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Validation of personality survey instruments using vector

space representations of natural language

Volker Kempf, Helge Nuhn

Zusammenfassung Personlichkeitstests sind zu einem géngigen Instrument in heutigen Personalaus-
wahlverfahren geworden, da es zahlreiche Belege fir den Einfluss von Personlichkeitsmerkmalen auf
die Arbeitsleistung auf individueller Ebene und von Personlichkeitskonstellationen in Teams auf die
Teamleistung gibt. Um einen optimalen Nutzen aus diesen Erkenntnissen zu ziehen, bendtigen Unter-
nehmen Personlichkeitstests, die eine hohe Validitat aufweisen, was kurz gesagt bedeutet, dass die
Tests qualitativ hochwertige Ergebnisse liefern sollten, die mit der Realitat korrelieren. Diese Arbeit be-
fasst sich mit einem neuartigen Ansatz zur automatisierten Ermittlung der Validitat solcher Selbstein-
schatzungsfragebdgen unter Verwendung einer Technik aus der Computerlinguistik, den sogenannten
Worteinbettungen. Jedem Wort eines Vokabulars wird ein Vektor in einem hochdimensionalen reellen
Vektorraum zugeordnet, seine Einbettung, und die geometrische Beziehung dieser Vektoren tragt
semantische Informationen Uber die Beziehung der Woérter zueinander. Basierend auf diesen Wortein-
bettungen wird ein Konzept zur Bewertung der Validitat von Personlichkeitsfragebdgen entwickelt und
an bestehenden Erhebungsinstrumenten getestet, um die Funktionalitat von Worteinbettungen fir
diesen Zweck zu zeigen. Die Ergebnisse der Tests sind vielversprechend und stitzen die Annahme,
dass Worteinbettungen in diesem Zusammenhang verwendet werden kdnnen.

Keywords: Kunstliche Intelligenz, Naturliche Sprachverarbeitung, Sozialwissenschaftliche Instru-

mente, Instrumentvalidierung
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Abstract Personality testing has become a common tool in modern personnel selection processes as
there is ample evidence for the influence of personality traits on job performance on the individual level
and of team personality constellations on team performance. To get an optimal benefit from these
insights, organizations require personality tests that show high validity, which in short means that the
tests should provide high quality results that correlate with reality. This thesis is concerned with a novel
approach to establish the validity of such self-evaluation questionnaires in an automated way by using
a technique from natural language processing called word embeddings. Every word of a vocabulary is
assigned a vector in a high dimensional real vector space, its embedding, and the geometric relation of
these vectors carry semantic information about the relation of the words. Based on these word embed-
dings, a concept to evaluate the validity of personality questionnaires is developed and tested on existing
survey instruments to show the functionality of word embeddings for this purpose. The results of the

tests are promising and support the assumption that word embeddings can be used in this context.

Keywords: Natural Language Processing, Social Science Research, Instrument Validation
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1 Introduction

1.1 Scope and aim of the thesis

In assessment procedures that are conducted to facilitate personnel decisions it is now com-
mon practice to generate personality profiles of the candidates in order to gauge how effective
a person would be, for example in a newly composed project team [DS13, p. 744]. Two of the
most commonly used personality models in this context are the Big Five personality traits, see,
e.g., [Joh21], where continuous scales of the five traits extraversion, agreeableness, consci-
entiousness, neuroticism and openness are used to describe personality, and personality ty-
pology approaches as employed for example by the Myers—Briggs Type Indicator, see, e.g.,
[KM20], which is a popular self-evaluation questionnaire that attempts to categorize a person
into one of sixteen distinct and disjunct personality types. Recent research has shown that the
personality of employees can have a significant effect on their individual performance and the
performance of their work team [DS13; SAM20], thus many companies use some form of per-
sonality assessment in hiring and selection procedures. Although there are several methods
to assess a candidate’s personality, for example during a selection interview [RI13], selfevalu-
ation by questionnaires is most commonly used [CHLS13, p. 477]. A critical role for getting a
robust assessment of the personality by this method can be attributed to the suitability of the
items on these questionnaires for the intended purpose. This can be described by the concepts
of reliability and validity, which are properties that need to be established for every survey
instrument in order for it to be accepted by researchers and practitioners. The focus in this
thesis is on item and instrument validity, which is the extent to which a test measures what it

is supposed to measure [CS10, p. 1].

Contrary to classical ways of evaluating validity, this thesis aims to develop a new technique
by using a method from the field of natural language processing, which attaches a high dimen-
sional vector representation to every word of a certain vocabulary. These representations are
called word embeddings and can be generated by a variety of methods, for example using a
machine learning framework [PSM14a). The vectors then encode certain characteristics of the
words’ meanings, whereby the richness of the encoded information depends mainly on two
aspects: the base data used to generate the vectors, which is in most cases a vast corpus for
texts taken from various sources, and the dimension of the vector itself. The captured infor-
mation in the word embeddings can be seen, for example, by the fact that embeddings for
words with a similar meaning tend to lie close together when measuring the angle between the
vectors [RLH17].
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Using such a representation of natural language, it may be possible to discover features, char-
acteristics or patterns in the commonly used survey items of personality tests. These insights
could be useful to improve or measure the quality, in the sense of validity, of a set of items
generated for a certain purpose. Improved validity of an instrument can in the end prove ben-
eficial for personnel decisions that are in part founded on the results of such self-evaluation
tests. Furthermore such information could also lead to a novel method to establish the validity

of a survey instrument.

The overarching question to be investigated is whether it is possible to validate personality
survey instruments using natural language vector space representations. A positive answer to
this question could in the future lead to the development of a highly useful tool for the con-
struction of such survey instruments, with the aim of maximizing the gain in knowledge they

provide.

As a first step in this direction of research it is necessary to develop a methodology that can
be used for the validation of the survey instruments. This concept needs to be versatile, pro-
duce consistent and comprehensible results and should have some indicator on the quality of

the findings it yields.

In this thesis the focus is laid on the development of a basic concept to validate self-evaluation
questionnaires and an application to some existing personality survey instruments to discover
the potential for this method and its use in the development of survey instruments for organi-
zational personality testing. However, the basic approach demonstrated here is applicable to

different fields as well.
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1.2 Methodical approach and outline of the thesis

Chapter 2 contains the results of a literature study on the fundamentals of natural language
processing with a focus on vector representations of word semantics, on the most common
personality models and on the aspects of validity of survey instruments. Several methods of
obtaining word embeddings for a given vocabulary on the basis of a base corpus of text doc-
uments are presented and typical use cases are shown and examined. Furthermore an intro-
duction to the Big Five and typology personality models is given in Section 2.3 in order to
understand the opportunities and limitations of such frameworks for the assessment of a per-

son’s personality.

In Chapter 3 the realization of the Big Five personality traits in the word embedding vector
space is discussed. Two concepts to identify the trait structure, personality dimensions and
clustering of trait descriptive adjectives, are presented and differences across several sets of

pre-trained word embeddings are investigated.

Chapter 4 depicts the current state of personality testing in assessment procedures, and de-
scribes the relation of personality traits and job performance, as well as the effects of team
personality composition on team performance. An online survey was conducted between
2022-02-08 and 2022-03-10 which gathered 127 respondents and aimed at generating data

to support some of the data taken from literature about organizational personality testing.

Since to the best of our knowledge the research direction of validating survey instruments
using word embeddings is new, the aim of this thesis is to develop a methodology to tackle
this research question. This concept, which is presented in Chapter 5, touches upon the nec-
essary data, pre-processing of survey items and several methods that may be indicators for

validity.

To show the functionality of this concept it is demonstrated using an articulate, proof-of-con-
cept-type application in Chapter 6. Throughout, the focus of the thesis is on an application to
personality testing survey instruments, so existing self-evaluation questionnaires for the Big
Five model from [Joh21; JNS08] are investigated with the methodology described in Chapter
5. However, the concept may be used with some adjustments for other types of survey instru-
ments. Publicly available pre-trained word embeddings are used which were generated with
the word2vec, GloVe and fastText algorithms. Since these vector representations differ in the
algorithm and base text corpus used to generate them, it is possible to examine differences

and make comparisons regarding the suitability of the algorithms when analyzing survey items.
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2 Fundamentals

The thesis aims to combine research elements from several fields in order to develop a vali-
dation concept for personality survey instruments. Thus, the relevant parts from natural lan-
guage processing, personality models and instrument validity that are required for the subse-

quent sections are collected in this chapter.

Throughout the chapter, some examples using word embeddings are presented. The corre-
sponding Python implementation to reproduce the examples can be found at

https://gitlab.com/volker.kempf/validation_by word_ embeddings.

2.1 Natural language processing

The goal of the field of natural language processing is to enable computers to understand and
be able to work with human language by converting it to a formal representation [CWO08, p.
160]. The first concepts for this were created more than half a century ago, and since then the
main focus in research has been machine translation, information retrieval, information extrac-
tion, topic modeling and, since the beginning of the social web, opinion mining [CW14, p. 49].
To really achieve these purposes, the syntactic and semantic properties of the individual ele-
ments of language have to be known by the machine to an extent that exceeds pure knowledge

about key words and word co-occurrences [CW14, p. 53].

When developing a new system for natural language processing, it is often tested and bench-
marked on a number of standard tasks that are relevant to a variety of the use cases. They
include, see [CWO08, p. 161],

- part of speech tagging, i.e., labeling each word in a text by its syntactic role, e.g.,

“noun”, “verb”,

- named entity recognition, i.e., labeling relevant words in a text by categories, e.g.,
“PERSON”, “LOCATION”,

- finding semantically related words, i.e., predicting whether words are, e.g., synonyms,

hyponyms, antonyms,

- completing word analogies, i.e., finding the missing word x in an analogy “a is to b as

cistox”.

Modern techniques for natural language processing almost exclusively use machine learning

methods, most frequently deep neural networks, to achieve these tasks.
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2.2 Word embeddings

Many natural language processing techniques require words to be represented as a mathe-
matical object, so that established mathematical methods can be applied. One of the most
common schemes to transfer words to numbers are word embeddings, where every element
of a vocabulary is mapped to a vector of real numbers, i.e., elements of R%, where the dimen-
sion of the embedding vector space d € N can be chosen arbitrarily. A set of such word em-
beddings is denoted by W. With such a representation, all the established tools from linear
algebra can be used, e.g., orthogonality concepts, geometric aspects, eigenvalue and singular

value decomposition of matrices made from sets of words vectors.

The modern processes of generating word embeddings rely on the distributional hypothesis in
linguistics, which states that words with similar meaning appear in similar contexts [Sah08, p.
33]. This notion of word similarity led to the concept of a distributional space, where the words
are seen as points and the dimensions as linguistic contexts [Len08, p. 11]. Seen from this
perspective, the word embedding technique using machine learning methods is the next step

to generate an accurate realization of the distributional space.

2.2.1 Definitions and basics

In general, if the goal is only to find a vector representation of the words in a given vocabulary,
one-hot encoded vectors can be used. With this approach, the vector dimension d € N is the
number of words in the vocabulary and in the vector for the i -th word of the vocabulary the i-
th component is set to 1, while all other components are 0. Consider for example the small
vocabulary containing the five arbitrary words ant, termite, crab, shrimp and emu, then the

corresponding one-hot encoded vectors might be

1 0 0 0 0
0 1 0 0 0
ant—| 0 |, termite—| 0 |, crab—| 1 |, shrimp—| 0 |, emu—| 0 |.
\o \o \o \o \V
0 0 0 0 1
While these vectors satisfy the above definition of word embeddings, they are not particularly
useful. They do not capture any semantic relations of the words they represent since they are
all orthogonal. The expectation for word embeddings however would be that the vectors for
the words ant and termite should be more similar to each other than to the vector for the word
emu. Although this type of vector is not used for word embeddings in the application consid-

ered in this thesis, they play a role in some applications, e.g., in information retrieval, and in

the generation algorithms for practical word embeddings.
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Modern techniques to generate useful embeddings employ machine learning algorithms to find
the vectors from a large set of sample texts. These algorithms generate vectors as elements
of R with a fixed number of components d, which is independent of the considered vocabulary
and usually not larger than a few hundred. For instance, the pre-trained sets of word embed-
dings of the GloVe project from [PSM14b] have a maximum dimension of d = 300, for a vo-
cabulary of up to 2.2 million words, cf. Table A.1. In this form, each dimension can be seen as
one or a combination of several semantic features of the natural language text documents that
were used to generate the word embeddings, however it is in general not possible to assign
an interpretable meaning to the raw form of those features. An attempt to extract interpretable

features from the dense word vectors is presented in Section 2.2.4.

2.2.2 Generation of word embeddings

Word embeddings can be generated by a number of different ways. The most common method
currently uses neural net architectures, that are trained on a large corpus of text to capture the
semantic meanings of each word in a vector. The three most common algorithms that produce
good word embeddings, measured by several common natural language processing bench-
mark tasks, are word2vec [MCCD13], GloVe [PSM14a] and fastText [BGJM17].

Without going too much into the intricacies of the method, word2vec has two modes when
generating the vectors. The first, called continuous bag of words, is trained to find the most
appropriate word given the surrounding context words, while the second, the skip-gram mode,
works the other way around, by predicting the most probable context words for a given word
[MCCD13, p. 4].

The fastText algorithm is a derivative of the word2vec model, which now includes subword
information into the word embeddings. This means that incomplete word fragments or mis-
spelled words, even when they are not contained in the word embedding vocabulary, can also
be used for analysis. For example, misspelled words are positioned relatively close to the cor-

rectly spelled word in the word embedding space [BGJM17].

The third of the widely used algorithms to generate word embeddings is the GloVe algorithm,
which is short for Global Vectors [PSM14a]. While the training in the word2vec and fastText
algorithms use a local approach that predicts words based on a few of the surrounding words
in the sample texts, GloVe combines this approach with the factorization of a global word-word
co-occurrence matrix, which results in a global log-bilinear regression model [PSM14a, p.
1532].




Validation of personality survey instruments 7

For all these algorithms vast text corpora are necessary for the training of the neural networks
in order to achieve an optimal model. This means that in order to get good word vectors, con-
siderable time has to be spent on the training process, including several, sometimes manual,
steps to find and prepare the raw text data. Common sources for these texts are Wikipedia
snapshots, online news websites, Twitter data or just immense amounts of texts taken from
the internet by web crawling. Luckily all three projects offer word vectors to download, which
are pre-trained on large text corpora containing several billions of words. Throughout the thesis
several of these pre-trained embeddings are used, and in Table A.1 an overview of these sets

is compiled.

While word embeddings generated from each of the three methods yield good results on vari-
ous tasks in natural language processing, none clearly outperforms the others in every task.
Thus it makes sense to consider comparable pre-trained sets of word embeddings from all
three algorithms in the investigations and see if one model is better suited than the others for

the specific tasks in this thesis.

2.2.3 Applications of word embeddings

A variety of natural language processing tasks can be handled with word embeddings. One
possible use case of these vectors is identifying words that have a similar semantic meaning
to a specified target word by finding the nearest neighboring word vectors. Measuring dis-
tances or similarities of vectors can be done by different metrics, but mostly the cosine simi-
larity and the standard Euclidean distance are used. Leta,b € R? be two word embeddings,

then their Euclidean distance is defined as the Euclidean norm of their difference, i.e.,

dist,(a,b) = |la — b||, =

and their cosine similarity is defined by

a-b
llalllIb]l;’

sim¢ys(a, b) =

which originates from the definition of the scalar product of two vectors a - b = ||a||,||b||, cos a,
where « is the angle between the two vectors. The Euclidean distance of two vectors can be
any non-negative real number where low values indicate a higher similarity of the words. The
cosine similarity function on the other hand takes values in the interval [-1,1] € R, where
values close to 1 and -1 indicate semantic similarity and, respectively, anti-similarity, and val-

ues closer to 0 mean that the words are not related.
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For word embeddings with 300 dimensions, which is the most common size used in this thesis,
cosine similarity values of above 0.692 indicate a close semantic relation between words

[RLH17, Table 1, p. 402]. Both functions are illustrated in Figure 2.1 for an example in two

dimensions.
A diste(a, b) = /(a1 — b1)? + (ag — b)?
az
a
ba
b >
ay bl

Figure 2.1 lllustration of the cosine similarity and Euclidean distance functions in two dimensions.

Table 2.1 Nearest neighbors to the words ant and crab measured by cosine similarity based on pre-
trained word embeddings fTWiki described in Table A.1.

Target Neighbors Vocabulary words
word ; A
No. Word SiMcos Word SiMcos
ant 1 ants 0.8055 ant 1.0000
2 insect 0.6960  termite 0.6282
3 anthill 0.6955 crab 0.4742
4 wasp 0.6863  shrimp 0.3613
5 bee 0.6765 emu 0.4079
crab 1 crabs 0.8116 ant 0.4742
2 lobster 0.7551  termite 0.4794
3 crabber 0.7358 crab 1.0000
4 crabbing 0.7204  shrimp 0.7085
5 crabmeat 0.7199 emu 0.2925

To give an example of the use of this similarity analysis, consider the words ant and crab from
before and observe the five nearest word vectors measured by cosine distance. To find those
words, the pre-trained word embeddings fTWiki, cf. Table A.1, are used, which are based on
a text corpus consisting of Wikipedia 2017, UMBC WebBase and statmt.org news data and
comprise a vocabulary of one million words. Table 2.1 shows the nearest neighbors of the two

words.
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From the data on the right hand side of the table it is also clear that a large similarity of the
word pairs ant—termite and crab—shrimp is encoded in the pre-trained word vectors, as would
be expected. The other words from our small vocabulary are less similar to the two target
words. In contrast, if the one-hot encoded vectors from Section 2.2.1 would be used, the pair-
wise cosine similarity of the vocabulary words would be zero, since all those vectors are or-
thogonal. Another structure that is usually contained in pre-trained word embeddings is that
word analogies can be found using the vector difference of a known pair of words. Given three
words a, b, and ¢ and an incomplete word analogy of the type a is to b like c is to x, the vector
representations can be used to find the word vector x in the word embedding space that is
closest, or most similar, to the pointy = ¢ + b — a. Written precisely, given a set of pre-trained
word vectors W and the word analogy problem, the element x € W for which
x = argmin simgys(z,y)
zeW\{a,b,c}

holds needs to be found. An illustration of the word analogy finding task in two dimensions is
given in Figure 2.2. As an example, consider again the pre-trained embeddings fTWiki, cf.
Table A.1, and the problem to find the missing word x in the analogy emu is to bird as ant is to
x. As expected, the word that the above formula yields is insect. Table 2.2 provides some more
examples of word analogies extracted from the pre-trained word embeddings. The results
shown in the table demonstrate that the word embeddings used here contain semantic infor-

mation in various categories.

F 5
b b b
xT
b— a A
ao ae
Co ce
ay bl C1

Figure 2.2 lllustration of the word analogy finding process for ais to b as c is to x.
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Table 2.2 Correct word analogies extracted from the pretrained word embeddings fTWiki described in
Table A.1.

a b c T
actor actress waiter waltress
white black up down

tree . leaf Hower . petal
18 to as s to .
dog Puppy cat kitten
pork pig beef COW
cold colder small smaller

2.2.4 Interpretability of word embeddings

The word embedding representation that is generated as dense vectors by the word2vec,
GloVe and fastText algorithms has a major drawback that was already briefly mentioned. A
vector of a few hundred real numbers is not easily interpretable by a human and the infor-
mation, which specific semantic feature each component of the vector represents, is not avail-
able and cannot accurately be extracted. The semantic information that, as seen in Section
2.2.3, is contained in the embeddings, is not accessible for direct interpretation on the basis of

the vectors alone.

The POLAR framework attempts to remedy this shortcoming by introducing artificial interpret-
able dimensions into the embedding space by means of sets of polar opposites, or antonyms,
and rearranging the word embeddings along those axes [MSLS20]. Let W < R be a set of
normalized word embeddings, i.e., for all word vectors v € W it holds ||v||, = 1. Then a set
of n interpretable axes can mathematically be generated by using n pairs of antonyms
wt,w)e W x W, i € {1,...,n}, from the word embedding space, and computing the ma-

trix A* = (wi ---w¥) whereforeachi € {1,...,n}

is the column vector pointing from the “negative” word w;” to the “positive” word w;" for each
antonym pair. Given a word vector v € W, its representation v % in the interpretable antonym
space is computed by vt = (4%) ~! v, where (4%) ! is the Moore-Penrose inverse of the
possibly non-square matrix AT [MSLS20, p. 3]. The resulting vector v holds the coordinates

of the word v in terms of the antonym dimensions.
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Easter Christmas

Spring Q\ K Winter
X

Weak Strong

Man & & =— Woman
King

Figure 2.3 Visualization of the words Easter, Christmas, Actress and King in terms of the tree polar
dimensions Spring—Winter, Man— Woman and Weak—Strong.

This process can be illustrated with a small example using the pre-trained word embeddings
fTCrawl described in Table A.1. Consider the three antonym pairs Spring—Winter, Man—
Woman, Weak—Strong and the words Easter, Christmas, Actress and King. Application of the
method described above to the pre-trained word embeddings of these antonyms yields the
result visualized in Figure 2.3, where the coordinates of the words on the three polar dimen-
sions are shown. While the words King and Actress are clearly tending to one of the poles on
the Man—Woman axis, the words Easter and Christmas are separated on the Spring—Winter
axis, as could be expected. Among the words in this example only King shows a tendency
towards Strong in the Weak-Strong dimension, the three other words seem to lie almost per-

fectly orthogonal to that axis.

Instead of using pairs of antonyms to define dimensions, a similar approach, see [Roz20, p.
3], defines concept dimensions, by selecting words that positively and negatively represent the
concept. The word vectors of these terms are averaged to a negative and a positive concept
pole in the word embedding space. With the positive and negative poles of each concept, the
same process as above for the antonym pairs can now be used to generate a transformation

matrix onto the concept dimensions.

Another method to use these interpretable dimensions does not require computing the inverse
of a matrix. The concept dimension vectors w;" i are instead normalized and the coordinates
of a word v on these axes are calculated by a simple projection onto the normalized axis vec-

tors, i.e.,
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Figure 2.4 illustrates the process of aggregating concept poles w* and w~ from two individual
words each, generating the concept dimension wt and finally projecting a word vector v onto

this axis.

Figure 2.4 Visualization of the projection method for concept dimensions, based on [Roz20, Figure 9,
p. 20], adapted.

2.3 Personality models

The origins of personality theory trace back to the works of Allport and Stagner [Cra93, p. 3],
with the seminal publications [AllI37] and [Sta37], which established personality research as a
separate subfield in psychology. Personality theory focuses on psychological research con-
cerning the theoretical framework for the study and comprehension of human behavior [Wig88,
p. 443]. However, this description of the research aim does not distinguish personality theory
from the goal of general behavior theory. The distinction comes mainly from a historical per-
spective and can be summed up by stating that personality theory has a more humanistic view,

while general behavior theory acts in a more abstract, scientific way [Wig88, pp. 444f].

Two general directions in personality research can be seen: the study of individual differences
and the study of individual persons as unique wholes. The first approach can be seen as a
quantitative, psychometric way to define personality as the sum of all traits of a person, while
the second is a qualitative approach that focuses on biographical analyses and case studies.
Mostly, personality psychologists focused on the psychometric approach to measure person-

ality differences of populations with the help of personality tests [BWO08, pp. 7f].
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With the lexical hypothesis, which states that existing and relevant individual differences will
over time find their way into the used language [Gol81, pp. 141f], personality research can rely
on a semantic foundation, e.g., when designing personality questionnaires. Based on this rea-
soning, the classification of adjectives describing personalities has been a research focus
since the beginnings of the field, see, e.g., [AO36]. The manual and subjective approach of
sorting through thousands of personality descriptive adjectives from the beginnings of person-
ality research has since been replaced by more sophisticated methods that observe word co-
occurrences [Swi21, p. 14]. These studies ultimately resulted in the by now well established

Big Five model of personality traits.

2.3.1 Big Five personality traits

The semantic approach described in the previous paragraph was used to compile word lists
containing person descriptors [JNS08, p. 117], which were grouped in different categories, the
number of which was largely dependent on the personality psychologist who did the work and
mostly ranged from two to 20 [UNSO08, p. 114]. Subsequent research lead to the emergence of
the Big Five personality traits shown in the following list, where the quoted descriptions are
taken from [Joh21, Table 2.2, p. 42]:

extraversion: “Implies an energetic approach toward the social and material world.”

agreeableness: “Contrasts a prosocial and communal orientation toward others with

antagonism and hostility.”

conscientiousness: “Describes socially prescribed impulse control that facilitates task- and

goal-directed behavior.”

neuroticism: “Contrasts negative emotionality with emotional stability, con

tentment, and frustration tolerance.”

openness: “Describes the breadth, depth, originality, and complexity of the per

son’s mental and experiential life.”

These traits are considered largely independent [Gol92, p. 26]. The specific names of the traits
differ slightly between publications, e.g., openness is often referred to as open-mindedness,
but the structure is largely agreed upon [Joh21, p. 49]. Each of these domains is made up of
several facets, that combined form the complete trait, and which are in turn based on another

layer of more detailed factors.
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Figure 2.5 visualizes this concept of a hierarchical system of abstractions. The precise number
and definition of the facets is again blurry and many publications have differing views. As an
example, the facets of extraversion in [SO99] are defined as sociability, unrestraint, assertive-
ness and activity—adventurousness, while in [SJ09] they are called gregariousness, social con-
fidence vs. anxiety and assertiveness. While there is a certain overlap in these facets, they
show a different structure. For the purpose of this thesis, the distinction of facets for each trait

is not considered further, as the focus is on the more abstracted Big Five traits.

Level 4:

Traits | Extraversion | ’Agreeableness| Conscientiousness ’ Neuroticism ‘ | Openness

Al

Level 3: | - -7

Facets (N )
T

Scales

Level 2:

Hahits 1

Dispositions ’ﬁ ’_h ’ﬁ ’_h ’ﬁ
Level 1:

Responses

Figure 2.5 Hierarchical system of abstractions of personality description models, based on [Dig90,
Figure 1, p. 421], adapted.

Personality self-evaluation questionnaires are commonly used to assess the interrelations be-
tween personality traits. After the Big Five structure had been theoretically established, ques-
tionnaires were designed to support the model, and the structure of the Big Five, which had
been built based on adjectives, could be recovered to a large degree from factor analyses of

the survey results [Joh21, pp. 46f].

One of the first survey instruments to measure the Big Five factors was the NEO Personality
Inventory, which has been revised several times since its first publication, and which offers
tests in different lengths and complexities, however only the long form covers all facets of the
Big Five traits [Joh21, p. 47]. Moreover, this instrument is proprietary and not freely accessible.
For the later studies of personality survey instruments this thesis resorts to publicly available
questionnaires like the Big Five Inventory, see [INS08, pp. 157], and the Big Five Inventory 2,
see [SJ17, pp. 142f].

Though it is currently the most widespread model of personality traits, the Big Five are not
without criticism. One point of concern is that the five traits emerged through the method of
factor analysis, which identifies factors by shared variance in items and facets. This however
only captures what is included in the correlation matrices that are being studied [HOO15, p.
189], which means important information can be overlooked. Another point of criticism is that

some constructs of personality are not included in the model.
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Examples of such missing traits are honesty, vigilance and graciousness. Though they may
be less important than the Big Five, there is sense in observing them, as some may be well
suited to draw conclusions for organizational applications of personality theory [HOO15, p.
189].

A modern alternative of the Big Five is the HEXACO model of personality, which extends the
Big Five by a sixth trait, the honesty-humility dimension. This additional domain, like the original
Big Five, was found as a result from a lexical approach to personality descriptive adjectives
[HOO15, p. 196]. Although there is some research in support of the HEXACO model, it will not
be investigated in more detail in this thesis, as the Big Five is still the commonly used model

in most publications.

2.3.2 Personality typology

Another approach to personality analysis tries to sort the personality of people in several di-
chotomous type categories. An instrument that employs this idea is the Myers—Briggs Type
Indicator, which is also one of the best known and most used tools to determine personality
factors in organizational settings [Mur90, p. 1187]. It is built around the theory of Carl Jung
which states that the personality of people can be captured in type categories [Jun71]. Thus in
this theory, the variances in personalities are abstracted by sorting them into distinct groups
which supposedly have little variance internally while the difference to the other type groups is
large [Pit05, p. 211]. The Myers—Briggs Type Indicator is a tool that tries to operationalize
Jung'’s theory by using different versions of self-evaluation inventories to determine the position
of an individual on the four bipolar scales [Car77, p. 461]

e Extraversion — Introversion

e Sensation — Intuition (S-N),

e Thinking — Feeling (T-F) and

e Judgment — Perception (J-P).

The first forms of the inventory were introduced in the 1940s, and were since then redeveloped
and reintroduced several times [Mur90, p. 1188]. After taking the test, every individual is cate-
gorized to one of the ends on each of the four scales, giving a total of 16 combinations and
thus 16 different personality types, which are usually abbreviated by the letters seen in the
above list. As an example, a possible result is ESTJ, which indicates that the tested candidate
scored higher on the extraversion, sensation, thinking and judgment sides of the scales. Each

of the types has a specific personality description associated with it [BMQH98, Chapter 4].
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Though the Myers—Briggs Type Indicator is, due to the simplicity of the 16 types, a widely
popular instrument for a variety of psychometric applications, it has several drawbacks that
make its results unusable in professional settings, which is why it is not further considered in
this thesis. A main criticism of this instrument is that it neglects the continuous nature of the
personality traits and focuses on the classification into the 16 types, which not only restricts
the statistical analysis [Boy95, p. 73], but also leads to changing results in re-tests, especially
when the actual score of a test candidate is near the middle of the scale [Pit05, p. 214]. Several
evaluations showed that only around 50 percent of those tested retain their type when re-
tested [DB91, pp. 96f].

The last aspect is particularly concerning when thinking of the further application of the test
results, e.g., in the context of personnel assessment. In the proposed theoretical foundation of
the instrument the type of a person is supposed to be set at birth [Pit05, p. 212]. If the resulting
type can easily change for a large part of the test audience, but each type offers a distinctly
different interpretation [McCOQO, p. 118], the implications drawn from the results must be unre-

liable.

A large part of the publications in support of the theoretical foundation, reliability and validity
of the Myers—Briggs Type Indicator is published in journals of the Center for the Applications
of Psychological Type [CMHEO04, p. 50], which also sells licenses and trainings for the Myers—
Briggs Type Indicator, indicating a potential conflict of interest. Moreover, the supporting stud-

ies are inconsistent and scientifically weak [GM96, p. 78].

Another reason against further considering the Myers—Briggs Type Indicator and the typology
approach to personality as a whole in this thesis it that the inventories are not publicly available

and licenses have to be bought for every test that is to be administered [Mye22].

2.4 Validity of survey instruments

In order to develop a concept that can be used to validate personality questionnaires, it is
necessary to get a clear picture of what validity means in the context of survey instruments. In
a very general sense, validity can be defined as how accurately a test, or in our case a survey
instrument, measures what it is supposed to measure [CS10, p. 1]. Other references describe
validity as “the degree to which evidence and theory support the interpretations of test scores
for proposed uses of tests” [AAN14, p. 11]. However, such abstract descriptions can hardly be
of use for practical validation purposes. Thus, a large variety of different types and subtypes
of validity were developed and can be found in the scientific literature, as evidenced by the

summary list of more than 150 types of validity in [NS14, Table 1.3, p. 8].
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The immense amount of separate and intersecting concepts shows that it is hard to define a
conclusive notion for validity [NS14, p. 183], so for the purpose of this text it is necessary to

define the types of validity that are to be investigated in more detail.

Convergent validity

—| Construct validity

Discriminant validity

— Content validity

Validity

—  Face validity — Postdictive validity

— Criterion validity Concurrent validity

— Predictive validity

Figure 2.6 Selection of types and subtypes of validity, based on [Tah16, Figure 1, p. 29], adapted.

Figure 2.6 shows the types of validity that are discussed in the following subsections and which
are focused on for the concept development later on. The four categories face, content, crite-
rion and construct validity are the most prominent types in the relevant literature. For some
time, content, criterion and construct validity were seen as the three most important types of
validity and they were treated as separate kinds of validity. Research in this area has by now
agreed that they are merely three aspects of validity, which each describe some part of the

general notion of validity [Gui98, p. 236].

By whichever way the validity of any test is attempted to be established, it can only be meas-
ured compared to different tests, as there is no absolute authority on the question of validity
[CS10, p. 1].

241 Face validity

The first type of validity, called face validity, is less technical than those in the subsequent
sections. It is a relatively subjective aspect of a given test, survey instrument or item [Hol10],
and can be described as the degree to which a nonprofessional considers the test relevant to
the subject and the surrounding situation in which it is taken. If a clear relation can be seen,
the test can be classified as face valid [HJ79, pp. 460f]. It is important to note that for face
validity it is not the researcher’s judgment that is important, but the test respondents’ opinions.
As such, specific knowledge of a subject or test environment is not a prerequisite for the eval-

uation of face validity, rather the contrary [Cro90, pp. 216f].
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Face validity is a weak form of validity, and should not be taken as only measure of the validity
of a survey instrument [Cro90, pp. 216f]. Some authors argue that it is not even a real form of
validity, but can still be useful for test takers as it can be motivational for them to recognize
from the questions which subject they are tested for [KS17, p. 136]. On the other hand, it is
harder for test takers to manipulate the result if they do not know what a test item is supposed
to measure, i.e., if the item lacks face validity [CS10, p. 1]. So missing face validity can also

be an advantage.

2.4.2 Content validity

A deeper analysis than simply assessing the appearance of the survey items is necessary if
content validity is in question, which is a measure of the relevance of the survey instrument
[Cro90, p. 170], and which gauges whether the questionnaire items are representative and
comprehensive with respect to the extent of the theoretical construct that the instrument is

supposed to measure [Jac04, p. 9].

IHE.’EISUI.@S

Instrument l E

Possible measures of construct N

Figure 2.7 Visualization of the content validity notion, based on [SBG04, Figure 2, p. 386], adapted.

Figure 2.7 shows a visual representation of the concept of content validity. While many options
are available for creating measurement tools for a specific construct, a choice has to be made
while constructing a survey instrument or test. The question of content validity now basically
boils down to how good these choices were during the design process of the test items. An
instrument thus either contains measurement errors when chosen items do not represent the

construct, or excludes construct facets when important items are excluded [SBGO04, p. 386].

Different ways to establish content validity are possible, the simplest is judging the instrument
items on the basis of the findings of an extensive literature review. Additionally a panel of

experts can pass a judgment on the content validity of an instrument [SBG04, p. 387].

To get a better and more convincing result from the content validation procedure, an additional
empirical validation step can be performed, which computes a metric of content validity
[Law75]. It has been extensively used for content validation purposes in various research areas
[WPS12, p. 199].
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A panel of experts judges the content validity by opining whether each individual item is es-
sential in order to test for the specific construct the item is designed for. Each panelist answers
this question on their own on a trichotomous scale, i.e., by determining whether they find the
item

e essential,

e useful but not essential, or

e not necessary.

From the data obtained in this way, the content validity ratio

N
CVR = — 2

N =2

as a measure for the agreement of the experts is computed, where ne is the number of “es-
sential” votes and N is the total number of experts on the panel [Law75, p. 567]. While this
coefficient is only a rescaling of the percentage of agreeing panelists, the resulting scale for
the CVR coefficient lies between unity and negative unity, which makes the extent of the con-
sensus among the judges more tangible [Law75, p. 567]. When all judges vote “essential”, the
CVR of this item is 1, while it is 0 when only half of them vote “essential” and the other half

sees the item as not essential or not necessary.

In the original publication that introduced the content validity ratio CVR, a table provided sug-
gestions for the critical CVR value CVRcrit, above which the item could be considered to have
content validity, depending on the panel size N [Law75, Table 1, p. 568]. However, a subse-
quent article doubted whether the computation of these values was correct and developed
their own table, based on similar or slightly different assumptions, see [WPS12, Table 2].
These values were doubted and recalculated again, and in Table 2.3 some of the newest
CVRcrit values from [AS14, Table 2, p. 85] are given to get an impression of the intra-panel

agreement necessary to validate the item content.

Table 2.3: CVRcrit values in dependence of panel size, excerpt from [AS14, Table 2, p. 85]. Ncrit is the

minimum number of panelists necessary to vote “essential” on an item.

N Ncrit CVRcrit

3 ) 1.000
10 9 0.800
20 15 0.500
30 20 0.333

40 26 0.300
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Apart from the mentioned methods to validate items, the proportion of items in an instrument
related to each of the constructs being measured should reflect the importance of the construct
as determined by a literature review or expert testimony [CS10, p. 1]. It may be difficult to
determine the exact number of items needed for each construct, however developing too few
items is deemed disadvantageous, as eliminating inadequate items at a later stage is easier

that introducing new items [CZ79, p. 21].

A major problem when evaluating the content validity of an instrument is that the extent of the
domain from which the items are chosen, pictured as the green cloud in Figure 2.7, in itself is

unknown, which means that a proper coverage by the items is hard to verify [SBG04, p. 387].

2.4.3 Criterion validity

This type of validity concerns the accuracy of an instrument, and can be assessed when com-
paring the scores with those of an instrument whose validity has already been established.
Both instruments need to be related, which can be assessed by determining their correlation,

in order for this method to yield viable results [CS10, p. 1].

In general, criterion validity states that the measuring instrument accurately estimates the cri-
terion it is supposed to measure [CZ79, p. 17]. As an example, a university entry exam is
criterion valid, if it highly correlates with the actual study success of the individual students.
This is at the same time an example for a subtype of criterion validity, which is called predictive
validity. It can be present if the criterion the instrument is supposed to correlate with does not
yet exist when the instrument is applied, as is the case for the study success of students taking
an entry exam. Concurrent validity on the other hand can be measured by correlating the test
result with an existing criterion, at the same time [CZ79, p. 18]. The third and lesser used form

of criterion validity is postdictive validity, which has a hindsight perspective [Tah16, p. 33].

A commonly used method to verify the criterion validity of a test is calculating a validation
coefficient, which is the correlation coefficient between a score of a test result and a criterion

variable, which may be a dummy variable [Fra02, p. 37].

In addition to the necessary verification of the survey instrument or test, it is also imperative to
put thought into the measurement of the actual criterion, that the instrument is designed for. If
there is no real way of measuring the real world criterion, the criterion validity of a test can not
be established properly [CZ79, p. 19].
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2.4.4 Construct validity

In contrast to the types of validity described in the preceding sections, which each only encom-
pass an aspect of validity, construct validity can be seen as a scientific concept for validity in
general [Loe57, p. 636]. Thus, as content and criterion validity only cover a small part of what
validity is concerned with, construct validity should always be considered when assessing in-

struments [Mes87, p. 11].

In general, construct validity can be seen as a measure of how well instrument items capture
the relations between constructs. The two categories of construct validity are thus convergent
validity, which describes whether items measure the construct they are supposed to measure
even if the instrument also considers other constructs, and discriminant validity, which de-
scribes how well items can distinguish between constructs [SBGO04, p. 388]. As an example,
consider a test that investigates the two constructs A and B. When the test scores show that
an item has a high factor loading for A, i.e., it is a good indicator for construct A, then the
convergent validity of this item for construct A is established. If the same item also shows a

high factor loading for B, then the discriminant validity of this item can not be established.

When determining the construct validity of a test, a factor analysis employing principal compo-
nent analysis in combination with the varimax rotation method can be used on sample test
scores, see, e.g., [HBBA18, pp. 121ff]. Items with a factor loading of above 0.4 on the desired
construct can be considered as convergent, and convergent items with no cross loadings on
other constructs above 0.4 are discriminant [SBG04, p. 410]. Other thresholds may be appli-
cable, see [HBBA18, p. 152].
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3 Personality traits and the word embedding space

Due to the mentioned weaknesses of the Myers—Briggs Type Indicator, only the Big Five model
with the domains extraversion, agreeableness, conscientiousness, neuroticism and openness
is considered further. The question to be answered now is how these five domains are repre-
sented in a word embedding vector space. The Python implementation used to perform the
tests with the word embedding spaces in this chapter can be found at

https://gitlab.com/volker.kempf/ validation_by word_embeddings.

3.1  Personality dimensions in the word embedding space

The dimensions of the vector space can not easily be identified with individual features of the
word semantics [MSLS20, p. 1548], however they hold certain information about this aspect
of natural language, as shown in the examples from Section 2.2. Following a concept from
[Roz20], interpretability is attempted to be added to the word embedding space by identifying

trait dimensions.

This method identifies for each trait one direction in the vector space that represents this trait.
The steps are explained with the trait extraversion, the other directions can be found analo-
gously. First, a pole w, € R% d for extraversion is identified in the vector space by choosing
several words that represent this trait and subsequent averaging of the corresponding word
vectors, and the same is done for the polar opposite, i.e., introversion, resulting in the pole
w; € R% . To find these poles, this example uses the lists of adjectives given in [Gol92, Table
3, p- 34], which have high factor loadings for the Big Five traits, and which are given in Table
A.2. Thus the word set W, with the word vectors for the words in the extraversion column in
Table A.2, and the set W; with the embeddings of the words in the introversion column of the
table is generated. To compute the poles w,, w;, the vectors for the words in the two sets are
normalized, summed and again normalized, i.e.,

3 _w_ 3 _w_
WEWewll, WEWillwil

We w ] w

llwllz

||Zw€We

C e,
WEWilwi |l

.

From these two poles representing the two extreme ends of the extraversion— introversion

scale, the extraversion dimension v e can be computed by

We — Wi
ve

 llwe —will’

i.e., subtracting the two poles and normalizing the result.
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The process is the same as pictured in Figure 2.4. The result is a vector of unit length in the
direction of the extraversion—introversion axis. Repeating the process for the other personality

domains gives the five trait dimension vectors v¢, v¢, v¢, v™ and v°.

In Big Five related literature from the psychology field, the five domains are said to be orthog-
onal factors contributing to the description of personality [Gol90, p. 1216], where orthogonality
means that a factor analysis of test results with subsequent orthogonal varimax rotation of the
found factors yields the Big Five traits. With the tool of the word embedding space where two
vectors are orthogonal if the angle between them is exactly 90 degrees, this orthogonality re-
lation can be inspected mathematically. Having defined a direction in the word embedding
space for each trait, it is possible to check whether the pre-trained word embeddings correctly
reproduce the pairwise orthogonality relation between the traits. The expectation for such an
experiment is that the angles are close to 90° , but since the word embeddings are experi-
mental and based on a fixed amount of texts some deviance from the optimal value is accepta-
ble.

Table 3.1 Angles between ftrait dimensions in pretrained word embeddings set GVWiki described in

Table A.1. Traits are abbreviated by their initial letter.

E A C N O

0° 82° 74° 91° T2°
82° 0° 65° 98° T1°
74°  65° 0° 88° 67°
91° 98°  88° 0°  76°
72° 71°  67°  T76° 0°

CzQarm

To this end, the previously defined cosine similarity function from Equation (2.1) is used, and
the angle between the trait directions is recovered after applying the inverse cosine function
arccos. To get, e.g., the angle a¢ between the extraversion and agreeableness dimensions it

is necessary to compute
ad = arccos(simcos(ve,v“)) = arccos(v® - v?).

The subsequent computations are based on the 300-dimensional embeddings GVWiki, cf. Ta-
ble A.1, which are pre-trained on a Wikipedia text corpus, and the results are given in Table
3.1. Trait adjectives that are not in the vocabulary of the pre-trained set are discarded and not
used for the averaging process during the computation of the trait poles. As expected, the trait
dimensions are not perfectly orthogonal. All angles lie between 65° and 98°, with an average

difference of only 13.4° from the perfect 90°.




24 Volker Kempf, Helge Nuhn

This means that while there is a slight correlation of the trait dimensions in the word embedding
space, the highest between the agreeableness and conscientiousness traits with an angle of
65°, they can be considered independent enough for applications. From a practical point of
view, the trait directions could be orthogonalized, e.g., using the Gram—-Schmidt process, but
this would probably alter the underlying semantic structure which needs to be as accurate as

possible.

Table 3.2 Means and standard deviations of trait angles for different pre-trained word embeddings.

mean SD
fTCrawl 80.0° 17.3°
fTWiki 81.4° 16.8°

GVCrawl 74.5°  14.8°
GVTwitter 81.8° 10.5°
GV Wiki 78.4°  10.4°
w2vNews 81.6° 14.9°

In addition, this computation was performed for all pre-trained word embeddings listed in Table
A.1, and the mean and standard deviation of the observed angles of the trait dimensions are
given in Table 3.2. The results in the table show that the word embeddings GVTwitter which
were generated from Twitter data are in fact closest to the orthogonal structure of the trait

dimensions.

3.2 Clustering of trait descriptive adjectives

As a second way to show that the inherent semantic structure of the word embedding space
contains enough information about the personality domains to be usable for the intended pur-
pose, a clustering approach similar to the method employed in [Swi21, Section 4] is presented
in this section. For this study, instead of the trait descriptive adjectives from [Gol92], now those
from [Joh21, Table 2.4, p. 50] are used, which are given in Table 3.3. Using principal compo-
nent analysis as a dimensionality reduction technique for the word embeddings of these ad-
jectives, it is possible to distinguish the regions of the Big Five traits. Figure 3.1 shows a three
dimensional representation of the top 5 words from each trait measured by factor loading. Even
with this qualitative view of the word embedding space, it is clear that the adjectives belonging

to one trait seem to cluster in certain regions.
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Table 3.3 Top 10 trait descriptive adjectives by factor loading, which is given next to each word, for

the Big Five domains, from [Joh21, Table 2.4, p. 50].

Extraversion Agreeableness Conscientiousness Neuroticism Open-mindedness
talkative .85  sympathetic .87 organized .80  tense .73  imaginative .76
assertive .83  kind .85  thorough .80  anxious .72  original .73
active .82  appreciative .85  planful .78  mnervous .72 intelligent T2
energetic .82  affectionate .84 efficient .78  moody .71 insightful .68
outgoing .82  soft-hearted .84  responsible .73  worrying .71 curious .64
outspoken .80  warm .82 reliable .72 touchy .68  sophisticated .59
dominant .79  generous .81  dependable .70 fearful .64 artistic .59
forceful .73  trusting .78  conscientious .68  high-strung .63  clever .59
enthusiastic .73  helpful .77  precise .66  self-pitying .63  inventive .58
show-off .68  forgiving .77 practical .66  temperamental .60  sharp-witted .56

To get an even clearer result, the k-means clustering algorithm is used on the word embed-

dings corresponding to these adjectives. This algorithm gets as input a discrete set D c

R¢ with n elements, and a predefined number m < n of clusters, into which these points are

to be divided. The algorithm then completes the following steps:

1. Initialize the iterative process by choosing m of the n elements from the set D

as centroids ¢; ,i € {1,...,m}, at random.

2. Sort every element into one of the m temporary cluster sets D.,, depending

on which of the centroids it lies closest to, measured in the Euclidean

distance.

3. Update the centroid positions, by setting c; to

1
Ci=1v—7 a,
| Ci|aEDCi
foralli € {1,...,m}.
4. Check whether the updated centroid positions differ from the old positions. If

all positions are unchanged return the found clusters D, else go to step 2.
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Figure 3.1 Positions of the top five trait descriptive adjectives from [Joh21, Table 2.4, p. 50] after per-
forming a three-dimensional principal component analysis.

0.5 _04

Since there is a random initialization involved in the algorithm, it is nondeterministic and yields
possibly different results for each run. To get around this problem, a quality metric for the
resulting clusterings is used to determine the best clustering after a fixed number of runs of the
algorithm. The ground truth clustering is known in this case, cf. Table 3.3, so the experiment
uses the adjusted mutual information index to measure and maximize the clustering quality
over the separate runs. For a computed clustering and the given true clustering, the adjusted
mutual information index returns a number Ry,,; < 1 which is 1 for a perfect match and 0 if the

found clustering resembles a random labeling [VEB10, p. 2845].

Since the random initialization chooses 5 elements out of the given 50 trait descriptive adjec-

50
5

settings for the algorithm, which possibly lead to different clusters. Luckily due to the computing

tives as initial centroids for the clusters, there are a total of ( ) = 2118760 possible initial

power of current tabletop computers, it is possible to find a not necessarily unique clustering
that maximizes the adjusted mutual information score in reasonable time by trying every pos-

sible starting configuration of centroids.

Using the word embeddings fTCrawl, the best clustering result for the adjectives from Table
3.3 has an adjusted mutual information index of RAMI = 0.832 and is visualized in Figure 3.2.
It is apparent that all clusters are largely recovered by the algorithm, which speaks for the

capability of the word embeddings’ inherent semantic structure to represent the Big Five traits.
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The conscientiousness, neuroticism and open-mindedness adjectives were all assigned to the
same respective cluster, only two words each from the extraversion and agreeableness trait
were put into wrong clusters. This result is significantly better than the one shown in [Swi21,
Figure 8b, p. 127], where the trait descriptive adjectives from [Gol92], cf. Table A.2, were clus-
tered and a total of seven words were put in wrong clusters. A possible reason may be the
differences in the used adjectives or pre-trained word embeddings, as the reference used a
fastText model which was trained on another corpus. Another difference is that all possible
combinations of starting centroids were tested to get the result with a maximal RAMI-score

seen in Figure 3.2, while only 1000 random initializations were used in [Swi21].

energetic
trusting conscientious high-strung clever
forceful generous dependable fearful artistic
dominant warm reliable touchy sophisticated
outspoken soft-hearted responsible worrying curious
outgoing affectionate efficient moody insightful
active appreciative planful nervous original
assertive kind thorough anxious intelligent
talkative sympathetic organized tense imaginative
extraversion agreeableness  conscientiousness — neuroticism  open-mindedness
] ] ] ]

Figure 3.2 Clustering with maximal adjusted mutual information index of the top 8 trait descriptive ad-
jectives from [Joh21, Table 2.4, p. 50]. Stacks represent found clusters, colors the true affiliation of an
adjective.

The clustering result is already very good and supports the hypothesis, that the Big Five trait
structure is present in the word embedding model. However, by reducing the number of clus-
tered vectors in this experiment to the top 8 adjectives of each trait, it is possible to obtain an
almost perfect clustering, where only the word energetic, which should be in the extraversion
cluster is placed in the wrong cluster. This clustering reaches an almost perfect adjusted mu-
tual information score of RAMI = 0.943 and is visualized in Figure 3.3.

The clustering analysis with all ten adjectives from each trait was performed with all the differ-
ent pre-trained word embeddings from Table A.1, with the results given in Table 3.4. The three
sets of pre-trained word embeddings GVCrawl, fTWiki and fTCrawl contain more semantic
information to separate the Big Five into distinct regions in the word embedding space as evi-
denced by the high adjusted mutual information score and low number of wrongly clustered

adjectives.
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These sets also contain all of the trait descriptive adjectives in their vocabulary, or in the case
of the fastText models can place them appropriately due to the contained subword information.
The word2vec and smaller GloVe models on the other hand do not contain all the words, e.g.,
in the word2vec case all adjectives that contain a hyphen like show-off are not contained in the
vocabulary, i.e., no word vector for them exists in the model. Furthermore, the GloVe model
that was trained on text data from Twitter performs by far worst in this task, which means that
Twitter text data contains not enough semantic details to build a proper model of the Big Five
in the word embedding space.

energetic
trusting conscientious high-strung clever
foreeful Zenerous dependable fearful artistic
dominant warm reliable touchy sophisticated
outspoken soft-hearted responsible worrying curious
outgoing affectionate efficient moody insightful
active appreciative planful nervous original
assertive kind thorough anxious intelligent
talkative sympathetic organized tense imaginative

neuroticism

-

agreeableness  conscientiousness open-mindedness

1 ]
Figure 3.3 Clustering with maximal adjusted mutual information index of the top 8 trait descriptive ad-

jectives from [Joh21, Table 2.4, p. 50]. Stacks represent found clusters, colors the true affiliation of an
adjective.

extraversion

L]

Table 3.4 Number of misplaced items Nf and adjusted mutual information score RAMI of best
achieved clusterings of the top 10 trait descriptive adjectives from [Joh21, Table 2.4, p. 50]. Nm is the
number of adjectives that are not in the word embedding vocabulary.

Bavmi Ny N,

fTCrawl 0.832 4 0
fTWiki 0.835 4 0
GVCrawl 0.879 3 0
GVTwitter 0.575 18 2
GVWiki 0.717 T 3
w2vINews 0.762 5} 5

Due to these findings it can be hypothesized that the word embeddings GVWiki, GVTwitter
and w2vNews will perform worse than the embeddings GVCrawl, fTWiki and fTCrawl in appli-

cations that rely on the Big Five structure.
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4 Organizational personality evaluation

Knowledge about the personality of employees or job candidates is a vital part of today’s busi-
ness world. Depending on the job requirements, it can make a significant difference in job
performance if the worker has a personality with high conscientiousness or low extroversion
scores. This chapter discusses the motivation and practical aspects behind personality testing

in professional settings.

4.1 Motivation and history of personality testing in organizations

The earliest systematic efforts of personality and trade testing can be pinpointed to the build-
up of the United Stated army in preparation of their involvement in World War One, where a
large number of people had to be assessed for their mental and leadership capabilities as well
as technical skills [ZK13, p. 175]. During that time, in order to identify recruits in advance that
would likely show extreme anxiety when first exposed to battle, a condition then called shell-
shock and which would now be considered a type of post traumatic stress disorder, the Psy-
choneurotic Tendencies scale was created, a first inventory for assessment. When the war
was won by the Allies, the developer released the test in a revised version called Woodworth

Personal Data Sheet and marketed it as a tool to sort out unsuitable workers [ZK13, p. 176].

This was the beginning of organizational personality testing, which was at that time mainly
used to filter out unwanted applicants even though the methods were largely unscientific
[ZK13, p. 176]. A prominent example of this misguided practice that was promoted mostly for
prospective financial gain or fame is the case of Katherine Blackford, who claimed to have
developed a method to determine the personality of persons by visual cues, even by simply

examining photographs of people [Bla18].

Taking the mentioned Woodworth Personal Data Sheet as a starting point, several personality
tests were created which were largely used for testing the adjustment trait of workers, since
inadequate emotional adjustment was seen as the main factor leading to poor work perfor-
mance. So in the decades leading up to the Second World War, personality inventories were
developed specifically for the use of identifying potential labor and union activists [ZicO1, pp.
153f]. Some tests in the United States were specifically marketed and used to circumvent a
law from 1935 that made it illegal to ask job candidates about their view on unions [ZK13, p.

178]. Such uses of personality tests are now widely seen as unethical.

Instead of focusing on just one construct domain, the next generation of personality tests were
multi-factorial instruments that evaluated several personality aspects. The first of these new

tests was the Bernreuter Personality Inventory that was developed in 1931.
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It had 125 items, measured neurotic tendency, self-sufficiency, introversion—extroversion and
dominance—submission scales, and was used in several professional settings, e.g., selection
of traveling sales representatives and engineers [GZ08, pp. 171f]. Other instruments of this
type include the Minnesota Multiphasic Personality Inventory, which saw use in organizational
selection processes until the 1990s, and the Myers—Briggs Type Indicator [ZK13, pp. 178f],

which was already described in Section 2.3.2.

After a period of low popularity beginning in the 1960s due to seemingly low validity of the
existing test instruments [ZK13, p. 182], organizational personality testing came back into gen-
eral use in the 1990s. Several publications using a new meta-analysis approach had reviewed
existing studies and found that personality tests could provide information that was relevant
for work situations, specifically if a conscientiousness scale was included [ZK13, p. 183]. In the
same timeperiod, the Big Five trait model, cf. Section 2.3.1, was developed and came into
widespread use. The field of organizational psychology largely also switched over and ac-
cepted the Big Five model [ZK13, p. 184]. As mentioned in Section 2.3.1, there are approaches
using the HEXACO six factor model, however those are not considered here. Since interest in
organizational personality testing had started to grow again, it has gotten very popular in the
business world, with reports of 20—-40% of companies in the United States using some form of
personality test in their application process [RGO06, p. 156]. The widespread use of personality
evaluation in hiring procedures is also supported by the data of an online survey conducted for
this thesis, see Appendix B, where 27% of the respondents who had gone through an applica-
tion process stated that a personality questionnaire or conversation with a psychologist was

part of the process.

4.2 Types and uses of organizational personality tests

A main goal of organizational psychology research is to determine to which extent personality
predicts how well a worker performs in his job. The overall job performance comprises the
three aspects task performance, organizational citizenship performance and counterproduc-
tive work behavior [SAM20, p. 429], see Figure 4.1.

Job performance

Task Citizenship Counterproductive
performance performance work behavior
| | | | | | | | |
Individual Team Interpersonal Organization- Interpersonal Organization-
TP TP CcP al CP CWB al CWB

Figure 8 Aspects of job performance, based on [MSA17, Figure 2.1, p. 28], adapted.
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Task performance is divided into individual and team task performance and describes how well
the employees can perform the main functions of their job. Citizenship performance is a meas-
ure for how well employees have internalized the goals of the organization and are working to
accomplish them, by acting outside of their usual and required work function. Counterproduc-
tive work behavior is defined as purposeful behavior of an employee against the interests of
the organization [MSA17, pp. 28f]. Counterproductive work behavior can be directed against
other employees, e.g., in the form of bullying or aggressiveness, or against the organization

itself, e.g., as theft or voluntary absenteeism [HD12, p. 544].

Getting the data that is required to evaluate job performance is not always straight-forward,
especially in occupations where no product is generated as is the case for, e.g., professors,
service and public security personnel [MSA17, p. 29]. When objectively measurable perfor-
mance related data, e.g., production output, is not available, the only way to assess job per-
formance is through subjective ratings from supervisors, co-workers or subordinates. However,
this method is prone to biases and other inaccuracies, which reduces its reliability [VOOO, p.
222].

Concerning the relation of job performance and personality, an initial study on the predictive
capability of the Big Five traits for job performance found that conscientiousness and emotional
stability, the opposite of neuroticism, are valid predictors for general job performance [BM91].
Additionally in occupations that involve frequent contacts with people, agreeableness and ex-
troversion are good predictors [MSA17, p. 39]. Subsequent meta-studies could confirm these
findings [SAM20, p. 430].

Organizational citizenship performance, which includes, e.g., volunteering for additional duties
and taking on more responsibility [SAM20, p. 431], is found to be predicted by conscientious-
ness, extraversion, agreeableness and emotional stability, with conscientiousness being the
best predictor [Jud+13, Table 7, p. 890].

For organizations, counterproductive behavior of employees towards the company or co-work-
ers must be avoided. Here also conscientiousness and agreeableness are valid to predict the
lack of deviant behavior [Sal02, pp. 121f], which is a subtype of counterproductive behavior,
and which includes, e.g., theft, property damage, substance abuse [Sal02, Table 1, p. 118].
With neuroticism replaced by its opposite, emotional stability, all Big Five traits were predictors

of a lack of personnel turnover [Sal02, pp. 121f].

Another interesting topic are dark side personality factors, i.e., traits that are socially undesir-
able but can have negative as well as positive consequences for organizations and individuals
[JLO7, p. 334]. Examples for these kinds of traits are narcissism, dominance and Machiavelli-
anism [Fur18, p. 548].
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People with high scores on neuroticism have been found to think they are more effective lead-
ers, have higher task and citizenship performance than they really do [JLO7, p. 337]. These
traits also seem to predict short-term success in the workplace, but long term failure [Fur18, p.
547].

Overall, the Big Five have been shown to be useful predictors of job performance as a whole
and its subdomains, with conscientiousness being the most useful. As such, it is safe to as-
sume that a benefit for companies can be drawn from systematic personality testing in person-

nel selection and assessment procedures both for new applicants and internal staff.

4.3 Challenges of organizational personality testing

In addition to the mentioned problems concerning uncertainties and biases in the measuring
process of job performance, which blurs the validity of personalitybased selection procedures,
there are other aspects of personality theory and personality testing that can have a negative
impact. Although there are more challenges in existence, only the issues of faking during per-

sonality tests and the response of applicants to personality tests are discussed in detail.

4.3.1 Faking in assessment procedures

While self-evaluation questionnaires are practical and convenient to use, they can be suscep-
tible to self-deceptive biases of the candidates, but also to intentional faking of answers, which
means that the applicant chooses answers that from their perspective look beneficial for a
successful outcome of the application. This issue complicates the interpretation of such tests
and reduces their benefit regarding the decisions they are supposed to support [Tet13, pp.
855f].

The severity of this problem has been analyzed with a scheme of seven nested questions
[GR13, p. 254], the first of which asks whether faking behavior is even an identifiable construct,
which is basically a question for a proper definition of the phenomenon. As a brief answer,
faking seems to be an intentional behavior with differentiated motivations, and seems to have
multiple facets and a set of correlated behavioral patterns, with the purpose of scoring higher
in assessment procedures. Thus it can be considered a construct in the common sense, but

also as a “multifaceted goal-oriented behavior” [GR13, p. 258].

The second question, whether people can be expected to fake, can also be answered posi-
tively. The nature of assessment and selection procedures incentivizes faking. Applicants do
in general not have a strong connection and sense of loyalty to a company in the corporate
sector, and tend to view corporations as purely professional workplaces [GR13, p. 259]. In
addition, applicants in assessment settings do not have to fear severe consequences for faking

in tests [GMOG6, p. 7]. This kind of mindset facilitates faking behavior.
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The next question is whether people have the capability to fake in test settings. The intuitive
answer to this question has been supported by some studies, which showed that people can
fake by about one standard deviation when instructed to do so [Tet13, p. 856]. This can be
combined with the fourth question, whether people actually engage in faking behavior during
assessments. Research showed that a substantial percentage of applicants do fake in person-
ality tests, averaging at around 30 % of candidates who intentionally try to increase their scores
[GR13, p. 263].

On the question whether everybody has the same ability to fake, research shows that persons
with higher mental ability tend to fake less often, but when they do, their faking is more effective
compared to faking of people with lower mental abilities [LMCOQ9, p. 278]. In addition, applicants
whose real score on job relevant traits is low have more room and also more motivation for
faking and inflating results. Thus the combination of high mental abilities and a true low score
on job relevant traits in an applicant is the most challenging for the development of robust

selection procedures [Tet13, p. 856].

The sixth question is whether faking is important to consider, i.e., if the effect of faking is large
enough to alter the end results. Here it has been found that faking does negatively affect the
decisions of the selection process, meaning that faking applicants increased their chances to
be hired [GR13, p. 267]. In addition, those who require faking on self-evaluation tests to im-
prove scores on job-relevant traits are likely to be unqualified for the job requiring those traits.
If a faking applicant is hired, it is likely that a better fitting candidate does not get hired, which
hurts the hiring organization [Tet13, p. 856]. Those are just a few of the reasons why faking is

a problematic aspect in self-evaluation tests during assessments and selection processes.

Lastly, what can be done to reduce or prevent faking? The approaches that can be taken to
mitigate the effects of faking can be put into two categories, preventive or remedial methods.
The focus of preventive methods is to reduce the amount of faking that is happening by reduc-
ing motives, opportunities and abilities of applicants to fake. In contrast, remedial methods try
to factor out the influence of faking after a test has been taken [Tet+06, p. 62]. The remedial
methods rely heavily on sophisticated statistical methods, which is beyond the scope of the

thesis to explain, so only some preventive methods are briefly described.
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The method that is probably easiest to implement also seems to have the best effect in pre-
venting faking. It consists of warning against faking in advance of the test application. Different
kinds of warnings can be issued:
e Warning against faking,
e Laying out penalties should faking be identified, e.g., exclusion from the selection pro-
cess,
e 1Laying out other consequences, e.g., if applicants do not answer honestly and get
the job due to the faked test, they would not be happy in the job, since it has require-

ments they do not fit.

Several studies found that such warnings can reduce the extent of faking [GR13, p. 270]. An-
other possible preventive method is speeding, i.e., setting a tight time limit for the test, however
this practice does not seem to reduce faking [GR13, p. 271].

4.3.2 Reactions to personality tests in assessment procedures

Even though personality self-evaluations are a tool often used in personnel selection proce-
dures, usually no thought is given to how applicants react to taking such personal and intimate
tests as a requirement for being hired. People tend to react more negatively on personality
tests as part of a selection process than most other assessment tools like interviews, work
samples and cognitive ability tests [HDTO04, p. 659]. The favorability scores of several selection
tools are shown in Figure 4.2. The green data point in the figure represents part of the results
from a small scale online survey, see Appendix B, where the favorability of personality tests in
hiring processes was asked from the view of an applicant. The results of the survey clearly

support the data from the reference.
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Figure 9 Favorability of selection tools on a scale from 1-5 with standard deviation, blue data from
[HDTO4, Table 4, p. 659], green data from own online survey, see Figure B.1.
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The contrast to interviews which rank highest is especially interesting, since questions in inter-
views also tend to assess personality traits. However, they do this embedded in a context of
work related questions and personal interaction between interviewer and applicant, while per-
sonality self-evaluation questionnaires on the other hand ask for personal and private infor-
mation in a general setting that is not directly related to the job a candidate has applied for
[McF13, pp. 283f]. Also in contrast to an interview, personality tests tend to pose very general
questions and do not leave room for the candidates to explain their answers [McF13, p. 284].
Consider for example the item “| see myself as someone who does things efficiently” from the
Big Five Inventory [UNSO08, p. 157], cf. Table A.4, which is supposed to be rated on a five point
scale from “strongly agree” to “strongly disagree”. Then without the opportunity to explain, a
candidate, who is efficient at work but likes to be unbound elsewhere, may be in a conflict
about how to answer, while a similar question in an interview could be answered in a nuanced

way.

Applicants may also feel negatively about personality tests because it is mostly easy to see
what the items are aiming to assess [MRO0O, p. 817]. With this knowledge, it is easy to deduce
which and how item responses can be faked to achieve a more desirable score. So even ap-
plicants who do not intend to fake can see the weakness in the personality measure and feel
cheated when they think some other job candidates may be faking in their answers [McF13, p.
284].

Negative reactions of applicants towards the selection process may hurt the organization in
the long run, as dismissed candidates who feel that the process was unfair or just bad in gen-
eral may not re-apply or deter people they know from applying, which reduces the future pool
of candidates for the company. Thus it makes sense from the perspective of an organization
to improve the applicants’ reception of personality tests, for which several strategies are pos-

sible.

The first approach goes in the direction of improving face validity of the test items. The rationale
behind this is that when the construct that is being assessed is clearly noticeable from the
items, the candidates can more easily see the relevance for the job they apply to. At the same
time, greater face validity means that item answers can more easily be faked to achieve higher
scores, which means that a certain balance must be found [McF13, p. 285]. One relatively
simple and moderately effective remedy against faking was already mentioned in the previous
section: Warning applicants against faking in the personality tests has been shown to reduce
the amount of faking [McF03, p. 273]. Depending on the type and how it is delivered, a warning
can positively or negatively affect the reactions towards the test, however not a lot of research

is available for this aspect [McF13, p. 292].
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Other approaches include offering an explanation for the test use, which was shown to improve
the perception of a personality test [McF13, p. 287], or assessing personality by different

means, for example during an interview.

4.4 Influence of personality trait composition on work teams

As described in the previous sections, aspects of personality have a clear relation to job per-
formance for an individual worker. However, in most modern professional environments work
is a team effort, and this trend is growing over time [Hal+05, p. 84]. Several employees have
to work together to successfully achieve the team’s tasks. These work teams may be long
lived, consisting of the same employees working together for years, but in a lot of business
branches it is common practice to assemble teams for a specific project, bundling competen-
cies from different areas, and to disband the team when the project is finished. Software engi-
neering is a prime example where work teams are usually assembled and managed with the
help of some form of agile project management system. In such short lived project teams the
members do not know each other beforehand, so in order to be effective a certain compatibility

of the personalities seems intuitively necessary [DS13, p. 744].

Work teams can differ in more ways than just the already mentioned time of operation, for
example in the number of team members, the type of work task or whether in-person meetings
are common. This variety of work teams means that insights concerning the influence of per-
sonality on team performance should be broken down by team type. General guidelines for

team composition may not be appropriate for a particular practical setting [Bel07, p. 608].

The results of a meta study concerning the influence of the team members’ personality traits
on team performance are presented in Table 4.1 [DS13]. For each of the Big Five traits it was
considered whether the mean score of the team, the minimum and maximum scores in the
team and the variance of trait scores had an influence on the team’s performance. Considering
the mean score is interesting for the hypothesis that the effectiveness of a team increases with
increased scores of the trait in the team. On the other hand, minimum and maximum scores
of an individual in a team matter when one member can have a singular effect on team perfor-
mance. Variance in scores matters when it is expected that either similarity or heterogeneity
among team members boosts team performance [DS13, p. 747]. The results across all studies
shown in Table 4.1 confirm the expectation from the results concerning individual job perfor-
mance that a higher mean conscientiousness score of a team has a large positive influence
on team performance. The same is true for team mean agreeableness and to a smaller extent
some of the studies showed the same for the other Big Five, when neuroticism is replaced by
the positive version of this trait, emotional stability. Concerning minimum and maximum scores
of traits in teams, the results are clear for minimum conscientiousness and agreeableness,

where a higher minimum in the team positively correlates with team performance.
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For intra-team trait variance, there is little statistically significant support except again for con-
scientiousness and agreeableness, where trait variance is negatively correlated with team per-

formance, i.e., teams with more variance tend to perform worse.

Table 4.1 Results of meta study on Big Five trait influence on team performance, data from [DS13,
Table 33.1, p. 752]. Shown quantities are weighted mean correlations. n.s. means statistically not sig-
nificant. — means not measured in cited study

Study

Trait criteria Bel07] [PTRRO6] [Pre+09]
. . Mean 0.14 1.5, 0.09
ET 2 Maximum I.5. 0.12
& ¢  Minimum IL.S. I.S.

Variance I.5. n.s. 0.06

, @ Mean .28 0.17 0.10
§ z Maximum 1.5. n.s.

Q
-:-c:; Minimum 0.30 0.10

' Variance IL.S. —0.09 —0.07
=3 Mean 0.28 0.15 0.13
; § Maximum I.8. 0.09
E 3 Minimum 0.22 0.13
~ < Variance IL.S. —0.17 I.S.
2 Mean 0.18 .S. 0.08
.E_ = Maximum I.S. 0.11
2%  Minimum 0.09 1.s.
S Variance I.5. .5, n.s.
= Mean 0.20 n.s.
2 Maximum 0.14
2 Minimum n.s.
© Variance I.5. .8,

In contrast to these general findings, there can be some negative effects of generally desirable
traits. Conscientiousness tends to be a trait that positively affects team performance, see Table
4.1, however when adaption of the team’s behavior after an unforeseen event is necessary,
the decisions of persons with high conscientiousness scores are worse than those of persons
with low scores [LeP03, p. 29]. It seems that individuals with high dependability, which is a
facet of conscientiousness, adapt worse to new situations [JLO7, p. 342]. In addition, team
mean conscientiousness, while positively correlated to the quality of results, seems to be neg-
atively related to result quantity in creative tasks. This was shown in a study where groups
were given the task to find as many different uses for some objects [WB98, p. 626]. The high
conscientiousness groups seemed to emphasize quality of results over the explicitly stated

objective to produce as many uses as possible [WB98, p. 631].
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Normally agreeableness is also a desirable trait for groups as agreeable people tend to be
cooperative and helpful. However, in team situations where it is necessary to voice an opinion
and challenge established routines, agreeable persons may not speak out, which in such set-

tings can be detrimental to group performance [JLO7, p. 343].

4.5 Standard inventories for organizational personality tests

Since the resurgence of interest in organizational personality testing in the 1990s, many test
instruments were developed and older ones revised. Many of them aim for the Big Five model,
or a subset of it, while others follow different approaches, e.g., the Myers—Briggs Type Indica-
tor. Although most of these tests are already in use for decades, none has clearly turned out
to work best for all circumstances. Each test is rather marketed with some specialty of appli-
cation. To get a better overview, an extensive study compared 12 of the most popular tests
[PTC13]. Without going into the details of each of the questionnaires, the main results of the

comparison are interesting and briefly presented below.

The study concluded that the Hogan Personality Inventory (HPI), the Occupational Personality
Questionnaire-32n and -32i (OPQ-32), the Personality Research Form (PRF) and the Won-
derlic 5 tests performed best in the comparison, mainly since the methodology of these instru-
ments is appropriate for organizational use and since the criterion validity evidence is convinc-
ing [PTC13, pp. 218f].

Tests in the middle of the comparison are the 16 Personality Factor Questionnaire (16PF), the
Caliper Profile, the Global Personality Inventory—Adaptive (GPI-A) an the Neuroticism-Extra-
version-Openness Personality Inventory 3 (NEO-PI-3). Although these tests have certain
strengths and can have some uses in human resource management, they are lacking with
respect to normative data and validity for job related criteria compared to the more favorably
rated instruments [PTC13, p. 219].

The tests on the lower end of the comparison are the California Psychological Inventory (CPI),
the Myers—Briggs Type Indicator (MBTI) and the Minnesota Multiphasic Personality Inventory
2 (MMPI-2). Main criticism of the CPl is its lack of validity for job-related criteria, of the MBTI
its reliance on the binary categories, see Section 2.3.2, and of the MMPI-2 its lack of validity
evidence for a normal working population, as it was developed for the use in law enforcement
[PTCA13, p. 219].
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Due to the limited scope of this thesis, none of these tests can be considered further. The focus
will be on the Big Five Inventory (BFI), see [INS08], the Big Five Inventory 2 (BFI2), see [SJ17],
which are general inventories for the Big Five traits. In order to have another large set of test
items to work with, the items from the International Personality Item Pool (IPIP), see [Gol22;

Gol+06], aimed at the Big Five traits will be used for some evaluations.

5 A concept for the validation of personality survey instruments

The motivation to have good survey inventories for the assessment of personality in organiza-
tional settings is evident after considering the research on this topic that was laid out in the
previous chapter. Validity is a good indicator of the quality of a questionnaire, however, the
process of validation is a complex and time consuming matter. The aim of this chapter is to
develop a concept with which aspects of the validity of personality survey instruments can be

assessed by investigating the questionnaire items on the basis of word embeddings.

5.1 Observations concerning validity and word embeddings

Using a tool like word embeddings that is based purely on semantic information found in a
large text corpus, it is not possible to evaluate the validity of a survey instrument in the same
way it is classically done, some methods were described in Section 2.4. Typical evaluations of
convergent and discriminant validity for example rely heavily on the data generated from ap-
plying the tests to sample populations and statistically analyzing the given answers, e.g., with
principle component analysis. Working only with the vector representation of the words in the
items, such a type of examination is of course not possible. However in this chapter some
methods are developed on the basis of word embeddings that can help with the evaluation of

some aspects of validity of personality tests.

Another limitation of word embeddings is that they can only integrate the semantic information
that is present in the base corpus of text from which they are built. So in order to get results
that are optimally fitted to the type of investigated survey instruments, it would make sense to
specifically train word embedding models on texts of the relevant research fields. Unfortunately
there are only very few topic specific text corpora available, and within the review of literature
and online data sources conducted for this thesis no personality psychology specific corpus
was found. So in order to train a set of word embeddings specifically designed for applications
with a psychological background, a lot of work is needed to curate a custom text corpus, which
is beyond the scope of this thesis. Additionally, there are also some approaches to integrate
topics and generate topic-specific word embeddings [ZHZ20]. In this thesis for the case of
personality survey instruments, the standard pre-trained word embedding models that are

freely available to download, cf. Table A.1, are used.
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5.2 Term extraction from survey items

In order to work effectively with word embeddings in connection with items from a question-
naire, common words in the items that do not carry any semantic value need to be stripped
from the items. In natural language processing these so called stop words are regularly dis-

missed from the processed texts beforehand. Examples for stop words are is, a and the.

In the tests of the proposed techniques for item validation in the following chapter, the items
are used in three stages of pre-processing in order to see how robust the proposed methods

are, and which stage is most practical:

": The raw items are used with minimal pre-processing like removing punctuation to

facilitate the automated natural language processing.
12: Stop words are removed from the items.
13: Each item is reduced to one adjective that tries to capture the meaning of the item.

The word embeddings of all the remaining words of an item at each stage are then averaged
into a single vector for the further steps. Averaging word vectors as an attempt to capture the
meaning of sentences is a known method that works [LM14, p. 1189], but it has its limitations
and the more words are averaged the less accurate it becomes. The last stage of pre-pro-
cessing has to be performed manually and while for most items one adjective can be chosen
from the words of the item, some items require interpretation in order to find appropriate ad-
jectives. This reduces the value of the results for those items that required interpretation, as
not the original wording is investigated. However, it can help to test the performance of the
proposed methods from the next section under more ideal conditions, i.e., when the meaning

of an item is more clearly defined.

There is an extension to the word2vec algorithm, that generates vector representations for
sentences, paragraphs or whole documents called doc2vec [LM14]. Those might lead to better
results in this use case than the averaging procedure proposed here, however since no pre-

trained models are available using this for the practical tests is beyond the scope of this thesis.

5.3 Proposed methods for validity analysis

For the purpose of validating a survey instrument, some methods that use word embeddings
are developed and described in the following subsections. Each of these methods tries to ex-
ploit a certain aspect of the word embedding space in combination with the inspected survey
items, in order to see whether some insights can be drawn from the results concerning the

validity of items.
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5.3.1 Nearest traits

In Chapter 3 it was shown that the Big Five personality traits are encoded in the structure of
the word embedding space. Using the trait descriptive adjectives seen in Table 3.3, a trait pole
can be generated by averaging all the adjectives belonging to each trait, which gives the set
of the five trait poles VBF = {v¢,v%v¢,v™, v°} c RZ. Consider an item of a survey instrument,
which has the corresponding averaged word vector v;. Finding the closest trait v}* to this item
in the word embedding space measured by the cosine similarity then corresponds to compu-
ting
v = arg min{sim¢qs (v, v;)}.
vev BF
The reasoning behind this method is that an item probably belongs to the trait it lies closest to.

By this rationale, this method may be seen as a way to evaluate the face validity of a question-

naire item.

Since for the testing purposes in the next chapter the correct trait of the items in the investi-
gated survey instruments is known, it is possible to evaluate whether the classification of the
item via the nearest trait in the word embedding space is correct. From this data, the F-score for

each trait can be computed by

2PR

P+R

where P is called precision, which is the number of correct item assignments to the trait divided
by the total number of item assignments to the trait, and R is the recall, which is the number
of correct assignments to the trait divided by the number of items that should have been as-
signed to the trait. Taken for the whole survey instrument, the computed F-scores are a meas-
ure for the correctness of the found nearest traits. The F-score takes values between 0 and 1,
where 1 means everything is labeled correctly. The F-scores for the five traits can be averaged

to get a combined F-score for the inventory.

5.3.2 Similar items

When there are items in an inventory that are very similar in meaning, they probably are
measures for almost the same detail of a construct, so it may make sense to switch out items
so that only one of the similar items remains. This could contribute to content validity, as it
more evenly distributes the items throughout the semantic region of the construct in the word
embedding space. The word vector space seems perfectly outfitted for identifying similar items,
as it is straightforward to compute the pairwise cosine similarity of all items. The only question

for this approach is where the threshold should be set for too similar items.
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Table 5.1 Relevant cosine similarity thresholds for word embeddings of various dimensions, data from
[RLH17, Table 1, p. 402].

Thresholds

Dimensions Lower Main  Upper

200 0.737 0.756  0.767
300 0.692 0.708 0.726

A recent publication used frequency analytic methods to derive such thresholds for the cosine
similarity in word embedding spaces in dependence of the space dimension [RLH17]. Table
5.1 shows the relevant thresholds from [RLH17, Table 1, p. 402] for the word embeddings used
in this thesis. For the evaluations in the next chapter, the upper thresholds are used, in order
to allow for more similarity of items that belong to the same trait. So for the 200-dimensional
word vectors from GVTwitter the threshold 0.767 and for the other word embeddings the
threshold of 0.726 will be used. When evaluating an existing survey instrument, it makes sense

to only check the similarity between items that are supposed to measure the same construct.

The results then provide sets of similar items, that need to be reevaluated and may have to be

redesigned by the developers of the survey instrument.

5.3.3 Mean and variance of items

Content validity was described in Section 2.4.2 as a means to measure how well an instrument
samples the construct domain it is supposed to analyze. In the context of the word embedding
space this notion may be investigated in a rather literal way. For this purpose, the construct
domain in the vector space must first be properly defined, and subsequently the position and

distribution of the inventory items relative to this domain can be evaluated.

As seen in Section 3.2, the Big Five traits form relatively well separated clusters in the word
embedding space that can be identified by the trait descriptive adjectives from Table 3.3. The
proposed method computes the mean and standard deviation of the trait descriptive adjectives
of each of the Big Five domains, to define the cluster positions and sizes in the word embed-
ding space. Then the items of the inventory are grouped, placed in the word embedding space

and also mean and standard deviation are computed.

From this data, d-dimensional hypercubes, where d is the dimension of the word embeddings,
are constructed for the sets of trait descriptive adjectives and items from each trait by using in
each dimension an interval of one standard deviation around the mean value. With this in mind

it is now possible to compute the overlap of the two regions in the following sense:
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Let u/and s/ be the mean and component-wise standard deviation vectors of the trait descrip-
tive adjectives for trait j, and v/, t/ the analogous vectors computed from the inventory items

for trait j. Then the component-wise overlaps of trait j are computed by

i = st + st [of el wl + )

i

o A A O R ot N Rt M ¥ 1
o/ — st + 5010 o/ — e/ + ]

i

and the overall overlap comes from averaging the component-wise overlaps, i.e.,

This should give an indication of the sampling quality of the inventory in order to estimate the

content validity.

5.3.4 Word embedding factor analysis using personality dimensions

In Section 3.1 the personality trait dimensions in the word embedding space were introduced.
The trait dimensions can be generated, e.g., using the trait descriptive adjectives from Table
3.3. They can be used as a tool to further check the validity of the items of an inventory, by
transforming the item vectors to the five dimensional personality subspace with the methods
described in Section 2.2.4. This yields for each item a reduced vector with five components

that represents the item’s position on the personality trait axes.

The hypothesis is that the component entries of the reduced vectors can be interpreted in
terms of the convergent and discriminant validity concepts, similar to factor loadings in a clas-
sical factor analysis. For example, an item for the extraversion trait should have a relatively
high value in the component that corresponds to the extraversion trait axis, which could be
seen as an aspect of convergent validity. In order to satisfy the requirements for discriminant
validity on the other hand, the same item should have entries close to zero in the components
corresponding to the other four trait dimensions. To evaluate this in terms of the whole survey

instrument, the results for all items belonging to one trait can be averaged.
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6 Application to personality survey instruments

The concept from the preceding section provides a new approach to validate survey instru-
ments. Using some well known personality self-evaluation inventories, this chapter shows that
the concept is more than just a theoretical construct and can be used to achieve results in
practice. For this demonstration, an automated Python-script was written, which can be found

in a git repository at https://gitlab.com/volker.kempf/validation_by word _embeddings.

6.1 Word embedding models and inventories

For the proof of concept application the word embeddings from Table A.1 that were already
used throughout the thesis are taken as a basis for the analysis of the instruments. Two of
these embeddings are based on Wikipedia data, another two on general text data from the
internet, one on news texts and one on Twitter data. The different origins of the semantic data
for the embeddings may cause starkly differing results, as already seen in Section 3.2. In ad-
dition to the selected sets of word embeddings, several other pre-trained embeddings are
available. However those listed in Table A.1 are roughly comparable with respect to the num-
ber of tokens in the base corpora, the vocabulary size and number of dimensions of the vec-

tors.

For the comparison studies the personality inventories Big Five Inventory (BFI) from [JNSO08,
pp. 157f] and a revised version, the Big Five Inventory 2 (BF12) from [SJ17, pp. 142f] are used.
Additionally for some of the tests, items aimed at the Big Five traits from the International

Personality Item Pool (IPIP), see [Gol22; Gol+06], are evaluated statistically.

The BFI contains a total of 44 items, ten for openness, nine each for agreeableness and con-
scientiousness and eight each for extraversion and neuroticism. Its revised form, the BFI2
contains 60 items, that are uniformly assigned to the five traits. In both tests, the answers to
each item are given on a five point Likert-type scale with the choices disagree strongly,
disagree a little, neither agree nor disagree, agree a little and agree strongly, however

this is not really important for the analyses conducted in this chapter.

Some of the items of the BFI, and 50% of the BFI2 items are reverse scored items, which
means the answers to these items need to be inverted for the evaluation of the tests. For the
intended analysis in this thesis these items also require special attention. For example for the
analysis of the nearest trait of an item, it can of course not be expected that a reverse scored
item is closest to the positive pole of the trait it belongs to, but rather closest to the negative

pole.
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The items of the IPIP on the other hand are not considered as part of a fixed inventory, but
used to generate statistical data to compare the performance of the different word embeddings.
The item pool offers a list of 3805 personality items that are assigned to various traits and
facets, including the Big Five traits. In an initial step, out of these items those are selected that
can be assigned to one of the Big Five traits by comparing the facet description in the list with
the various facets of the Big Five, see, e.g., [SJ17, Table 1, p. 121]. After extraction of the
relevant items by their facet label, assigning them to one of the Big Five traits and dismissing
double entries, 672 items are left that are distributed over the Big Five traits as shown in Table
6.1.

Table 6.1 Distribution of IPIP items on the Big Five traits

Trait No. items
Extraversion 147
Agreeableness 117
Conscientiousness 168
Neuroticism 101
Openness 139
Total 672

The next step is to get the inventory items to a format that is suitable for working with word
embeddings, see Section 5.2. For the items from the BFI and BFI2, Tables A.4 and A.5 contain
the forms of the items that are being used for the analysis. In the tables, the stop words that
are removed in the first stage of pre-processing are written in italics. For the manual step of
pre-processing, where each item is replaced by one key adjective, most of the items already
contain an appropriate word that can be chosen, but for some items the chosen adjective is

not contained in the item text itself.

6.2 Application of validity analysis methods to BFI, BFI2 and IPIP items

The several different approaches from Section 5.3 to confirm some type of validity of the items
are now tested with the BFI and BFI2 survey instruments. Due to the well chosen items from

these established questionnaires, good results for most of the methods can be expected.

6.2.1 Evaluation of nearest traits

The method from Section 5.3.1 to find the nearest traits was executed for the BFI, BFI2 and
IPIP items on the basis of all the sets of pre-trained word embeddings described in Table A.1.
The trait poles for the Big Five traits that are required for this approach were generated by
averaging the word vectors from the ten trait descriptive adjectives seen in Table 3.3. For this
first investigation the reverse-keyed items were neglected, so that, e.g., from the 60 items of

the BFI2 only 30 are considered.




46 Volker Kempf, Helge Nuhn

The resulting F-scores for the classification of the items are presented in Tables 6.2 and 6.3.
From the data in the table it is clear that compared to the original wording, columns 11, remov-
ing the stop words in pre-processing, columns 12, results in a large improvement for almost all
word embeddings except for the word2vec data set, where no difference in the average F-
score is visible. On the other hand, the manual extraction of one descriptive adjective from the
items, columns 13, improved the score in some instances and lowered the score in others,

which means this step does not generate a significant benefit for this task.

Table 6.2 F-scores for classification of BFI items by nearest trait pole in the different stages of pre-
processing. I1: items in the original wording; 12: items with removed stop words; 13: descriptive adjectives

in place of whole items. Traits are abbreviated by their first letter.

fTCrawl fTWiki GVCrawl GVTwitter GVWiki w2vNews
11 12 13 11 12 13 11 12 13 11 12 13 11 12 13 11 12 13
0.73 0.83 0.91 0.60 0.91 1.00 0.75 0.89 1.00 0.75 0.91 0.83 0.67 0.75 0.91 0.67 0.60 1.00
0.83 1.00 0.80 091 1.00 0.80 0.83 0.91 0.80 0.83 091 0.89 0.67 091 0.80 0.83 0.80 0.91
0.75 1.00 0.89 0.83 1.00 0.80 0.80 0.89 0.80 0.89 0.89 0.89 0.77 091 0.67 0.80 091 0.89
0.83 0.91 1.00 091 0.91 1.00 1.00 1.00 1.00 0.77 0.91 1.00 1.00 1.00 1.00 0.81 0.91 1.00
0.77 0.77 100 0.67 0.86 1.00 1.00 0.94 1.00 0.86 0.86 1.00 0.93 1.00 1.00 0.86 0.86 1.00
Avg. 0.78 0.89 0.93 0.77 0.93 0.93 0.89 0.93 0.93 0.82 0.89 0.93 0.82 0.92 0.89 0.82 0.82 0.96

Oz 0o » m

Table 6.3 F-scores for classification of BFI2 items in the stages of pre-processing by nearest trait pole.
I1: items in the original wording; 12: items with removed stop words; 13: descriptive adjectives in place

of whole items. Traits are abbreviated by their first letter.

fTCrawl fTWiki GVCrawl GVTwitter GVWiki w2vNews
11 12 13 11 12 13 11 12 13 11 12 13 11 12 13 11 12 13
1.00 1.00 1.00 0.80 1.00 0.92 0.80 0.91 1.00 0.80 0.80 0.92 0.80 0.80 1.00 0.80 0.80 1.00
091 1.00 0.86 0.83 091 0.92 092 0.86 0.86 0.63 092 0.91 0.83 0.77 0.86 0.83 0.83 0.86
0.80 0.75 092 0.91 083 091 0.80 029 091 0.71 0.71 0.77 080 0.77 0.77 0.80
0.80 092 1.00 092 092 1.00 1.00 1.00 100 075 0.80 0.83 1.00 1.00 1.00 0.92 092 1.00
091 0.91 0.83 0.67 091 0.91 092 1.00 0.83 091 0.91 0.60 0.83 1.00 0.83 0.83 0.83 0.83
Avg. 0.91 0.97 0.90 0.79 0.93 0.93 090 0.94 0.90 0.67 0.87 0.80 0.84 0.87 0.90 0.83 0.83 0.90
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In order to get a better idea of what these F-score values mean, Figure 6.1 shows the confusion
matrices for the results of this experiment with the fTCrawl word embeddings and the BFI2.
From this visualization it is easy to see where the wrong classifications occurred. For example
in the left matrix, where the result for the 11 stage of item pre-processing is shown, the column
labeled “N” shows that all items belonging to the neuroticism trait were correctly classified as
such. However the “N”-labeled row shows that three items in total were wrongly classified as
belonging to neuroticism, while in truth they belong to the agreeableness, conscientiousness

and openness traits.
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Figure 6.1 Confusion matrices of nearest trait classification of BFI2 items for fTCrawl word embed-
dings, cf. Table 6.3. ltem pre-processing stages 11 on the left, |12 in the middle and I3 on the right.
Traits are abbreviated by their first letter.

Overall, the results are very encouraging and show that the items from the BFI and BFI2 can
to a large degree be mapped to their trait by this technique using word embeddings. For the
BFI2 items in particular, very good results were achieved with the three sets of word embed-
dings, fTCrawl, fTWiki and GVCrawl, that showed the best cluster structure in Section 3.2.
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Figure 6.2 Confusion matrices of nearest trait classification of IPIP items in |2 stage of pre-processing.
Traits are abbreviated by their first letter.

With the positively keyed items from the IPIP the analogous study was conducted for items in
stage 12 of pre-processing. The resulting confusion matrices are presented in Figure 6.2. The

results for these items are less clear than those for the BFI and BFI2.
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Especially the items from the extraversion trait are not close to the corresponding trait pole, for
all of the tested word embeddings. On the other hand the neuroticism items are classified very

well in most embeddings.

6.2.2 Evaluation of similar items

For the evaluation of item similarity, the pairwise cosine similarity values of BFI and BFI2 items
were computed individually for each trait and within the traits positive- and reverse-keyed items
were considered separately. Thus in total the pairwise similarity was investigated within ten
sets of items for each of the inventories and for each of the different word embeddings. While
conducting the tests, it became obvious that the pre-processing stage I1 of the items, see
Section 5.2, can not be used for this task, as the high number of identical stop words in the
items in combination with the averaging of all word vectors of an item leads to the identification
of too many similar item pairs. Thus the following results were produced with the pre-pro-
cessing stage 12 of the items. Table 6.4 contains the results of these investigations and in order
to keep the table as clear as possible the shorthand for the items givenin the “No.” column of
Tables A.4 and A.5 is used.

Table 6.4 Similar items found in the BFI and BFI2 survey inventories, cf. Tables A.4 and A.5.
w2vNews only contained pairs C4—C5 in BFI and C1-C2 in BFI2, GVWiki only O2-03 in BFI2. Items
that were above the similarity threshold in at least three of the word embedding sets are highlighted in
bold.

frCrawl fTWiki GVCrawl GVTwitter

El1-E8
A2-AT
C4-Cs5 Ca4-C5 C4-Cs
N2-NT
01-02
01-06
01-08 0O1-08 01-08

02-08 02-08
06010

BFI

E1-E10
E3-E4
E6-E8 E6-E8
ci1-Ccz2 Ci1-C2 C1-C2
C3-C9
C4-C7

C4-C8 C4-C8 ca-C8
ca1-c11

~ C7-C8  CT-Cs&  C7-C8

B N5-N6
N5-N10 N5-N10

N6-N10 N6-N10 NG6-N10

N#-N11  N8-N11  N8-N11 N&-N11

02-03 02-03 02-03 02-03
02-012

03-012 03-012

04-07 04-07
Q5011

06-011 06-011 06-011




Validation of personality survey instruments 49

Of all the similar items, the three pairs C4—C5 from the BFI and C1-C2, 02—-03 from the BFI2
were identified as similar in at least four of the six word embedding sets. It can be noted that
C4—-C5 in the BFI and C1-C2 in the BFI2 are identical item pairs. As an example of the simi-
larity, the items O2—-03 from the BFI2 read “is curious about many different things” and “is
inventive, finds clever ways to do things”, where the stop words are written in italics. These

items indeed seem to have a similar meaning.

In summary, this test showed that the approach of identifying similar items with word embed-
dings is promising. However, the different sets of pre-trained embeddings yield very different
results, from identifying only one pair of similar items, see the results for GVWiki, to identifying
maybe even too many, see the results for fTWiki. Since it is difficult to ascertain beforehand
which model works best, it may be best to use the approach from this section to run the eval-
uation with different sets of word embeddings and only look at those pairs of similar items in
detail that were identified by several models. This way the method can be a tool to find similar
items, which can then be reevaluated and redesigned by the developers of the survey instru-

ments.

6.2.3 Evaluation of mean and variance

For this method, at first the mean and standard deviation vectors of the trait descriptive adjec-
tives from Tables 3.3 and A.3 and those from the inventory items are computed. Then the
component-wise overlaps of the intervals defined by these vectors are computed and aver-
aged. This again requires for the items of the BFIl and BFI2 of each trait to be separated into
positively and negatively keyed items, which gives a total of ten overlap values for each inven-
tory. Subsequently, the values of the positive and negative items are averaged for each trait
resulting in one value for each trait. In Table 6.5 the resulting values are presented. The values
for the BFI2 are higher than those for the BFI with all the tested word embeddings, which
means that the revision was an improvement measured in this metric.

Table 6.5 Average componentwise overlap of intervals of one standard deviation around mean of trait
adjectives and inventory items

fTCrawl fTWiki GVCrawl GVTwitter GVWiki w2vNews

E  0.56 0.55 0.55 (.55 (.55 .53
— A 055 0.55 0.54 0.57 (.55 (.55
E C 044 0.45 0.47 0.48 0.50 .49
N 048 0.48 0.48 (.49 (.49 (.50
O 041 0.42 0.43 0.42 0.43 .44
E (.56 0.56 0.57 0.57 0.57 (.55
~ A (5D 0.58 0.59 (.59 .61 .59
= C 050 0.50 0.51 (.54 (.54 .53
BN 050 0.49 0.49 (.50 (.50 .51

0O 0.44 0.45 0.46 (.44 0.47 0.47
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On the other hand, it seems that the differences between the sets of word embeddings are
only minimal, which is surprising when looking at the large differences in the results from the
preceding tests. This may be an artifact of the averaging process, and may be an indication

that the method could be refined and improved.

6.2.4 Word embedding factor analysis

For this analysis the required trait dimensions are constructed as described in Section 3.1. The
trait descriptive adjectives seen in Table 3.3 are averaged to create the positive trait poles in
the word embedding space, and similarly the adjectives from Table A.3 indicating low scores
of the five traits are used to construct the negative poles. The following evaluation uses the
technique presented in Section 2.2.4: The vectors representing the trait dimensions are written
in a matrix that is then inverted, which gives the transformation matrix with which the vectors
of the BFI and BFI2 items can be transformed into the five dimensional personality space
spanned by the trait dimensions. All transformed item vectors of items belonging to a trait are
then averaged in order to get an overview of the results. For the experiments only the positively
keyed items in pre-processing stage 12 of the instruments are considered, since averaging with
the negatively keyed items is counter-productive as they are expected to cancel each other
out. Another post-processing step is taken by normalizing each axis. To get the normalizing
factors, the positive and negative trait poles are mapped to the personality space using the
transformation matrix. This gives a value for each pole in the corresponding trait dimension,
which is used to set up a linear transformation which maps the value of the positive pole to the
value 1 in the trait dimension and the value of the negative pole to —1. This is done due to the
hypothesis that the poles are the extreme ends of the trait dimensions, and the other vectors
are situated somewhere in between. The normalization also allows for a certain comparability
between the five trait dimensions. The results of this analysis are presented in Figures 6.3 and
6.4, where the averaged values of the items belonging to a trait have the same color as the
poles of this trait. These results show that in all word embeddings the expected trend can be
seen to a certain extent: The items belonging to a trait indeed have the highest value on the
corresponding trait dimension, which means that the convergent validity for most cases might
reasonably be seen as satisfied. On the other hand, some of the curves show a substantial
semantic cross-loading on the other personality dimensions, which could speak against discri-
minant validity. While the general trend is similar in all the tested word embeddings, there is
some variance in the details. The w2vNews word embeddings seems to show the best result
with respect to the discriminant validity criterion, i.e., the cross-loading is least pronounced
here. In all tested word embeddings, most of the data curves reach the value of 0.4 on the
associated personality dimension, which is seen in classical factor analysis as the required

value for convergent validity.
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Figure 10.4 Average normalized coordinates of positively keyed BFI2 items of each trait in the person-

ality dimensions. Colorbars indicate values of standard deviation of the averaged data points.
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Figure 6.5 Averages of factor loadings of positively keyed BFI2 items from [SJ17, Table 6, pp. 14f].
Colorbars indicate values of standard deviation of the averaged data points.
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For comparison, the factor loading averages of the positively keyed items from the BFI2 from
a classical factor analysis with varimax rotation are given in Figure 6.5 [SJ17, Table 6, pp. 14f].
Clearly this data contains a lot less noise and the discriminant and convergent validity is easily
recognizable. However, the approach using only generic word embeddings without any adap-
tion to the specific field of personality psychology can reproduce the general trend, which is

encouraging for further investigations.

7 Conclusion and outlook

Personnel selection procedures for hiring as well as promotion purposes and internal selection
often employ some sort of personality evaluation of the candidates. The presented research
supports that this practice is common and justified, as personality aspects have an evident
influence on job performance on the individual level, but also in the context of work teams,
where team personality composition, like, e.g., the mean score of a trait, can impact the team
performance significantly. Thus, organizations benefit from the use of accurate and reliable
personality tests for these evaluations, where accuracy can be seen as the validity of the sur-

vey instrument.

The investigation of several word embedding spaces from different sources using a clustering
approach has shown that these spaces contain the structure of the Big Five personality traits
to an extent that makes them a useful tool for the analysis of questionnaire items. Based on
this nice finding, a concept with several approaches to validate a personality survey instrument
was developed. The first step of the concept is a pre-processing stage for the items to facilitate
the subsequent natural language processing, where stop words are removed from the items’
texts. Then the concept proposes four methods to evaluate the face, content and construct

validity of individual items or the instrument as a total.

Using two established personality survey instruments for the Big Five traits, the concept was
tested to ascertain its applicability. Since these questionnaires were already validated by
standard methods, good results could be expected. Indeed, in all of the experiments the meth-
ods were able to generate results that are in line with their proposed use concerning the validity

evidence.

Summed up, this thesis provides a first promising indication that the research question,
whether it is possible to validate survey instruments on the basis of word embeddings, can be
answered positively. The most promising approach of the four presented methods seems to
be the semantic factor analysis, which can be seen as an analogy to the classical statistical

factor analysis using sample applications of a newly developed survey instrument.
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Limitations of the approach

Despite this promising insight, there are some limitations of the conducted studies that need
to be addressed. Firstly, word embeddings can only reflect the word semantics that are present
in the text corpus on which they were trained. Consider for example the GVTwitter word em-
beddings, which are based on Twitter data that consists only of phrases with a limited number
of characters that also often have wrong grammar and spelling. Intuitively those embeddings
internalize less semantic information than word embeddings based on scientific literature, and
the test computations in the thesis showed that they indeed perform worse in most of the tasks
concerning personality traits. The GVTwitter embeddings strongly show this inadequacy, how-
ever none of the used word embeddings in this thesis is trained on a text corpus specifically
curated for psychological evaluations, so the results presented in Chapter 6 might be improved

when a set of word embeddings specialized for psychological application is used.

Furthermore, the standard model of word embeddings can not capture polysemy of words, i.e.,
when a word has different meanings for the same spelling. The training process of the word
embedding algorithms can not differentiate the separate meanings, and thus produces a word
vector that can be seen as a sort of weighted average of the different meanings. This can lead

to inaccuracies when the word vectors of words with multiple meanings are used.

Extensions and future research directions

Directly linked to the first mentioned limitation of this thesis, a first extension that may improve
the results from Chapter 6 significantly is the use of a custom set of word embeddings that is
trained on psychological literature. To this end, a large set of psychological texts needs to be
compiled to train word embedding models on. From the experiences with the pre-trained mod-
els in this thesis, this collection of texts should comprise a few billion words at least, which
means that an automated process to gather these texts must be developed, possible sources

are scientific journals in the psychology field.

Another possible extension of the presented methods is additional and custom natural lan-
guage pre-processing of the survey items. For now only stop words were removed, but other
often used pre-processing techniques like lemmatization or stemming could be applied addi-
tionally. These methods remove conjugation and declension from words and bring them to a
standard, non-inflected form. By reducing words in this way, ambiguity might be removed and
words are reduced to their pure form, which may improve the performance of methods based

on word embeddings.
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A Additional tables

Table A.1: Sets of pre-trained word embeddings used in the thesis.

ID Algorithm  Base data source Tokens Vocab. size  Dim. Source

fTCrawl fastText Common crawl 6.0 - 101! 2.0 - 109 300 [Fac20] @
fTWiki fast Text Wikipedia, news 1.6 - 1010 1.0 - 109 300 [Fac20] @
GVCrawl GloVe Common crawl 8.4-10%" 2.2-10° 300 [PSM14b]z
GVTwitter GloVe Twitter 2.7-1010 1.2-10 200 [PSM14bjz
GVWiki GloVe Wikipedia, news 0.6 - 1010 0.4 - 109 300 [PSM14b]cz
w2vNews word2vec Google news 1.0- 101! 3.0-10° 300 [Gool3] @

Table A.2: Trait descriptive adjectives for the Big Five domains and their opposites, from
[Gol92, Table 3, p. 34].

Extraversion Agreeableness Conscientiousness  Neuroticism Open-mindedness
extraverted kind organized anxious intellectual
talkative cooperative systematic moody creative
assertive sympathetic thorough temperamental complex
verbal warm practical envious imaginative
energetic trustful neat emotional bright
bold considerate efficient irritable philosophical
active pleasant careful fretful artistic
daring agreeable steady jealous deep
vigorous helpful conscientious touchy innovative
unrestrained generous prompt nervous introspective

insecure

fearful

self-pitying

high-strung
Introversion Disagreeableness  Heedlessness Emotional stability = Close-mindedness
introverted cold disorganized unenvious unintellectual
shy unkind careless unemotional unintelligent
quiet unsympathetic unsystematic relaxed unimaginative
reserved distrustful inefficient imperturbable uncreative
untalkative harsh undefendable unexcitable simple
inhibited demanding impractical undemanding unsophisticated
withdrawn rude negligent unreflective
timid selfish inconsistent imperceptive
bashful uncooperative haphazard uninquisitive
unadventurous  uncharitable sloppy shallow
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Table A.3: Trait descriptive adjectives for the Big Five domains with negative factorloadings,
from [Joh21, Table 2.4, p. 50].

Extraversion Agreeableness Conscientiousness Neuroticism Open-mindedness
quiet -.83 fault-finding -.52 careless -.58 stable -.39 commonplace -.74
reserved -.80 cold -.48  disorderly -.53  calm -.35 simple -.67
shy -.75 unfriendly -.45  frivolous -.50 contended -.21 shallow -.55
silent -.71  quarrelsome -.45  irresponsible -.49 unintelligent =47
withdrawn -.67 hard-hearted -.45 slipshod -.40
retiring -.66  unkind -.38 undependable -.39

cruel -.33 forgetful -.37
stern -31
thankless -.28
stingy -.24

Table A.4: Items of BFI [UNSO08, p. 157], with the extracted key term from each item. (R) indi-
cates reverse scored items. Stop words in italics. Interpreted key terms in bold. “| see myself

as someone who ...’

No. Item Key term
El ... is talkative talkative
= E2 ... is reserved (R) reserved
% = E3 ... iz full of energy energetic
g g E4 ...generates a lot of enthusiasm enthusiastic
== E5 ...tends to be quiet (R) quiet
_? %  E6 ... has an assertive personality assertive
= 7 ... 18 sometimes shy, inhibited (R) shy
E& ... is outgoing, sociable outgoing
Al ...tends fo find fault with others (R) fault-finding
- A2 ... 13 helpful and unselfish with others helpful
g_. A3 ...starts quarrels with others (R) quarrelsome
k5 E Ad ... has a forgiving nature forgiving
= 2 A5 ... is generally trusting trusting
g = Ab ... can be cold and aloof (R) cold
,'f = A7 ... 15 considerate and kind to almost everyone kind
AR ... 18 sometimes rude to others (R) rude
A9 ... likes to cooperate with others cooperative
C1 ...dees a thorough job thorough
g C2 ... can be somewhat careless (R) careless
F O3 ... 18 a reliable worker reliable
5 g C4 ...tends to be disorganized (R) disorganized
=2 05 ...tends fo be lazy (R) lazy
% = ] ... perseveres uniil the task is finished persevering
§ - o7 ... does things efficiently efficient
] Ca ... makes plans and follows through with them planful
o ... 13 easily distracted (R) distractable
N1 ... 18 depressed, blue depressed
o N2 ... 18 relaxed, handles stress well (R) relaxed
k| = N3 ...can be tense tense
2 £ N4 ... worries a lot worrying
; 3 NG ... 13 emotionally stable, not easily upset (R) stable
Z:D ~= NB ... can be moody moody
NT ... remains calm in tense situations (R) calm
N8 ... gets nervous easily NErvous
01 ... 15 original, comes up with new ideas original
02 ... 18 curious about many different things curious
03 ... 18 ingenious, a deep thinker ingenious
g E 04 ... has an active imagination imaginative
=z 05 ... 18 inventive inventive
2= 06 ... values artistic, aesthetic experiences artistic
o= o7 ... prefers work that is routine (R) commonplace
08 ...likes to reflect, play with ideas insightful
09 ... has few artistic interests (R) unartistic

010  ...is sophisticated in art, music or literature sophisticated
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Table A.5: Items of BFI2 [Joh21, p. 81], with the extracted key term from each item. (R) indi-

cates reverse scored items. Stop words in italics. Interpreted key terms in bold. “I am some-

onewho ...’
Item Key term
El ... 13 outgoing, sociable. outgoing
= EzZ ... has an assertive personality. assertive
£ E3 ... rarely foels excited or eager. {R) unexcitable
Z E4 ...tends fo be guiet. {R) guist
b ES ...ia dominant, acts as a leader. dominant
; EG ...i8 less active than other people. {R) inactive
= ET7 ...i8 sometimes shy, introverted. (R) shy
;E Es ...finds it hard to influence people. {R) withdrawn
= E3 ...i8 full of energy. energetic
= El0 ... is talkative. talkative
B Ell  ...prefers to have others take charge. {R) inhibited
E1?2 ... shows o lot of enthusiasm. enthusiastic
Al ...18 compassionate, hes a soft heart. compassionate
W AZ ... 18 respectful, treats others with respect. respectiul
3‘: A3 ...tends fo find fault with others. {R) fault-finding
= Ad ... feels little sympathy for others. (R} unsympathetic
= Ab ...starts arguments with others. {R) quarrelsome
] Al ... has a forgiving nature. forgiving
,_é AT ...1a helpful and unselfish with others. helpful
:.‘.: AR ...1a sometimes rude to others. {R) rude
g AD ...is suspicious of others’ intentions. {R) distrustful
ALD ... can be cold and uncaring. {R) cold
= All ... is polite, courtecus fo others. polite
Al2Z . assumes the best about people. trustiul
= 1 ...tends to be disorganized. {R) disorganized
£ (2 ...tends {0 be lazy. (R) lazy
2 3 ... 1a dependable, steady. dependable
o 8 | ...1a systematic, likes to keep things in order. systematic
? OB ... has difficulty getting started on tasks. {R) neglizgent
v  Of ...can be somewhat careless. (R) careless
E o7 ... keeps things neat and tidy. neat
N ... 18 efficient, gets things done. efficient
£ o ...ia reliable, can always be counted on. reliable
E C10 ... leaves o mess, doesnt clean up. {R) eSSV
3 C11 .. .is persistent, works unfil the task is finished. PErsEVETing
12 ... somefimes behaves irmesponsibly. (R irresponsible
N1 ... 48 relaxed, handles stress well. (R relaxed
- NZ ...stavs optimistic affer experiencing a setback. (R} optimistic
£ N3 ...1a moody, kas up and doun mood swings. maoody
= M4 ... can be tense. tense
@ N5 ... feels secure, comfortable with self. {R) secure
'__:’ MNE ... 1 emotionally stable, not easily upset. {R) stable
= N7 ...worries a lot. WorTying
= NE ... aften feels sad. sad
£ No ... keepa their emotions under control. {R) unemaotional
:_E N10 ... rarely feels anxious or afraid. {R) calm
N11 ... temds fo feel depressed, blue. depressed
N12 ... is temperamental, gets emotional easily. temperamental
= O ... has few artistic interests. {R) unartistic
E 02 ...ia curious abowd many different things. curious
Z 03 ... 18 inventive, finds clever ways to do things. inventive
[ | ...is fascinated by art, music, or literature. cultivated
05 ... avoids intellectual, philosophical discussions. (R unintellectual
E 06 ... has little creativity. (R} uncreative
;g o7 ...values art and beauty. artistic
= 08 ...i8 complex, a deep thinker, complex
E 09 ... has difficulty imagining things. (R) unimaginative
._é 010 ... thinks poetry and plavs are boring. {R) shallow
2 011 ... has little interest in abstract ideas. (R} uninguisitive
C o1z . is original, comes up with new ideas. original
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B Online survey description

For this thesis an online survey at https://www.empirio.de was conducted from 2022-02-08 to
2022-03-10 which attracted 127 respondents. The aim of the survey was to gather some data
concerning the use of personality survey instruments and the experience and opinion appli-
cants have of them in professional settings. Figure B.1 details the survey questions and an-
swers given by the respondents. The original survey was conducted in German with German

respondents, the items given in the figure are translated to fit this thesis.
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Have you
ever gone through an ap-
plication process for a job (not
for a place at university or
similar)?

No, but there has been
a conversation with a

Was a personality
questionnaire answered as part
of the application process?

24

Yes

How do vou rate the entire
implementation of the personality test?

mean: 4.00 | 1: 0; 2: 2; 3: 2;
SD: (.87 4: 15; B: 4; 6: 1;

How do you rate the feedback on the

test result?

mean: 3.67 | 1

1 3; 20 3; 3
SD: 1.55 4: 6; B: 5; 6:

4;
3;

Did youn get feedback on your results in
the personality test /conversation with
the psychologist?

=1

23
Yes No

How do you feel about personality tests

being administered in hiring and

promotion processes?

mean: 2.86 | 1: 18; 2: 28; 3: 45;
SD: 1.13 4r 26; 5z 10;

Do you think personality tests tell you
anything about suitability for a
particular joh?

70 56
Yes

How old are you?

mean: 3.5
SD: 9.87

What is your gender?

52 (5]
Mlale

Fumale Diverse

Fininlseml

Figure B.1: Online survey structure and results.
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