech with: two targets, babble/single talker, noise, and quiet. However, scores tended to be lower for males than for females, particularly for situations involving two targets, and for question 7, which involved following speech with a single competing talker.
Figures 2, 3, and 4 compare mean SSQvi scores for female and male participants for the speech, spatial and qualities sections, respectively. For all three sections, scores for males were either similar to those for females or were higher for females. The mean scores ranged from 6.9 to 9.9 for females and 5.1 to 9.7 for males. Speech questions were generally scored lower than spatial and qualities questions. In the speech section, situations involving following more than one talker and conversing in the presence of other talkers or background noise were rated as most difficult by both groups. Males also scored ignoring an interfering voice of the same pitch as the target as one of the most difficult situations. For the spatial section, judging elevation and distance were rated hardest by females and judging distance was rated as hardest by males. For the qualities section, questions about ignoring sounds, concentration and effort were rated as most difficult by both groups, while females also scored identifying instruments as more difficult.
For the speech section, the ANOVA indicated main effects of item number (F(8.68, 763.67) = 70.98, p = 0.001, η2 p = 0.47) and sex (F(1, 88) = 15.00, p = 0.001, η2 p = 0.15). For the spatial section the ANOVA showed main effects of item number (F(8.15, 717.45) = 30.48, p = 0.001, η2 p = 0.26) and sex (F(1, 88) = 4.16, p = 0.044, η2 p = 0.05). For the Qualities section the ANOVA showed main effects of item number (F(11.1, 979.4) = 24.69, p = 0.001, η2 p = 0.219) and sex (F(1, 88) = 7.80, p = 0.006, η2 p = 0.081), and a significant interaction between item number and sex (F(11.1, 979.4) = 2.19, p = 0.013, η2 p = 0.024). 

Figure 2

Scores were significantly higher for the female group, showing less difficulty, for four speech questions (Figure 2): question 7 (t (88) = 3.20, p = 0.002, d = 0.68); question 9 (t (88) = 2.94, p = 0.004, d = 0.62); question 10 (t (88) = 3.04, p = 0.003, d = 0.65); and question 13 (t (88) = 3.87, p = 0.001, d = 0.82). 

Figure 3

For the spatial items (Figure 3), there were no significant difference in scores across groups for individual questions. 

Figure 4

For qualities (Figure 4), scores were significantly higher for the female group for seven questions: question 39 (t (88) = 3.21, p = 0.002, d = 0.68); question 40 (t (88) = 2.31, p = 0.023, d = 0.49); question 42 (t (88) = 2.16, p = 0.034, d = 0.46); question 43 (t (88) = 2.82, p = 0.006, d = 0.60); question 44 (t (88) = 3.24, p = 0.002, d = 0.69); question 45 (t (88) = 2.81, p = 0.006, d = 0.60); and question 47 (t (88) = 2.31, p = 0.023, d = 0.49).

Discussion 
Sex-specific differences occurred for scores on the SSQvi for a range of hearing situations, with females giving significantly higher scores than males. The observation that there were sex-specific effects for some questions but not for others indicates that the effect did not simply reflect a general tendency for females to give higher scores than males. The results show that, compared to males, females gave significantly higher scores for:
1) Four speech situations, where females reported significantly less difficulty for questions involving having a conversation with a single talker in a background talker having a similar pitch to the target (question 7), following what is said by two targets simultaneously (questions 9 and 13), and listening to a target speaking in the presence of babble (question 10).
2) Seven qualities situations, where females gave higher ratings than males when judging sound clarity for their own voice (question 42), and the voices of other people (question 40). Relative to males, females also judged the clarity of everyday sounds as higher (question 39), indicated less difficulty using vocal cues to determine the mood of the speaker (question 43), rated themselves as having to concentrate less (question 44), put in less effort in conversation (question 45), and reported more easily ignoring other sounds (question 47). 
The pattern of difficulty for the questions in the speech section for both males and females, and the range of mean responses, was broadly similar to that shown by Agus et al. (2009, see their Table 1) for SSQ questions answered by both male and female participants aged over 50 years without self-reported hearing difficulties, in that difficulty ranged from greatest to easiest for speech questions with two targets, babble/single talker, noise, or quiet. The pattern of difficulty in the current study for speech questions was also similar to that reported by Kolarik et al. (2017) for SSQvi items answered by normally sighted and normally hearing male and female participants. An SSQ study by Moulin and Richard (2016) that included both normally hearing and hearing-impaired participants showed that females tended to give higher scores than males for speech questions, consistent with the current findings. The self-reported advantage for females for a subset of the speech questions is consistent with objective findings in the literature showing a female advantage for verbal fluency (Scheuringer et al., 2017). The hypothesis that females would show an advantage for some of the speech questions was supported by the findings. However, the results extend previous findings by showing a female advantage for a range of speech processing abilities, including having a conversation with a single talker in a background with a similar pitch as the target; following what is said by two targets at the same time; listening to a target speaker in the presence of background babble; higher perceived clarity on the naturalness for voices, and using voice cues to determine speaker mood.
The extent to which objective and subjective measures of hearing ability are correlated is uncertain. A full evaluation of this for the wide range of auditory abilities assessed using the SSQvi is beyond the scope of the current study. However, a subsidiary experiment was conducted to assess the accuracy of absolute distance judgements, so as to compare objective and subjective data (methodological details are provided in Supplementary Materials S2). Participant responses for SSQvi Q21, which referred to vocal distance estimates, were compared with corresponding participant consistency data and systematic error data, for estimates of absolute distance for anechoic speech sounds presented at a range of virtual distances (Figure 5). The Spearman correlation between SSQvi score and consistency was not significant for males: rs(8) = -0.57, p = 0.083, or females: rs(8) = -0.21, p = 0.56. The Spearman correlation between SSQvi score and systematic error was significant for males: rs(8) = 0.64, p = 0.048, but not for females: rs(8) = -0.01, p = 0.99. These findings suggest that sex affects the relationship between objective and subjective measures of auditory distance judgments. However, the difference between the correlations for males and females was not significant for consistency (p = 0.42), or systematic error (p = 0.15). Further work is needed to investigate how self-report ratings are related to objective measures for all of the auditory abilities assessed by the SSQvi questionnaire, including speech perception.

Figure 5

In the Introduction, we hypothesized that males would give higher SSQvi scores for auditory spatial situations. This was not supported by the results, which showed that scores for such situations were similar for males and females. Lewald (2004) reported a large sex difference in monaural vertical localization, showing greater precision for males, but only for the right ear. No sex difference was observed for question 18 of the SSQvi, which addressed vertical localization abilities under binaural listening conditions. Although the differences across studies (loudspeaker presentation with one ear plugged by Lewald (2004) versus binaural listening to sounds in a stairwell in question 18) mean that the situations are not directly comparable, it is noteworthy that while females rated the SSQvi vertical localization question as the second hardest in the spatial section, the males rated this question as only sixth hardest, consistent with the idea that, relative to other spatial situations, vertical localization is more difficult for females. The SSQ study of Moulin and Richard (2016) showed that females tended to give lower scores for spatial questions than males, unlike the current findings. It may be that the presence of visual aspects in the original SSQ questions, which were removed in the current study, contributed to this discrepancy, since previous work has shown a robust male advantage for visuospatial tasks (Voyer et al., 1995).
The current results are also not consistent with expectations based on studies of looming (Schiff and Oldak, 1990; Neuhoff et al., 2009), which showed that females tended to underestimate the time of arrival of approaching sounds. Questions 20 and 23-26 of the SSQvi addressed moving sounds, questions 25 and 26 asking about the ability to discriminate approaching (looming) and receding sounds. It is possible that females tend to underestimate the time of arrival of looming sounds, but that they are not aware of this bias, and subjectively the task appears as easy to females as to males. In any case, the task of deciding whether a sound is approaching or receding, as addressed in the SSQvi, is quite different from that of estimating the time of arrival of a looming sound. The results of Schiff and Oldak (1990) and Neuhoff et al. (2009) do not imply that females are worse than males in discriminating approaching from receding sounds or in discriminating different rates of approach. 
The hypothesis that females would show an advantage for some of the qualities questions was supported. A review of previous work showed an advantage for females in decoding auditory nonverbal cues (Hall, 1978), and the current study extended that finding by showing that females gave significantly higher scores than males for questions involving perceived clarity or naturalness of sounds, and judging another’s mood from their voice. Also, significantly less concentration and effort was reported by females than by males for some listening tasks, which has not previously been reported in the literature. 
These results may have implications in educational settings, such as classrooms and lecture theatres. Previous work has shown that substantial effort is needed when listening at typical signal-to-noise ratios occurring in school classrooms (Howard et al., 2010; Nelson and Soli, 2000). Sex-specific findings within the literature have previously formed the basis for suggestions for teaching in classrooms (Sax, 2010), such as speaking at a level about 6-8 dB higher for male than for female students, and reducing background noise for male students. The current findings show that males perceive ignoring an interfering voice with the same pitch as the target to be among the most difficult speech situations (together with following more than one talker and conversing in the presence of other talkers or background noise, which were rated as most difficult by both groups). Males reported significantly more difficulty than females in following two targets or following a conversation when many people are talking, and having a conversation while ignoring an interfering voice with the same pitch as the talker. These findings suggest that in busy classrooms, or lecture theatres for adult populations as tested in the current study, males might benefit from steps such as avoiding more than one person talking at the same time. In addition, for normally sighted listeners, vision might play a role in the experience of certain situations. Speech perception in situations rated as hardest for males and females, or those that males perceive to be significantly more difficult, might benefit from visual cues. For example, in busy lecture theatres males may benefit from ensuring visibility of the speakers to enable lip-reading. Further research on the role of vision, including questionnaires that specify whether or not the target in a given situation is visible, would help to clarify situations where visual cues are of the greatest benefit. 
Greater age is associated with cognitive and auditory perceptual changes for participants with audiometrically normal hearing (Füllgrabe et al., 2015), and although the age at which these changes become measurable is somewhat uncertain, it may be similar to when age-associated hearing loss starts to have noticeable effects for both sexes, at approximately 40 years of age (Pearson et al., 1995). Consistent with this idea, the ability to detect changes in interaural phase, which is important for auditory spatial perception, starts to decline at about 40 years of age (Füllgrabe et al., 2018). To examine how age affected SSQvi responses, S3 Table 1 in the Supplementary Materials shows mean scores for male and female groups across all questions of the three SSQvi sections, with participants divided into groups above and below 40 years of age, following Kolarik et al. (2017). Apart from scores for the speech section for males, on average both male and female participants older than 40 years gave higher scores than those younger than 40 years for all sections of the SSQvi, despite the fact that hearing abilities tend to decline with increasing age. This suggests that the subjective appraisal of listening difficulty changes with age, such that a given level of difficulty is appraised as less difficult by older people.
While sex differences have been established for perceptual modalities other than hearing, including vision (Voyer et al., 1995) and touch (Goldreich and Kanics, 2003), we are not aware of any studies that have investigated effects of sex on spatial processing via self-reports of visual or tactile abilities. Such reports would indicate whether sex-based task advantages or disadvantages are perceived to occur for other modalities in everyday life, and whether they match the findings of laboratory-based studies.
It would be of interest in future research to determine the age at which sex-specific differences in self-reported hearing abilities arise, and the effects of advanced age. Hearing abilities tend to improve from infancy to young adulthood, reflecting the combined effects of listening experience and maturation of the auditory system, and then gradually to decline. Some auditory abilities decrease with increasing age for both males and females even when the audiogram remains within the normal range. Such abilities include speech understanding (Füllgrabe et al., 2015) and sound localization (Füllgrabe et al., 2018). Sex differences have been demonstrated in age-associated hearing loss, with a greater rate of loss among males than among females (ISO, 2017; Pearson et al., 1995). 
Banh et al. (2012) compared SSQ scores for younger and older participants with males and females grouped together and showed that the pattern of difficulty across questions was similar for younger and older groups. However, the younger group gave significantly higher scores than the older group for most questions. In the current study, the data indicated that apart from male speech scores, on average both male and female participants older than 40 years gave higher scores than those younger than 40 years, for all three SSQvi sections (see S3 Table 1). The difference between our results and those of Banh et al. (2012) may have been due to differences in overall age, as Banh et al. (2012) tested groups of younger (mean age 19 years; SD 1.0) and older (mean age 70 years, SD 4.1) participants. The differences may also be related to the fact that visual aspects were removed in the SSQvi used here.
Many factors may contribute to sex differences in auditory processing. One proposed factor is differences in intrahemispheric functional organization (Lewald, 2004). Evidence that different neural networks are utilized by males and females during both visual and auditory spatial processing has been interpreted as suggesting that different strategies are used by the two sexes (Jordan et al., 2002). It has been argued that males favor a bottom-up strategy and females favor a top-down strategy (Simon-Dack et al., 2009), although it is unclear whether this would apply for relatively simple tasks such as sound localization that do not necessarily require top-down processing. From an evolutionary perspective, spatial abilities might differ due to different psychological and physiological mechanisms evolved by the sexes, as mentioned in the Introduction (Neuhoff et al., 2009; Zündorf et al., 2011). Females might be better at decoding nonverbal cues, as this might better allow detection of distress in offspring or threatening signals from other individuals, increasing the chances of the survival of their young (Hall, 1978). Some of the effects observed in the current study, such as a female advantage for identifying the mood of others using sound, are consistent with this view. 
A limitation of this study is that it did not take into account the potential effects of occupational noise and participant interactions with the environment. As the majority of the participants in the current study were students, it is unlikely that they regularly encountered excessive occupational noise, but they might have encountered high levels of recreational noise. Future studies could investigate the possible effects of the participants’ sex and everyday working and leisure conditions on their self-reported listening abilities; as an example, veterans of urban warfare have difficulties locating and recognizing sounds (Scharine et al., 2009).     
In summary, the current study investigated self-reported auditory abilities across a range of situations and identified a female advantage for a number of speech and qualities of hearing questions. Some of these abilities, such as listening effort and concentration, have not previously been tested for effects of sex. Further research is needed to establish whether similar sex effects will be found using auditory performance measures. 
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Figures
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Figure 1. Mean speech scores for the female (left panel) and male (right panel) groups. Question number is reverse-ordered according to the mean scores. Following Agus et al. (2009), the questions are grouped by the type of listening required. Error bars show ±1 standard error of the mean.
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Figure 2. Mean scores for speech questions of the SSQvi, for the female group (closed squares) and male group (open circles). Error bars show ±1 standard error of the mean (not shown if smaller than the size of the symbol). Significant differences are indicated by asterisks: **p < 0.01.
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Figure 3. As Figure 2, but for the spatial questions of the SSQvi.
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Figure 4. As Figure 2 but for the qualities questions of the SSQvi. Significant differences are indicated by asterisks: *p < 0.05, **p < 0.01.
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Figure 5: Consistency and systematic errors for absolute distance judgements plotted against SSQvi responses for question 21, which referred to vocal distance estimates, for the male (panels A and C) and female (panels B and D) groups. D is the simulated distance, SD is the standard deviation of judged distance, and J is the mean judged distance. Spearman correlation between mean error and SSQvi responses are shown in the upper left corner of each panel (*p < 0.05, ns: non-significant). A significant fit to the data is shown by a solid black line.
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