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Abstract
Background: This paper considers the relationship between measures of personality and mood states, 
and susceptibility to inert gas narcosis. It briefly reviews the topics of inert gas narcosis affecting persona-
lity, and personality affecting the susceptibility to inert gas narcosis. There appears to be is a theoretical 
argument for a possible relationship between measures of personality, mood states, and susceptibility to 
narcosis. Practically, such a relationship may speak to issues in selection, training and preparation, risk 
assessments, and even accident investigation in the diving and/or hyperbaric environment. 
Materials and methods: Twenty one divers completed measures of personality and mood states, and were 
then compressed to 709 kPa (equivalent to 60 msw) in a dry compression chamber, where they completed 
a task measuring speed of information processing, and a scale measuring subjective narcosis.
Results and Conclusions: The main finding was the absence of any significant correlations between me-
asures of personality traits and mood, and susceptibility to inert gas narcosis. Although the study found 
no evidence of any major relationship, it is presented as a case study to highlight some of the issues and 
pitfalls involved in such research. The lessons learned — including the careful defining and describing of 
concepts, and choosing of samples and measurements — are used to discuss some of the methodological 
and conceptual issues and future directions for researchers to consider.

(Int Marit Health 2017; 68, 1: 52–59)
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INTRODUCTION
Interest in personality correlations to behaviour or per-

formance remains universal, and this extends also to the 
diving environment. However, in spite of numerous studies 
of personality and diving generally, there is no clarity on the 
association between measures of personality and suscep-
tibility to inert gas narcosis (IGN), a condition associated 
with deep diving. Although there were earlier attempts [1], 
changes in nomenclature and measuring techniques over 
time make older studies difficult to interpret, and current 
studies using updated terminologies and measurements 
appear sparse.

Reports in both the popular and academic diving liter-
ature seem to suggest an association between personality 
and IGN, including effects of IGN on personality, and effects 
of personality on performance under conditions of IGN. This 
article will briefly discuss these two issues, where after it 

will report on a pilot study exploring associations between 
personality and susceptibility to IGN. The lessons learned 
from it will be used to discuss some of the methodological 
issues and future directions for researchers to consider.

Personality changes during  
inert gas narcosis

The hypothesised effect of nitrogen narcosis on per-
sonality has been referred to in older diving texts [2] and 
suggested in older studies [1]. The paucity of research using 
modern nomenclature and conceptualisation resulted in 
the current situation where more speculative literature, 
particularly on the internet, has become the reference point 
for the hypothesis that IGN is causally associated with 
temporary changes in ‘personality’. Although there is no 
uniformly accepted definition of personality, contemporary 
definitions do coalesce in their reference to personality 
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being constituted through the formation of enduring and 
dispositional patterns of thinking, feeling, and behaving 
which can be evidenced across a variety of situations [3, 4]. 
Per definition, personality does not change easily.

Careful reading of reported changes during deep dives 
reveals that it often refers to experiences like irritability, 
aggressiveness, euphoria, and disinhibition, which could be 
interpreted as mood states or symptoms. Transient mood 
state changes during hyperbaric compression have been 
well documented within diving medical literature [5, 6]. 

Updated nomenclature in scientific psychology may lead 
to different interpretations of the terminology used in earlier 
discussions of personality and narcosis, where mood and 
personality might have been used interchangeably, and 
also due to the lack of uniform definitions of personality. 

If personality refers to relatively stable traits (and we 
contend that it does), then it is unlikely that IGN, as a tem-
porary narcotic influence, would be causally associated 
with short-term changes in personality. Changed personal 
expressions during deep dives more likely reflect changes 
in mood states rather than changes in personality.

Personality as predictor of the  
expression of, or susceptibility to, IGN 

It is widely accepted that personality influences be-
haviours, attitudes, and subjective experiences [7]. It is 
thus possible to hypothesise that personality could also 
influence the susceptibility to IGN. One ready example is 
the association between personality and alcohol intoxi-
cated behaviours [8]. However, apart from the evolving 
terminologies discussed above, there appears to be little 
direct evidence to claim that personality or mood states 
have a definitive effect on susceptibility to (e.g. expression 
or experience of) IGN. 

The notable exception is anxiety, which appears to exac-
erbate the effects of narcosis, and especially the impairment 
of psychomotor functioning [9–12]. Two recent studies  
[11, 13] have suggested that anxiety aggravates narcosis in 
a synergistic way to magnify functional impairment.

Other factors reported to affect susceptibility to IGN in 
diving and hyperbaric environments include apprehension, 
task loading, cold, fatigue, exercise, sedatives, alcohol, 
and increased levels of CO2, which all increase the level of 
narcosis at a given depth [5, 6, 14]. Conversely, frequent 
or prolonged exposure, high intelligence, and diving expe-
rience have been suggested to reduce the effect of narco-
sis [15], although the empirical support for this remains 
non-definitive. 

In conclusion, the role of personality or mood as pre-
dictors of the susceptibility to IGN has not yet been clari-
fied. Apart from the academic interest in any relationship 
between personality and IGN, it may also have important 

practical applications. Such a  relationship may speak to 
issues in selection, training and preparation, risk assess-
ments, and even accident investigation in the diving and/ 
/or hyperbaric environment, and therefore remains a worth-
while topic of investigation. 

Pilot study
Given the paucity of current research on personality and 

susceptibility to IGN, we conducted a pilot study to test its 
associations using a convenience sample of naval divers. 
The pilot study aimed to explore associations between both 
dispositional personality and transient mood states, and the 
effect of IGN. IGN was measured by both neuropsychological 
performance and subjective ratings. The purpose was to 
describe any associations between personality inventory 
and transient mood states scores on the one hand, and 
objective and subjective measures of the effect of IGN. Apart 
from reporting the outcome here, we also use it as a case 
study to discuss some of the issues and pitfalls involved in 
this type of research.

MATERIALS AND METHODS
Defining terminology

Personality was operationalised using trait theory. Dispo-
sitional traits have two classic properties, namely that they 
are substantially stable over time, and that they are broadly 
consistent across different situations and contexts. Person-
ality traits thus refer to enduring characteristics that are 
visible throughout the range of life’s experiences. While this 
reflects an all-encompassing definition, two specific models 
of trait personality were tested, and further defined here.

Firstly, character traits can be organised into dimensions 
or factors of personality. The five-factor model proposes five 
overarching domains that have been found to contain and 
subsume most known personality traits, and are assumed 
to represent the basic structure behind all personality traits 
[16, 17]. The five dimensions are ‘extraversion’, ‘agreeable-
ness’, ‘conscientiousness’, ‘neuroticism’, and ‘openness to 
experience’. 

Secondly, personality traits can be organised using an 
emotional disposition framework, where people’s emotional 
disposition predicts the tendency towards the type of expe-
rience they have, and includes ‘anxiety’, ‘curiosity’, ‘anger’, 
and ‘depression’ [18]. 

Mood states were defined as “a set of feelings, ephem-
eral in nature, varying in intensity and duration and usually 
involving more than one emotion” [19]. Mood states are usu-
ally understood to be transient and situational (as opposed 
to permanent and dispositional traits). In this definition, pre-
dive mood states may affect performance under conditions 
of IGN through the mechanism of increased arousal (e.g. in 
elevated ‘tension’, ‘anger’, or ‘vigour’) or decreased arousal 
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(e.g. ‘depression’), or through distraction (e.g. the presence 
of strong mood-content), or through a mood state of fatigue 
and exhaustion.

Susceptibility to narcosis was described in terms of both 
objective (i.e. neuropsychological) performance decrements, 
and subjective ratings of symptoms while under condition 
of narcosis. 

Study design
The pilot study used a  convenience sample of navy 

divers conducting scheduled work-up dives. For the divers, 
the study protocol was additional to the scheduled task 
of exposure to deep diving conditions. As the study used 
participants who were available, no a priori power analyses 
were done to determine optimal sample size.

The divers completed the Big Five Inventory-44 (BFI), 
State-Trait Personality Inventory, trait subscales (STPI), and 
Brunel Mood Scale (BRUMS) in a class-room setting prior 
to their chamber session. They also completed the Digit 
Symbol Modalities Test (DSMT) in a hyperbaric chamber at 
normobaric pressure (101 kPa).

Within 4 h they also completed a chamber session to 
709 kPa, and completed the DSMT (alternative version) 
at depth, as well as the Subjective Narcosis Assessment 
Scale (SNAS) before decompression. The order of admin-
istration (surface and depth) was counterbalanced across 
participants.

Score differences between the 709 and 101 kPa ses-
sions were calculated to obtain an Index of Susceptibility 
to Narcosis (ISN), and this was correlated with personality 
measures (i.e. BFI and STPI), mood states (i.e. BRUMS), 
and measures of subjective experience of IGN (i.e. SNAS).

Ethical clearance was obtained from the Stellenbosch 
University Health Research Ethics Committee.

Participants
The participants were active duty divers, who recently 

completed their navy diving course, and were participating 
in the chamber session as part of their clearance diving 
work-up schedule. They were all healthy and in possession 
of a medical certificate for hyperbaric exposure. The group 
consisted of 2 women and 19 men, with a mean age of  
22.5 ± 0.9 years, and 12 years of formal education. 

Measures
Personality traits according to the five-factor model 

were measured using the self-report BFI. It consists of  
44 items with short phrases and relatively accessible vo-
cabulary [20, 21]. 

Personality traits according to the emotional disposi-
tion model were measured using the self-report STPI. The 
four trait subscales were used in this study, consisting of  

40 items measuring dispositional anxiety, curiosity, anger, 
and depression in adults [22]. 

Transient mood states were measured using the 
BRUMS. The 24-item self-report inventory measures six iden-
tifiable affective states, namely the transient mood states 
of tension, depression, anger, vigour, fatigue and confusion  
[23, 24]. The BRUMS can be used with different instruction 
sets, and the “How you feel right now” instruction set was 
utilised in this study.

Susceptibility to narcosis was measured objectively 
through neuropsychological performance decrements, us-
ing the DSMT. The DSMT comes from the Wechsler Adult 
Intelligence Scale-III and measures speed of information 
processing [25, 26]. It was used in its standard instruction 
format for coding. Practice effects can be controlled when 
alternative forms are used [27]. Two parallel forms were 
available, and were used alternatively. The difference be-
tween the normobaric and hyperbaric administrations of 
the DSMT was used as the ISN.

Susceptibility to narcosis was measured subjectively 
using the SNAS. This self-report rating scale consists of  
10 items of subjective symptoms of narcosis, collated into 
four factors, namely euphoria, anxiety, cognitive suppres-
sion, and feeling faint [28]. 

Hyperbaric conditions
The divers conducted a dry chamber session, on air, 

to a  pressure of 709 kPa (equivalent to 60 msw). They 
compressed to this depth at a rate of 1 m every 3 s (total 
compression time 180 s). Temperature at depth was main-
tained between 26°C and 29°C. 

The depth was determined by the scheduled work-up 
dives, and is deeper than what would typically be found 
during open-water diving on air. Because of the increased 
pressure, a  greater effect of narcosis was expected, al-
though the chamber sessions were without the attentional 
demands of open water environments. 

Statistical analysis
The data was analysed using statistical software (“SPSS 

23”). Firstly, the sample was described in terms of the mea-
suring instrument profiles (BFI, STPI, BRUMS, and DSMT). 
Secondly, the IGN effect was described in terms of perfor-
mance decrements and subjective experiences (SNAS). 
Thirdly, all psychometric measures of personality traits and 
mood were correlated to the ISN, to determine associations 
between the constructs. 

All the psychometric score profiles were normally distrib-
uted, which allowed the use of parametric statistics, namely 
t-test for paired samples to compare DSMT performance 
across conditions, and Pearson’s r for correlational analysis. 
A p-value of < 0.05 was considered significant.
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RESULTS
Psychometric profiles of sample 

The BFI means and standard deviations are presented 
in Table 1. The recently qualified navy divers displayed ele-
vated scores for the agreeableness and conscientiousness 
factors, higher than general population and recreational 
scuba diver samples. On the neuroticism factor they scored 
lower than general population and recreational scuba diver 
samples [29, 30].

The STPI means and standard deviations are presented 
in Table 1. Trait anxiety, anger, and depression were marked-
ly lower than the original norms [22]. BRUMS scores (Fig. 1)  
showed the expected iceberg profile [31], with a slight ele-
vation in fatigue. The means and standard deviations are 
presented in Table 1.

Table 1. Psychometric profile of recently qualified navy divers

Mean SD Range

Big Five Inventory-44

Extraversion 3.70 0.48 2.88–4.63

Agreeableness 4.07 0.59 2.56–5.00

Conscientiousness 4.11 0.54 3.11–5.00

Neuroticism 2.19 0.51 1.25–3.00

Openness 3.75 0.46 2.50–4.40

State-Trait Personality Inventory

Anxiety 15.5 2.7 12–23

Curiosity 30.2 3.8 21–37

Anger 19.0 4.1 13–27

Depression 14.3 2.6 10–21

Brunel Mood Scale

Tension 2.2 2.2 0–9

Depression 0.7 1.2 0–4

Anger 2.7 2.9 0–10

Vigour 12.3 2.5 7–16

Fatigue 5.1 3.4 2–13

Confusion 1.9 2.5 0–9

Subjective Narcosis Assessment Scale

Total score 17.9 12.3 0–41

Factor 1: Euphoria 10.2 6.3 0–20

Factor 2: Anxiety 1.2 1.8 0–6

Factor 3: Cognitive suppression 3.0 3.8 0–11

Factor 4: Feeling faint 3.6 3.8 0–12

Digit Symbol Modalities Test

Score at 101 kPa 62.1 11.5 47–92

Score at 709 kPa 45.5 16.1 22–93
SD — standard deviation

Figure 1. Brunel Mood Scale (BRUMS) profile of recently qualified 
navy divers

The baseline DSMT (at 101 kPa) means and standard 
deviations are presented in Table 1. There was a  large 
variation in performance across the sample. 

Effect of iGN
The DSMT at 709 kPa means and standard deviations 

are presented in Table 1. There was an increased variation 
in performance across the sample. The difference between 
the normobaric and hyperbaric administrations of the 
DSMT was used as the ISN, and represented a  26.7% 
decrement in performance at 709 kPa in a dry hyperbaric 
chamber on this speed of information processing task. The 
mean score difference was highly significant (t = 8.865, 
p < 0.0001).

On a more practical level, as mentioned, 60 msw lies on 
the outer extreme for air diving, and it is unlikely that divers 
will regularly descend to such depths on air to work. This 
study was conducted in a dry chamber with the competing 
attentional demands from an open-water environment ab-
sent, and it could be hypothesised that slightly shallower 
depths in open water may have similar effects. 

On the SNAS only factor 1 was subscribed to, with some 
participants reporting feelings of euphoria. Other experi-
ences were infrequently reported (Table 1), with factor 2, 
anxiety, the least endorsed. 

Correlational statistics
In terms of subjective narcosis, there were no significant 

correlations between the ISN and any of the four SNAS 
factors. With regards to personality traits, no significant 
correlations where found between the big five factors or the 
four STPI traits and susceptibility to IGN (Table 2) either. Sim-
ilarly, no significant correlations where found between the 
six BRUMS mood states, and susceptibility to IGN (Table 2).  
All correlations reported in Table 2 had low power of analy-
sis, generally below 40%, which was largely attributable to 
the small sample size.
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Table 2. Correlations between inert gas narcosis and personality trait and mood scores

r p r p

BFI BRUMS

Extraversion –0.23 0.32 Tension –0.32 0.18

Agreeableness 0.13 0.59 Depression 0.11 0.67

Conscientiousness 0.09 0.69 Anger 0.03 0.91

Neuroticism –0.05 0.85 Vigour –0.36 0.14

Openness to experience –0.04 0.87 Fatigue 0.32 0.18

Confusion –0.28 0.25

STPI SNAS

Anxiety 0.09 0.72 Euphoria 0.06 0.79

Curiosity –0.39 0.10 Anxiety 00.7 0.46

Anger –0.04 0.88 Cognitive suppression 0.26 0.26

Depression 0.20 0.40 Feeling faint 0.13 0.58
BFI — Big Five Inventory-44; BRUMS — Brunel Mood Scale: SNAS — Subjective Narcosis Assessment Scale; STPI — State-Trait Personality Inventory, trait subscales

Further, no significant correlations were found between 
any of the personality markers and the four SNAS factors, 
and no significant correlations where found between the 
mood states scores and SNAS factors.

DISCUSSION
The homogeneity of the personality profiles of this 

sample was noteworthy. Navy divers tend to conform 
to very specific personality profiles [32, 33], which in 
this case may actually be a limitation, as it restricts the 
range and variability of responses. The very limited age 
and education range may further have contributed to the 
narrow profile.

In contrast, the large variation in performance scores (on 
a test of ability) provided greater variation for subsequent 
statistical analyses. The large decrement in speed of infor-
mation processing of about 27% suggests significant risk to 
performance at that depth. However, the fact that 60 msw 
lies at the extreme end of air diving, and the relative inex-
perience of the divers, may have contributed to impairment 
additional to the hyperbaric nitrogen narcosis. 

There were limited reports of subjective narcosis, mainly 
restricted to feelings of euphoria, which provided limited 
variance for statistical analysis. Interestingly, there were no 
significant correlations between the objective and subjective 
measures of IGN. Previous reports of significant correlations 
between SNAS factors 1 and 2 and cognitive performance 
[28] was not replicated here, possibly due to the limited 
variance in SNAS responses. 

The main finding was the absence of any significant 
correlations between measures of personality traits and 
mood, and susceptibility to IGN. It needs to be cautioned 
that the correlations generally had low power.

The study suffered from a number of limitations, which 
limit the confidence in the result. The lessons learnt from 
this will be incorporated into the next section, which deals 
with methodological issues and future directions.

METHODOLOGICAL ISSUES  
AND FUTURE DIRECTIONS

The pilot study did not find any significant relationships 
between the measures of personality traits, mood states, and 
susceptibility to IGN. However, the pilot study was a conve-
nience study, with all the constraints associated with such an 
endeavour, which contributed to low power analyses. Further, 
the protocol had some methodological limitations, including 
a small and psychometrically homogenous sample, and a sin-
gle measure of performance decrement. Yet, there are poten-
tially significant and important real-world applications if the 
relationship between these variables could be further clarified. 
Thus we believe it is still a topic worthy of further exploration, 
and presenting some considerations for future research.

Context and associated considerations
Future studies need to consider both laboratory (com-

pression chamber) and open water environments, given that 
open water is typically a psychologically and physically de-
manding environment. Within the constraints of meaningful 
experimental control, conditions need to be as realistic as 
possible, in order to generalise results to the actual prac-
tice of diving In this regard, depths appropriate to actual 
diving practices are recommended, while considering that 
the additional workload of actual dives may contribute to 
measureable performance decrement.

Other factors, like pre-dive anxiety and other transient 
mood states, need to be measured to control for their ef-
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fects during the dive, especially (but not only) in open water 
conditions.

Closely related to the choice of context is the require-
ment to carefully define what experimental mechanism 
or variable is measured in that condition. This pilot study 
measured the combined effects of factors present under 
conditions of increased air pressure in a dry compression 
chamber. This would include the effects of nitrogen narco-
sis as the likely dominant mechanism, but may also have 
included the effects of apprehension, or even raised oxygen 
partial pressures (considering the depth), and so forth. 
Researchers need to carefully describe which construct 
involved in the experimental condition they are using, for 
example measuring the effects of ‘pure’ IGN (usually mean-
ing nitrogen narcosis) versus a combined effect (which may 
include effects of raised oxygen or carbon dioxide partial 
pressures, among other variables) versus open water IGN 
(with the confounds of competing attentional demands, po-
tential apprehension, physical exertion effects, and so forth). 

The choice of context would also influence sample re-
cruitment. Researchers need to remain mindful that pre-se-
lected groups may have highly homogenous psychological 
profiles which provide restricted variability for correlational 
analysis. While this is typical of naval divers, and maybe 
unavoidable in other groups too, larger sample sizes and 
extended age, gender, and educational ranges may allow 
for a greater scale of responses. A priori power analyses 
may be required to determine optimal sample sizes. As the 
role of sex differences in susceptibility to IGN has not been 
conclusively determined, future studies may also consid-
er using biometric measures to elucidate other biological 
contributions.

Conceptualising susceptibility to IGN
Researchers will need to define and operationalise their 

understanding of susceptibility to IGN carefully, as it has 
both theoretical and practical measurement implications. 
A major limitation of this pilot study was its limited oper-
ationalisation of susceptibility to IGN, further hobbled in 
that it was assumed that performance decrement is an 
expression of narcosis. 

Susceptibility to IGN may need to be operationalised in 
three ways (or better yet, a combination of them). Firstly, 
through self-report, namely the subjective experience of div-
ers. However, by the very nature of narcosis research, self-re-
port has limitations. For example, there is a wide range of 
individual variation in perceiving the onset of narcosis [34]. 
This pilot study also recorded significant impairment of per-
formance, while participants did not report corresponding 
subjective experiences of narcosis. The 10-item SNAS may 
further restrict the possible range of adjectives to describe 
subjective experience, and longer lists of descriptive words 

may enhance the self-report component of susceptibility to 
IGN, as was done previously [35, 36].

Secondly, through objective performance measures. 
This pilot study used speed of information processing as 
measure of cognitive performance. Other studies explor-
ing the effects of IGN used different markers tapping into 
different cognitive functions, which at times may limit com-
parisons across studies. Neuropsychological performance 
encompasses a range of domains, and research into sus-
ceptibility to IGN may need to employ measures (tests or 
tasks) over multiple domains to meaningfully investigate 
performance effects.

Thirdly, through external observations of behavioural 
performance. The use of checklists of behaviours or symp-
toms that can be verified by multiple observers may con-
tribute to a more objective and nuanced understanding of 
the effects of IGN on performance, which can in turn be 
correlated with pre-dive measures of personality and mood 
states. Such checklists, consisting of defined behaviour 
or described symptoms, will need to allow recording for 
both frequency of behaviours, and the severity of such 
behaviours. 

In this regard it may be useful to work towards developing 
a ‘tool’ to measure behaviour. This could consist of a wide 
range of observable behaviours — each well described/de-
fined — that can be graded on a scale (again with well-defined 
anchor points). If such a tool can be tested prospectively, 
and validated appropriately, it could be of great value in 
a variety of circumstances. It could be used in chambers to 
both study the effects and correlations of IGN, as well as to 
train individuals to understand their own susceptibility to IGN 
— for example through watching a video recording of their 
own chamber exposures and interpreting their behaviour 
through such a tool. Further, such a tool could contribute to 
safety in the commercial diving environment, where video 
surveillance of deep dives through a Remotely Operated 
Vehicle or even on divers’ helmets are often employed, 
and voice communication also recorded. Supervisors may 
be able to more accurately assess susceptibility and risk to 
performance of dives under conditions of increased IGN.

Definition of other variables
Some of the earlier studies have limited value today 

due to inadequate definition of mood and personality. Over 
time, different theoretical models have been developed, 
which allows for different ways of measuring personality. 
While this is an advancement, it also carries the risk that an 
inadequate definition of personality, and the accompanying 
theoretical basis of its measuring instruments, may limit the 
usefulness of study results.

To avoid such a situation, this pilot study specifically 
used two theoretical models and defined each separately. 
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It also chose measuring instruments recognised within each 
theoretical framework. However, the convenience sample 
of navy divers necessitated the use of brief instruments. 
The 44-item BFI responses were anchored at 1 and 5, the 
40-item STPI responses at 1 and 4, and the 24-item BRUMS 
at 0 and 4. Future research might benefit from employing 
more detailed inventories, referring to scales with both more 
items, as well as a larger range of responses, which may 
allow for greater variability to analyse. The NEO-PI-R [37] is 
one example of such a personality scale that is well validated 
and widely accepted. In the same vein, longer mood state 
scales like the POMS [38] or PANAS-X [39] might also enable 
a more nuanced measurement. 

In spite of the above, it is recognised that divers may 
not always be keen test-takers, and brief scales may still be 
more accurate than extended psychological instruments.

Statistical analyses
Descriptive and correlational statistics is a logical first 

step, as was used in this pilot study. Where significant 
findings may occur in future studies, multiple regression 
analyses could assist in determining the relative effect of the 
applicable personality and mood variables on susceptibility 
to IGN. Analyses could further be extended to move beyond 
descriptive and correlational statistics, to include predictive 
modelling in cases where significant findings occur.

CONCLUSIONS
While there is a theoretical argument to be made for 

a possible relationship between measures of personality, 
mood states, and susceptibility to narcosis among divers, 
there is little direct evidence of such a relationship. This pilot 
study found no significant correlation, although this could 
also partly be attributed to the methodology employed in 
the study. However, considering the potential benefits of 
elucidating the nature of this relationship for diving safety, 
it remains a topic worthy of further investigation. Using the 
pilot project as a case study, the lessons learnt from it — for 
example careful defining and describing of concepts, and 
the choices of samples and measurements — are presented 
as issues for future researchers to consider.
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