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Abstract

Peripersonal space (PPS) is the sector of space immediately surrounding the body
where body and environment are in dynamic relationship. Represented neurally by a specific
network of multimodal frontoparietal neurons, multisensory information arising in PPS is
processed in terms of possibilities for action, allowing for significantly faster reaction times
to stimuli than in ‘far’ or extrapersonal space. Consequently, objects and interactions have
heightened meaning here: this is a defensive space in which threats are monitored and objects
of desire trigger approach behaviour. PPS is socially sensitive, purposefully extending or
contracting its boundary in response to the presence of others, in this way revealing hidden
social attitudes. The apportioning of space into self/other is predicated upon feelings of social
power and territoriality—known to be biologically underpinned by the hormone testosterone.
Testosterone has been found to promote threat vigilance and a motivated approach
orientation, suggesting it may have an effect on the construction of PPS boundaries in a social
context. This testosterone administration study investigated whether changes in testosterone
levels reflect in changes in the mapping of PPS boundaries. In a double-blind, randomly
assigned design, a within subjects group (N = 18) of participants performed a multisensory
integration task in the presence of an unknown person to measure their PPS boundary in
testosterone versus placebo conditions. Elevated testosterone was associated with a larger
PPS boundary as well as globally accelerated multisensory processing, suggesting a
determining role in PPS representation. It was not found to sharpen the gradient of the PPS
boundary. Further investigation is needed as to whether the measurement of change in PPS
boundary properties is a reliable tool for making explicit unseen social dynamics and

attitudes.

Keywords: peripersonal space; personal space; space construction; shared action
space; embodied cognition; body schema; self-other; social power; social dominance;

interpersonal dynamics; territoriality; testosterone.
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Introduction

The embodied approach to cognition describes the mind arising out of a moving,
feeling, sensate body in engagement with its world (Anderson, 2003; Gallagher, 2006;
Mahon & Caramazza, 2008; Rizzolatti, Fadiga, Fogassi, & Gallese, 1997). Objects and
interactions take on heightened meaning in the space immediately surrounding the body
(Pezzulo, lodice, Ferraina, & Kessler, 2013). This is peripersonal space (PPS)—flexible,
neurally coded for action, and socially sensitive (Teneggi, Canzoneri, di Pellegrino, & Serino,
2013). An information monitoring defensive space, its form critically adapts to the presence
of others (de Vignemont & lannetti, 2015), suggesting that implicit social attitudes could be
revealed through its measurement (Gallagher, 2006; Pezzulo et al., 2013). The
conceptualisation of space and its interpersonal allocation are patently underscored by
feelings of social power (Sambo & lannetti, 2013). Studies have found social dominance and
territoriality to be regulated by the hormone testosterone (Mazur & Booth, 1998; Schaal,
Tremblay, Soussignan, & Susman, 1996). Given this relationship, investigating the effects of
testosterone on PPS representation may offer useful insights into the mechanisms of socially
dominant behaviour.

The Mind in Matter and the Body in Space

A growing number of cognitive theorists suggest that higher-level processing is
critically shaped by the body and its interactions with the physical world (Anderson, 2003;
Brozzoli, Makin, Cardinali, Holmes, & Farne, 2012; di Pellegrino & Ladavas, 2015;
Gallagher, 2006; Gallese & Sinigaglia, 2010; Graziano & Gross, 1995; Rizzolatti et al.,
1997). Advancements in neurobiology and neuroimaging technologies have contributed to
the emergence of theories of embodiment that ground cognition in the sensorimotor
experiences of the organism (e Costa & Rocha, 2005; Mahon & Caramazza, 2008).

In this paradigm, cognition and emotion are seen to involve a process of
‘re-enactment’ called embodied simulation, where direct perceptual experiences are partially
reproduced in the brain’s representations of the body, so as to aid reasoning, attitude
formation, and other functions of cognitive processing (Gallagher, 2006; Gallese, 2007;
Winkielman, Niedenthal, Wielgosz, Eelen, & Kavanagh, 2015).

The experience of embodiment is thought to be represented with a body schema—or
body-centred reference frame—in the somatosensory complex of the brain (Damasio, 1994;
Holmes & Spence, 2004). Neural renderings of the body are informed by the way in which
we conceptualise space and how our bodies negotiate its orientations and possibilities for

action (Anderson, 2003). The area around the body is a space that it can reach into to use
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tools or to interact; the body can even be seen to inhabit this space less tangibly, through
planning subsequent actions into it (Gallese & Sinigaglia, 2010; Ladavas & Serino, 2008).
This region of space becomes an extension of the body schema, an experiential space
(Gallese, 2000; Rizzolatti et al., 1997)—this is the territory of PPS.

Defining PPS

PPS is the sector of space surrounding the body that is neurally primed for action
(di Pellegrino & Ladavas, 2015). It was first proposed by Rizzolatti and colleagues in 1981,
following studies on a class of multisensory frontoparietal neurons that represent the zone
where body and environment are in dynamic relationship (di Pellegrino & Ladavas, 2015;
Rizzolatti, Scandolara, Matelli, & Gentilucci, 1981). These neurons integrate somatosensory
information with visual and auditory stimuli arising from objects in PPS and represent this in
an egocentric frame of reference in terms of possibilities for action (de Vignemont & lannetti,
2015; di Pellegrino & Ladavas, 2015; Gallese, 2000; Rizzolatti et al., 1981; Teneggi et al.,
2013). This information is routed in the brain via the dorsal stream, the visual pathway
responsible for processing action-related information (Chinellato, Grzyb, Fattori, & del Pobil,
2009). This stream represents the visuospatial qualities of objects in PPS relative to the body
(Kravitz, Saleem, Baker, & Mishkin, 2011; Valdés-Conroy, Roman, Hinojosa, & Shorkey,
2012).

PPS is a responsive and malleable medium (Graziano & Gross, 1995; Valdés-Conroy
et al., 2012), modifying its shape through a property called action-dependent plasticity:
action—or the possibility for it—dynamically shapes how this space is represented (Gallese,
2000; Ladavas & Serino, 2008; Valdés-Conroy et al., 2012). Here, objects are within reach;
consequently, they are represented differently than in ‘far’ (or extrapersonal) space (Holmes
& Spence, 2004; Valdés-Conroy et al., 2012).

In this multisensory-motor zone, low level processing is executed significantly faster
than in extrapersonal space (Noel, Pfeiffer, Blanke, & Serino, 2015b). Stimulation of the
major exteroceptive senses, namely vision and audition, has been found to speed up reaction
time (RT) to somatosensory stimuli; consequently, a subject will respond significantly faster
to the touch of their skin if this sensation coincides with a visual or auditory stimulus within
their PPS (Noel, Cascio, Wallace, & Park, 2017; Serino et al., 2015b). This distinguishing,
quantifiable characteristic of PPS makes the plotting of its boundaries possible via the
measurement of RT to bimodal stimuli at sequential distance intervals from the subject
(Serino et al., 2015b; Teneggi et al., 2013). The distance at which these RTs significantly
speed up serves as a proxy for the PPS boundary (Serino et al., 2015b; Teneggi et al., 2013).
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In this way, the expansion or retraction of PPS boundaries can be detected, as can the degree
of gradualness of the transition between PPS and extrapersonal space (Teneggi et al., 2013).

The PPS boundary can vary in the angle of its slope or gradient (Noel et al., 2017). A
softer gradient is thought to mean a more gradual distinction between the space of the ‘self’
and that of the ‘other’—associated with an extended sense of self or a blurring of the self-
other boundary (Noel et al., 2017). It has been suggested along the same lines that a sharp or
severe gradient corresponds to difficulties with interpersonal relatedness, an inflexibility with
placing oneself in the position of another (Noel et al., 2017).

Studies have shown the dimensions of PPS to vary inter-individually depending on
factors such as body shape (Borghi & Cimatti, 2010) and even personality traits, such as
claustrophobia and anxiety (Noel et al., 2015b). PPS serves as a defensive space to monitor
potential threats, so as to co-ordinate a protective response, while objects of desire trigger
approach behaviour here (de Vignemont & lannetti, 2015; lachini, Coello, Frassinetti, &
Ruggiero, 2014; Valdés-Conroy et al., 2012). This space also critically adapts to others,
accommodating similarly along approach-avoidance lines to their presence (Teneggi et al.,
2013). This points to a determining role for social contexts in the formulation of PPS
boundaries.

The Social Body

Although the existence of personal space, i.e. an individual’s sensitive-to-intrusion
‘comfort bubble’, is acknowledged in social psychology as a valid interpersonal construct, it
is only now beginning to find empirical support as a distinct, neurally-based process through
the link between PPS as an action space and social representation (lachini et al., 2014;
Pellencin, Paladino, Herbelin, & Serino, 2017).

Studies show that PPS representation is socially modulatable—it is responsive to
social interaction in general, as well as the specific quality of that interaction (de Bruijn,
Miedl, & Bekkering, 2008; di Pellegrino & Ladavas, 2015; Gallese, 2000; Georgiou,
Becchio, Glover, & Castiello, 2007; Pezzulo et al., 2013; Teneggi et al., 2013). Whether
action goals are congruent, complementary, or competitive appears to directly influence how
information about another’s action space is integrated (Ambrosini, Blomberg, Mandrigin, &
Costantini, 2013; Georgiou et al., 2007).

Cooperation or friendliness between parties seems to encourage the inclusion of the
mapped body space of the other in PPS through a process of social re-calibration (Ambrosini
et al., 2013; Pezzulo et al., 2013; Teneggi et al., 2013). Individual boundaries merge to form a

neurally represented shared action space, a space which can be used for planning one’s own
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actions as well as predicting those of the other (Pezzulo et al., 2013; Ruys & Aarts, 2010).
Conversely, distrust can prevent the sharing of action spaces in competitive situations
(Pezzulo et al., 2013). Ruys and Aarts (2010) have further shown that although motivational
valence plays a strong role in the social construction of space, the intra-individual disposition
to attend to the intentions of the other is equally determining. Individuals with a strong
tendency to take the other into account are more likely to form shared representations with
them, regardless of the context (Ruys & Aarts, 2010).

PPS has been shown to recede in response to the appearance of an unknown ‘other’,
as demonstrated by Teneggi and colleagues (2013), who found PPS boundaries to be
significantly contracted in the presence of another person, as compared to a mannequin. The
researchers interpreted this contraction to be in accommodation of the other (Teneggi et al.,
2013). This accommodation can also be seen in strongly hierarchical social structures, where
PPS is found to be asymmetrically represented. In military interactions, high ranking agents
are allocated greater PPS to their low-ranking counterparts (Pezzulo et al., 2013), while both
males and persons judged to be of high status tend to be given larger PPS margins by others
(lachini et al., 2016; Pezzulo et al., 2013). These findings suggest that underlying social
dynamics may be a key determinant of PPS boundaries and, importantly—that interpersonal
dominance orientations may strongly pattern PPS representations (Georgiou et al., 2007;
lachini et al., 2014; Pezzulo et al., 2013).

Dominance, Testosterone and PPS

Socially dominant behaviour is driven by the intention to gain or maintain high status
in the form of power, influence or valued prerogatives over a rival (Mazur & Booth, 1998).
An intrinsic dominance drive is thought to be common to most mammalian species (van der
Westhuizen & Solms, 2015), regulated in large part by the activity of the hormone
testosterone (Heany, van Honk, Stein, & Brooks, 2015; Mazur & Booth, 1998). In animals,
testosterone is known to enhance territorial behaviour, while human studies have shown that
it increases vigilance to social threat (Terburg, Aarts, & van Honk, 2012), promotes
aggressive behaviour aimed at increasing social status (Eisenegger, Haushofer, & Fehr, 2011;
Mazur & Booth, 1998) and generally facilitates the motivation to approach social challenge
(Terburg & van Honk, 2013).

The association between testosterone and dominance motivation (Mazur & Booth,
1998) suggests that testosterone may have an effect on PPS during social interaction.
Pharmacological research has shown that norepinephrine, which appears to be the major

neurotransmitter system underlying the moment-to-moment mapping of PPS (Previc, 1998),
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is related to testosterone activity (Heany et al., 2015; Mazur & Booth, 1998; Mehta &
Josephs, 2010). The role of testosterone in coordinating defensive behaviour and increasing
an approach orientation further suggests that its effects on the brain may be revealed in the
representation of action space. However, no studies to date have directly investigated
whether changes in testosterone levels reflect in changes in the mapping of PPS boundaries.

Given that changes in PPS appear to reveal important aspects of interpersonal
relationships (Pezzulo et al., 2013), these may serve as an implicit measure of basic social
attitudes, such as the motivation for dominance (Georgiou et al., 2007; lachini et al., 2014;
Pezzulo et al., 2013). Methods that are able to bypass human introspection are increasingly
valued in psychology, because they are able to overcome a variety of cognitive biases, such
as the self-serving bias or even expectation effects (Pronin & Kugler, 2007).

Research Aim, Question and Hypotheses

This research study aimed to contribute to the existing body of literature on the social
modulation of PPS boundaries. The broader question underlying the study was whether the
measurement of change in the properties of PPS boundaries could serve as a neural indicator
of hidden power differentials.

This study explored whether social dominance motivation, known to be associated
with testosterone, could be found to reflect in the subjective representation of personal space.
Based on the established link between testosterone and social dominance (Heany et al., 2015;
Mazur & Booth, 1998), we tested the effects of 0.5mg of testosterone versus placebo on the
mapping of PPS boundaries, in the presence of an unknown person.

Teneggi and colleagues (2013) found that PPS contracts to accommodate another
person as compared to a mannequin in extrapersonal space. We incorporated the presence of
a confederate unknown to the participant to study the sensitivity of PPS to social information,
with and without the effects of exogenous testosterone. Following Teneggi and colleagues’
2013 study, the size and gradient of the PPS boundary were determined via the measurement
of RTs to tactile stimulation in the presence of incoming visual stimuli.

As a mechanism of ‘territorial-type’ behaviour, we hypothesised that raising
testosterone levels would result in an increase in the size of the PPS boundary compared to
placebo, establishing a larger defensive space; and a sharpening of its gradient—meaning a
less gradual transition from self to other-space. In the presence of an unknown person, the
PPS boundary was hypothesised to be smaller in the placebo condition because PPS has been

found to contract in the presence of a neutral stranger, so as to accommodate the other party
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(Teneggi et al., 2013). Under testosterone, we predicted that this accommodation effect
would be mitigated so as to to maintain a larger defensive territory.

In brief, this study will test the following a priori hypotheses:

1. Elevated testosterone is associated with a larger PPS boundary, compared to
placebo, in the presence of an unknown person.
2. Elevated testosterone is associated with a sharper PPS boundary gradient,
compared to placebo, in the presence of an unknown person.
Methods
Design

This testosterone administration study is randomly assigned, double-blind and placebo
controlled, with two within-group factors.

Independent variable. Testosterone—a within-group factor with two levels
(testosterone, placebo). Each participant was tested under testosterone and placebo conditions
across two experimental days, spaced two to three days apart.

Independent variable. Distance—a within-group factor with five levels (D1, D2, D3,
D4, D5). This is the distance of the ball from the participant when the vibrotactile stimulus is
experienced. These intervals are 20cm in depth, with D1 at zero distance to 20cm from the
participant and D5 at 80cm to 1m from the participant.

Dependent variable. RT—The reaction time or speed at which the vibrotactile
stimulus was registered, measured in seconds. This is described in greater detail in the
‘Experimental task’ section.

Setting. The study took place in a private laboratory in the Psychiatric Unit at Groote
Schuur Hospital in Observatory, Cape Town.

Participants

Sample size. The total sample size was 18 participants.

A power analysis suggested that the sample size be set at N=32 to achieve a power
of > 0.90 using a repeated-measures ANOVA investigating within-group differences
(parameters: correlation among repeated measures = 0.5; effect size = medium; Cohen’s f =
0.25; a = 0.05). This effect size was averaged from the studies of Teneggi and colleagues
(2013), which are most similar to this study. We elected to limit the sample size to N=18,
although smaller than the suggested size, as, given the complexity and time-intensive nature
of the design, this was better suited to our needs on a cost-benefit basis. This sample size

generated sufficient statistical power of 0.74.
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Sampling. We recruited students through the Students' Research Participation
Program (SRPP) of the Psychology Department at the University of Cape Town (UCT), as
well as from the general UCT student body through the Student Research Invitation Initiative
(SRII). The sampling method used was convenience sampling.

Allocation to groups. The order in which testosterone and placebo conditions were
allocated to participants was counterbalanced using a randomizer so as to avoid systematic
variation in the form of practice or boredom effects and to achieve an effective treatment
balance (Suresh, 2011). We used the online randomization software, randomizer.org.

Inclusion criteria. All participants were women between the ages of 18 and 35 years.
These parameters were defined following previous studies that have reliably established the
effects of the sublingual administration of a single dose of 0.5mg of testosterone in women
(Tuiten et al., 2000).

Exclusion criteria. The decision was taken to limit the study to women as the effects
of a 0.5mg dosage of testosterone had not been established in men, who have significantly
higher levels of endogenous testosterone than women (Stein, n.d.). Candidates were excluded
from the study if they had a history of neurological or psychiatric disorders. Subjects taking
psychiatric or hormonal medication were excluded to avoid any possible confounding
interactions with testosterone. Pregnant and menopausal women were excluded because the
hormonal fluctuations related to these states could interfere with the results and as a safety
measure, in the case of pregnant women.

Confederates

Participants were assigned a different confederate at each of the two testing sessions,
so as to avoid familiarity. Confederates were matched with participants for gender and race,
as a control for threat. To promote neutrality, they were of average height (1.5-1.7m) and
dressed in plain, dark clothing. All confederates were recruited from the UCT student bodly.
Materials

Physiological materials. A single administration dose of 0.5mg testosterone in a
hydroxypropyl-B-cyclodextrin liquid carrier was administered sublingually to participants on
one testing day. On the other day, the participants were issued with a placebo, made to taste
the same as the testosterone and presented in identical format.

Measurement instrument. Following Teneggi and colleagues (2013), we undertook
to measure the size and gradient of PPS boundaries using a visuotactile integration task
conducted with specialized equipment and captured on software developed for this purpose.

The software is the intellectual property of the Center for Neuroprosthetics at the Swiss
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Federal Institute of Technology (Ecole Polytechnique Féderale de Lausanne, EPFL). This
task is described in detail in the ‘Experimental task’ section. Participants’ RTs were stored
for later analysis.

Measures.

Testosterone testing. Participants were asked to provide salivary samples for the
purposes of establishing testosterone levels in future. This took place at the first session
before testosterone/placebo administration and upon arrival at the second session, on both
testing days. After rinsing their mouths with water, participants collected the 5ml sample in a
vial, using a straw, in the privacy of a bathroom. The vials were sealed in labelled envelopes
and stored frozen.

Procedures

Pilot study. A pilot study with a sample size of eight was carried out in the month of
July to test the operating of the equipment and validate the task parameters. This involved
running through the experimental task once with each participant, and excluded
testosterone/placebo administration and salivary sample testing. No data gathered here was
used in the final analysis.

Initial procedures. Form DSA 100 (Appendix A) was submitted to apply for
permission to the university to advertise to the student body. Candidates responding to the
recruitment appeal were invited to complete an online registration form providing key
information pertaining to the inclusion and exclusion criteria. Those verified as being suitable
candidates were emailed an invitation to book their appointments. They signed up for two
testing days, two slots per day, scheduled three to four-and-a-half hours apart. Peak
testosterone level is known to be maintained for this period after ingestion at this dosage
(Tuiten et al., 2000). The testing took place within the first ten days following their period of
menstruation to control for hormonal fluctuations, as testosterone is known to be most stable
during this time (Tuiten et al., 2000). A few days before their appointments, participants were
sent a reminder email, outlining important information.

Data collection day 1.

Session 1: Administration. Participants arriving at the testing venue were briefed with
more detail regarding the procedure ahead. They were given a consent form (Appendix B),
informing them of their rights and safety in this study, along with other study relevant
information, that they could sign if in agreement to proceed.

Participants were then asked to provide a salivary sample, following which they were

presented with a vial containing either testosterone or placebo in liquid form. Vials were pre-
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coded and administered blind. Participants were asked to hold the liquid under their tongues
for one minute before swallowing. They were verbally briefed on the guidelines for the
interval between sessions, namely, to refrain from strenuous activity, to limit coffee and
nicotine consumption, and to avoid eating in the hour before the second testing.

Session 2: Data collection 1. Upon arrival, participants were asked to provide a
second salivary sample and given a general overview of what the session would involve.
They were seated in a chair, a vibrotactile device was attached to their cheek using an
adhesive plaster and the Oculus Rift virtual reality (VR) head-mounted display (HMD) was
put on and adjusted to fit comfortably. The instructions for the execution of the task were
explained, following which, the confederate entered the room and positioned themselves
1.25m ahead of the participant, facing them. The participant was directed to look ahead in the
direction of the confederate for the duration of the task, but not to interact with them. The
first testing then took place, as outlined in the ‘Experimental task’ section. There was a pause
in the middle of the task where the participant could communicate whether they were ready
to continue with the second half or could alternatively take a short break. The full duration of
the task was 11 minutes.

Data collection day 2.

Session 3: Administration. Another salivary sample was taken on arrival. This was to
establish that baseline testosterone levels were the same across days. Participants who were
administered testosterone at the previous testing received placebo on this day and vice versa.

Session 4: Data collection 2. Participants arriving for the second testing were asked
to provide a fourth and final salivary sample. On completion of the task, they were invited to
ask any questions that they had about the study and were issued with a debriefing information
sheet (Appendix C). They received R350 in compensation for their time and travel expenses
and signed receipt of this before leaving.

Experimental task. This took the form of a visuotactile integration task, following
Teneggi and colleagues’ 2013 study. During the experimental procedure, the participant was
seated in a chair next to a desk with a computer keyboard within easy reach. Through the
HMD, they could see a VR ball moving towards them from the far to near distance at a
medium speed. Concurrent to this, they experienced a tactile stimulus on their cheek (a soft
buzzing sensation) at different intervals. Their task was to register this stimulus by pressing a
key on the keyboard as quickly as possible.

The visual stimulus was task-irrelevant in the sense that the participant was not

instructed to respond to what they saw in any way. However, this procedure was designed on



TESTOSTERONE ADMINISTRATION IN WOMEN INCREASES PPS BOUNDARY 14

the principle that PPS is a space in which somatosensory information from the body is
integrated with visual and auditory stimuli more rapidly than in extrapersonal space.
Consequently, when the participant experienced the tactile stimulus while the visual stimulus
(VR ball) was within their PPS, their RT would be speeded up (Teneggi et al., 2013). More
simply put, the participant would press the key more quickly with the VR ball in their PPS
compared to when it was in extrapersonal space.

In each trial, the tactile stimulus was delivered in different combinations with the
spatial position of the VR ball at depth levels D1-D5. Otherwise stated, the synchronous
experience of visuotactile stimuli was registered and processed when the visual stimulus was
at five possible distance points from the participant (Teneggi et al., 2013). Participants also
experienced the tactile stimulus without the presence of the ball at intervals distributed
throughout the duration of the task. These tactile-only or unimodal RTs were taken to serve
as a measure of participants’ RTs without the facilitation—or PPS boosting effect, to be used
later in the analysis to control for individual variation effects (Noel et al., 2015a).

Catch trials were included along with the experimental trials, in which the visual
stimulus was presented without the tactile stimulus. These served to counteract participant
expectancy and learning effects, promote attention, and so bolster the validity of the
measurement task.

The captured RTs were then used to plot PPS and establish its size. A distance at
which the synchronous visuotactile stimuli facilitated (i.e. significantly sped up) RTs was
established to be within PPS. The RT data was also used for a gradient analysis, elaborated
further in the ‘Data Analysis’ section.

Ethical considerations. Ethical approval for this study was granted in December
2014 from the Faculty of Health Sciences Human Research Ethics Committee of UCT. This
was renewed in May 2017 (Appendix D).

Drug safety has been established at this testosterone dosage as no aversive effects
have been found in over twenty-five studies (Stein, n.d.), with the exception of headaches in
very rare cases (Nelson, 1978). This was explained clearly in the informed consent form.

Participants were informed of their rights to confidentiality, anonymity, to withdraw
at any time and to the protection of the data in this document. On completion of the final task,
they were issued with a debriefing information sheet addressing general post test questions
and thanking them for their participation.
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Data Analysis

The data was imported into Microsoft Excel to be processed and later coded into IBM
SPSS (Version 24) for analysis.
Data Sorting

Calculating the RT scores. Participants’ catch trial data was deleted and their RT
scores for each trial calculated from the raw captured data. Each participant responded a total
of 150 times under each condition (testosterone and placebo). Of these scores, 50 are
organised into five tactile, or unimodal, categories (T1-5) and 100 scores constitute 5
visuotactile, or bimodal, categories (VT1-VT5), corresponding to the 5 distance points.

Mean scores were calculated for each of the 10 categories. Finally, accidental
responses and significant outliers (detected using an SPSS analysis, explained under the
assumptions for ‘Analysis 1°) were deleted and replaced with the mean for that category.

Baseline-correction of the RT scores. In line with previous studies (Noel et al.,
2015a; Noel et al., 2015b; Pellencin et al., 2017; Serino, Canzoneri, Marzolla, Di Pellegrino,
& Magosso, 2015a), the visuotactile scores were baseline-corrected to control for intra-
individual variations in response speed. This was achieved by subtracting from each score the
corresponding tactile category mean for that participant—functioning as a measure of their
baseline response speed. The variability in the scores is due to natural fluctuations in
individual response speed and this technique was designed to neutralise the impact of these
differences in the analysis (Noel et al., 2015a). The resulting baseline-corrected bimodal RT
scores were then coded into SPSS datasets and used for all analyses. From this point on, all
references to RTs mean baseline-corrected bimodal (visuotactile) RT scores.
Statistical Analyses

We ran one-sample t-tests on each participant’s placebo and testosterone data
individually, so as to plot their PPS boundaries across conditions. RT scores at each level of
Distance were compared against a test value of zero. Unimodal baseline is defined as being
equal to zero for baseline-corrected scores (Noel et al., 2015a), with negative values
indicating an RT facilitation—a proxy for the PPS boundary. Scores significantly smaller
than zero indicate the advantage of visuotactile over tactile-only processing.

Determining the effect of testosterone on the size of PPS.

Analysis 1: Testing for an overall facilitation effect. RT scores were subjected to a
two-factor repeated measures ANOVA to test for a significant interaction between the two

within-subjects factors Testosterone (placebo, testosterone) and Distance (D1-D5) on the



TESTOSTERONE ADMINISTRATION IN WOMEN INCREASES PPS BOUNDARY 16

dependent variable, RT. This analysis shows whether testosterone had an effect on PPS
mapping.

Assumptions. The dependant variable is continuous and both within-subjects factors
consist of matched pairs. The distribution of the dependent variable in each combination of
the related groups was established as being normally distributed. Significant outliers in all
combinations of the related groups (defined as having studentised residuals with an absolute
value greater than three) were corrected for. Mauchly's test indicated that the assumption of
sphericity was violated for Distance, y2(9) = 35.06, p < .001, as well as for the interaction
between factors, x2(9) = 31.80, p <.001. Because epsilon in both cases was greater than .75
(e =.97), the Huynh-Feldt correction was used.

Analysis 2: Testing for a facilitation effect in each condition. To determine whether
there were any simple main effects in the factor Distance, we conducted repeated measures
ANOVAs on each Testosterone condition separately.

Assumptions. Mauchly's test showed that the assumption of sphericity was violated
for Distance, x2(9) = 26.71, p = .002. Epsilon was greater than .75 (¢ = .98), so we applied
the Huynh-Feldt correction. As already discussed, this data met all other assumptions for this
analysis.

Analysis 3: Establishing the location of the facilitation effect. Bonferroni-corrected
post-hoc pairwise comparisons from the two groups’ ANOVA analyses showed where RTs
significantly speeded up between sequential distance points. We also ran one-sample t-tests
comparing RTs at each level of Distance in the two groups against unimodal baseline.

Both analyses are widely-used in practice to establish the critical distances at which
PPS is located (lachini et al., 2014; Noel et al., 2015a; Serino et al., 2015b; Teneggi et al.,
2013). The first sequential approach compares distances against one another (Pellencin et al.,
2017; Teneggi et al., 2013), while the second sets a static baseline of zero (no speed),
allowing for net difference comparisons across distance points (Noel et al., 2015a; Serino et
al., 2015b).

Assumptions. All assumptions were met for these analyses.

Determining the effect of testosterone on the PPS gradient. PPS gradients were
determined through a calculation of their slope values. The slope parameter is extracted by
fitting the data onto a sigmoid function. Only data that fitted well to the sigmoid curve was
used for this analysis (as indicated by an R? value > 0.2), as ill-fitting data produces

erroneous results.
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These analyses were conducted for each individual participant’s data under both
conditions in collaboration with specialist Andrea Serino’s laboratory, the EPFL (Ecole
Polytechnique Fédérale de Lausanne).

The slope values were compared across testosterone and placebo conditions using a
paired samples t-test to establish whether the gradient was indeed sharper (as indicated by a
smaller slope value) under the testosterone condition, as predicted.

Additional analyses

The sigmoidal fitting also yields a central point parameter, an alternative indicator of
the PPS boundary—and one of the most widely used in the PPS literature (Canzoneri,
Magosso, & Serino, 2012; Ferri, Tajadura-Jiménez, Véljamée, Vastano, & Costantini, 2015;
Pellencin et al., 2017; Serino et al., 2015a; Serino et al., 2015b). We compared these more
precise single central point values (PPS boundary proxies) to each other using a paired
samples t-test.

Lastly, all RT data was compared across the two groups with a paired-samples t-test,
contributing another point of interest to the discussion.

Results

Individual one-sample t-tests showed the distances at which PPS was located for each
person across conditions, by comparing scores at each distance level to the unimodal baseline
of zero. RT data is known to be ‘noisy’ and other studies have found that not all participants
show a discernible PPS (Teneggi et al., 2013). Of the 18 participants in the sample, 13
participants showed RTSs significantly faster than the unimodal baseline at one or more
distance points under placebo, while under testosterone, 14 participants showed this effect. 9

participants showed PPS across both conditions (see Figure 1).
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Figure 1. Summary Diagram of Individual PPS Boundaries under Both Conditions

Even though the individual PPS results are mixed, all participants were included in
the group analyses in line with protocols followed by most PPS studies, as the heterogeneity
of the data was not considered to not compromise the overall result. Each of the distance
categories under both conditions show similar standard distributions of the dependant
variable and there is no missing data (see Table 1).
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Table 1.
Descriptive Statistics for RT at each Level of Distance
M SD N
Placebo D1 -.03 .06 360
D2 .01 .07 360
D3 .02 .05 360
D4 .01 .05 360
D5 -.01 .05 360
Testosterone D1 -.02 .06 360
D2 -.001 .05 360
D3 .01 .05 360
D4 .01 .06 360
D5 -.01 .04 360

Using the Huynh-Feldt correction, the two-factor repeated measures ANOVA yielded
a significant main effect of Distance, F(3.86, 1386.09) = 69.87, p <.001, with a large effect
size (n% = .16), but no significant main effect of Testosterone, F(1, 359) = 3.25, p =.072.
This shows that RT was not uniformly modulated by testosterone. Critically, a significant
interaction was found between Distance and Testosterone, F(3.88, 1391.83) = 3.98, p = .004,

1% = .01, indicating a testosterone PPS facilitation effect at certain distance points.

=—O TESTOSTERONE
—O PLACEBO

TIME (SECONDS)

D1 D2 D3 D4 D5

DISTANCE

Figure 2. RT Means under Testosterone and Placebo Condition
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As graphically represented by the means plot (Figure 2), the RTs at D1 and D5 are
much faster than at the other distance points, with testosterone showing faster RTs to placebo
at each level of Distance with the exception of D1. This visual impression appears to offer
support for the hypothesis that testosterone acts to boost response times.

The source of the significant two-way interaction was explored with two repeated
measures ANOVAs (using the Huynh-Feldt correction) on the placebo and testosterone data
separately. Both ANOVAs showed a significant simple main effect of Distance. Analysis of
the placebo group showed a large effect size (n% =.13), F(3.90, 1400.68) = 51.51, p < .001,
while the testosterone analysis showed a medium one (n% = .07), F(3.89, 1396.88) = 28.32, p
<.001. These results indicate the presence of a PPS facilitation effect in both conditions.

Bonferroni-corrected pairwise comparison tests of sequential distance levels in each
condition (see Table 2) show significant differences under placebo between D1 (M = -.03, SD
=.06) and D2 (M = .01, SD =.07), p <.001, and between D4 (M = .01, SD =.05) and D5 (M
=-.01, SD =.05), p <.001. Under testosterone, a significant difference was found between D1
(M =-.02, SD =.06) and D2 (M = -.001, SD =.05), p <.001 as well as between D2 and D3
(M =.01, SD = .05), p =.007. Distance levels D4 (M = .01, SD = .06) and D5 (M =-.01, SD =
.04) were also significantly different, p <.001.

-FI;Z?rI\?vizsé Comparisons in the Distance Factor for Testosterone and Placebo Conditions
Placebo Testosterone
Distance 1 Distance 2 Distance 1-2 p Distance 1-2 p
D1 D2 -.04 <.001* -.02 <.001*
D2 D3 -.01 1.00 -.01 .007*
D3 D4 01 493 .01 1.00
D4 D5 .02 <.001* .02 <.001*

* Significant at o = .05

These results show a facilitation effect from the body space up to D2 under placebo, while
this is seen to continue to D3 under testosterone—indicating a larger PPS boundary (see
Figure 3). In both conditions, this effect is seen again at D5.
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Figure 3. RT Facilitation Across Conditions According to Pairwise Comparisons

Following Noel and colleagues (2015a), we ran one-sample t-tests at each distance
point against a unimodal baseline of zero (see Table 3). On placebo, RTs were significantly
boosted at D1, t(359) = -10.51, p <.001, and at D5, t(359) = -3.64, p < .001. Distances D3
and D4 showed significant differences to the unimodal baseline, but in the opposite direction,
i.e., a slowing. In the testosterone condition, scores also showed a significant speeding at D1,
t(359) = -7.34, p <.001, and D5, t(359) = -5.77, p < .001. D3 showed significantly slower

RTs to baseline, while D2 showed a speeding up, without reaching significance (p = .609).

Table 3
One-Sample T-Tests at each Level of Distance against the Unimodal Baseline of Zero
t df p Mean Difference

Placebo D1 -10.51 359 <.001* -.03

D2 297 359 .003 01

D3 6.37 359 <.001* .02

D4 372 359 <.001* .01

D5 -3.64 359 <.001* -01
Testosterone D1 -7.34 359 <.001* -.02

D2 -51 359 .609 -.001

D3 3.76 359 <.001* .01

D4 182 359 .070 .01

D5 -5.77 359 <.001* -01

* Significant at o = .05
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Figure 4. RT Facilitation Across Conditions According to One Sample T-Tests

This approach plots the PPS boundary between D1 and D2 for both conditions (see
Figure 4). We further found a second space of facilitation under both conditions in the near-
space of the confederate (D5), suggesting the presence of a shared action space. These results
align with those of the pairwise comparisons, except that D2 was not found to be significantly
boosted in the testosterone condition when compared against a baseline of zero. These
findings show similar PPS boundaries across conditions, but differ in the size of the
significant slowing down region (D3 and D4 in placebo, versus D3 only under testosterone).

Table 4.

Slope Values under Placebo and Testosterone
Participant ~ Placebo Testosterone

2 0.18 12.71

8 0.16 2.10

11 0.10 1.17

12 0.12 2.76

15 6.95 1.30

22 0.14 0.98

27 0.41 5.79
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To determine the sharpness of PPS gradients, slope value parameters were calculated
for each participant’s Testosterone conditions (see Table 4). Of the total sample, 7
participants’ data fitted onto a sigmoidal curve successfully (R > 0.2) with placebo showing
a steeper gradient (M = 1.15, SD = 2.56) to testosterone (M = 3.83, SD = 4.25). However, this
difference was not statistically different, t(6) = -1.30, p = .243.

Table 5.

Central Point Values under Placebo and Testosterone
Participant ~ Placebo Testosterone

2 3.10 4.85

8 1.88 3.43

11 1.91 2.32

12 1.80 4.17

15 0.65 2.12

22 1.93 2.50

27 1.88 5.13

The central point parameters extracted from the sigmoidal curve (see Table 5) offer
alternative proxies for participants’ PPS boundaries, plotting these at a single, more spatially
precise point within the broader distance areas. The testosterone group (M = 3.50, SD = 1.24)
returned a significantly larger PPS to placebo (M = 1.88, SD =.71), t(6) = -4.37, p = .005.
This finding is consistent with the results of the pairwise comparisons, that also indicated a
significantly larger PPS on testosterone.

The group comparison of all data showed faster RTs under testosterone (M = -.005,
SD =.06) to placebo (M =-.001, SD =.06). This finding was statistically significant, t(1799)
=-2.07, p =.039, suggesting an overall testosterone facilitation.

Discussion

We hypothesised that raising testosterone levels would translate into a larger PPS
boundary in the presence of an unknown person, compared to placebo. This would establish a
larger defensive space in the face of the uncertain motivational valence posed by the other
party. Statistical and mathematical analyses indeed pointed to a larger PPS boundary under
testosterone, with two of the three analyses achieving statistical significance. Additionally, a
second area of multisensory processing facilitation was found under both conditions at the
farthest distance measured (80-100cm+) at the region of space closest to a confederate. This
will be addressed on its own terms later on in the discussion, as this finding is seen to hold a

further level of meaning.
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There are a range of statistical approaches to calculating PPS via bimodal RTs from
sensory integration tasks (lachini et al., 2014; Noel et al., 2015a; Pellencin et al., 2017;
Serino et al., 2015b; Teneggi et al., 2013). The three PPS boundary calculations used here are
the ones most commonly drawn on in PPS studies and, as such, they can be seen to offer
salient responses to the question posed. In addition, they provide a means of triangulating the
results—although, owing to the fact that the central points analysis omits eleven participants’
data, it can be seen to contribute towards rather than constitute the main findings.

Sequential pairwise distance comparisons indicated an approximately 20cm larger
PPS boundary on testosterone, extending 40cm-60cm from the body periphery, compared to
20cm-40cm on placebo. This approach is useful in that it demonstrates the region where RT
begins to be significantly enhanced as a function of near-space. However, an alternative
approach to calculating the PPS boundary endorsed by Noel and colleagues (2015a) that
compares scores at each distance point to a static baseline (zero), showed no widening effect
of testosterone, locating the PPS boundary 20cm from the body in both groups. The area from
20—40cm continued to show boosted speeds (faster than baseline) in the testosterone group,
but this facilitation fell short of reaching significance. This finding is nonetheless meaningful
in that at the equivalent distance in the placebo condition, response times showed no
facilitation, i.e. they were slower than baseline.

Although this method defines PPS in terms of whether or not a speeding effect is
faster than a single baseline value, i.e. a facilitation effect, tracing the degree of change in
reaction time from one distance point to the next—as modelled by the sequential analysis—
can arguably be seen to provide a more true-to-life, ecological representation of PPS as it
demarcates the region where processing speed accelerates significantly. This is more in line
with a definition of the PPS boundary as the region of space where processing begins to
speed up significantly (de Vignemont & lannetti, 2015; di Pellegrino & Ladavas, 2015;
Gallese, 2000; Rizzolatti et al., 1981; Teneggi et al., 2013).

Echoing the findings of the sequential approach, the central points analysis confirmed
a larger PPS boundary in the testosterone group, describing a PPS boundary one and two
thirds—or 33.33cm—Ilarger under testosterone than placebo for the seven participants
analysed. Together, these findings seem to provide support for a moderately, but significantly
larger PPS boundary in the testosterone condition. Given the established link between
testosterone and ‘territorial-type’ behaviour, it seems apposite that an extended PPS boundary

would be found on elevated testosterone. What this means, in terms of dominance motivation,
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is the conference of a clear social advantage via a larger defensive space for threat monitoring
and action readiness.

In line with this, response speeds under testosterone were found to be consistently
faster to those in the placebo condition for each distance with the exception of D1 (where the
placebo mean is 10 milliseconds quicker), with overall response speeds boosted by 4
milliseconds. The general boost in processing speed across distances moving away from the
body affords a performance edge with distinct benefits for competitive contexts.

In keeping with the literature on PPS as a defensive space (de Vignemont & lannetti,
2015; lachini et al., 2014; Valdés-Conroy et al., 2012), elevated testosterone was predicted to
sharpen the gradient of PPS, reflecting more vigilant monitoring of PPS in the face of an
unfamiliar ‘other’ and a more abrupt PPS transition between self and other. However, this
hypothesis was nullified by the analysis. Instead, placebo slope values described a steeper
curve, by a difference of 2.69 points. This difference was not found to be statistically
significant.

This finding needs to be interpreted in the context of the facilitation effect found 80—
100cm from the participant (and possibly beyond), corresponding to the near space of the
confederate, who was positioned approximately 1.25m ahead of the participant. It is possible
that this second, discrete PPS explains the extended (i.e. more gradual) transition, where the
shallow boundary slope does not indicate a relatedness or a blurring of the self-other
boundary as described in the literature (Noel et al., 2017), but rather the extension of a
monitoring function through the activation of a satellite-self, a space of an amplified alertness
in the face of the unknown other.

Prior research supports the claim that individuals in a social context have been found
to form shared action spaces, where another's action plan is incorporated into one’s own (de
Bruijn et al., 2008; Ladavas & Serino, 2008; Pezzulo et al., 2013; Ruys & Aarts, 2010). This
is a space of heightened sensitivity to the other, thought to be one in which actions can be
anticipated and intentions perceived (Ruys & Aarts, 2010). The finding of another space of
boosted multisensory processing, consistent with the principles of shared action space,
emerged similarly across conditions. In fact, response speeds at this distance were more alike
than at any other distance, suggesting that this effect served to iron out some of the
testosterone advantage seen elsewhere. In keeping with the motivations underlying shared
representations of space, it is plausible that the appearance of an unknown and unexplained
person could elicit the activation of a hyper-attuned defensive space in the other’s near-space,

facilitating the subject’s readiness for any eventuality.
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On a case by case basis, PPS responses appear strikingly individual and mixed. While
testosterone exerted an observable effect on these varied PPS representations, it did not
cancel out the differences. The ‘noise’ or heterogeneity seen across individual PPS boundary
findings is in line with the rationale behind PPS construction as critically determined by intra-
individual traits and social motivations (Noel et al., 2015b; Ruys & Aarts, 2010). However,
when viewed globally, the two groups showed a similar pattern of performance, suggesting
that the construction of space was appreciably influenced by factors other than testosterone,
such as, most notably, the social element.

Findings suggest that the presence of a stranger is associated with a strong PPS
response, irrespective of physiological testosterone levels. Considering this retrospectively, it
is possible that the presence of the confederate had a larger effect than anticipated in that it
may have presented a competing factor to the testosterone condition. As this was not an
independent variable, we cannot compare the PPS result to a non-confederate condition. This
is a possible limitation of this study.

The decision to maintain the presence of the confederate across conditions was made
on the basis that it established a social factor, which is a central, defining feature of this
study. In order to investigate participants’ PPS boundaries without the other’s presence, we
would have needed to have set up a third predictor variable, resulting in four conditions. This
was beyond the scope of this study, on a practical basis. The small sample size can be said to
be another limitation, in that it increases the possibility that some of the effect seen was due
to chance. However, this study, although self-contained, also constituted the first stage of a
larger study. Part of its utility was in aiming to scope out this new territory to inform future
directions, which it can be said to have achieved.

Much of the true value of the findings of the current study will be in laying a good
foundation for the investigations that follow. As well as drawing attention to an ostensibly
fertile area for future study, these findings also offer a small contribution to existing
knowledge on the social modulation of PPS boundaries. These can be said to be preliminary
observations, prospecting how the subjective representation of personal space, as seen
through the properties of PPS boundaries, bring to light hidden social dynamics.

Conclusion

Positioned at the intersection of two well established areas of research in the
neuroscientific community, this study brought PPS and testosterone into the laboratory
together for the first time. Drawing from their respective knowledge bases, we postulated

some possible effects of testosterone versus placebo on PPS representation. Findings in
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favour of our hypotheses were mixed, but consistent with PPS as well as testosterone theory,
providing valuable insights as a first foray into a new area.

Testosterone was indeed found to have an effect on PPS representation, although
modest—as evidenced by the interaction’s small effect size and the absence of a significant
main effect in the Testosterone variable. Nevertheless, there is a clear trend across the various
results in support of the hypothesis that testosterone, known to underlie social dominance
motivations, is positively related to a larger PPS boundary and boosted RTs, as compared to
placebo. It was not found to sharpen the gradient of the PPS boundary; however, a likely
explanation for this is the finding of a shared action space in the near-space of the confederate
which may have acted to extend the gradient slope.

It can be said from this evidence that physiological testosterone levels indeed play a
determining role in PPS representation, with higher levels associated with accelerated
multisensory processing. Raised testosterone also has the important implication of enhancing
attentional abilities in the near environment. It is premature to speculate on whether the
measurement of PPS reliably serves as a neural marker of unseen social attitudes and
dynamics. More evidence is needed of trends of interpersonal response across settings. What
can be surmised though, is that PPS representations appear to reveal areas of heightened
attention, opening up a potentially fruitful avenue for exploration of subject matter hitherto

only examinable phenomenologically in the social sciences.
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UNIVERSITY OF CAPE TOWN i Resiah B ice Coriie
HEALTH SCIENCES FACU!
UNIVERSITY OF CAPE TOWN

FHS016: Annual Progress Report / Renewal

Principal Investigator to complete the following:

1. Protocol information

20 April 2017

28/02/17

Neuropsychological mechanisms of social power: the role of spatial
epresentation and covert action simulation processes

x No

O No

0O No

23 July 2014 Page 10f 5 FHS016
{Nota: Please complete the Closure form (EXHS010) if the study is completed within the approval period)
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FACULTY OF HEALTH SCIENCES

2. List of documentation for approval
NONE

3. Protocol status (tick v)

'Q.;i"! .‘...:v . .. % S :

6. Cumulative summary of participants

ts who provided

Dl S s s o S o gl dhibd sl mlacabe 2 3.0 uiira

23 July 2014 Page 20t 5 FHS016
(Note: Please complate the Closure form (FHS010) i tha study is complated within the approvid penod)
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TRIm TAMIRARA SRRV AN .

FACULTY OF HEALTH SCIENCES
W urvensiry oF care Towns Ftan etesc 8 Camito UT

7. Progress of study

Please provide a brief summary of the research to date including the overall progress and the progress since
the last annual report as well as any relevant comments/issues you would like to report to the HREC:

In 2015 we completed two studies, one that looked at the effects of testosterone on sensory-motor
agency and another that looked at the effects of testosterone on the sense of body ownership ~
representations of the body in the brain are recruited for spatial processing. Last year we completed
data collection for a third study on the effects of testosterone on interoceptive processing. We had
some issues with our equipment but overall the study ran smoothly and we received a lot of interest
from our participants. Our analyses revealed several significant findings. We are awaiting feedback
from the journal, Psychoneuroendocrinology, for the manuscript on sense of agency and are in the
processes are finalizing the other two papers for submission.

We began piloting for the study on the effects of testosterone on peri-personal space (PPS) and
hoped to begin data collection toward the end of the second semester. Due to the protest actions last
year we were significantly delayed but pre-hormone testing is now in progress. We hope to begin
hormone trials in April 2017.

8. Protocol violations and exceptions (t_ick v all that apply)

No prior violations or exceptions have occurred since the original approval

O Prior violations or exceptions have been reported since the last review and have already been
| acknowledged or approved |
0 Unreported minor violations that have occurred since the last review, as well as significant deviations ]
| not yet reported, are attached for review J

9. Amendments (tick v all that apply)
O | No prior amendments have been made since the original approval
O | Prior amendments have been reported since the last review and have already been approved

& | New protocol changes/ amendments are requested as part of this continuing review (See note below)

{Additional researcher being added)
Note: If new protocol changes are being requested In this review, please complete an amendment form

(EHS006).
Specific changes in the amended protocol and consent/assent forms must be bolded, /talicised or tracked
and all changes must include a rationale,

23 July 2014 Page Jof 5 FHS016

(Note Please compiete the Closure form (FHS010) If the study is compledad within the approval poriod)
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FACULTY OF HEALTH SCIENCES
N T Cr sAre o Fuman Resaarc Ethc Commtos

10. Adverse events

10.1 Pbmptwmubwam.mﬂmumdnmmmwwum
mmumnwmm.mmmmmmommmmm
mmma)u.mammwwmth).MMmmmnm
‘study procedure or intervention could be established. £ ——
NO problems were reported

10.2 Have participants received appropriate treatment/ follow-up/ referral when indicated (e.g. in the case of
_abnormal or incidental clinical findings, distress or anxiety)? e o S
@ Yes O No - 10 Not applicable 5
If yes, please describe:
Debriefing e-mail

1 1. Summary of Monitoring and Audit Activities (tick v')
11 w-m.gmmmnumwmmm(q.ucc.mn
'OYes [EI No O Not applicable

-

112w,mmsmwmmmnm
O Yes B MlENo ) | O Not applicable

' Agency Name Report attached | O Yes | O No | O Not applicable

DSMB report
ov 0
attached es | O No Notamiiclm

11.4 Has there been any agency, institutional or other inquiry into non-compliance in this study, or any
finding of non-compliance conceming a member of the research team?

O Yes & No
I yes, please explain:

23 July 2014 Page dof 5 FHS018
(Note: Please complete the Ciasure form (FHS010) If the study is completed within (he approval period)
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FACULTY OF HEALTH SCIENCES
B Lianararcam TP Human Research Ehcs Gormton @

12 Levol of risk (tick v)
12.1 In light of your experience of this research, pieauhdlmmwmthehvdolmwpamclpmum

O | Increased
O | Decreased
M | Shown no change

If there has been a change, please explain:

12.2 Please provide a narrative summary of recent relevant literature that may have a bearing on the
level of risk.
N/A

13. Statement of conflict of interest
'Has there been any change in the conflict of interest status of this protocol since the original approval?

(tick ')

O Yes & No )

lfyn.plmeoprhandﬂmatbdwmbodmﬂbtdhmtﬂabmm(sgcumwmmmw
Protocol Application Form FHS013): -}

14. Signature =

My signature certifies that the above is complete and correct.

Sionekure of Pt e @i

23 Juty 2014 Page 5of 5 FHS018
(Note: Please complete the Closure form (EHS010) f the study s compleled within the approval period)



