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Psychometric Personality Differences Between
Candidates in Astronaut Selection

Justin M. Mittelstadt; Yvonne Pecena; Viktor Oubaid; Peter Maschke

This paper investigates personality traits as potential factors for success in an astronaut selection by comparing

personality profiles of unsuccessful and successful astronaut candidates in different phases of the ESA selection
procedure. It is further addressed whether personality traits could predict an overall assessment rating at the end of the

In 2008/2009, ESA performed an astronaut selection with 902 candidates who were either psychologically recom-

mended for mission training (N = 46) or failed in basic aptitude (N = 710) or Assessment Center and interview testing
(N = 146). Candidates completed the Temperament Structure Scales (TSS) and the NEO Personality Inventory Revised

Those candidates who failed in basic aptitude testing showed higher levels of Neuroticism (M = 49.8) than the candi-

dates who passed that phase (M = 45.4 and M = 41.6). Additionally, candidates who failed in basic testing had lower
levels of Agreeableness (M = 132.9) than recommended candidates (M = 138.1). TSS scales for Achievement (r = 0.19)
and Vitality (r = 0.18) showed a significant correlation with the overall assessment rating given by a panel board after a
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he importance of personality assessment in the selection
of astronauts becomes apparent when considering the
impact of personality on communication, group cohe-
sion, and overall interpersonal effectiveness.'”” During long-
duration missions to the ISS, personality becomes ever more
important, as the relevance of personality increases with the
duration.?” As a result, researchers recommend including psy-
chological tests to assess personality and interpersonal skills for
the selection of astronauts.'*!*?7
For psychometric personality assessment in the context of
aerospace personnel, different nonpathological personality
questionnaires are used to assess the general adult personality.
Frequently used in this context is the Personality Characteristic
Inventory (PCI) developed by Helmreich.!® The PCI consists of
two broad dimensions: Instrumentality, which is a goal-oriented
achievement motivation, and Expressivity, which describes
interpersonal capacities and orientations, each with positive and
negative aspects. Along with Instrumentality and Expressivity,
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five more scales were combined in the PCI: Work Orientation,
Competitiveness, Mastery, Achievement Striving, and Impa-
tience/Irritability.

Another personality inventory that is often used in the
personality assessment of aerospace personnel is the NEO Per-
sonality Inventory Revised (NEO-PI-R) or the shortened
version, the NEO Five-Factor Inventory (NEO-FFI).* Both
instruments assess the Big Five factors of personality: Neuroti-
cism, Extraversion, Openness to Experience, Agreeableness,
and Conscientiousness.
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The NEO-PI-R is popular as a result of its claim to assess a
comprehensive personality profile and its relative simplicity of
producing scores on five broad factors. Recent findings,'? how-
ever, emphasize the importance of lower order traits like the
facets incorporated into the NEO-PI-R (six per factor) or other
approaches like the Big Five aspects.” When using the Big Five
factors alone, lower order criterion-related validities might be
masked or cancelled out because of differential relationships of
facets that are included in that factor. This is apparent, for
example, in Conscientiousness, a Big Five factor that is divided
into facets of Industriousness, which is described as achievement-
orientation, self-discipline, and purposefulness, and Orderli-
ness, described as deliberation, tidiness, and caution, in the Big
Five aspects framework by DeYoung et al.” It is easily imagin-
able that those two aspects have differential validities for crite-
ria of job success. Therefore, it is advisable to expand the
analysis of the NEO-PI-R to the facet level or to distinguish
between aspects of a factor that have differential validities.

A third instrument for personality assessment are the Tem-
perament Structure Scales (TSS), which were designed and
constructed in an aerospace selection environment at DLR'®
and have successfully been used in the selection of pilots,'! air
traffic controllers,® and were also used in all three ESA astro-
naut selection campaigns since 1977.7%

The PCI scales are often associated with the term “Right
Stuft;” which is used as a synonym for an ideal profile in popular
as well as in research literature on astronauts and aviation and is
defined by NASA with characteristics beyond what one can
assess with a personality questionnaire (e.g., technical aptitude,
ability to tolerate isolation, cultural sensitivity).’ In terms of
the PCI scales, the “Right Stuft” is mainly characterized by high
levels of Instrumentality and Expressivity and low levels of Neg-
ative Instrumentality and Verbal Aggressiveness.>*? For the
NEO-PI-R, mostly high levels of Conscientiousness and Agree-
ableness as well as low Neuroticism are associated with the
“Right Stuft” profile.**

The “Right Stuff” personality profile does indeed show some
validity in the aerospace context or environments that are
associated with aerospace research. High Instrumentality and
Expressivity were related to emotional stability during Antarc-
tic missions.” In samples of pilots® and astronauts,'® the “Right
Stuft” profile was related to higher ratings on social compatibil-
ity and overall job performance.

For the Big Five, relationships with performance in different
occupational contexts have been studied. Low levels of Neuroti-
cism and high levels of Extraversion were found to be charac-
teristic for commercial airline pilots® and predictive for military
aviation training outcome.’

In the context of extreme working environments, low Neu-
roticism was found to be related to emotional stability during
an Antarctic mission.”> Furthermore, high Agreeableness and
low Openness enhance professional effectiveness of astronauts
as assessed by peer and supervisor ratings.’® Agreeableness
was also found to be beneficial for interpersonal, technical,
and leadership peer ratings as well as for supervisor ratings.
Openness to Experience was related to lower technical and
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leadership peer ratings and a lower supervisor rating because as
the authors put it: “Openness seems to tap a sort of freefloating
intellectual curiosity (...)” (p. 914).%

For the overall performance, high Agreeableness, low Open-
ness, low Neuroticism for astronauts,”® and, additionally for
Antarctic personnel, low Extraversion and low Conscientious-
ness®® have been reported as beneficial. Palinkas et al.** identi-
fied high Agreeableness, low Neuroticism, low Extraversion
and Openness as the second most important indicator for over-
all performance in isolated and confined environments after
motivation and need for achievement.

These studies show different and sometimes contradict-
ing relationships between the Big Five and various parame-
ters of performance, probably due to divergent demands in
those occupations. Findings from Antarctic missions are
often used for space missions due to the lack of research with
astronauts and the relative similarity of both working envi-
ronments in terms of confinement and hostility. Subjects
that engage in either one of these work environments are
indeed similar on many different personality scales and
especially in their deviation from the normative personality
profile in the general population. But astronauts were, in
contrast, found to be significantly more achievement-oriented
than their counterparts working in Antarctic missions.?!
Therefore, generalizing findings of personality correlates
from Antarctic personnel to astronauts are not necessarily
false, but have to be done cautiously. The only consistent
commonality that most of the studies shared was the nega-
tive effect of Neuroticism on different parameters of
performance.

The TSS were never linked to the “Right Stuft” profile, but a
recent analysis of the construct validity of the TSS in relation to
the NEO-PI-R revealed consistent empirical overlaps of both
instruments in different samples.?’ This analysis has also shown
that the TSS add to the description of personality above the Big
Five factors either by giving a more distinctive profile, for exam-
ple, by distinguishing between Achievement motivation and
Rigidity, two components that are combined in the Big Five fac-
tor Conscientiousness, or by featuring scales that emphasize
aspects that are specifically important for aerospace personnel
like the scales Mobility or Vitality.

The TSS have been shown to be predictive for job perfor-
mance of commercial airline pilots. Those pilots that performed
below standard (e.g., had more than one recheck) were emo-
tionally more unstable and aggressive, but also more empa-
thetic."! In addition, three scales showed predictive validity
toward training criteria in an air traffic controller sample in a
recent large scale validation study.” Higher Rigidity, lower
Aggressiveness, and higher Achievement Motivation corre-
sponded to better training success. So far, there are no pub-
lished data on relationships of the TSS with performance
criteria in an astronaut sample or within the context of an
Antarctic mission.

All three personality questionnaires introduced above have
been used in different aerospace-related contexts like aviation,
extreme environments (Antarctic), or with astronauts and
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some scales showed validities for performance in these kinds of
environments. But it is questionable whether psychometrically
assessed personality traits also influence the selection of astro-
nauts or personnel in extreme environments and a suitability
rating prior to the mission.

In previously reported studies on the issue, no differences
on the scales of the NEO-PI-R or in PCI clusters were found
between successful and unsuccessful astronaut applicants in
the final stage of a NASA astronaut selection.?? Similarly, in the
selection of Antarctic personnel, no relationship between
the suitability rating after selection interviews and an indepen-
dently administered personality battery, including the NEO-
FFI, were found.’

This could in part be explained by the fact that those appli-
cants are typically an already highly selected sample. High psy-
chological and physical demands of space or Antarctic missions
can be anticipated; therefore, people who are applying are prob-
ably not highly anxious and neurotic. Formal requirements
often preselect candidates with high academic or professional
success, which often requires a minimum level of conscien-
tiousness as well.

The candidates included in the analysis by Musson et a
were indeed significantly higher on Extraversion, Conscien-
tiousness, and Agreeableness and lower on Neuroticism than a
normative comparison sample. These results are supported by
Maschke et al,,'” who found higher mean scores on Openness to
Experience, Agreeableness, and Conscientiousness and lower
mean scores on Neuroticism for European astronaut candidates
even compared to a sample of U.S. Air Force student pilots,
another highly selected group.

The special characteristics of astronaut applicant samples
may not be the only reason for a lack of relationship with
selection success. Although the results by Musson et al.** indi-
cate that personality, assessable with a general personality
questionnaire, does not differ between successful and unsuc-
cessful astronaut candidates, their results are based on the
NASA selection procedure between 1990 and 1994, which
strongly focused on a select-out approach of rejecting those
candidates with disqualifying psychopathological characteris-
tics and might, therefore, not be applicable to the select-in
focused approach used by ESA. The influence of personality
traits assessed by a general personality questionnaire might be
stronger in a selection procedure that emphasizes those char-
acteristics that suit one for working in space instead of focus-
ing on those characteristics that disqualify one for the job.
Additionally, the decisions described in this study are based
solely on psychological testing and do not reflect any medical
criteria.

This paper investigates personality differences between suc-
cessful and unsuccessful candidates and between successful
candidates and candidates who failed in different phases of the
selection procedure in the ESA astronaut selection 2008/2009.
Until this point, no systematic analysis of personality differ-
ences among astronaut candidates has been conducted using
an ESA astronaut sample and with a selection procedure that
focuses on a select-in approach.

1.22
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METHODS

Subjects

Data from N = 902 individuals who participated in the first
phase of the ESA astronaut selection 2008/2009 were included
in this study. The sample consisted of 162 female and 740 male
subjects. Their mean age was 33.18 yr with a standard deviation
of 3.63 yr. The range was between 24 and 46 yr of age. They
originated from 18 different European countries representing
all ESA member states at that point in time. All of them com-
pleted basic aptitude tests and personality questionnaires. All
subjects provided written informed consent before the start of
phase 1 testing in which they approved their data being stored
and used for evaluation of the applied instruments and for sci-
entific purposes.

After phase 1, a selection based on the results of the basic
aptitude testing was administered, leaving 192 candidates, of
which 22 were women and 170 men. Compared to phase 1,
subjects of phase 2 had a similar age distribution with a mean
age of 32.80 and a standard deviation of 3.57 yr. The range
decreased to a range between 26 and 45 yr of age.

A total of 46 candidates were finally recommended for fur-
ther assessment after the psychological examination. These
comprised 6 female and 40 male subjects with a mean of 33.48
and a standard deviation of 4.12 yr of age. The age range
remained between 26 and 45 yr of age. After a subsequent med-
ical assessment, the remaining candidates were conclusively
selected by an ESA internal board.

Materials

Two personality questionnaires were used in order to assess dif-
ferent personality constructs. The TSS'® are used at DLR in the
selection of pilots and air traffic controllers and are specifically
designed to assess scales relevant in the context of aerospace
applications. It comprises 11 scales [Achievement, Instability,
Rigidity, Extraversion, Aggressiveness, Vitality, Dominance,
Empathy, Spoiltness (need for luxury), Mobility, Openness],
including a scale for social desirability (Openness), with a total
of 234 items. TSS answers are given in a dichotomous format
either by agreeing or disagreeing to a given statement (yes/no)
or by choosing one of two options.

Additionally, the NEO-PI-R* was administered. It assesses
the Big Five factors of personality using 240 items on a 5-point
Likert scale. Each factor consists of six facets with eight items,
respectively.

Procedure

In 2008 and 2009, ESA conducted its third astronaut selection
to select astronauts for long-duration missions aboard the ISS.
The psychological assessment and selection was performed by
ESA, and administered by DLR in cooperation with the French
Institute for Space Medicine and Physiology (MEDES).

After an online preselection application process, basic apti-
tude testing was administered in phase 1 of the selection proce-
dure. The choice of basic aptitude tests was based on experience
in earlier astronaut selections as well as on experience gained in
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the selection of pilots and air traffic controllers. Included in the
battery were tests for memory, attention, perception, spatial
ability, reasoning, psychomotor coordination, multitasking
ability, mental arithmetic, and English skills.!” Candidates were
required to attain at least a certain minimum level in every test.
Phase 1 also included the T'SS and the NEO-PI-R as personality
questionnaires which were not a direct basis for any selection
decisions.

Those who were recommended for further testing based on
their performance in the aptitude tests were invited to phase 2
testing, with Assessment Center exercises, an individual inter-
view, and a final panel interview.'” The selection board, consisting
of an ESA astronaut, one person from ESA HR personnel, and
one psychologist from DLR and MEDES each, respectively,
had to conclude with a final overall assessment rating (OAR)
between 1 and 9, taking all collected data into account. An
OAR of 7 or above indicated a recommendation.

Statistical Analysis

Groups were formed based on the phase that a candidate
failed or whether a candidate received a recommendation.
Therefore, Group 1 consisted of those candidates that failed in
phase 1 (basic aptitude and knowledge tests), Group 2 included
candidates that failed in phase 2 (personality and team com-
petencies), and Group 3 contained those candidates that received
arecommendation for medical assessment. The assignment of
groups by selection phases is illustrated in Table I.

Multivariate analyses of variance (MANOVA) were per-
formed between the three groups separately for the Big Five
factors, the 11 scales of the TSS, and the 30 Big Five facets. On
a significant MANOVA (a-level: 5%), analyses of variance
(ANOVA) were performed between the three groups for all
scales contained in the significant MANOVA. Based on a signifi-
cant P-value (a-level: 5%, Bonferroni corrected) in the ANOVA,
post hoc least significant difference tests with Bonferroni a
correction to control for inflated type I error were performed.

In addition, it was taken into consideration whether differ-
ences existed between candidates who received a recom-
mendation and those who did not receive a recommendation,
which is in line with previous research?? that distinguished
between successful and unsuccessful astronaut candidates and
allows for a better comparison with those results. Thus, Groups
1 and 2 combined were tested against Group 3. Furthermore,
correlation analyses were conducted using personality data
and the OAR ranging from 1 to 9, with 9 indicating the high-
est degree of suitability. Only candidates recommended for
phase 2 testing received a final OAR, so only Group 2 and
Group 3 candidates are included in this analysis.

Table I. Analysis Groups by Selection Phases.

RESULTS

Means and standard deviations of all personality scales
assessed and all groups are shown in Table II. As becomes
evident, only a few scales differed in their means across the
three groups. Two out of three MANOVAs yielded significant
results. The MANOVA for the Big Five factors [F(5,895) =
5.83; P < 0.001; Wilks A = 0.968; m* = 0.032] and the Big
Five facets [F(30,871) = 2.76; P < 0.001; Wilks A = 0.913;
Mm% = 0.089] were significant, while the MANOVA for the
scales of the TSS did not reach significance [F(10,891) =
1.54; P = 0.213; Wilks A = 0.985; m* = 0.015].

For the Big Five factors and facets, additional ANOVAs
were performed for all scales with a Bonferroni correction
of the a-level. The results of the different one-way ANOVAs
are present in Table III. Given the overall statistically sig-
nificant ANOVA, least significant difference tests with
Bonferroni correction were performed for all possible group
comparisons.

For the Big Five factors of the NEO-PI-R, Neuroticism
yielded a significant result in the ANOVA after the Bonfer-
roni correction (Table III). Post hoc tests revealed significant
differences between Group 1 and Group 2 (P,gjusiea = 0.005)
and between Group 1 and Group 3 (P,gjusea = 0.002).
Although the mean Neuroticism score in Group 3 is lower
than in Group 2 (Fig. 1), this difference did not reach signifi-
cance (P,gjyseq = 0.452). When comparing Group 1 and 2
combined with Group 3, there is a significant effect [¢(51) =
3.160; P = 0.001].

In more detail, at the facet level Anxiety, Angry Hostility,
and Depression as facets of Neuroticism show a significant
F-value in the ANOVA (Table III) after Bonferroni correction.
Post hoc tests showed significantly higher scores for Group 1
compared with Group 2 and Group 3 for Anxiety, Angry Hos-
tility, and Depression.

Agreeableness barely missed a significant result in the
ANOVA (P, gjysteq = 0.052) after controlling for the inflated type
I error. However, when comparing all unsuccessful candidates
(Group 1 and 2 combined) with the successful candidates
(Group 3), the difference was significant [t(49) = 2.308; P =
0.021]. The ANOVA of the remaining Big Five factors (Extra-
version, Openness to Experience, and Conscientiousness)
failed to reach significance as well.

The results of the correlation analyses with the TSS data are
presented in Table IV. For the TSS, the scales Achievement and
Vitality were significantly correlated with the OAR. All remaining
correlations with TSS scales did not reach significance.

None of the Big Five factors correlated significantly to
the OAR. Extraversion showed the highest correlation,
but was not significant on a
5% a-level (r = 0.132; P =

GROUPS FOR STATISTICAL ANALYSES

0.069). At the facet level, only

SELECTION PHASES GROUP 1; N =710 GROUP 2; N = 146 GROUP3;N=46  the facet Openness to Actions
Phase |, N = 902 Fail Pass Pass was significantly correlated
Phase ll, N = 192 Fail Pass with the OAR (r = 0.142; P =
Recommended, N = 46 Recommended 0.049).
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test battery that determines

GROUP 1* GROUP 2 GROUP 3* whether a candidate passes or
SCALE M sD M sD M sp failsisalways prone to a degree of
Achievement 1465 303 1431 328 1520 260  stress and anxiety. ESA astronaut
Instability 5.70 318 512 313 476 275  selections happen in large inter-
Rigidity 1431 460 13.85 504 1391 443 vals and there is practica]]y only
Extraversion 16.01 448 1567 477 17.07 394 one chance in a lifetime to apply.
Aggressiveness 6.25 4.06 6.40 3.82 6.13 379 This stress situation probably
Vitality 1491 441 1401 446 1530 382 . g
Dominance 14.39 419 14.08 447 14.85 443  inhibited performance in some.
Empathy 1351 314 1349 325 1322 341  Studies in the past have shown
Spoiltness 473 242 425 223 467 254 high relationships between Neu-
Mobility 9.09 288 903 282 959 241 roticism and the level of test
Openness 6.90 4.07 742 442 7.5 3.69 anxietyz and impairments Ofper—
Neuroticism 49.80 1569 4535 1527 4157 1422 ) =
Extraversion 126.89 1431 126.12 12.88 13087 1370  formance in stressful cognitive
Openness to Experience 12871 15.13 130.05 14.16 13061 1603  testing situations for highly neu-
Agreeableness 13285 1424 134.50 1349 138.09 15.11 rotic individuals.® It is possible
Conscientiousness 140.96 13.90 140.03 1544 142.20 13.71 that Neuroticism has led to a cer-
Anxiety 8.53 3.72 744 3.74 6.52 353 tain test anxiety in some candi-
Angry Hostility 6.89 364 590 318 530 337 -
Depression 7.10 377 627 356 522 315 dates who failed phase 1, thus
Self-Consciousness 1101 337 1032 3.8 10.00 346  reducing necessary capacities to
Impulsiveness 11.23 337 10.66 367 1043 334 perform well in this test situation.
Vulnerability 504 2.90 476 281 409 272 Future studies should investigate
Warmth 2526 316 2474 305 25.82 314 thelevel and impact of test anxiety
Gregariousness 2040 3.90 19.86 391 20.80 3.19 i .
Assertiveness 19.68 376 19.95 354 2085 331 inanastronaut selection.
Activity 21.20 322 20,60 337 2196 335 Furthermore, the analyses did
Excitement-Seeking 18.02 391 18.66 377 18.83 3.76 not include the individual cogni-
(F;ositive EmotiFons 2221 3.93 22.;3 341 22461 3;13 tive and skill tests that were used

penness to Fantasy 18.25 45 18.81 454 18.57 434 . .
Openness to Aesthetics 20.62 479 2040 461 20.35 544 m Phase 1 of the selection and of
Openness to Feelings 2026 404 2001 386 19.89 319 Whichatleast one must have been
Openness to Actions 20.19 334 20,09 324 2098 330 failed by those who did not pass
Openness to ldeas 26.06 3.66 26.99 335 26.78 3.66 that phase, This information may
Openness to Values 23.34 3.07 23.75 3.12 24.04 3.17 determine whether individual
Trust 2443 349 25.15 369 25.59 307 tests were affected specifically or
Straightforwardness 21.17 398 21.53 369 2233 382
Altruism 2534 302 2530 3.17 2596 274 all tests equally and whether the
Compliance 21.06 372 21.54 350 2239 324  testsituation itself was affected by
Modesty 18.84 430 18.80 402 19.02 4.86 Neuroticism, the preparation for
zender—Mmdedness ;2019 332 izg ;9(7) izgg ;.02 the examination, or the acquisi-
ompetence 4.4 . 5. A 4. 57 . . .

Order 19.86 360 1936 363 19.70 356 Uon of skills and knowledge in
Dutifulness 2661 302 26.83 299 2754 235 general. Thus, future analyses
Achievement-Striving 2276 330 2229 329 2309 287  should also include data on tests
Self-Discipline 2591 315 2518 404 2643 286 for cognitive aptitudes and knowl-
Deliberation 2133 360 21.14 3.94 2050 427

edge, as well as data on the prepa-

*N=710;"N = 146; *N = 46.
DISCUSSION

The main purpose of this study was to investigate personality
differences between candidates in an astronaut selection who
were successful and, therefore, recommended for training and
those candidates who were unsuccessful in different phases of
the selection procedure. The most notable effect in the data are
the comparatively higher levels of Neuroticism or, more specifi-
cally, of the facets Anxiety, Angry Hostility, and Depression for
candidates who failed phase 1 because they had deficiencies in at
least one of the cognitive or psychomotor abilities that were
tested or were not proficient enough in English. Completing a

AEROSPACE MEDICINE AND HUMAN PERFORMANCE  Vol. 87, No. 11

ration for tests in such a selection
procedure.

Phase 2 was concerned with interpersonal communica-
tion, personality, and motivation. Thus, we expected
stronger differences on personality scales related to inter-
personal capacities (e.g., Agreeableness) between candi-
dates who passed or failed phase 2 (Groups 2 and 3) as
they were specifically screened for those capacities. This
effect was not found in the data. Although the significant
difference between successful and all unsuccessful candi-
dates on Agreeableness indicates that somewhat more
agreeable candidates were selected, they were not neces-
sarily selected in phase 2, but throughout the whole selection
procedure.
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Table lll. Results of ANOVAs for NEO-PI-R Factors and Facets Between
Groups 1,2, and 3.

ANOVA

SCALE F-VALUE DF PapsusteD
Neuroticism 19.98 2,899 <0.0071%**
Agreeableness 6.60 2,899 0.052
Anxiety 21.05 2,899 <0.001***
Angry Hostility 15.74 2,899 0.002**
Depression 15.68 2,899 0.002**
Trust 8.79 2,899 0.093

Only scales with P, qeq < 0.1 are presented.
= Padjusted < O-O];***Padjusted < 0.001.

In summary, these results show some connections to the
“Right Stuff” profile. As Musson et al.* reported, Neuroticism
is negatively related to Mastery and Work Orientation and posi-
tively to Verbal Aggressiveness. Agreeableness is negatively
related to Negative Instrumentality and Verbal Aggressiveness
and positively related to Expressivity, all attributes associated
with the “Right Stuff”

Neuroticism and Agreeableness are also among the sparse
personality predictors for performance in confined environ-
ments®** and overall astronaut effectiveness,?® which under-
lines the validity and importance of these two personality
traits in the actual work as an astronaut or in confined envi-
ronments. However, other scales that were also found to be
related to attributes of the “Right Stuff” (e.g., Conscientious-
ness) in previous studies?” did not differ between successful
and unsuccessful candidates in the present data.

In addition to investigating personality differences between
the three candidate groups in the selection process, we also
analyzed relationships between psychometric personality and
the suitability rating. All candidates participating in phase 2
received an OAR at the end of the assessment which evaluates
the overall suitability for the job given all the data that had
been collected up to this point, including operational aptitudes
that were tested in phase 1 as well as interpersonal capacities,
social competency, and motivation that were assessed in phase 2.

Achievement and Vitality are the two TSS scales that are sig-
nificantly correlated with the OAR in our analysis. While
Achievement describes an ambitious, achievement-striving,

**
*%
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Fig. 1. Means and standard errors for Neuroticism (NEO-PI-R), separately for
groups 1,2,and 3; **P < 0.01.
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focused, and industrious character, Vitality indicates physi-
cal robustness, strength, and athletic ambition.

Motivation is a big part of the “Right Stuft” and lies at the core
of the definition?” and can be distinguished in (general) achieve-
ment motivation and (specific) vocational motivation for the job
at hand. While achievement motivation is often part of psycho-
metric personality questionnaires, vocational motivation usually
is not and has, therefore, to be assessed in an interview.

The relationship of Achievement with the OAR is plausible
since the assessment of vocational and achievement motiva-
tion was a big part of the interview and high achievement
motivation is a prerequisite for successful training and mis-
sions. Achievement (motivation) was also predictive for air
traffic controller training success.” Additionally, training and
missions are highly physically demanding and the significant
correlation of Vitality with the OAR shows that Vitality was a
source of variance in the evaluation of suitability of candidates
despite the fact that the assessment of physical fitness is part of
the medical selection afterwards.

Achievement and Vitality also resemble the trait of Instru-
mentality in the PCI with regards to the components of goal
orientation, mastery, persistence, and engaging in no unhealthy
behavior.?® Instrumentality, as reported above, is part of the
“Right Stuft” personality profile and was also found to be
related to emotional stability during Antarctic missions.?®

In contrast to previous research on psychometric person-
ality in the selection of astronauts,* we found significant
personality differences between successful and unsuccessful
astronaut candidates and were able to show significant
relationships of personality scales and an overall suitability
rating. A possible explanation for these differences to the
prior study could be the select-in approach that was used in
this selection, which could have emphasized effects of general
personality scales as opposed to the select-out focused
approach used by NASA between 1990 and 1994.

However, the absolute magnitudes of the significant effects
are, especially in view of the size of the sample, rather small
and the selection decision was in large part not related to psy-
chometric personality traits assessable with general personal-
ity questionnaires. This is not surprising considering the
number of aspects that influence the OAR and the assumption

Table IV. Pearson Correlation Coefficients of TSS Scales with Overall
Assessment Rating (OAR).

SCALE r OAR
Achievement 0.188**
Instability —0.033
Rigidity 0.020
Extraversion 0.076
Aggressiveness —0.045
Vitality 0.176*
Dominance 0.127
Empathy 0.019
Spoiltness 0.093
Mobility 0.068
Openness 0.029

*P <005 *P <001.
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that correlations between personality traits and relevant
behaviors cannot be expected to exceed 0.3.! The present
sample is also a very specific sample with extreme personal-
ity characteristics and a limited range. The high degree of
pre- and self-selection makes it difficult to find any large differ-
ences between successful and unsuccessful astronaut candidates.

Moreover, possible interactions between personality charac-
teristics were also not considered in the analysis, but could defi-
nitely have had an impact on selection decisions and scoring. As
indicated by the popularity of personality profiles or clusters like
the “Right Stuft;” “Wrong Stuff;” and “No Stuff;” not a high score
on an isolated personality scale but the combination of high and
low values on multiple personality scales can be beneficial.

The results lead to the conclusion that other factors like
aspects of personality that are not assessed by personality
inventories, but were relevant in the Assessment Center exer-
cises or the interview must have influenced the OAR and the
selection decision. Vocational motivation is one of these aspects
and a very important one considering the dedication and per-
sistence that is required in training and during missions.

As prior studies have suggested, personality traits were not
predictive of selection success, but of overall performance.®??
Future studies need to further determine the relationship
between personality traits and performance and need to indi-
cate which psychometric personality traits should be focused
more on in the selection of astronauts. The number of astro-
nauts performing space missions for ESA is too small to com-
pute reliable quantitative analyses and could potentially
threaten the anonymity of the astronauts. Thus, other ways,
like simulation studies, have to be used to perform validations
of the applied instruments.
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