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6. ABSTRACT

Mental performance consists of cognitive components, such as memory
capacity, motor function, or decision making, and psychological components,
such as personality traits, psychological well-being, or coping strategies.
While certain personality traits have been shown to be associated with
specific strengths and weaknesses in an individual’'s cognitive abilities only
few studies have been done to investigate this relationship in athletes. Our
study therefore aims to investigate the correlations between certain
personality traits and cognitive performance in a sample of elite hockey
players. 25 male athletes completed the ‘WebNeuro Sport’” assessment by
the Brain Resource Company. Data was first analysed for normality before
each personality trait was correlated with the results of the cognitive
assessment. The most distinct correlations were found between the
personality traits of Conscientiousness and emotion recognition. Neuroticism
further correlated with this cognitive function category. In addition, both
personality traits correlated with attention and sensory motor skills. We
conclude that this has practical implications for coaches and athletes as
existing physical fithess can be combined with strengths in cognition and
personality to further improve athletic performance.



7. INTRODUCTION TO THE STUDY AND ITS RESEARCH QUESTION

The body’s ability to maximise sporting performance is influenced by the
regularity of a training stimulus which ultimately leads to adaptation and
improved physical fitness (32; 53; 63; 128). Training physiology is widely
recognised and put into practice. However, even though most coaches and
athletes believe that performance is limited by an individual's mental
preparation (69; 99), this awareness is often neglected on a day to day basis
during training and competition. Mental preparation can be tracked by
neurophysiological and psychological measurements and by performance on
cognitive tests. Cognitive tests include motor function, memory capacity,
decision making, concentration and emotion recognition, to name just a few.
The psychological component is mainly assessed by questionnaires to
establish an individual’s personality traits, psychological well-being, coping
strategies, etc.

Certain personality traits have been shown to be associated with specific
individual cognitive strengths and weaknesses (39; 54; 68; 122; 126). A
personality assessment is able to give insight into an individual’s emotional
stability, his/her preferred interaction with their environment, their levels of
experimental curiosity and their attitude towards others as well as their ability
to work hard and be achievement orientated.

From a variety of questionnaires the Five Factor Model (FFM) of Personality
has been shown to be the ideal framework within which to describe
personality. Its different personality traits focus on five different levels in any
individual, namely the emotional (Neuroticism), the interpersonal
(Extraversion), the experimental (Openness to experience), the attitudinal
(Agreeableness) and the motivational (Conscientiousness) level (46).
Certain personality traits, such as Extraversion, Conscientiousness and
Neuroticism have been shown to be most apparent in athletes (12; 38; 58;
78; 102; 109; 129; 135). However, the relationship between these personality
traits and cognitive abilities has so far only been investigated in a normal or
disease specific population (14; 52; 60; 105; 108; 136). The results, derived
from these occupational environments or clinical settings, have been used to

either improve job performance or treatment outcomes respectively. By



applying such assessments to a sporting environment, an athlete can be
profiled on cognitive and personality strengths. Together with the information
on existing physical fitness these results can be used as an integrative

‘brain-body’ approach to improve individual as well as team performance.

Therefore, the particular research question we aim to answer is as follows:

What are the correlations between different personality traits and cognitive
performance in a team of elite hockey players?

We assessed both, the cognitive performance as well as the personality
traits by using the WebNeuro Sport assessment tool provided by the Brain
Research Company. In our literature review an overview is given on
personality assessments and cognitive performance followed by a detailed
description of our study design. We then present our results and discussion

and finish with a final conclusion on our research question.



8. LITERATURE REVIEW

This literature review aims to give an overview on the scientific literature
around personality assessments and cognitive function testing. We will begin
with the history of personality assessments as a lead in to why we have
chosen to use the Five Factor Model of Personality in our study. We will
further continue with its practical applications and the relationship to certain
cognitive functions in normal, disease specific and athlete populations.
Lastly, we will introduce the Brain Resource Company whose assessment
has been used to establish the personality traits and cognitive functions in
our participants.

8.1 Personality development - when does it begin?

Research shows that the development of personality starts with certain
behavioural traits in infants and children and their reaction to the
environment. A child’s reaction to unfamiliar places, people and situations is
regarded by many as an obvious temperamental trait (6). Kagan et al (76) for
example observed infants at the age of 4 months by measuring their
reactivity in response to their environment. He then followed up on these
children at the age of 4 to determine how much of the earlier behaviour
profiles, measured as high or low reactivity, would be preserved into later
stages of development. His results show that high reactive infants have a
different neurochemistry to those less excitable. He further found that certain
of the early behaviour profiles observed were preserved up to the age of 4
years. Kagan concluded that early behavioural traits can, to a certain degree,
predict future psychological profiles. Caspi & Silva (17) took this a step
further. Their longitudinal study investigated behavioural profiles of 3 year old
children which were then followed up at the age of 18. Their results revealed
that children rated as shy at the age of 3, reported themselves to be more
cautious, less aggressive, and more likely to avoid dangerous situations at
the age of 18 in comparison to those rated sociable at an early age. These
two studies indicate that the development of personality traits starts at an



early stage of human development and that it is likely that certain aspects of
these behavioural profiles are preserved into later stages of life.

8.2 Personality assessments — a historical overview

Personality can be defined as a ‘dynamic and organized set of
characteristics possessed by a person that uniquely influences his or her
cognitions, motivations, and behaviours in various situations’ (118). Some
researches (41; 44; 93) even suggest that personality may have a biological
or even genetic basis. Even though there are several definitions and
concepts of personality most researches in the area of personality
psychology agree that ‘personality is a concept of enduring and constant
individual-level differences in the way an individual shows thoughts, feeling
and actions’ (McCrae 194).

The personality trait psychology has a long history (35; 87) with many
different theories being put forward. The psychologist Hans Juergen
Eysenck, for example, was a major contributor to the modern scientific theory
of personality. His investigations suggested two main facets of personality:
Neuroticism, defined as the tendency to experience negative emotions and
Extraversion, defined as the tendency to enjoy positive events (40). Eysenck
later added the trait of Psychoticism as the third dimension (43). The most
common scales based on Eysenck’s theory are the Eysenck Personality
Inventory (EPI) and Eysenck Personality Questionnaire (EPQ).

Based on the typological theories by Carl Gustav Jung (four cognitive
functions of thinking, feeling, seeing and intuition) (75) the Myers-Briggs
Type Indicator (further referred to as MBTI) (98) assesses psychological
preferences in how people perceive the world and make decisions. However,
Jung’s theories were criticised for its lack of scientific evidence (16) and
convincing validity data (62; 84; 86; 124). On the other hand, many
scientists believe that the MBTI has met or exceeded the reliability of other
psychological instruments (21; 86) and is reported to give the same results



when administered to a person more than once (80). Today it is mostly used
in career counselling, group dynamics, employee and leadership training as
well as life and executive coaching.

The Minnesota Multiphase Personality Inventory (MMPI) is another
personality assessment frequently used in mental health (57).

However, out of all these different personality assessments, the NEO-PI has
been researched most extensively. Rather than being based on a theory of
one particular psychologist it is based on language, the natural system
people use to communicate their understanding of one another. Sir Francis
Galton was the first to recognise that personality differences are encoded
into language. In 1936 his idea was picked up by G. Allport and H. Odbert
who worked through the most comprehensive dictionaries at that time and
eventually came up with 4504 adjectives they believed were descriptive of
relatively permanent traits (3). By using the statistical method of factor
analysis Raymond Cattell further reduced this list to eventually sixteen major
personality traits, which he believed individuals would use to describe
themselves and others. Today this list of traits is known as the 16 Personality
Questionnaire (further referred to as 16PF) (18) and is commonly used
across different fields. In 1961 Tupes and Christal further analysed Cattell's
sixteen traits and found five recurring factors (133) which Norman confirmed
later to be the factors of Surgency, Agreeableness Conscientiousness,
Emotional Stability and Culture (101). The following two decades showed
hardly any research in the area of personality until Lewis Goldberg
independently found the five factors again and later labelled them as the ‘Big
Five’ personality factors (45). This was shortly followed by Costa and
McCrae’s publication on the revised NEO-PI (Neuroticism, Extraversion,
Openness Personality Inventory), also known as the NEO-PI-R (Neuroticism,
Extraversion, Openness Personality Inventory Revised) (23) from which they
later created the Five Factor Model of Personality. The ‘Big Five' (46)
personality traits as they are known today are Neuroticism (N), Extraversion
(E), Openness to Experience (O), Agreeableness (A), and
Conscientiousness (C) which all make up the Five Factor Model of
Personality traits (FFM).



8.3 The Five Factor Model: the ‘Big Five’ personality traits

Neuroticism describes an individual’s emotional stability. Individuals scoring
high in this personality trait show poor emotional adjustment in the form of
stress, higher levels of anxiety and depression, they are also more self-
conscious, impulsive and vulnerable where as people scoring low in
Neuroticism seem to be more self-confident, calm, even tempered and
relaxed. Extraverted individuals (scoring high in Extraversion) are
‘predisposed to experience positive emotions’ (23). They are seen to be
energetic, talkative, enthusiastic, cheerful and, at times, even dominant; they
generally enjoy large groups and other people’s company while seeking
excitement and stimulation. In contrast, people scoring low in this personality
trait enjoy time on their own or in small groups and are generally quiet and
reserved. Openness describes an individual's levels of experimental
curiosity. People scoring high in this personality trait are seen to be creative,
innovative, imaginative and untraditional. They generally seek new
experiences while people scoring low in Openness are more conventional,
inflexible and show a narrow interest in exploring new ideas. Agreeableness
‘involves getting along with others in pleasant, satisfying relationships’ (103).
Individuals scoring high in Agreeableness are generally cooperative, trusting,
caring, generous and kind. Low scorers are described as manipulative, self-
centred, suspicious, and ruthless (141). Conscientiousness, as the last of the
five personality traits, describes an individual’'s ability to work hard (5).
Individuals scoring high in this personality trait ‘tend to be ordered, dutiful,
self-disciplined and achievement orientated’ (113) whereas individuals
scoring low are less organised and reliable and show a lower level of self-
discipline. Scoring high in this category indicates a high degree of
persistence and motivation in the pursuit of goal accomplishment, duties and
responsibilities.



8.4 The Five Factor Model as a valid measure of personality

The FFM has been researched and validated across cultures and languages.
Ostendorf (104), for example, validated the FFM in German, Trull (133) in
Chinese and Thompson (131) used the ‘Big Five’ structure across different
cultures using an international English scale. McCrae (91) further assessed
the cross-cultural generalisability of the Five Factor Model in German,
Portuguese, Hebrew, Chinese, Korean, and Japanese samples. His findings
suggested that the FFM of personality traits is indeed universal.
Cross-cultural studies have investigated different personalities in relation to
gender (28; 115). They reported that women generally score higher in
Neuroticism and Agreeableness, while men score higher in Extraversion and
Conscientiousness. Interestingly these differences are only apparent in
modern societies where women have more opportunities equal to those of
men.

The FFM has also assessed the stability of personality traits over time as
well as across different age groups. In a longitudinal study Costa suggested
that personality is stable after the age of 30 (26). However, recent research
and meta-analysis (121) of previous studies suggest a maturation effect as
changes in all five personality traits occur at various points in life. Generally
levels of Agreeableness and Conscientiousness increase with time.
Extraversion, Neuroticism and Openness show the tendency to decrease.
Next to these group effects individuals demonstrate unique patterns of

personality change at all stages of life (114).

Despite extensive research on the FFM many researchers have criticised
this kind of personality assessment on firstly having too few (10) or too many
personality traits (19; 42). For instance, McAdams (85) referred to the FFM of
personality as a 'psychology of a stranger’ and argued that it did not have the
level of detail to explain all of human personality which led Hough (61) to
suggest a 9-factor model of personality. Secondly it is also said to be limited
because it is data-driven and based on language observations rather than a
theory (10; 42; 64; 137). Lastly, the statistical methodology of factor analysis
used to identify the personality traits is criticised for not having a universally-



recognised basis (10; 42; 61). Triandis (132) furthermore argued that the
generalisability across cultures does not include culture specific traits.
Further studies are looking at the cross cultural validity of this assessment
(31; 130). In his revised NEO Personality Inventory, published in 2000, Costa
(23) suggested possible changes to the wording of the questionnaire in order
for it to adapt to a population with low reading skills.

Besides the criticism the FFM has found many supporters allowing it to be
used as a valid measure of personality traits (23; 24; 24; 24; 27; 35; 46; 47;
73; 88; 88; 89). It describes the basic factors of a personality and has been
generalised across various languages, measures (94), and cultures (26; 90)
and it even shows evidence to be stable over time (36). The so-called ‘Big
Five’ (46) describe an individual on an emotional (Neuroticism), interpersonal
(Extraversion), experiential (Openness to experience), attitudinal
(Agreeableness), and motivational (Conscientiousness) level.

8.5 The Five Factor Model and its applications

Today, the FFM of personality assessment is widely used across different
fields. John et al (67) used this assessment to investigate personality in
children. He added ‘Irritability’ and ‘Activity’ to the traditional five traits
suggesting that the personality trait of children might be more differentiated
than that of adults. More recently the Five Factor Personality Inventory —
Children (95) was published allowing the assessment of children between 9

and 18 years of age.

In an occupational environment several studies have been conducted
confirming the popular application of the Five Factor Model in this field (5;
64). The most cited study by Barrick & Mount (5) found that
Conscientiousness was related to performance criteria whereas Extraversion
was seen as a valid measure for occupations involving social interaction.
This personality-occupation relationship was further confirmed by Holland
(59) who found that personalities are different across jobs. Hao Zao (141)



further investigated independent business individuals (entrepreneurs) and
managers using the FFM. He found that entrepreneurs scored higher in
Conscientiousness and Openness and lower in Neuroticism and
Agreeableness. In several articles Judge et al (70-72; 74) investigated the
relationship of the ‘Big Five’ in a job environment. He summarised that a)
Extraversion, Agreeableness and Openness to experience were correlated to
transformational leadership; b) that low Neuroticism, high Extraversion and
Conscientiousness were related to job satisfaction; c) that low Neuroticism
and high Conscientiousness correlated with performance motivation; d) that
Extraversion showed the strongest correlation with leadership followed by
Conscientiousness, Openness and Agreeableness; and e) that
Conscientiousness predicted intrinsic (job satisfaction) and extrinsic (income
and occupational status) career success whereas Neuroticism was seen to
negatively predict extrinsic success. Judge’s findings are supported by a
validation study done by Sinclair and Barrow (119) on job performance in
managers. They found high Extraversion and Openness as well as low
Neuroticism to be related to job performance.

Another area of research involving personality assessment via the FFM lies
within the field of psychiatry. From Costa’s (25) and McCrae’s (92) clinical
use of the Five Factor Model, this personality assessment has been shown
to be reliable and valid in this field. Both authors explained that even though
the FFM can only assist in diagnosing the patient it provides a useful
framework for the client's personality to be organised. It provides a
comprehensive picture of the patient's psychological strengths and
weaknesses which can then be used to select appropriate treatments.
Though Butcher (13) found the FFM to be too superficial for clinical
assessments, a recent review by Dinzeo et al (37) concluded that the FFM
played an important role in personality assessment and as such presented a
useful framework in illness management. McReynolds (96) further suggested
that the results of the personality assessment should be discussed with the
patient as a useful part of the therapeutic process.



According to Bagby RM (4) the ‘consideration of personality features is
crucial to the understanding and management of major depression’. Dinzeo
investigated the relationship between personality traits assessed by the FFM
and mental diseases (37). According to him high Neuroticism and low
Extraversion is associated with the risk of developing psychoses, while
Neuroticism scores have further been linked to greater severity of positive
psychotic symptoms, affective symptoms and substance abuse. Widiger et al
(138; 139) further confirmed the use of the FFM in the assessment of
personality disorders and provided evidence that excessive Neuroticism
seems to be involved in personality disorders. Bienvenu (8) has provided
evidence that Neuroticism is strongly correlated to anxiety disorder, even
though many questions around the interaction of personality traits and this
disorder have not yet been answered. Further findings suggested that
Agreeableness and Conscientiousness were related to antisocial personality
disorders as well as substance use and violence in schizophrenic patients
(37). In contrast low scores in Agreeableness seem to be associated with
social isolation whereas low Conscientiousness is linked to increased suicide
rates in psychiatry patients (37). Even though the role of Openness in
patients has not been fully understood so far it seems to be associated with
fewer depressive symptoms and better social functioning.

Further studies looking at Post Traumatic Stress Disorder (PTSD) reveal that
high levels of Neuroticism increase the risk of this reaction to a traumatic
event (106). However, additional research in this area is suggested as the
influence of environmental factors as well as previous experiences need to
be considered. Two review studies on smokers and their personality traits
reveal that smokers show higher traits of Neuroticism and Psychoticism
compared to ex-smokers and non-smokers (116) and that increased
Neuroticism as well as Extraversion are associated with the likelihood of
being a smoker.



8.6 Personality traits in athletes

The physical and mental aspects of physical activity have been documented
in many studies (32; 63; 128). In addition, many studies have addressed the
topic of personality types in athletes, most of them confirming that physical
activity correlates with higher levels of Extraversion and Conscientiousness
and lower scoring of Neuroticism (38; 58; 78; 102; 112; 113; 129; 135).
Looking at different levels of elite sport, Kirkaldy (78) investigated differences
between Olympic and non-Olympic athletes. His study found that top female
athletes scored the highest Extraversion traits and the lowest Neuroticism
scores. Applying the framework of the FFM Courneyz (29) investigated
correlations between exercise behaviour, exercise motives and exercise
barriers. Her results indicated that high Extraversion and Conscientiousness
were positively related where-as Neuroticism negatively related to exercise
training. High scores in Neuroticism and low scores in Conscientiousness
were further related to individuals who had difficulties in overcoming exercise
barriers. Potgieter and Venter (109) looked at students and their exercise
behaviour and found that those more frequently dropping out of their
exercise routine scored higher in Neuroticism than those who managed to
adhere to their exercise plans. However, having used the Eysenck Pl he
found no differences between adherers and non-adherers in the scores of
Extraversion.

Using the MBTI Buckworth (12) further investigated the physical activity
behaviour of students in order to determine how best to engage students in
physical activity. His findings confirm those by previous authors (38)
reporting that extraverts are more confident exercising due to the optimistic
nature of that trait. More introvert individuals on the contrary are more likely
to drop out of an exercise routine due to a low level of self-efficacy. She
concluded that understanding the personality of students has implications
that can contribute to exercise adherence.

In addition to exercise behaviour and motivation the understanding of an
individual’'s personality has further implications on the role of perceived
stress (22). Biondi (9) investigated psycho endocrine response patterns to



stress and identified different influences on stress perception. His review
listed gender, age, personality, coping style, and social support as possible
influences on perceived stress, but most of all highlighted the subjective
perception of a specific situation as a main determinant. With regards to
personality high scores in Neuroticism indicated higher levels of anxiety.
These individuals often perceive stress differently than those less anxious
and more self-confident. In a sporting content Raglin (110) found that most
athletes perform best when their anxiety levels are high. However, the
difference in performance might be explained by the interpretation of anxiety.
Better performers view their anxiety as desirable, whereas unsuccessful
athletes associate their anxiety with self-doubts and catastrophic feelings.
Dienstbier (34) concluded that the ability of an athlete to deal with stress or
arousal defines psychological toughness and corresponds with emotional
stability and better performance in complex tasks.

8.7 Personality traits and cognitive performance

Many studies have also been done on the effect of personality traits on
cognitive performance. Cognition reflects ‘real world’ functions (1) and
involves processing of information, applying knowledge, and changing
preferences on either a conscious or unconscious level. These functions
show cognitive strategies that are different between, but constant within
individuals (97). The idea that these individual differences can reveal
different underlying psychological processes has been proposed by
Underwood (134) but only recently has this been incorporated into cognitive
neuroscience (79) where studies have found differences in brain activation
during cognitive tasks to be associated with personality traits (39; 54; 68;
122; 126).

For example, it was found that attention and executive functions were
impaired in depressive individuals (105) and that emotionally more stable
personalities with extravert tendencies were able to perform better during
mental tasks with noise disturbances (7). Based on Watson’s (136)

conclusion that Extraversion is associated with a positive emotional stimuli



and Neuroticism with a negative emotional stimuli Canli (14) used MRI
technology to measure brain activity. He hypothesised that activity in brain
areas associated with positive emotions would be higher in extrovert
individuals when confronted with a positive emotional stimuli. A similar
hypothesis was made for neurotic individuals when exposed to negative
emotional stimuli. Participants completed the FFM personality assessment
and where thereafter presented with a number of positive and negative
images. Canli's findings confirmed both his hypotheses indicating that
personality differences play a role in underlying mechanisms of cognitive
functions. However, Canli pointed out that the task was uncontrolled and
therefore other mental processes may have taken place during the
assessment. Within the same study, Canli also investigated brain processing
during emotional face recognitions. Following previous studies Canli was
able to verify amygdala activation to fearful faces. Furthermore he found a
correlation between the personality trait of Extraversion and the emotion
recognition of happy faces. Haas (52) further investigated the relationship
between Neuroticism and brain activation and found that individuals with a
tendency to be sensitive to negative information and scoring high in
Neuroticism had greater activity in the medial prefrontal cortex when
presented with sad facial expressions.

Hooker et al (60) looked at motivational factors involved in learning and
found Neuroticism to be associated with increased activity in neural
mechanism for fear learning. The authors suggested that Neuroticism is
associated with an enhanced ability to encode fear associations.

The personality trait of Conscientiousness has been investigated in Posner’s
(108) study on attention and self-regulation. His investigations revealed that
executive function requires awareness of detail as well as control over self-
behaviour and mental state, all characteristics of the personality trait of
Conscientiousness. His research suggested that several brain areas are
involved in executive function allowing the assumption that the above neural
network is related to Contentiousness. Furthermore, Bonanno et al (11)
investigated cognitive performance on four different groups of individuals:
non-defensive and low anxious, high anxious, repressors and defensive and

high anxious. He found that repressors, individuals able to control their



behaviours and emotions, made significantly fewer mistakes during their
cognitive tasks than the other groups. This indicates that the ability of
repressor individuals to control behaviour increases cognitive performance in

a similar way as the personality trait of Conscientiousness.

8.8 The Brain Resource Company

The Brain Resource Company, further referred to as BRC, is a service
company which provides standardised test batteries to measure brain
function and cognition across different applications. As a result of a countless
number of different studies on small datasets, isolated theories, and a variety
of different methodologies most studies within neurosciences have mutually
incomparable data. Thus, there was a need to establish a standardised
database (65). The BRC has designed such a database allowing a network
of worldwide testing laboratories to contribute to the first controlled and
standardised International Database on the human brain. Rather than
looking at a few brain functions, the Brain Resource International Database
(BRID) focuses on the brain’s core cognitive competencies. Data captured
through standardised and valid test batteries (48; 107; 140) includes
demographics, brain function (Psychophysiology - EEG/ERP), cognition
(online/touch screen test battery), brain structure (sMRI/fMRI), and
Genomics (cheek swab or blood sample) thus adding to the database of
more than 2000 ‘normative’ subjects as well as a growing number of patients
with neurological and psychiatric illnesses. Initially, the BRC was used by
pharmaceutical companies in order to research the effects of pharmaceutical
compounds on the brain. This service has now been expanded to scientists
and provides an integrated approach as the outcomes include the effects of
age, gender, years of education, and personality type. The main goals of this
integrated and centralised database are ‘to quantify individual’s differences in
normative brain function, to compare an individual’s performance to their
database peers and to provide a robust normative framework for clinical
assessment and treatment prediction’ (48). The CEO of the BRC, E. Gorden

notes that ‘the combination of size and multidimensional measures of brain



function captured in this database may provide a normative and evidence-
based framework for individually-based assessments in ‘personalised
medicine’. In order to achieve this, the BRC has overcome difficulties in
finding consent on the essence of what needs to be included in a brain data
base, has managed to eliminate technical differences in data collection and,
opened the opportunity for researchers to share their data.

The tests conducted follow the data profiles as adopted by the BRC. They
are computerised and fully automated, yet easy to use while reflecting an
individualised cognitive performance profile. The assessments are ideally
suited for cognitive profiling during staff recruitment (“WebNeuro Recruit’,
‘WebNeuro Safety’ ‘WebNeuro Career’), early detection of cognitive decline
(‘WebNeuro/IntegNeuro Assurance’), assessments of signs of depression or
cognitive effects of sleep deprivation (‘WebNeuro Wellness’), general
cognitive performance in sports and the effect of concussion
(‘WebNeuro/IntegNeuro Sport’), identification of gifted or struggling children
and quantification of cognitive impairment or disability
(‘WebNeuro/IntegNeuro Focus’). The assessments can be completed on
either a computer or touch screen, with or without EEG measures. Upon
completion the participant’s data is transmitted via a secure website to the
Brain Resource Central Analysis Facility for individual assessment. Individual
reports are then provided within 48 hours.

The participants of our study completed the ‘WebNeuro Sport’ computer
assessment which consists of an assessment on basic cognitive functions
(memory, attention, sensor-motor, emotion recognition, and executive

function) as well as a personality assessment using the FFM.



9. RESEARCH DESIGN AND METHODS

9.1 Participants

A team of 25 male hockey players who competed on an international level
were recruited for this study. The athletes were fully informed about the
study and they signed an Informed Consent Form prior to participation. This
document also included a list of exclusion criteria such as any recent iliness,
hospitalisation, or surgical procedures as well as the BRC “Exclusion criteria
for healthy control participants at recruitment” (see Appendix 1). None of the
recruited athletes were excluded because of the above exclusion criteria.

The athletes completed the testing during a training camp. The ‘WebNeuro
Sport’ is an online assessment and as such a computer and internet
connection was set up in a testing room. No music or television was allowed
during testing and the outside noise levels were kept to a minimum in order
not to disturb the testing process. The athletes were test one after the other.

After the athlete was introduced to the testing protocol (website, login and
general introduction) he was left alone in the testing room. This allowed for

minimal distraction during testing.

9.2 Testing protocol

The participant logged onto the BRC webpage: www.brainresource.com. He
then went into the ‘log in’ area of ‘WebNeuro Sport’ to enter his personnel
login details provided by BRC. These login details were unique identification
numbers in order to ensure anonymity. After reading and agreeing to the
BRC terms and conditions the participant entered his personal details. He
was then given a general introduction (see explanation below) to the flow of
the online testing. This provided the participant with sufficient information on

what to expect during the testing.



9.2.1 General introduction to the participant

Each participant was introduced to the test using the following explanation:

‘The assessment will take about 60 minutes to complete. The online
test will begin once you have selected the overall START button. You will
then be asked to complete a general demographic questionnaire. Once this
is completed, the test will move on to the cognition tasks. Prior to each
cognition task an explanation of the specific task is giving to you as well as
an example demonstrated on the screen. This is to ensure that you fully
understand the testing requirements. Once understood and ready to
proceed, you can select the ‘continue’ button in order for the specific task to
begin. After completing the cognition tasks the test continues with the
‘Carlstedt Subliminal Attention, Reactivity and Coping scale for Athletes’ as
well as the personality questionnaire. Once this is completed you will be
informed that the test has been concluded successfully.’

9.3 The ‘WebNeuro Sport’ online assessment

The BRC testing battery “‘WebNeuro Sport’ consists of 16 tests which takes
approximately 60 minutes to complete. The test consists of three parts,
divided as follows:

1. Web-based demographic questionnaire
2. Web-based cognitive tests
This includes the basic cognitive assessments in the following
categories:
a) Attention / Behavioural
b) Executive Function
c) Emotion Recognition
d) Language
e) Memory
f) Sensory-Motor Function



3. Web-based ‘Carlstedt Subliminal Attention, Reactivity and Coping
scale for Athletes’ (further referred to as CSARC-A) testing and

Personality Assessment

1. Web-based demographic questionnaire

The web-based demographic questionnaire is the first of 16 tests and
consists of 23 self-reported questions. The questions cover the following :
Personal details, vision and/or hearing impairment, mobility in hands,
handedness, mobile phone use, learning difficulties, psychiatric and/or
neurological history, sleep history of the last month, physical activity
habits, eating habits, smoking and alcohol history, drug history, relevant
surgery, physical trauma of the head, overall health, emotional well-being
and mood status (over the previous week), emotional intelligence,
prescription drugs, early life stress, and traumatic experience.

. Web-based cognitive tests

After completing the demographic questionnaire the test moves on to the
cognitive function tests. The cognitive tests include test 2 up to test 14 out
of the total number of 16 tests during “‘WebNeuro Sport’. They are divided
into 6 different categories: a) Attention and Behavioural tasks,
b)Executive function , ¢c) Emotion Recognition, d) Language tasks, e)
Memory capacity and, f) Sensory-Motor function.

The Category of Attention / Behavioural is tested with ‘Sustained
Attention’, ‘Switching of attention’ and the behavioural tasks of the ‘Go no
go’ test. Executive Function is tested by ‘Executive maze’, while
Emotional Cognition is assessed by ‘Processing of facial emotions’.
Language skills are tested by ‘Spot the real word’. Memory capacity is
tested by ‘Memory recall and cognition’, ‘Digit Span’, ‘Memory recall, and
cognition’ test — delayed, ‘Processing of facial emotions’ test — delayed
and ‘Visual working memory’. Sensory-Motor function is tested by ‘Motor
taping’ and ‘Choice reaction time’. Each test is explained prior to the start
of the test and the participant is free to choose when he is ready to begin.

A definition of each cognitive test is provided in Table 1.



3. The CSARC-A test and Web-based Personality assessment

The CSARC-A test (15; 15; 20) is test number 15 out of the total of 16
assessments. It consists of 60 questions which are to be answered with
YES or NO to assess subliminal attention, subliminal reactivity as well as
progressive and subliminal coping. These brain measures are directly
linked to key components of peak performance, such as the ability to
focus, physiological reactivity, cognitive processing, motor readiness and
control, as well as control over emotions during sporting performance.
The personality assessment is the final (16™) test of the ‘WebNeuro
Sport’. It uses the Five Factor Model of personality assessment which
consists of 70 questions. It differentiates between five different
personality traits, namely: Neuroticism, Extraversion, Openness,
Agreeableness and Conscientiousness. The questions are to be
answered with ‘strongly disagree’, ‘disagree’, ‘neutral’, ‘agree’ or ‘strongly

agree’.

9.4 Statistical analysis

Results were provided by BRC in an excel format. Statistical analyses were
done using Prism 3.0 Statistical Software. Since this study focuses on
personality traits and cognitive performance data on the CSARC-A test,
emotional well-being and mood status, emotional intelligence, early life
stress, and traumatic experience was excluded from data analysis. Data on
cognition and personality traits was first analysed for normality before each
personality trait was then correlated with the results of the cognitive
assessment. Parametric data was correlated using two-tailed Pearson
correlation, non-parametric data was correlated using two-tailed Spearman
correlation equations. Both correlation equations used 95% confidence

intervals.



10. RESULTS

10.1 Results on cognitive performance

25 male elite athletes with an average age of 25.0 + 3.6 were tested in this
study. Graph 1 describes the athlete’s score in each of the different
categories of the cognitive function tests. These scores are based on
detailed measurements (e.g. response time, number of correct words, etc)
taken during the assessment. The x-axis shows the different cognitive
function categories as Memory, Attention, Sensory-Motor, Language,
Executive Function, and Emotion Recognition. The number of athletes is
shown on the y-axis. The scores are defined as ‘standardised scores’
indicating that each result is normalised for age and gender within the BRC
database (1). The different scores for each different category of cognitive
function are labelled and defined as either ‘Deficit’ (< -2 SD), ‘Borderline’ (> -
2 and < -1 SD), ‘Average’ (> -1 and < 1 SD) or ‘Superior’ (= 1 SD). Positive
‘standardised scores’ indicate strengths while negative scores indicate
possible weaknesses. ‘Standardized scores’ beyond -2 or 2 are statistically
significant.

Graph 1: Cognitive assessments
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* One test was not completed successfully. Data of one participant is therefore missing in this category.



Overall most athletes scored ‘average’ within their cognitive assessments.
However, the performance in emotion recognition was outstanding for almost
a quarter of the athletes where 6 participants scored ‘superior’ while most of
the others (18) scored ‘average’. Only 1 participant scored within the
‘borderline’ category. The cognitive skill of Executive Function showed two
athletes scoring ‘superior’ while 21 scored ‘average’ and 1 participant fell
within the ‘borderline’ category. In Sensory-Motor skills only 1 athlete scored
‘superior’ whereas the other 24 athletes fell within the ‘average’ category. For
Memory and Attention all 25 athletes scored ‘average’. Language skills were
scored ‘average’ by 21 participants, while 4 scored ‘borderline’ within this

category.

10.2 Results on personality traits

Graph 2 describes the athletes’ personality traits as classified by the Five
Factor Model. The personality traits Neuroticism, Extraversion, Openness,
Agreeableness and Conscientiousness are labelled on the x-axis. The
number of athletes scoring in a particular personality trait category is shown
on the y-axis. The scores of our athletes were compared to their age and
gender peers (not limited to athletes) in the BRC database and are therefore
labelled as t-scores (1). They are defined as either “Very low’ (t-score
between 0 and 35), ‘Low’ (t-score between 36 and 45), ‘Average’ (t-scores
between 46 and 55), ‘high’ (t scores between 56 and 65) or ‘very high’ (t
scores = 66).



Graph 2: Personality traits defined by the Five Factor Model
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Most athletes scored within the ‘low’/‘average’ or ‘average’/‘high’ category of
the five personality traits. The most outstanding personality trait was
Conscientiousness where 5 athletes scored ‘very high’ and 11 scored within
the ‘high’ range. 8 athletes scored ‘average’ in this trait and only 1 athlete
scored low. The second most distinct personality trait was Neuroticism. 6
athletes scored ‘very low’, 12 scored ‘low’, and 6 scored ‘average’ while only
1 athlete scored ‘high’ category and none ‘very high'.

Extraversion, the third most distinct personality trait, showed most athletes
scoring ‘average (n = 9), ‘high (n = 9) or ‘very high’ (n = 3). Only 4 athletes
scored ‘low’ (n = 3) or ‘very low’ (n = 1) and 1 participant scored ‘very low’.

In the personality trait of Openness only 1 subject scored ‘very low’, 11
scored ‘low’, 12 scored ‘average’ and 1 athlete scored ‘high’. No athletes
scored in the highest category for Openness.

Agreeableness was only scored ‘very low’ by 1 athlete, 9 scored ‘low’, 13
scored ‘average’ and 2 scored ‘high’ in this trait. No athletes scored in the
highest category for Agreeableness.



10.3 Results on correlations between personality traits
and cognitive performance

All the cognitive function categories that had significantly correlated with any
of the five personality traits as defined by the NEO-Five Factor Model are
shown in Table 2. Furthermore, some of the most distinct correlations are

displayed in Figure 3.

Most correlations where found for the personality trait of Conscientiousness.
Accuracy in recognising sad faces (r = 0.55), accuracy in recognising disgust
faces (r = -0.61), reaction time in recognising disgust faces (r = -0.46), as
well as performance during the attention task (number of correct responses
in recognising the words - r = 0.41) all correlated with Conscientiousness.
Additionally, Conscientiousness also correlated with variability in reaction
time during the motor tapping task (r = -0.52) and with working memory (false
misses - r = 0.46).

Neuroticism had the second most correlations and reached significance
within four different cognitive function categories: memory and recognition,
emotion recognition, sensory-motor function and attention/behaviour(al).
Negative correlations were found for accuracy in recognising sad faces (r = -
0.41), number of correct responses to a word (r = -0.48) and delayed recall
trial 4 of a certain set of words (r = -0.46). Positive correlations were found
with the variability of reaction time during motor tapping (r = 0.48) and the
number of errors (recognising the wrong words) within this intrusion trial (r =
0.44).

The personality trait of Openness to experience correlated with the accuracy
in recognising fear faces (r = 0.46), with immediate recall (trial 3) of a certain
set of words (r = -0.41) and with intrusion trial 3 (number of errors when
recognising the wrong words, r = 0.41).

Agreeableness was correlated with emotion recognition, with attention, as
well as with memory and recognition. Recognition of fear faces (r = -0.35),
reaction time during the sustained attention task (r = -0.40), the total number
of correct words during immediate recall trial 1-3 (r = 0.49), the number of



errors during the intrusion trial 1 (r = -0.40) as well as the total number of
errors during the intrusion trials 1-3 (r = -0.49) all correlated to
Agreeableness.
Extraversion only correlated with the language task of recognising the real
word (r =-0.41).



Figure 3:
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11. DISCUSSION AND CONCLUSION

The most evident findings in our study were the personality trait correlations
with a) emotion recognition, b) attention, and c) sensory motor skills. A brief
introduction of each specific cognitive function category is given before

discussing the relevant results.

11.1 Personality traits and the cognitive task of emotion recognition

The most distinct performance of our subjects was in emotion recognition.
Four out of the five personality traits assessed were correlated with facial
emotion recognition. The facial emotion recognition test required the
participant to look at several pictures of facial expressions, one at a time, and
to rate them into categories of fear, happy, sad, neutral, angry, and disgust
expressions. Charles Darwin concluded that ‘facial expression has been
considered a salient component of emotional behaviour’ (30). While being
subjective and based on individual experiences expressed emotions are a
form of non-verbal communication and are associated with feelings, thoughts
and behaviour. They furthermore indicate interest and involvement with
others and allow us to connect with the world around us. The online
Encyclopedia ‘Wikipedia’ states that ‘emotions are related to activity in brain
areas that direct our attention, motivate our behaviour and determine the
significance of what is going on around us’. Facial expressions therefore
show a true reflection of an individual’s mental, physiological, and emotional
state as they happen subconsciously and are difficult to influence (2).

Russel (117) reviewed differences in facial emotions across different cultures
and found that the face reveals emotions in a way that is universally
understood. However, the perception and intensity of this emotional
understanding might vary across cultures. In his review Mandal et al (82)
took this a step further and suggested that the left side of the face expresses
more emotions and displays cultural specific norms where as the right side of
the face shows more universal signals. Following Mandal findings, Nomuro

(100) investigated the response to ambiguous (positive and negative)



expressed facial emotions. He identified several brain areas (anterior
cingulate, medial frontal, and bilateral inferior frontal gyrus) involved in
processing positively and negatively valenced stimuli. He suggested that the
neural network involving these brain areas play a crucial role in social
behaviour as this allowed ambiguously expressed faces to be processed
correctly. In addition to Mandal's findings, several other studies have
indentified the brain areas involved in emotion processing (19; 50; 52; 56;
111).

According to Haman et al (55) brain activity associated with emotion
processing is influenced by a range of different factors, such as gender, age
and personality. Investigating age as an aspect affecting emotion processing
Ruffman (55) and Keighley (77) found that younger individuals performed a
lot better in processing facial emotions than older adults. However, this
seems to be dependent on the facial emotion to be recognised. Guyer (51)
investigated these findings further by focussing on fear recognition and brain
activation. He found increased amygala activation to fearful faces in
adolescents as compared to adults, which equates to greater subconscious
bodily prompting in younger individuals. Guyer suggested that this pointed to
an ‘increased vulnerability to affective disorders’ in adolescent populations.
Furthermore, Guyer found stronger connectivity between the amygala and
hippocampus in adults. He concluded that the increased connectivity
between these two brain areas could be seen as a ‘sign of maturation in
learning or habituation to facial expressions’.

A further study on facial expressions in different age groups focussed on
disgust recognition (127). The authors found an age-related improvement in
recognising disgust faces which he explained mainly by the fact that younger
individuals made more mistakes in disgust recognition because they had the
tendency to mistake disgust for anger.

Suzuki and co-workers (240) found the opposite effect with disgust
recognition. They found an age-related decline in sadness recognition. Since
negative emotions are related to sadness recognition they concluded that
older individuals experiences less negative emotions and therefore have

more difficulty in recognising sadness. This could be explained by a



maturation effect where, with age and life experience, one becomes less

sensitive to this facial expression.

In our athletes our strongest correlation was between the emotion
recognition of disgust and Conscientiousness. Our group of athletes fell
within the same age category as Suzuki's (127) young group above. Since
Suzuki’'s findings suggest that younger individuals have the tendency to
mistake anger for disgust our high negative correlation between both disgust
recognition and reaction time to disgust recognition and Conscientiousness
can be more fully explained by age. In our relatively young athletes, the more
conscientious they were, the more they seem to mistake disgust for anger.

Conscientiousness as well as Neuroticism correlated with the recognition of
sad faces, although oppositely. We found that those athletes scoring high in
Conscientiousness were more accurate in recognising sad facial
expressions. Through the eyes of a conscientious individual a sad face could
also be read as a ‘disappointed’ facial expression. Conscientious individuals
care about what they do and aim to perform at their best. They might
therefore be highly sensitive to sad expressions, read as ‘disappointment’, as
disappointing others is something the achievement orientated personality
trait would try to avoid through self-discipline and hard work.

Interestingly, we found a negative correlation between Neuroticism and
sadness recognition, although the scope of our athletes was quite limited in
this personality trait (Table 3). The majority of athletes scored in the lower
categories of Neuroticism, with only one scoring high (at the lower end of the
‘high’ category) and none scoring in the very high category. As a result, the
correlation was relatively weak, with r = 0.41. Most previous studies reported
positive correlations between Neuroticism and experiencing sadness (33;
123). On the other hand, Mandal (83) suggested that neurotic individuals
have a tendency to reject sad faces. Our results are in keeping with Mandal’s
findings where higher scores in Neuroticism show relatively weaker
performances in sad facial recognition, which may be due to a tendency to
reject this facial expression.



Openness showed a positive and Agreeableness a negative correlation with
recognising fearful faces. Individuals scoring high in Openness, also known
as ‘Openness to experience’, are seen to be more curious and sensitive to
inner feelings. Reflecting more on one’s own inner feelings and being open
to new experiences will generally make these individuals more sensitive to
their surroundings. Fearful faces are a non verbal expression of danger and
emergency. Since open individuals are able to recognise this facial
expression better than others, they are more able to prepare and adapt to
such situations. In an elite team environment this can be seen as a
psychological strength. Reading either the team colleagues’ or the
opponents’ level of fear allows reading the game ‘between the lines’ and
being able to do so respond accordingly.

In contrast Agreeableness, was negatively correlated with recognising fearful
faces. This could be explained by the nature of this ‘nice guy’ personality.
High scorers’ in Agreeableness prefer social harmony, cooperation,
friendliness and consideration for others. A fearful facial expression simply
does not fit into the world of an agreeable person and is therefore difficult to
recognise for individuals scoring high in Agreeableness.

11.2 Personality traits and the cognitive task of attention

The second most important finding is the correlation of two personality traits
with Attention: Conscientiousness correlated positively whereas Neuroticism
correlated negatively with this specific task. Attention is defined as either
selective or divided. ‘Selective attention implies conscious awareness of, and
concentration upon, a particular source of stimulation or information’ (49).
Divided attention by contrast is more typical of real world tasks as it covers
attention that is divided over a range of different input and their processing.
Smith (120) defined attention as one of the ‘fundamental executive

processes’.

During our specific task of verbal interference (125), as a measure of
selective attention, the athlete was required to name the ink colour that a



word was written in rather than the actual word. The number of correct
responses was recorded. This task measures the ability of an individual to
control inappropriate, well-learned, impulsive, and automated responses (1).
Several studies concurred (7; 34) that emotional stability, one of the
characteristics of low Neuroticism, has been found to be associated with
better performance in attention tasks. This was confirmed in our study where
low and very low scores in Neuroticism, hence emotionally stable individuals
had better performances with more correctly recognised words.

The other personality trait that was also correlated with Attention was
Conscientiousness. In his recent study MacDonald (81) distinguished
between two different types of cognitive processing: a) implicit (automatic,
effortless, fast, and parallel processing of information) and b) explicit
(conscious, effortful, step by step processing of information, analytical,
planning, and cognition control). He analysed explicit cognitive behaviour,
also described as effortful control of automated responses, and its relation to
social and emotional behaviour. He found that (effortful) control of behaviour
was not only related to controlling automatic impulses and long term planning
but also to the personality trait of Conscientiousness.

Our results are in line with the above findings. We found a positive
relationship between behaviour control during an attention task and
Conscientiousness. One needs to bear in mind that this assessment focuses
on selective attention and, to a high degree, does not reflect the real world.
Divided attention especially important in a team sport environment where the
athletes are required to focus and process several parts of the game at the
same time, e.g. moving the ball forward but also pay attention to where the
team mates are located on the field or how fast the opponent is running.
However there are times when selective attention becomes important in
situations such as penalty shooting, ignoring spectators and other

distractions.



11.3 Personality traits and the cognitive task of sensory-motor skills

Neuroticism and Conscientiousness are again correlated oppositely, this time
with motor tapping (variability of reaction time). This test required the subject
to tap the ‘space’ button on the keyboard as many times as possible for 30
seconds. The total number of taps as well as the variability in time between
taps is measured giving an indication of basic hand-eye coordination. Hand-
eye coordination refers to the control of eye movement and the processing of
visual input to guide body movement (66). It is crucial for daily activities such
as writing as well as usage of tools and computers and it is an essential
basis for the development of further advanced movement skills in sporting

performance.

The positive correlation we found indicates that athletes who scored low in
Neuroticism showed less variability in their motor tapping performance.
Neuroticism, as described before, is defined as the personality trait of
emotional stability and describes an individual’s ability to deal with stress.
Low scores in Neuroticism are seen to be more emotionally stable and being
able to deal with higher stress levels than people scoring high in this
personality trait. Therefore, athletes higher in Neuroticism seem to be less
able to deal with the stress of completing a specific task which then results in
greater variability in their sensory motor function. While at first sight their
performance might not differ from those scoring low in this traits, it is the
variability in performance that brings out the inconsistency in the outcome of
this specific cognitive task. Therefore it is the individual’s self-confidence —
one of the major aspects of Neuroticism — which is most likely to impact on
any performance task. High Neuroticism scores indicate low self-confidence
which means weak confidence in one’s own abilities, and such individuals
will perform with greater variation and a possibly less successful outcome.

Looking next at the negative correlation between motor tapping and
Conscientiousness we did expect athletes with high scores in this personality
trait to have less variability in their motor tapping. Several studies have linked
this personality trait to performance (5; 11; 73; 113). The level of self-



discipline and achievement orientation of Conscientiousness indicates that
this personality trait would have a positive impact on the consistency of their
performance in this task.



11.4 Limitations to the study

Limitations in our study lie in the fact that we were not able to control for all
assessments to be completed before a training session in order to avoid
physical as well as mental fatigue. Another limitation is the fact that some
athletes were set up to complete the assessment on a laptop while others
completed the assessment on a normal computer. Since the assessment
requires many tasks to be completed using the mouse, differences in
technology might have had an impact on our results. Furthermore, due to the
fact that the assessments were done during a training camp we were not
able to control the time of day.

We also did not control for caffeine and alcohol intake before the online
assessment was done. According to the BRC Methodology Document (1)
these 2 factors may potentially have an effect on the outcome of the
assessment. Lastly, we were only able to complete our assessments on
team athletes. Future studies could look at personalities and cognitive
function categories in elite individual athletes, non-athletes, as well as other

team sports.



11.5 Conclusions and answer to research question

This study looked at the Five Factor Model of personality and its correlation
with cognitive function tests in elite athletes. Our research question at the
beginning of this study was as follows:

Are there any correlations between different personality traits and cognitive

performance in a team of elite hockey players?

This question can be answered in the affirmative.

In summary we are able to conclude that differences in individual
personalities resulted in differences in cognitive performance in our sample
of elite hockey players.. These findings have practical implications for
coaches and athletes: when looking at performance an ideal personality trait
combination for athletes would be high scoring in Conscientiousness and low
scoring in Neuroticism. Almost a quarter of the team scored in the ‘superior’
category in facial emotion recognition, suggesting that this is an important
attribute in elite environments. Together with the information on existing
physical fitness these results can be used as an integrative ‘brain-body’

approach to improve individual as well as team performance.

Our study did not aim to establish whether our findings are specific to elite
athletes, a hockey team or a team environment in general. Future studies will
have to address the possible correlation between personality traits and
cognitive abilities in other elite team sports, elite individual sports, as well as

amateur sports on an individual or team basis.
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APPENDIX |

Exclusion Criteria according to the Brain Research Company for

healthy control Subjects at Recruitment

* not having English as primary language

* A personal history of mental iliness not related to physical brain injury

* A personal history of physical brain injury

* A personal history of having received a blow to the head that resulted
in unconsciousness (within the last 5 years only)

* A personal or family history (mother, father, brother, sister, child) of
Axis-l disorders (Attention Deficit Hyperactivity Disorder (ADHD),
Schizophrenia, Bipolar Disorder or other psychological and/or
psychiatric disorder)

* A personal history of stroke or neurological disorder such as
Parkinson’s Disease, Epilepsy, Alzheimer’'s or Multiple Sclerosis

* A personal history of serious medical conditions related to your
Thyroid or Heart, or a history of cancer

* A blood borne iliness (HIV, Hepatitis B, Hepatitis C).

* A severe impediment to vision, hearing, or hand movement.

* A personal history of addiction to drugs such as Heroin, Cocaine or
Amphetamines

* A personal history of heavy consumption of Marijuana or alcohol

* A personal or family history of genetic disorders



APPENDIX II

SUBJECT INFORMATION

Personality Traits and Cognitive Performance in Athletes

This research project aims to advance our understanding of the relationship
between different personalities and their cognitive performance abilities. You are
invited to participate in this study and complete the test battery provided by the
Brain Resource Company. The anticipated time required to complete these tests is
approximately 60 minutes. All tests will be done online and include the assessment
of cognitive abilities such as basic motor function, memory capacity, decision
making, attention, impulsivity and personality traits etc. Testing is not invasive and

will not expose you to any risk.

These results may contribute to the participants’ having a better
understanding of their psychological profile which may manifest as an

improvement in sporting performance.



APPENDIX 1II

Subject Informed Consent Declaration
UCT / MRC Research Unit for Exercise Science and Sports Medicine,
Department of Human Biology

Personality Traits and Cognitive Performance in Athletes

This research project aims to understand the correlation between different
personalities and their cognitive performance abilities. You are invited to participate
in this study and complete the test battery provided by the Brain Resource
Company. The anticipated time required to complete these tests is approximately
60 minutes. Testing is not invasive and will not expose you to any risk.

Participation in this study is completely voluntary, and you are free to choose not to
complete the questionnaire, or opt out of the research at any stage. However you
are kindly requested to participate as the study stands to enhance the
understanding of different personality types and cognitive performance abilities in

sports. Your answers and individual identity will be kept strictly confidential.

CONSENT

Date

Name

| hereby consent to participate in this research study with full knowledge and
understanding of the nature of the research project and what is expected of me.

Signature




APPENDIX IV

Subject Informed Consent Declaration

Netcare Brain Resource Centre

By signing this document in the spaces below, the client attest to having read and
understood the document. The client had the assessment process fully explained to
his / her satisfaction and authorizes the Netcare Brain Resource Centre to collect
the following data:

Test Yes | No
WebNeuro Sport

Please tick off with an x in the applicable column.

| hereby agree that the above information | provide may be used for purposes of my
personal assessment.

| herby agree that all information provided by me will belong to the Brain Resource
Company Limited and will form part of an international database.

| understand and agree that scientists internationally may have access to this
information at any time in the future and that the information maybe used for
scientific, clinical or commercial purposes.

| understand and agree that no personal identification information (i.e. name,

address, contact details) will be transmitted to the central international database.

CONSENT

Date

Name

| hereby consent to participate in this research study with full knowledge and
understanding of the nature of the research project and what is expected of me.

Signature




APPENDIX V

Table 1
Ov
[ Category of
cognitive Tests completed
function
Memory recall and
recognition
Digit Span
Memory recall and
Memory recognition - delayed
Processing of facial
emotions - delayed
Visual working memory
Sustained Attention
Attention / o .
Behavioural Switching of attention
‘Go no go’ test
Sensory Motor Motor taping
function Choice reaction time
Language Spot the real word
Execufuve Executive Maze
Function
Emotion Processing of facial
recognition emotions




rerview of cognitive tests completed during the ‘WebNeuro Sport' assessment

Explanation of test and outcome meassures

Participant has to recall a set of words after several time intervals and later recognise them in a list mixed with other words. This test indicates memory
capacity.

Participant has to repeat a presented sequence of numbers which is an indicator of memory capacity.

This test is a repetition of the first test ‘Memory recall and cognition’ in order to identify participant’s ability to memorise the words for a longer period of
time.

This test is a repetition of the test ‘Processing of facial emotions’ in order to identify participant’s ability to memorise facial expressions for a longer period
of time.

Series of letters appear on the screen. Participant is asked to only press respond button when the same letter comes up twice in a row. This test indicates
short term memory capacity.

Participant is asked to name the colour the word is written in and not read the actual word. Indicates participant’s ability to keep attention.

Numbers and letters need to be connected in various sequences. Indicates participant’s ability to keep attention.

Participant is asked to press a respond button when they see the word “press” written in green but not when it is written in red. This test is a measure for
behavioural tasks

Participant is asked to press a respond button as many times as possible in 1 minute. This test measures Sensory-Motor function.

One of four circles lights up. Participant has to press the lit circle as quick as possible. This test measures Sensory-Motor function.

Participant is asked to select the real word which is presented next to a nonsense word. This test is marker for language skills

By trial and error the Participant needs to find a path through a dot-based maze and remember it. This test indicates executive function.

Facial expressions with five different emotions are presented: Neutral, happy, sad, fear, disgust. Participant needs to process and rate them. This test is a
measure of emotional recognition.




APPENDIX VI
Table 2

Correlations between personality traits and cognitive functions

Neuroticism

Cognitive function

Memory

Emotion recognition

Sensor-Motor Function

Function meassured

Memory recall and cognition

Processing of facial emotions

Motor tapping

Delayed Recall Trial 4 Intrusion errors trial 4 Accuracy Variabilitv of raction time
Test (correct number of words) (number of errors) (in recognising sad faces) y
r-value -0.46 0,44 -0.41* 0.48*
95% confidence Interval -0.72 10 0.03 0.03t00.72 -0.69 to -0.20 0.11t0 0.74
Openess

Cognitive function

Memory

Emotion recognition

Function meassured

Memory recall and cognition

Working Memory

Processing of facial emotions

Immediate recall trial 3 Intrusion errors trial 3 False alarms Accuracy
Test (number of correct words) (number of errors) (responded when shouldn't) (in recognising fear faces)
r-value -0.41 0,41 -0.46 0.46*
95% confidence Interval -0.70 to 0.01 0.01t0 0.70 -0.73 t0 0.07 0.08 t0 0.72
Agreeableness
Cognitive function Memory Emotion Recognition Atter
Function meassured Memory recall and cognition Processing of facial emotions Sustained
Immediate recall Total of Intrusion errors
trials 1-3 Intrusion errors Trial 1 ) Accuracy L
(total number of correct (numbergl Brors) Total of trials 1-3 (total (in recognising fear faces) Reaction time (Go) (r
Test words) number of errors)
r-value 0.49* -0.40* -049* -0.35 -0.
95% confidence Interval 0.11 t0 0.74 -0.69 to 0.01 -0.74 t0 0.11 -0.65 to 0.05 -0.70 t
Conscientiousness
Cognitive function Memory Emotion recognition Sensor-Motor Atter
Function
. . . . . . Verbal int
Function meassured Working memory Processing of facial emotions Motor tapping 'Stroo
False misses Accuracy Reaction time A
(did not respond when (in recognising disgust | (in recognising disgust Accuracy Variability of raction time ceura
Test should) faces) faces) (in recognising sad faces) (number or correct r
r-value 0,46 -0.61* -0.46* 0.55* -0.52* 0.4
95% confidence Interval 0.07 t0 0.73 -0.81 10 -0.28 -0.72 10 -0.08 0.20t0 0.78 -0.76 t0 0.16 0.02 t

* = Pearson ¢



Attention

Verbal Interference
'Stroop test'

Accuracy word
(number or correct
responses to words)

-0.48*

-0.73t0 0.10

Extraversion

Language tasks

Spot the real word

Accuracy
(number of words
correctly recognised)

-0.41*

-0.69 to -0.02

ntion

| Attention

‘eacted when should)

40

:00.00

ntion

erference
p test'

cy word
‘esponses to words)
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0 0.69
orrelation, parametric data
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CSARCS-A, Cognition, DASS, El, Personality.
Client: WS-Sample-04 (virth date withheld; age 21 years; male)

| Test | Level | Function Measured | Functional Significance
Carlstedt Subliminal Attention, Reactivity and Coping Scale-Athlete Version (CSARCS-A)
High Subliminal Attention Ability to attain peak performance during
Low Subliminal Reactivity critical moments
Medium Subliminal Coping
General Cognition
Memory Working memory recall | Ability to attend to, learn, remember, store,
and recognition retrieve and manipulate new information. It
includes long and short term memory
Attention, Sustained attention Ability to selectively concentrate during
Behavioral Focussed attention cognitive tasks, detect and respond to
Impulsivity change in the environment, sustain atten-
Cognitive flexibility tion over time and control impulses
Sensory- Hand/eye coordination | Ability to perform motor skills and respond
Motor/Spatial Accuracy of selecting an | to information in a timely fashion. It
appropriate response includes reaction time
Language Word comprehension Ability to recognize words, access words
Verbal fluency and remember what has been heard
Verbal memory
Executive Planning Ability to plan, strategize, execute complex
Function Abstraction tasks, abstract thinking, rule acquisition, in-
Error correction hibiting inappropriate actions and ignoring
irrelevant sensory information
Emotion Superior Emotional expressions | Ability to recognize interpersonal emotions
Recognition through facial expression
Depression Anxiety Stress Scales (DASS)
Normal Depression Screening for Depression and Anxiety
Normal Stress
Normal Anxiety
_ <-2 standard deviation _ >-1 and <1 standard deviation
Borderline >-2 and <-1 standard deviation Superior >1 standard deviation

Important Information and Disclaimer

Reference: BRC-Sample12-04 Test Date: Feb 2007 Report Date: 26 Apr 2007

This report provides indications of brain function and cognition as compared to a normative database. Its only purpose is to provide evidence based data to assist the decision making process of a competent relevant
professional. It must not be used as a basis for action without consideration by a competent relevant professional.

This report is not intended to diagnose or treat any health condition and it must never be used on its own to make any diagnostic or treatment decisions.

This report does not establish any physician-patient relationship or supplant any in-person medical consultation or examination. Appropriate medical attention should always be sought for any ailments. Do not
disregard professional medical advice or delay seeking medical treatment as a result of this report.

In so far as permitted by law BRC expressly disclaims any and all responsibility for any liability, loss, injury, damage, expense or risk which may be or is incurred as a consequence, directly or indirectly, of any use
or application of this report.

The Brain Resource Company®©
BRC Operations Pty Limited ABN 45 098 619 115
Email: info@brainresource.com URL: www.brainresource.com
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Brain Resource ®

| Test | Level | Function Measured Functional Significance
Emotional Intelligence (EI)
Empathy/intuition Control of emotions in self and in dealing
Social relationships with others
Self esteem
Personality
Very Low Neuroticism Used to understand basic emotional,
High Extraversion interpersonal, experiential, attitudinal
Very High Openness and motivational style
Low Agreeableness
High Conscientiousness

_ <-2 standard deviation

Borderline >-2 and <-1 standard deviation

Superior

_ >-1 and <1 standard deviation

>1 standard deviation
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=’ CSARCS-A

Carlstedt Subliminal Attention, Reactivity and Coping Scale
Client: WS-Sample-04

-
—

N

The Carlstedt Subliminal Attention, Reactivity and Coping Scale-Athlete Version (CSARCS-A) contains
measures that reflect the following neuropsychophysiological processes (Mind-Body processes):

|. Subliminal Attention (SA): this measure reflects an athlete’s subliminal or unconscious focusing or
concentration tendencies. It can be viewed as the "Zone” facilitator in athletes who score high on this
dimension (23-35). They possess an enhanced ability to focus intensely on task-relevant activities
(sport-specific action/movement, etc). Paradoxically, low SA can also be performance facilitating.

Il. Subliminal Reactivity (SR): this measure reflects an athletes subliminal autonomic nervous system
or "fight” or "flight” tendencies. It can be viewed as the "Great Disrupter” of peak performance in ath-
letes who are high on this dimension (16-25). They are likely to exhibit increased psychophysiologi-
cal reactivity (nervousness; muscle tension) that is mediated by catastrophic and negative intrusive
thoughts, especially during critical moments of competition.

lll. Subliminal Coping (SC): this measure reflects an athletes subliminal or unconscious ability to fend
off negative intrusive thoughts associated with high Subliminal Reactivity. It can be viewed as the
"Great Facilitator” of "Zone” states and peak performance in athletes who are high in this measure

(22-34).
Measure Client Score Range
Subliminal Attention 28 High
Subliminal Reactivity 4 Low
Subliminal Coping 18 Medium

This client has a "Positive Tendencies” profile as measured by the CSARCS-A.

It should be noted that the above measures interact to affect performance as a function of the criticality
of a competitive moment. In other words the more critical the moment as established by the Carlstedt
Critical Moment Analysis System (CCMAS) the greater the probability that an athlete’s combination of the
above measures will influence performance either positively or negatively. In isolation and outside the
context of critical moments or competitive stress singular measures are expected to exert their positive
effects. Their negative influences will remain relatively dormant until actual or perceived critical moments
or competitive stress are encountered (see Critical Moments During Competition: A Mind-Body Model of
Sport Performance When it Counts the Most; Carlstedt [2004] Psychology Press for a complete analysis of
the dynamics of the above constructs).

Follow-up Report Service: It is recommended that athletes, coaches and practitioners who use this
test battery consult with Dr. Roland A. Carlstedt to further inform the interpretation and implementation.
Contact: RCarlstedt@americanboardofsportpsychology.org or DrRCarlstedt@aol.com. See the website:
www.americanboardofsportpsychology.org
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Client: WS-Sample-04

"standardized scores”
3 0
Sig. | | | | | | | | |

MEMORY tasks
Memory Recognition
Immediate recall trial L.~ —--mmomo—o oo —mmm— o Ll e
Immediate recall trial2 | oo oom——— oo g -
Immediate recall trial3 | —---m-— oo @ -
Total immediate recall trials 1-3 || —-----ooooooomm oo @ -
Learningratetrials -3 | —-----— oo oo o -
Intrusions errors tial L.~~~ || mommmmmo oo L e
Intrusions errors trial 2~~~ || o mmmooooo oo L i
Intrusions errors trial 3~~~ | o momooooooomo oo @
Total intrusions errors trials 1-3 || —o---oooooooomm oo L e
Delayedrecall trial4 | —o-mo-o oo Lo
Intrusion errors trial4 || —o—-- oo oo oo (G===1==7-=-EREE R
Digit Span
Recall span (forwards) | | —oom-oooooooom o L R
Trials correct (forwards) | —oomoooooomoome oo @
Emotion Memory
Fear%accuracy @~ momooo oo ooooos——o oo Ce========-RR R
Fear reactontme | | —o-------------—— Dle===========5/ = =R
Angry %oaccuracy | mo oo oo oo oo —omosoo oo N>
Angry reaction time | —-------—-——-—— L i S S B
Disgust % accuracy | | So oo - oo oo —o—o— oo O\ | " "—""—""-"----
Disgust reaction time o| ——-—+-——- [ == ====c========- - ====---EREE
Sad%accuracy | mmmmmmomoo————— oo L B
Sad reactiontme | | oo -----------o-——— L N 1" """"""""--"---
Happy % accuracy || —o oo oo oo —o—so oo = === =
Happy reaction tme | | —o------------- Cr==ls==== ======c==o==-RRR R
Neutral % accuracy | | S - oo oo o-— o —o——o oo Cr=1 === =
Neutral reaction time o| ——-—+-——- L JB====- =+ s=========== === ---ER
ATTENTION tasks
Sustained Attention (CPT)
Reactiontme | —ommoo oo oo ®
Falsealaams | mommoo oo oo ®
Falsemisses | moomoooo—ooo oo ®
Switching of Attention
Completion time (digits+letters) | - ---- oo -- oo L R
Avg. connection time (digits+letters) = | —----------- - —— - ®
Errors (digits+letters) | —-om—m - o— oo ®* -
SENSORY-MOTOR tasks
Motor Tapping
Number of taps (dominanty | —----------- - ——o— oo ®* -
Variability of reaction time (dominant) = | --------------------- - -
Choice Reaction Time
Reaction Tme | —omo—— oo ®*
VERBAL tasks
Verbal Interference
Accuracy (word) . —m——m——— oo L B
Erors(word) | mo oo oo oo ®
Reaction time (word) o| -——-—-——- R e
Accuracy (color) | mmmm s m oo m o O=======-===---ER R
Errors (color) | s m s m e — oo —— oo (= ===—--EEE
Reaction time (color) || —emmmms————— - RO R e ey — — — — — — — — — — — — —
Spot the Real Word
Accuracy
EXECUTIVE FUNCTION task
Maze
Trials completed | —mmmmm oo m o —m— oo O=========---EEE R
Completiontme || - mmm—s—— oo O =========--ERE
Path learningtime | s mmmm e —— o —mo— oo === === == -
Totalerrors | mmoomo— oo ® -
Number of overruns | —mmm—m e —— oo —oo oo Cr====-====--EE R
BEHAVIORAL task
Go-NoGo (Inhibition)
Reaction tme(Go) || —o------o---—m——— (Fle===========s === =R
Falsealarms (NoGo) @~ | | So oo oo oo oom o — oo ® - ---—--—------
Falsemisses(Go) | Som oo oo oooo oo (===
EMOTION RECOGNITION task
Emotion Recognition
Fear%accuracy | Sm oo oo o o—oo oo oo Cr=l===—=-EE R e
Fear reactontme | —o------o----——o-—— O i by — — ~ — -~ -~ -~~~
Angry %oaccuracy | moomomosoooo—o—ooo oo O====== =R
Angry reaction time o| ——-——- @ - - Rt ittt — ~ — — ——————— —
Disgust % accuracy || ST T TS o oo oo —— oo ® - ---—-—--—------
Disgust reactiontme || —o---- oo oo—oooo oo D ===1 == ==-ERE
Sad%accuracy | ST oo oo oo oo - -
Sad reactiontme | | oo -o-sooo-oooo—o oo Gr======c == ==
Happy % accuracy @~ | S oo oo oo oooooo—oo oo === ==-
Happy reaction tme | | —------------—=— L R
Neutral % accuracy | | S - oo - oo o-oo oo D===1 == =-=-ERE
Neutral reaction time ol ——- e e et — — — — — —— —————

For convenience, the tasks are organized by broad cognitive groupings. The circles on the left indicate statistically significant differences
compared with the normal control. The "standardized scores” on the right are normalized for age and gender, which means differences
from zero reflect differences from ’average peer’ (also known as z-scores). Positive "standardized scores” indicate strengths, negative
"standardized scores” indicate potential deficits (Avg = average). "Standardized scores” beyond -2 to +2 are statistically significant. False
alarms (respond when should not) = false positive; errors of commission. False misses (not respond when should) = false negatives;
errors of omission. Intrusion = words not on the list. Specialist interpretation is required.



aend Depression Anxiety Stress Scales

Client: WS-Sample-04

Unresolved anxiety and stress are closely coupled with the cycle of decline in depression.
Depression Anxiety Stress Scales provide a screening for Depression and Anxiety.

Measure Client Score Severity Rating
Depression 2 Normal
Stress 6 Normal
Anxiety 4 Normal




ynew® Emotional Intelligence

Client: WS-Sample-04

Trait Client Score Standardized Score Range
Empathy/intuition 22 0.46
Social relationships 16 0.92
Self esteem 13 0.07
Total 51 0.79

The "standardized scores” on the right are normalized for age and gender, which means differences from zero reflect
differences from ’average peer’ (also known as z-scores).

Empathy/intuition:

Client WS-Sample-04 is rated as having a good capacity to perceive and understand the emotions in others.
He is viewed as having a good ability to use the understanding of those emotions when relating to others.

Social relationships:

Client WS-Sample-04 is perceived to have a good capacity to initiate and maintain positive relationships
with others. He is seen to have a highly developed level of confidence in a social environment.

Self esteem:

Client WS-Sample-04 illustrates a good ability to modify self presentation based on understanding the
emotions of others. He indicates a good capacity to experience positive emotions when confronted by
challenges.



NEO Five-Factor InventoryTM

Interpretive Report

Developed By
Paul T. Costa, Jr., PhD,

Robert R. McCrae, PhD,
and PAR Staff

Client Information

Results For : WS-Sample-04
Client ID : WS-Sample-04
Age: 21
Gender : Male
Test Form : S (NEO-FFI)
Test Date : Feb 2007

The following report is based on research using normal adult samples and is intended to provide
information on the basic dimensions of personality. The interpretive information contained in
this report should be viewed as only one source of hypotheses about the individual being
evaluated. No decisions should be based solely on the information contained in this report. This
material should be integrated with all other sources of information in reaching professional
decisions about this individual. This report is confidential and intended for use by qualified
professionals only; it should not be released to the individual being evaluated. “Your NEO FFI
Summary” provides a report in lay terms that may be appropriate for feedback to the client.

PAR Psychological Assessment Resources, Inc. / 16204 North Florida Ave. / Lutz, FL 33549 / 1.800.331.8378 / www.parinc.com

NEO-FFI : Interpretive Report Copyright © 1985, 1988, 1992, 1994, 2000 by Psychological Assessment Resources, Inc. All rights reserved.
May not be reproduced in whole or in part in any form or by any means without written permission of Psychological Assessment Resources, Inc.

Version: 1.02 ( 1.30.020 )
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NEO-FFI T-Score Profile

T-Score T-Score
>80 >80

70 - 70

30 - 30
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NEO-FFI Data Table

Scale Raw Score T Score Range
(N)  Neuroticism 12 34 Very Low
(E)  Extraversion 38 63 High
(O) Openness 40 71 Very High
(A)  Agreeableness 25 40 Low
(C)  Conscientiousness 38 61 High
Validity Indices

Validity indices (i.e., B and C questions, and total number of items missing) are within normal
limits.

Basis of Interpretation

This report compares the respondent to other college age men and women. It is based on self-
reports of the respondent.

This report is based on a short version of the Revised NEO Personality Inventory™. It provides
information on the five basic personality factors. More precise estimation of the factors and
more detailed information about specific traits that define them can be obtained by administering
the NEO PI-R™.,

Global Description of Personality: The Five Factors

The most distinctive feature of this individual's personality is his standing on the factor of
Openness. Very high scorers like him have a strong interest in experience for its own sake.
They seek out novelty and variety, and have a marked preference for complexity. They have a
heightened awareness of their own feelings and are perceptive in recognizing the emotions of
others. They are very responsive to beauty in art and nature. Their attraction to new ideas and
alternative value systems may make them especially tolerant of others, and may lead them to
adopt unconventional attitudes. Peers rate such people as imaginative, daring, independent, and
creative.

This person is very low in Neuroticism. Individuals scoring in this range are typically very well-
adjusted emotionally, rarely experiencing psychological distress. They are not sensitive or
moody, and have very few complaints about life. They feel quite secure and have a high level of
self-esteem. Friends and neighbors of such individuals might characterize them as relaxed, even-
tempered, comfortable, and hardy in comparison with the average person.

Next, consider the individual's level of Extraversion. Such people enjoy the company of others
and the stimulation of social interaction. They like parties and may be group leaders. They have
a fairly high level of energy and tend to be cheerful and optimistic. Those who know such
people would describe them as active and sociable.

This person is high in Conscientiousness. Men who score in this range work toward their goals
in a deliberate manner. They have a relatively high need for achievement. They are well
organized and reliable and carry through on their commitments. They have good self-discipline
and take their obligations seriously. Raters describe such people as careful and hardworking.
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Finally, the individual scores in the low range in Agreeableness. People who score in this range
are relatively low in concern for others. They can often be brusque or thoughtless in their
interactions. They tend to view other people and ideas from a critical standpoint. Their attitudes
tend to be tough-minded in most situations. They are competitive and quite able to express
hostile feelings directly. People might describe them as relatively stubborn or selfish. (Although
antagonistic people such as these are generally not well-liked by others, they are often respected
for their critical independence. Their emotional toughness and competitiveness can be assets in
many social and business roles.)

Personality Correlates: Some Possible Implications

Research has shown that the scales of the NEO FFI™ are related to a wide variety of
psychosocial variables. These correlates suggest possible implications of the personality profile,
because individuals who score high on a trait are also likely to score high on measures of the
trait's correlates.

The following information is intended to give a sense of how this individual might function in a
number of areas. It is not, however, a substitute for direct measurement. If, for example, there is
a primary interest in medical complaints, an inventory of medical complaints should be
administered in addition to the NEO FFI™ |

Coping and Defenses

In coping with the stresses of everyday life, this individual is unlikely to react with ineffective
responses, such as hostile reactions toward others, self-blame, or escapist fantasies. He is more
likely than most adults to use humor and less likely to use faith in responding to threats, losses,
and challenges. In addition, he is somewhat more likely to use positive thinking and direct
action in dealing with problems. His general defensive style can be characterized as adaptive
and flexible. He is more likely to present a defensive facade of superiority than to be self-
sacrificing. He may use such defense mechanisms as acting out and projection.

Somatic Complaints

This person may be prone to discount physical problems and minimize the severity of somatic
symptoms and medical complaints. In health care situations, it may be important to check for
problems even when he reports no difficulties.

Psychological Well-being

Although his mood and satisfaction with various aspects of his life will vary with the
circumstances, in the long run this individual is likely to relish positive experiences, minimize
problems, and generally be happy. Because he is open to experience, his moods may be more
intense and varied than those of the average man. Because he is high in Conscientiousness, his
accomplishments and achievements may give him greater satisfaction with life.

Cognitive Processes

This individual is likely to be more complex and differentiated in his thoughts, values, and moral
judgments than others of his level of intelligence and education. He would also probably score
higher on measures of ego development. Because he is open to experience, this individual is
likely to perform better than average on tests of divergent thinking ability; that is, he can
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generate fluent, flexible, and original solutions to many problems. He may be considered
creative in his work or hobbies.

Interpersonal Characteristics

Many theories propose a circular arrangement of interpersonal traits around the axes of Love and
Status. Within such systems, this person would likely be described as arrogant, calculating,
gregarious, sociable, and especially dominant and assured. His traits are associated with high
standing on the interpersonal dimension of Status.

Stability of Profile

Given the individual's age, some changes in personality are possible over the next few years.
However, this profile is likely to be useful as a rough guide to the individual's personality
throughout adulthood.
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NEO FFI Item Responses
Item Rsp. Item Rsp. Item Rsp. Item Rsp. Item Rsp.

1A 13. SA 25. A 37. A 49. SA

2. N 14. N 26. D 38. D 50. A

3. D 15. D 27. N 39. N 51. D

4. SA 16. A 28. SA 40. A 52. SA

5. N 17. SA 29. N 41. D 53. SA

6. D 18. SD 30. SD 42. N 54. N

7. SA 19. D 31. SA 43. SA 55. D

8. A 20. A 32. A 44. A 56. N

9. A 21. D 33.D 45. D 57. D

10. A 22. SA 34, A 46. A 58. A

11. D 23. SD 35. SA 47. SA 59. A

12. D 24. N 36. D 48. D 60. SA

Validity Items
A. Yes B. Yes C. Yes
Summary of Responses

SD: 5.00% D: 28.33% N: 16.67% A:26.67% SA:23.33% ?: 0.00%

Personality Style Graphs

Broad personality factors are pervasive influences on thoughts, feelings, and actions, and
combinations of factors provide insight into major aspects of people's lives, defining what can be
called personality styles. For example, for many years psychologists have known that
interpersonal interactions can be conceptualized in terms of a circular ordering or circumplex,
defined by the two axes of Dominance and Love, or by the alternative axes of Extraversion and
Agreeableness. These two factors define a Style of Interactions.

The nine other pairs of factors also define styles, and all ten are represented in NEO Style
Graphs. An "X" is placed on each graph to indicate where the respondent falls; the description of
that quadrant applies to the respondent. Descriptions are likely to be most accurate if (1) the "X"
is far from the center; (2) the "X" is near the diagonal passing through the center of the quadrant;
and (3) all the facets in each domain show similar levels. If the "X" is placed in the central circle,
then none of the descriptions is especially relevant. If the "X" is located near the horizontal or
vertical axis, then both quadrants on that side of the circle may be descriptive. If there is marked
scatter among the facets in a domain, then interpretation should focus on these facets rather than
the domain and its combinations in Style Graphs.
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NEO Style Graphs

Style of Well-Being
Vertical Axis: Neuroticism (=34 7T)
Horizontal Axis: Extraversion (=63 T )

N+E-

N+E+

Gloomy Pessimists High Overly Emotional
These people face a dark and dreary life. There is little that Neuroticism These people experience both positive and negative
cheers them and much that causes anguish and 80 emotions fully and may swing rapidly from one

stressful
to

distress. Especially under

circumstances, they may succumb
periods of clinical depression, and even
when they are functioning normally,
they often find life hard and
joyless.

Low 20 30

mood to another. Their interpersonal
interactions may be tumultuous because
they are so easily carried away by their
feelings. They may show features of
the Histrionic Personality Disorder,
but they may also feel that their
lives are full of excitement.

70 High

Extraversion

N-E-

Low-keyed
Neither good news nor bad has
much effect on these people; they
maintain a stoic indifference to events
that would frighten or delight others. Their
interpersonal relationships may suffer because
other people find them to be "cold fish." Their
emotional experience of life is bland.

Low
Neuroticism

80 Extraversion

N-E+
Upbeat Optimists
These people are usually cheerful
because they are not unduly troubled
by problems, and they have a keen
appreciation for life's pleasures. When
faced with frustration or disappointment, they
may become angry or sad, but they quickly put
these feelings behind them. They prefer to concentrate on
the future, which they view with eager anticipation. They
enjoy life.

Test Date: Feb 2007

Page 7 of 16
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N+O-

Maladaptive

Maladaptive individuals tend to use primitive and
ineffective defenses such as repression, denial, and
reaction formation. They prefer not to think

about disturbing ideas, and they may refuse
to acknowledge possible dangers (such
as a serious illness). They lack
insight into the distressing affects
they experience, and because
they cannot verbalize their
feelings, they may be
considered alexithymic.

Low 20

NEO Style Graphs

Test Date: Feb 2007
Page 8 of 16
Style of Defense

Vertical Axis: Neuroticism (=34 7T)
Horizontal Axis: Openness (=717 )

N+O+

High Hypersensitive
Neuroticism Hypersensitive individuals seem undefended. They are
80 alert to danger and vividly imagine possible

misfortunes. They may be prone to nightmares.
Because they think in unusual and creative
ways, they may sometimes be troubled
by odd and eccentric ideas.

High

Openness

N-O-
Hyposensitive
Hyposensitive individuals rarely
experience strong negative affect,
and when they do, they downplay its
importance. They do not dwell on threats
or losses, turning instead to concrete action to

solve the problem or simply to distract themselves.

They put their faith in higher powers.

80 Openness

N-O+
Adaptive
Adaptive individuals are keenly
aware of conflict, stress, and threat,
but use these situations to stimulate
creative  adaptations. They  grapple
intellectually with their own intrapsychic
problems, and they may react to life stress as a
source of humor or artistic inspiration.

Low
Neuroticism
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NEO Style Graphs

Style of Anger Control
Vertical Axis: Neuroticism (=34 7T)
Horizontal Axis: Agreeableness (=40 7)

Test Date: Feb 2007
Page 9 of 16

N+A-

Temperamental
Temperamental people are easily angered and tend to
express anger directly. They may fly into a rage over
a minor irritant, and they can seethe with anger
for long periods of time. They are deeply
involved in themselves and take offense
readily, and they often overlook the
effects of their anger on others.
They may be prone to physical
aggression or verbal abuse.

Low 20 30

Neuroticism

N+A+

High Timid

Timid people are heavily conflicted over anger. On the one
hand, their feelings are readily hurt and they often
feel victimized. On the other, they are reluctant
to express anger because they do not want
to offend others. Their anger may be
directed inward against themselves.

80

70 80 High

Agreeableness

N-A-
Cold-blooded

Cold-blooded people "don't get
mad, they get even." These people
often take offense, but they are not
overpowered by feelings of anger. Instead,
they keep accounts and express their animosity
at a time and in a way that suits them. They may
seek revenge in criminal assaults, or more commonly in
manipulative office politics or exploitative interpersonal
relationships.

Neuroticism

Agreeableness

N-A+
Easy-Going
Easy-going people are slow to
anger and reluctant to express it
when it arises. They know when they
have been insulted and may raise
objections, but they would prefer to forget and
forgive. They understand that there are two sides to
every issue and try to work toward a common ground in
resolving disputes.

Low
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Style of Impulse Control
Vertical Axis: Neuroticism (=34 7T)
Horizontal Axis: Conscientiousness (= 61 7 )

N+C- N+C+

Undercontrolled High Overcontrolled

These individuals are often at the mercy of their own Neuroticism These individuals combine distress-proneness with a
impulses. They find it difficult and distressing to 80 strong need to control their behavior. They have
resist any urge or desire, and they lack the self- perfectionistic strivings and will not allow
control to hold their urges in check. As a themselves to fail even in the smallest
result, they may act in ways that they detail. Because their goals are often
know are not in their long-term best unrealistic and unattainable, they are
interests. They may be particularly A« veeeeeennn tecscseeaJ0reononone tecscsaons ¢\ prone to guilt and self-
susceptible to substance abuse . . . . recrimination. They may be
and other health risk behaviors. susceptible to obsessive and
compulsive behavior.

High
Conscientiousness

Low
Conscientiousness

80

N-C- N-C+
Relaxed Directed
These individuals see little need to e 1| IR . MY 7 £ .. These individuals have a clear
exert rigorous control over their \g N N // sense of their own goals and the
behavior. They tend to take the easy ability to work toward them even under
way, and they are philosophical about unfavorable conditions. They take setbacks
disappointments. They may need extra and frustrations in stride, and they are able to
assistance in motivating themselves to follow 20 tolerate unsatisfied needs without abandoning their
appropriate medical advice or to undertake any effortful plan of action.
endeavor.

Low
Neuroticism
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NEO Style Graphs

Style of Interests

Vertical Axis: Extraversion (=63 7 )

Horizontal Axis:

E+O-

Openness (=717)
E+O+

) Enjoy )
Mainstream Consumers Social Creative Interactors
Their interests reflect the popular favorites: parties, sports, Contact Their interests revolve around the new and different and

shopping, blockbuster movies -- events where they

80 they like to share their discoveries with others. They

can enjoy themselves with others. They are . ) enjoy public speaking and teaching and fit in
attracted to businesses and jobs that let : : well in discussion groups. They enjoy
them work with others on simple : : meeting  people  from  different
projects. Possible vocation: . . backgrounds.  Possible  vocation:
Salesperson ......... eeeeeean TO e eeeeens eeeeeeaan .- An[hropologis[
X
Have . . Have Wide and
Familiar 20 30 70 80  Unconventional
Interests : : Interests
E-O- : : : : E-O+
Homebodies : : . : Introspectors
Their interests are focused on e e 30 eeeeannn RN iy £'8 . Their interests are focused on
activities they can pursue alone or \g N N // ideas and activities they can pursue
with a small group. They are . alone. Reading, writing, or creative
unadventurous and may collect stamps or . hobbies like painting and music appeal to
coins, watch television, or garden. Their : them. They prefer occupations that provide

vocational interests may include mechanical or
domestic work. Possible vocation: Bookkeeper

Prefer

both challenge and privacy. Possible vocation:

20 Naturalist

Solitary
Pursuits

Test Date: Feb 2007
Page 11 of 16
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NEO Style Graphs

Style of Interactions
Vertical Axis: Extraversion (=63 7 )
Horizontal Axis: Agreeableness (=40 7)

E+A-

Leaders
These people enjoy social situations as an arena in which
they can shine. The prefer giving orders to taking
them and believe they are particularly well
suited to making decisions. They may be
boastful and vain, but they also know
how to get people to work together.

Centered in 20 30

E+A+

Engage Welcomers

Others These people sincerely enjoy the company of others. They
80 are deeply attached to their old friends and reach out
freely to new ones. They are good-natured and
sympathetic, willing to lend an ear and
happy to chat about their own ideas.
They are easy to get along with and
popular.

70 30 Put Others

Themselves

E-A-

Competitors
These people tend to view others
as potential enemies. They are wary
and distant and keep to themselves.
They prefer respect to friendship and
guard their privacy jealously. When interacting
with them, it is wise to allow them the space they
feel they need.

First

E-A+

The Unassuming
These people are modest and self-
effacing. They often prefer to be
alone, but they are also sympathetic and
respond to others' needs. Because they are
trusting, others may sometimes take advantage
of them. Their friends should watch out for their
Avoid interests but still respect their privacy.

Test Date: Feb 2007
Page 12 of 16
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Style of Activity
Vertical Axis: Extraversion (=63 7 )
Horizontal Axis: Conscientiousness (= 61 7 )

E+C- E+C+

Funlovers Vigorous, Go-Getters
They are full of energy and vitality, but they find it hard to Energetic They are productive and efficient and work with a rapid
channel their energy in constructive directions. 80 tempo. They know exactly what needs to be done and
Instead, they prefer to enjoy life with thrills, are eager to pitch in. They might design their
adventures, and raucous parties. They are own self-improvement program and follow
spontaneous and impulsive, ready to it with zeal. They may seem pushy if
drop work for the chance of a good . they try to impose their style on
time. R feeeaeeea T () e feeeeaaaaa . others.

30 Focused,
Goal-Directed

Undirected 20

E-C-

The Lethargic
They are unenthusiastic and have
few plans or goals to motivate them.
They tend to be passive and respond
only to the most pressing demands. They
rarely initiate activities, and in group activities
and games they often find themselves left behind.

E-C+
Plodders

They are methodical workers who
concentrate on the task at hand and
work slowly and steadily until it's
completed. In leisure as in work, they have
a measured pace. They cannot be hurried, but
they can be counted upon to finish whatever tasks
they're assigned.

Slow,
Restrained



Client: WS-Sample-04
Client ID: WS-Sample-04

Style of

NEO Style Graphs

Test Date: Feb 2007
Page 14 of 16

Attitudes

Vertical Axis: Openness (=717 )
Horizontal Axis: Agreeableness (=40 7)

O+A-

O+A+

Free-Thinkers Independent, Progressives
They are critical thinkers who are swayed neither by ~ Unconventional  They take a thoughtful approach to social problems and
tradition nor by sentimentality. They consider all 80 are willing to try new solutions. They have faith in

views but then make their own judgments about
right and wrong, and they are willing to
disregard others' feelings in pursuing
their own idea of the truth.

human nature and are confident that society can
be improved through education, innovation,
and cooperation. They believe in reason
and being reasonable.

Pragmatic . . Tenderminded
and 20 30 70 80 and
Realistic Concerned

O-A-
Resolute Believers
These individuals have strong and
unchanging beliefs about social
policies and personal morality. Because
they view human nature with considerable
skepticism, they support strict discipline and a
get-tough approach to social problems. They expect
everyone to follow the rules.

Trad

20

O-A+
Traditionalists
These individuals rely on the
values and beliefs of their family and
heritage in seeking the best way for
people to live. They feel that following the
established rules without questions is the best
way to ensure peace and prosperity for everyone.

itional
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Style of Learning
Vertical Axis: Openness (=717 )
Horizontal Axis: Conscientiousness (= 61 7 )

O+C-

Dreamers
They are attracted to new ideas and can develop them with
imaginative elaborations, but they may get lost in
flights of fancy. They are good at starting
innovative projects, but they are less
successful in completing them and may

Curious,
Imaginative

O+C+
Good Students

Although they are not necessarily more intelligent than
others, they combine a real love of learning with the
diligence and organization to excel. They have a
high aspiration level and are often creative
in their approach to solving problems.

80

need help in staying focused. They They are likely to go as far
are able to tolerate uncertainty and £« eecceeeceriaaaana. TO eee e academically as their gifts allow.
ambiguity. . N

Need Structure y y Diligent,

and Motivation 20 30 70 80 Organized

O-C-
Reluctant Scholars
Academic and intellectual pursuits
are not their strength or preference.
They need special incentives to start
learning and to stick with it. They may
need help in organizing their work and
reminders to keep them on schedule. They may
have problems maintaining attention.

Concrete,

O-C+
By-the-Bookers
These individuals are diligent,
methodical, and organized, and they
abide by all the rules. But they lack
imagination and prefer step-by-step
instructions. They excel at rote learning but
have difficulties with questions that have no one
right answer. They have a need for structure and closure.

Down-to-earth
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Style of Character

Vertical Axis: Agreeableness (=40 7' )
Horizontal Axis: Conscientiousness (= 61 7 )

A+C- A+C+

Value
Well-Intentioned Kindness, Effective Altruists
They are giving, sympathetic, and genuinely concerned Charity They are individuals who work diligently for the benefit of

80

about others. However, their lack of organization
and persistence means that they sometimes fail
to follow through on their good intentions.
They may be best at inspiring kindness
and generosity in others.

the group. They are high in self-discipline and
endurance, and they channel their efforts to the
service of others. As volunteers, they are
willing to take on difficult or thankless
tasks and will stick to them until they
R D) NP, e .- get [hejob done.

Value Value Duty,
Play and 80 Achievement,
Fun and Work

A-C- A-C+
Undistinguished Self-Promoters
They are more concerned with e B 0 [ T, P i €3 .. They are concerned first and
their own comfort and pleasure than "\ . . y/ foremost with their own needs and
with the well-being of others. They interests, and they are effective in
tend to be weak-willed and are likely to pursuing their own ends. They may be
have some undesirable habits they find highly successful in business or politics

difficult to correct. 20 because of their single-minded pursuit of their own
Value interests.
Competition,

Success



APPENDIX 8

Table 3: Descriptive data of participants (age and cognitive functions correlating to personality traits)

Memory & Recognition

Subject details Memory recall and recognition Working
Delayed Recall [Delayed Intrusion| immediate recall| Immediate Immediate recall . . . | Intrusion trials
Age (correct number of trial (number of (number of correct Intrusion trial (total number of correct (number of errors) (total number of False misses
words) errors) words) (number of errors) words) errors)
Min 19,9 16 0 16 0 53 0 0 0
Max 32,6 20 4 20 4 60 3 7 1
Mean 25+3.61 19.16 £ 1.14 0.84+1.14 19.2+1.12 0.8+1.12 57.361£2.22 1.36+1.15 2.64+£2.22 0.12+£0.33
Sensor-Motor
Emotion recognition function Verbal Tasks Attention Language Carls
. . . ) Sustained Spot the real .
Processing of facial emotions Motor tapping Stroop test . Questionn
Attention word
. . . Reaction time in N Number of correct
Accuracy in Accuracy in Accuracy in o Variabiliy of . . . Number of words
. . L recognising L responses in Reaction time L
recognising sad | recognising fear recognising . reaction time . correcly Sublimin:
. disgust faces recognising the (msec) .
faces (%) faces (%) disgust faces (%) (msec) recognised
(msec) word
Min 37,5 50 25 1661,75 8 0 90,85 42,64 1
Max 100 100 87,5 4362,75 81 27 303,57 3,8 3
Mean 72.5+17.31 78 £17.03 52.5+£16.93 2777.91+£747.1 24.52 £15.86 17.84 £6.17 239.22 £ 63.88 51+36 21.52
Table 2: Descriptive data of participants (scoring in NEO FFM personality assessment)
NEO Five Factor Model Personality Assessment
Neuroticism Extraversion Openness Agreeableness Conscien
Questionnaire Questionnaire Questionnaire Questionnaire Questionnaire
score t-score* score t-score* score t-score* score t-score* score
Min 5 25 25 41 14 26 17 26 26
Max 30 57 43 71 36 64 37 63 44
Mean 16.8 £ 6.55 40.12 + 8.28 34.52 £4.89 57 +£8.28 24.64 £ 4.36 44,56 + 7.54 29.24 +£4.29 48.24 +7.93 35.6+5.32
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