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Abstract

Background: We used a computational method to quantitatively investigate the
relationship between personality and written narratives of life events. Agentic (i.e., self-
directedness), communal (i.e., cooperativeness), and spiritual (self-transcendence) traits
were of special interest because they represent individual differences in intentional val-
ues and goals, in contrast to temperament traits, which describe individual differences
in automatic responses to emotional stimuli. We also investigated which pronouns
were most common in relation to personality constructs that were significantly related
to the narratives.

Methods: Personality was assessed among 79 adolescents at one point in time using
the NEO Personality Inventory—Revised (NEO-PI-R) and the temperament and char-
acter inventory (TCl). Six months later, adolescents were asked to write down the most
positive or the most negative event that had happened to them in the last 3 months.
Adolescents were explicitly instructed to answer the following questions within their
narratives: What happened? Who were involved? Why do you think it happened?

How did you feel when it happened? How do you think the involved persons felt?

The descriptions were quantified using a computational method in which the latent
semantic analysis algorithm generates a semantic representation of the narratives.

Results: Only self-directedness, cooperativeness, and self-transcendence were related
to the semantic representation of the narratives. Moreover, cooperativeness and self-
transcendence were associated with less frequent usage of singular pronouns (e.g., me
respectively mine).

Conclusions: Agentic, communal, and spiritual traits are involved when adolescents
describe positive and negative life experiences. Moreover, high levels of communal and
spiritual traits are related to less self-focused narratives.

Keywords: Agency, Big five, Communion, Latent semantic analysis, Life story,
Semantic spaces, Pronouns, Temperament and character inventory
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Background

The notion of a narrative self emphasizes the storied nature of human behavior (Cohler
1982; McAdams 1993, 2001). Research on life narratives suggests that in late adoles-
cence and young adulthood, humans “begin to reconstruct the personal past, perceive
the present, and anticipate the future in terms of an internalized and evolving self-story,
an integrative narrative of self that provides modern life with some modicum of psycho-
social unity and purpose” (McAdams 2001, p. 101). Adolescence is indeed an important
phase in the development of an individual’s goals and values that organize a person’s life-
style in relation to the self, others, and something greater than the self (i.e., character
or self-concept; Erikson 1968; Magen 1998). Importantly, in this period of life, adoles-
cents perceive daily problems (e.g., coping with a minor social conflict) to be equally
stressful as major life events (e.g., parent being remarried) (McCullough et al. 2000). In
this framework, adolescents’ initial interpretations of events are part of the life narrative
(Wilson 2011); thus, adolescents’ conversations about recent life events (e.g., Weeks and
Pasupathi 2010), self-event connections (Pasupathi et al. 2007), and traumatic events
(Daiute 2010) provide knowledge about both their subjective experience and their self-
concept or character (Magen 1998; Garcia and Sikstrém 2013).

As humans, we have the ability and urge to find explanations and meaning in life
events, probably constructing our interpretations on our own degree of agency (i.e.,
autonomy and the fulfillment and enhancement of the self) and communion (i.e.,
engagement in the protection and relations to others) (McAdams 2001; Gazzaniga
2011). For instance, adults who perceive themselves as autonomous or self-directed
describe negative life events as good recollections focusing on how they managed to
cope with the event, which in turn, makes the memory of that specific event a meaning-
ful life experience. This contributes to build up resilience for future stressful events and
both mirrors and strengthens individuals’ self-concept as autonomous and resourceful
beings (see McAdams 2001; McAdams et al. 2004; McLean and Fournier 2008; Lilgen-
dahl and McAdams 2011). Indeed, agentic and communal personality traits are empiri-
cally related to well-being, happiness, and health—healthy and happy individuals are
autonomic, resourceful, self-directed, and have the capacity for helpful cooperation
(Cloninger 2013; Nima et al. 2013; Schiitz et al. 2013). Regarding adolescents, research
shows that adolescents’ conversations about recent emotional events with parents and
friends seem to be saturated with issues of agency (Weeks and Pasupathi 2010). Moreo-
ver, adolescents’ ability to feel trust and responsibility at a social level (i.e., communion)
predicts less use of cigarettes, alcohol, marijuana, and other types of drugs (Wray-Lake
et al. 2012). In addition to agentic and communal traits, research from at least three dif-
ferent fields, cultural (e.g., Shweder et al. 1997) developmental (e.g., Magen 1996) and
personality psychology (e.g., Cloninger 2004, 2006, 2013), suggest that humans also find
meaning in life events and harmony in life through their ability to find an interconnec-
tion with all life and appreciation of the whole world around us (i.e., transcendence of
the self or spirituality). In sum, besides being associated to adolescents’ well-being (e.g.,
Cloninger and Zohar 2011; Garcia 2011, 2012a; Garcia et al. 2013a, ¢; Nima et al. 2012,
2013; Nima and Garcia 2015; Schiitz et al. 2013a; Magen 1996), agentic, communal, and
spiritual personality traits can be expected to be associated to the narratives of their eve-

ryday experiences.
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Individuals’ apprehension of life events as an expression of individual differences is
commonly accepted (Sandelowski 1991; Gazzaniga 2011) and is usually approached
using fairly rigorous experimental human coding procedures (Chung and Pennebaker
2007). Over the last decade, Pennebaker and colleagues (for a review see Pennebaker
2011) have innovated text analysis through their program called Linguistic Inquiry and
Word Count, or LIWC (Pennebaker et al. 2001). Basically, LIWC computes the percent-
age of total words in specific linguistic categories (e.g., standard function word catego-
ries: first, second, and third person pronouns, articles, prepositions), which enables the
investigation of how these might vary in relation to other outcomes such as changes in
health measures. The study of writing about emotional events has demonstrated that,
although almost without meaning by their own, the way people use ‘function words’
such as pronouns (e.g., I, we, you, they) is significantly related to mental and physical
health, as well as other important outcomes such as academic success. For instance, first
person pronouns (e.g., I) are most common among depressed individuals (Campbell and
Pennebaker 2003; Pennebaker 1997, 2011). With regard to personality, Extraversion,
which is regarded as both an agentic and communal personality trait, has been found to
be related to a tendency to make distinctions through the use of inclusive words, such
as “and” and “with” (Pennebaker and King 1999). Thus, this linguistic style analysis at
the micro-level is powerful, valid, and useful for the analysis of narratives in relation to
personality traits (cf. Gustafsson Sandén et al. 2014a, b; Gustafsson Sandén et al. 2015).

In addition, using a macro-level of analysis some researchers have found that extro-
verts tell stories about romance more so than introverts, whose stories were more often
concerned with family, hometown, and past events (Thorne et al. 2006). There is indeed
a large and important line of research linking thematic narrative content with the Big
Five traits (e.g., Dunlop and Tracy 2013; Lodi-Smith et al. 2009; McLean et al. 2007).
For example, Neuroticism is positively associated with an emotionally negative narrative
tone, agreeableness is associated to communal themes (e.g., friendship, caring for others)
(McAdams et al. 2004). Nevertheless, McAdams (2001) has suggested that the Big Five
model might be limited to temperament traits that “are global, stable, linear and com-
parative dimensions of human individuality” (p. 111; see also Haidt 2006). In contrast
to temperament traits, which describe individual differences in automatic responses to
emotional stimuli, character traits represent individual differences in intentional values
and goals in relation to the self, others, and something bigger than the self. For instance,
contrary to expectations Conscientiousness is not associated with themes of agency and
Extraversion is unrelated to positive narrative tone (McAdams et al. 2004). Also in this
line, there are indications that the Big Five traits do not have a major impact on how
individuals interpret events in their lives (Luhmann et al. 2014). Hence, temperament
does neither reflect nor explains all aspects of human personality, such as, the narrative
self.

Cloninger’s psychobiological model of personality (Cloninger et al. 1993) is based on
findings from neuroanatomy and neurophysiology as well as developmental and clini-
cal psychology and psychiatry. Differences in the major brain systems for procedural
versus propositional learning lead to the distinction between four temperament and
three character traits (for a review see Cloninger 2004). The four temperament dimen-

sions are defined in terms of individual differences in behavioral learning mechanisms,
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explaining responses to signals of punishment or non-reward (harm avoidance), novelty
and signals of reward or relief of punishment (novelty seeking), maintained response to
socially rewarded behavior (reward dependence), and resistance to extinction of previ-
ously rewarded behavior (persistence). In contrast, character involves individual differ-
ences in self-concepts about goals and values and voluntary choices in life (Cloninger
2004, 2006, 2013). Character is the self-organization of an individual’s thoughts in three
dimensions: self-directedness (based on the concept of the self as an autonomous indi-
vidual), cooperativeness (based on the concept of the self as an integral part of humanity
or society), and self-transcendence (based on the concept of the self as an integral part of
the whole universe). Cloninger et al. (1993) has developed the temperament and charac-
ter inventory (TCI) to measure these personality dimensions. The TCI has been widely
used in the investigation of personality’s neurobiological foundations, together with
other research technologies, such as, molecular neuroimaging (Borg et al. 2003), struc-
tural neuroimaging (Yamasue et al. 2008), and genetics. In addition, the TCI has been
translated into and validated in several languages, such as, Swedish (Brindstrom et al.
1998), Dutch (De la Rie et al. 1998), Japanese (Kijima et al. 2000), Turkish (Kose et al.
2002), and Spanish (Gutierrez and Torrens 2001; Garcia et al. 2013a, b, c). These stud-
ies show sound psychometric properties comparable to what was found for the original
American English version. What is more, there is TCI normative data in 22 countries
(e.g., USA, Sweden, Japan, China, Mexico, Italy) on four continents (North and South
America, Europe, Asia, Oceania) showing that the factor structure is identical around
the world and also data on age appropriate norms showing that the same dimensions
are present across the lifespan as well (C. R. Cloninger, personal communication, June
10, 2015; see also Josefsson et al. 2013). The TCI is sensitive to reading level, but for a
forthcoming adolescent and adult short version, there was no need to change wording
(C. R. Cloninger, personal communication, June 10, 2015; see also the non-significant
association between TCI dimensions and cognitive ability among adolescent twins in
Mousavi et al. 2015). Hence, suggesting that the TCI can be used among adolescents to
measure agentic, communal, and spiritual traits. To the best of our knowledge, however,
no other study has investigated narratives of life events in relation to Cloninger’s model
of personality.

The present study

As an addition to past research at the micro- (e.g., word analysis) and macro-level (e.g.,
theme analysis), we use a computational method for quantifying semantic content of
words in order to investigate if personality traits, using both the Big Five and Cloninger’s
model, are related to written narratives of life events. This method is based on the latent
semantic analysis algorithm, which stems from computational linguistics where a high
dimensional semantic representation of words can be generated from co-occurrence of
words in massively large text corpora. In theory, the context in which words are typically
present has a meaning that is similar to the meaning of the words in that specific context
(Landauer and Dumais 1997; Landauer 2008; Landauer et al. 2008). Applied to a text
corpus, it produces a highly multi-dimensional semantic space, in which each word or
narrative is represented as a vector in this space. The basic idea is that co-occurrences of
words produce information about the semantic meaning of the words/narrative.
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The quantification of the adolescents’ narratives allowed us to use standard statisti-
cal tests to investigate if self-reported psychometric measures of personality are signifi-
cantly related to the semantic representation of the written narratives of positive and
negative life events (for a detailed description of using and applying semantic analysis
see Arvidsson et al. 2011; Garcia and Sikstrom 2013, 2014; Garcia et al. 2015; Rosen-
berg et al. 2013). As suggested by macro-level of analysis showing that narratives com-
prise agentic and communal themes, we expected that the semantic representation of
the written memories of life events would be significantly related to agentic (i.e., self-
directedness) and communal (i.e., cooperativeness) traits. No relationships between
narratives and temperament traits were expected, including the traits measured by the
Big Five Model. This is because retrospective reports of emotions (Scollon et al. 2009)
and the recollection of emotional events (Cloninger and Garcia 2015) are expected to be
influenced by the individuals’ values and goals (i.e., character), rather than being strongly
related to actual emotions derived from the experience (i.e., temperament).

Moreover, the study of expressing emotions through written words (i.e., micro-level
analysis) has demonstrated that, although almost without meaning by their own, the
way people use ‘function words’ such as pronouns (e.g., I, we, you, they) is significantly
related to mental and physical health, as well as other important outcomes such as aca-
demic success. For example, first person pronouns (e.g., I) are most common among
depressed individuals (Campbell and Pennebaker 2003; Pennebaker 1997, 2011). Hence,
this suggests that the usage of first person pronouns in narratives of life events should be
negatively correlated with an individual’s agentic (i.e., self-directedness), communal (i.e.,
cooperativeness), and spiritual traits (i.e., self-transcendence).

Method

Measures

The Big Five Model of personality The NEO Personality Inventory—Revised (NEO-PI-R;
Costa and McCrae’s 1992) was used to assess personality according to the five-factor
model. The NEO-PI-R measures the five lexical generated traits: neuroticism, extraver-
sion, agreeableness, consciousness, and openness (240 items with a 5-point Likert scale:
1 = strongly disagree to 5 = strongly agree). In the present study Cronbach’s o varied
between 0.84 and 0.92 among traits.

Cloninger’s Psychobiological Model of personality The temperament and character
inventory (TCI; Cloninger et al. 1993) was used to measure the four temperament and
three character dimensions of the psychobiological model of personality (238-items with
forced binary answer: yes or no; Cloninger et al. 1993). The four temperament dimen-
sions are: novelty seeking, harm avoidance, reward dependence, and persistence. The
three character dimensions are: self-directedness, cooperativeness, and self-transcend-
ence. In the present study Cronbach’s o varied between 0.75 and 0.90 among dimensions.

Description of a life event The affect, intentionality, effort and adaptation to a life
event measure (Garcia 2012b; Garcia and Sikstrom 2013) was used to ask participants
to recollect and then write down at random either the most positive or the most nega-
tive event in their life during the last 3 months (see Suh et al. 1996, who show that only
writing about life events within the last 3 months influence happiness and well-being
significantly). In the positive condition, participants are specifically asked to describe the
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most positive event during the last 3 months that to the greatest degree has enhanced
their happiness. In contrast, in the negative condition, participants are asked for the
most negative event in their life during the last 3 months that to the greatest degree had
decreased their happiness. Both conditions instruct participants to answer the following
questions when describing the event: What happened? Who were involved? Why do you
think it happened? How did you feel when it happened? How do you think the involved
persons felt?

Participants and procedure

Pupils at a high school in the south of Sweden participated in the study. The whole popu-
lation (N = 90) was contacted (see Garcia and Sikstrom 2013 in which part of this data
was previously analyzed). Due to sickness 11 adolescents did not participate in at least
one part of the study. The final sample was composed of 21 boys and 58 girls with a mean
age of 16.65 years (SD = 0.95, range 15-18). There is evidence that adolescents have
reduced reliability for the personality instruments used here, especially for those below
17 years of age; a cohort that made about 51 % of the sample studied here (e.g., Brand-
strom et al. 2008; De Fruyt et al. 2000a; Moreira et al. 2012). Although never tested, this
drop in reliability is often attributed to lower reading or comprehension ability among
adolescents below 17 years of age. The Cronbach’s alphas, however, were acceptable for
both instruments and in the whole sample in the present study (see Additional file 1:
Table S1 for reliability analysis on the personality traits for different age groups).

The adolescents in the present study had consent from their teachers and parents to
participate. At a parent meeting, all parents and teachers were informed of the present
and other studies being conducted among adolescents at the school. The nature of the
studies was explained (e.g., instruments, confidentiality, participation being voluntary)
and questions were addressed at the same meeting. Pupils were told that their involve-
ment was voluntary and that the study was divided in three parts. The first (T1) and sec-
ond part (T2) were one week apart and the third part of the study (T3) was conducted
6 months later. The pupils were told that the study involved how high school pupils think
about their lives in different situations. All adolescents received cinema tickets at each
part of the study for their participation. To ensure confidentiality and to enable match-
ing of answers from each part, participants were asked to write the last four digits of
their social security number. The study was conducted in the pupils’ classrooms dur-
ing school hours. Each group contained 20-30 pupils. At T1, all participants were pre-
sented, at random, with either the Big Five or the TCI measure. At T2, the participants
received the other measure of personality. This procedure enabled us to ensure that the
participants completed the whole battery of personality measures without becoming
too tired. At T3, 6 months later, participants were randomly assigned to one of the two
conditions: describe the most positive (n = 40; 50.63 %) or the most negative life event
(n = 39; 49.37 %) that had happened to them in the last 3 months. An associate who was
blind to the hypothesis transcribed these descriptions.

Data analysis
Creation of a semantic representation The latent semantic analysis algorithm (Lan-
dauer et al. 2008) was used to create a semantic representation of the words participants
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generated. Simply put, the quantified semantic representation of the generated words is
created from data consisting of frequencies of co-occurrences of the words using a large
amount of text that is fairly representative of all the words in natural language. Perhaps
the most important factor for creating a semantic representation is the size of the cor-
pus used, where a larger text corpus generates a semantic space with a higher quality.
Thus, to achieve a high quality representation it is highly recommended to create the
semantic representation on a corpus that is as large as possible, and then apply this rep-
resentation on the to-be-analyzed data set (in this case the narratives generated by the
participants), which typically is relatively small. In essence, the relatively small number
of words in the narratives generated by participants is mapped to a semantic representa-
tion (called a semantic space) constructed from a very large quantified text corpus. The
method for creating a semantic representation can be compared to a factor analysis of
co-occurrences of individual words. The resulting factor structure can be used to com-
pare how any words, present in the text corpus, are similar to one another. It has been
argued that this is a model of how humans learn new words, where we intuitively recall/
infer in which context a new word co-occurs and understand its meaning depending on
the context and how rich our own vocabulary is (Landauer et al. 2008). A full explana-
tion on the method can be found elsewhere (Landauer et al. 2008). A less detailed expla-
nation of the procedure behind the creation of a semantic space and the quantification
of the freely generated narratives follows next.

The semantic representation or quantification of the generated words was conducted
using the web-based software semanticexcel (http://www.semanticexcel.com), which
was developed by Sverker Sikstréom at Lund University for computing and analyz-
ing semantic representations. To create a semantic representation with a high quality,
semanticexcel uses what might be the largest possible available text corpus in Swedish,
namely, the Swedish version of the Google n-grams database (see the Google n-grams
project: http://ngrams.googlelabs.com). Semanticexcel also supports a number of other
languages using other versions of Google n-grams databases (e.g., English, Spanish,
German, French, Italian, Romanian, Norwegian). An n-gram consists of a very short
text consisting of n (typically n < 5, and in this case we use n = 5) number of words,
and the frequency of occurrences of this text sequence in the corpus, for example the
5-gram “about all that you have” occurs 389 in the database. This database is comprised
of a large amount of Terabytes of text data (for recent description of the Google n-gram
database see Lin et al. 2012). The semanticexcel software uses a semantic representa-
tion generated from a word co-occurrence matrix in which rows consist of the 120,000
and the columns consist of the 10,000 most common words from the Google n-gram
database, thus generating a huge matrix consisting of 1,200,000,000 cells. Each cell in
the matrix represents the frequency of co-occurrence of the words in the corresponding
row and column, so that in the 5-gram exemplified above would, for example, increase
the frequency of the cell associated to “about-all’; the cell “have-all’; etc. with 389. The
contexts are generated from Google 5-gram. See Table 1 for a small-scale example of this
co-occurrence matrix containing six single words and two contexts.

A semantic representation of the co-occurrence matrix is generated by factoriza-
tion conducted using the singular value decomposition (SVD) algorithm. This algo-
rithm compresses the information in the original matrix (Table 1) while maintaining as
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Table 1 Small scale example of the co-occurrence matrix in which each cell represents the
co-occurrence frequency of the 5-gram based on 6 single words from 2 contexts: sun is
shining outside, sun is warm and yellow

Sun Is Shining Outside Warm Yellow
Sun 0 2 1 1 1 1
Is 2 0 1 1 1 1
Shining 1 1 0 1 0 0
Outside 1 1 1 0 0 0
Warm 1 1 0 0 0 1
Yellow 1 1 0 0 1 0

In application of latent semantic analysis in computational linguistic, typically highly frequent words that do not contain
any semantic information are omitted (e.g., “we” and “in"). However, our focus is to apply latent semantic analysis in
personality and social psychology, where for example pronouns carry highly important information. Therefore, we have
chosen to keep all these words, although they may to a minor extent influence the quality of the semantic representation
for other words negatively

much information as possible (see Landauer 2008). However, prior to the application of
SVD, the cells are normalized so that they containing the logarithm of frequency plus 1
(log(frequency + 1)), which is necessary to diminish the differences in word frequency
between the cells. The results matrix presented in Table 2 represents words as numeri-
cal vectors on each row, and semantic dimensions/factors as columns. The dimensions
are ordered by how much variances it accounts for in the original matrix (Table 1), so
that the first dimension is the most important one. In the semantic representation of the
Swedish language we keep the 256 first dimensions that are generated from the SVD.
This value is obtained by evaluating the quality of the semantic representation as a func-
tion of the number of dimensions, where too few dimensions creates a poor quality
because there is insufficient information to represent the semantic dimensions, and too
many dimensions yields poor generalization (i.e., over-fitting) of word meaning and also
poor quality. The quality of the semantic representation is evaluated by a synonym test.

This analysis is computationally very similar to an ordinary factor analysis, typically
conducted in psychological research, where the columns can be interpreted as factor,
and a cell the factor loading related to a word. However, some differences between latent
semantic analysis and how factor analysis normally is carried out can be noted; in latent
semantic analysis the co-occurrence matrix is generated from a context in a text corpora
and normalized in a particular way. In factor analysis, researchers are typically interested
of the resulting factor loadings of the first few (1-3) factors, whereas in latent semantic
analysis the focus of interest are the similarity of word vectors typically consisting of a
few hundreds dimension/factors.

Table 2 Semantic representation generated by factorization using singular value decom-
position (SVD) of Table 1

Dimension 1 Dimension2 Dimension3 Dimension4 Dimension5 Dimension 6

Sun 0.5561 0.7071 04195 0.0000 —-0.1216 —0.0000
Is —0.5561 —0.7071 04195 0.0000 —0.1216 —0.0000
Shining  —0.2647 0.0000 —0.4803 0.0000 —0.4463 —0.7071
Outside  —0.2647 0.0000 —0.4803 0.0000 —0.4463 0.7071
Warm —0.3474 0.0000 —0.3055 —0.7071 0.5348 0.0000

VYellow —0.3474 0.0000 —0.3055 0.7071 0.5348 0.0000
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The meaning of individual dimension in the semantic representation is seldom of
interest in latent semantic analysis. However, the first dimension typically codes for
word frequency (or log(frequency)), and the second dimension codes for word valence.
Higher dimensions can also be interpreted, by looking at communalities of word mean-
ing that loads high to the dimensions, although such interpretations are often difficult
to conduct. Nevertheless, by taking the cosine of the angle between the two vectors
representing two words, the semantic dimensions can typically be used to estimate the
semantic similarity between words. In short, the length of the vectors representing a
word is first normalized to a length of one. Following this normalization, the cosine of
the angel becomes particular easy to calculate, that is, by simply taking the dot prod-
uct between the vectors—multiplying each dimension and summing the results. Values
close to 1 represent very similar words, values close to 0 represent very dissimilar words,
and values close to —1 represents two vectors pointing in the opposite directions.

A semantic representation of a sentence, or an utterance from a participant, can be
generated from several words by aggregating the vectors for each word. The resulting
vector is then normalized to the length of one (see Landauer et al. 2008). In the present
study, the semanticexcel software simply adds the vectors representing each of the words
generated by the participants. In other words, each participant’s set of narratives obtains
a quantified semantic representation based on the sum of the vectors corresponding to
each of the participant’s words. For example, using the theoretical matrix in Table 2, for
a participant who generated the words warm and shining to describe her/his life event,
the vectors in which these specific words appear are added—this is of course done for all
words the participant generated. In this way, the words generated by the participants are
quantified based on the semantic representation of the Google n-grams database. Low
frequency words that do not exist in the semantic representation are simply ignored.

Investigating the relationship between narratives and personality This analysis aimed to
answer the question whether the quantified meaning (i.e., the semantic representation)
of participants’ narratives contained information about participants’ personality traits
scores. Semanticexcel uses multiple linear regressions (Y = ¢ x X), with the semantic
representations as input (X, i.e., a participants x semantic dimensions matrix), to train
the regression coefficients (c, i.e., a vector corresponding to the weights of each seman-
tic dimension) to predict each of the personality scales (Y). One multiple linear regres-
sion was conducted for each personality trait. A N-leave (where N is 10 % of the total
dataset) out-cross validation procedure is used to evaluate the results from the multiple
linear regression so that the-to-be predicted data-point is removed from the training set,
where the coefficients of the multiple linear regression are generated, and where these
coefficients are applied to make a prediction on the left out test data-point. Thus, 10
(N) new training and testing sets are made for cross-validation. To avoid over-fitting,
a subset of the dimensions in a semantic representation is used, where fitting with too
many parameters in relation to the number test data-points may yield poor generaliza-
tion to test data-set. This subset is selected by using the most predictive dimensions in
the training set, where the predictive dimensions were selected based on the training
dataset prior, and then applied on the test dataset. Furthermore, the maximum number
of dimensions used is set to one half of the total number of predicted data points (see
Garcia and Sikstrom 2013). In short, semanticexcel generates the predicted values by
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applying the regression coefficients (c) from the training data set on the test dataset. To
evaluate whether participants’ personality trait scores are significantly predicted by the
semantic representation of the narratives, the personality trait scores are simply corre-
lated with the predicted values. A significant positive correlation (one-tailed) indicates
that the semantic representation predicts the outcome variable (i.e., the participants’
score in each of the personality traits).

Overview of the narrative-datasets

We constructed a series of four figures in order to give the reader a sense of what is pre-
sent in the semantic representation of the narrative of positive and negative life events,
one presented here and the others presented as Additional file 1. In short, the Fig. 1
presents a frequency analysis in which we tested if the occurrence of words in the par-
ticipants’ narrative differed from the occurrence of the same words in natural language
(i.e., the Google N-gram database). Significant testing was made with ? tests, correcting
for multiple comparisons using the Bonferroni method. Figure 1, created with http://
www.wordle.net, shows the 506 words in the life narratives that have a relative frequency
that is significantly larger than the frequency count in Google n-grams. Two words were
omitted from the original set of words: ‘Tarkett’ and ‘Panton. These two words were
names of a company and a dog respectively, thus found to be significant only due to
being of uniquely important value for specific individuals in the sample. The font size
of the words in the word cloud is proportional to the Q-value in the x? test. Additional
analysis, conducted in the same manner as explained above, were conducted using only
narratives of positive (see Additional file 1: Figure S1) or only narratives of negative (see
Additional file 1: Figure S2) life events. These results suggest that the conditions gener-
ated different narratives, as illustrated by the different words in each condition (Addi-
tional file 1: Figures S1, S2). The amalgamation of both conditions (Fig. 1) presents an
important image of the uniqueness of adolescents’ narratives of live events—namely,
feelings and social relationships. We correlated the semantic measure of the positive
and negative manipulations with the corresponding empirical value, and the results
were significant (r = 0.45, p < 0.001), suggesting that the conditions generated distinc-
tive narratives, as expected (see additional analyses of cluster of words significantly over-
represented in written narratives of negative and positive life events, Additional file 1:
Figure S3). However, the semantic correlate to gender was not significant (r = 0.192,

0CCURRED FE[=Jiapav

CHOOL DAYS

COMPLIVENTS SOCIALIZED

i COUsNCOMFORTED'S{\*D NEGATIVE

“EVENEINVOLVED, ™

: PR CTICED
VERY SADGON[)PD]CMIDNWERE : L S%if(:}%g-r

s UES IRDLL\JTAL) -

Fig. 1 Participants' (N = 79) positive and negative life narratives depicted as a word cloud (created with
wordle.net). The words are translated from Swedish to English. The font size is proportional to the Q-value in a
% test where the word frequencies of narratives are compared with the word frequencies in Google n-gram
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p = 0.053), neither was age (r = 0.11, p = 181). Moreover, additional analysis (Additional
file 1: Figure S4) of cluster of words significantly overrepresented in the written narra-
tives of life events in relation to character, showed that words related to low self-direct-
edness and cooperativeness had a negative tone (e.g., dismayed, helpless, blame), while
those related to high levels were mostly verbs; which suggest more active and dynamic
narratives (cf. Pennebaker 2011).

Results and discussion

Table 3 shows the correlations between the personality variables and descriptive sta-
tistics. It is noteworthy that there are various correlations between several of the traits
both within and between the Big Five and the TCI. Interestingly, self-directedness,
cooperativeness, and self-transcendence were significantly correlated to several of the
Big Five traits. Furthermore, cooperativeness was significantly positively correlated with
both self-directedness and self-transcendence; meanwhile self-transcendence and self-
directedness were significantly negative correlated. In general, these findings are repli-
cations of earlier studies (e.g., De Fruyt et al. 2000b, 2006; Garcia 2012a; Garcia et al.
2013). Among the strongest correlations, between models, is that of persistence-con-
scientiousness (r = 0.62), self-directedness-Neuroticism (r = —0.61), and cooperative-
ness-agreeableness (r = 0.77). An individual high in persistence is industrious, diligent,
hard-working, ambitious, perseverant, and perfectionist (Cloninger et al. 1993). These
descriptions do apply to an individual scoring high in Conscientiousness (cf. Garcia
et al. 2014). An individual high in Self-directedness is mature, responsible, purposeful,
resourceful, goal-directed, and accepts her/himself (Cloninger et al. 1993). This is almost
the opposite of an individual high in Neuroticism: anxious, angry, hostile, depressive,
and self-conscious (cf. Garcia et al. 2014). Finally, an individual high in cooperativeness
is tolerant of others, empathic, helpful, compassionate, and principled (Cloninger et al.
1993), which is in line with agreeableness.

At first sight, these correlations indicate that some of the expectations with regard to
the relationship between self-directedness-narratives could be expected for neuroticism
as well. Nevertheless, most of these relationships are moderate (see Ferguson 2009, who
suggest a r > 0.80 for being considered as strong). In addition, the significant relation
between persistence and conscientiousness might actually explain why conscientiousness
was not related to agentic themes in the McAdams’ study (McAdams et al. 2004). In other
words, Conscientiousness is probably more descriptive of an individuals’ industrious
temperament, rather than her/his responsible character. Moreover, the relatively strong
correlations between traits from both models might be due to the small sample used here.
The cooperativeness-agreeableness correlation (r = 0.77), for example, is actually higher
than the one found by others (r = 0.51 in De Fruyt et al. 2006). Whatever the case, our
findings detailed next are consistent with earlier suggestions: personality traits assessed
by these two models are related, but they measure different aspects of personality.

Correlation analysis between psychometric and sematic measures

The results generated from the semantic representation were correlated (one-tailed)
with their respective empirical personality score. The analysis based on the semantic
representations of the narratives showed that, as partially expected, only two personality
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traits were related to the semantic representations of the described life events. Specifi-
cally, self-directedness (r = 0.31, p = 0.005) and cooperativeness (r = 0.34, p = 0.002)
correlated with the semantic representation based on the narratives generated by the
pupils (See Table 4). A post hoc power analysis for these simple correlations yielded a
Power of 0.70 and 0.90, respectively, suggesting a chance type II error between 0.30 and
0.10. Repeating these analysis, using gender and age as covariates, did not influence the
results significantly. Conducting these analyses separately for the positive and negative
conditions, however, showed significant effects in the positive condition for coopera-
tiveness (r = 0.38, p = 0.009) and self-transcendence (r = 0.37, p = 0.012), but not in
the negative condition. A post hoc power analysis for these simple correlations yielded a
Power of 0.60, suggesting a chance type II error of 0.40.

Together with the correlation findings between personality traits from both models,
this finding suggests that both models measure related traits but that these traits are
distinctively related to adolescents’ interpretations of life events. The TCI, for instance,
has earlier showed predictive validity as good or better when compared to 11 modern
multi-scale personality inventories by independent investigators (Grucza and Goldberg
2007). Hence, our findings support the validity of the TCI in predicting actual behavior
and also that the TCl is a valid tool for the investigation of how individuals interpret and
describe events in their lives (see Luhmann et al. 2014, who suggested that Big Five traits
do not have a major impact on how individuals interpret events in their lives).

The results regarding the separate conditions (i.e., positive life events and negative life
events) suggest that character is here associated to narratives of positive life events and
not narratives of negative life events. There is indeed research on life events suggest-
ing that explanations (e.g., explanatory style) of positive and negative life events are only
weakly correlated (Miller and Ross 1975), probably because individuals use self-serving
bias more extensively when they explain positive life events (Miller and Ross 1975).
Hence, this explains why character was only associated to narratives of positive life
events; character is after all the individual’s concept of the self. Nevertheless, how people
explain positive events has been found to not be a strong predictor of depression (Selig-
man et al. 1979). In other words, this suggests that our findings with regard to the rela-
tion between narratives of positive events and character traits are trivial. We argue that
they are important because the low correlation between explanations of positive and
negative life events (see Miller and Ross 1975) points to a high variance in explanations
for positive life events, even among individuals with pessimistic explanations for nega-
tive events (Abramson and Needles 1990). In addition, positive life events are associated
to life satisfaction and positive emotions (Garcia 2011); thus, character traits associated
to adolescents’ narratives are of importance for understanding their well-being as well.
The lack positivity in life, for example, is more predictive of subsequent mortality and
morbidity than the presence of negative emotions (Huppert and Whittington 2008).

More importantly, the relationship between adolescents’ agentic traits and narratives
of their life events is in line with research suggesting that during this period of life, ado-
lescents narratives and conversations about recent life events are filled with issues about
autonomy (Weeks and Pasupathi 2010). On the other hand, the finding showing that
cooperativeness is associated to the written narratives of life events might only mirror
that the narratives were written 3 months after pupils’ Christmas break, a time usually
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Table 4 Showing the correlation between age, gender, self-reported personality and the
corresponding values related to the semantic representation of the description of life
events

Semantic representation

r p
Demographics
Gender 0.192 0.053
Age 0.110 0.181
Big Five
Openness 0.091 0.240
Conscientiousness —0.029 0.591
Extraversion 0.054 0337
Agreeableness —0.161 0.896
Neuroticism 0.028 0415
Temperament and character
Novelty seeking 0.011 0.466
Harm avoidance 0.040 0.371
Reward dependence —0.103 0.801
Persistence 0.022 0429
Self-directedness 0311 0.005
Cooperativeness 0.339 0.002
Self-transcendence 0.015 0451

Significant correlations are printed in italics

spend among family and friends—the exact time span given for the recollection of the
life events. Nevertheless, agreeableness was not associated to the narratives, thus, sug-
gesting that cooperativeness might catch communal themes in the narratives better
that agreeableness does. Both cooperativeness and agreeableness have earlier, as well as
in the present study, been found to be positively related (De Fruyt et al. 2006; Garcia
2011) to Reward Dependence or the tendency of being sentimental, warm, attached, and
dependent (Cloninger et al. 1993). In contrast to cooperativeness, however, agreeable-
ness was here positively related to Harm Avoidance or the tendency of being worrying,
pessimistic, fearful, and shy (Cloninger et al. 1993). That is, the associations between
agreeableness and temperament traits are different in the present sample than as it could
be expected, which might explain the results. Nevertheless, more data is needed in order
to interpret if differences in the relationships between traits are behind different asso-
ciations between traits and narratives. Moreover, Magen’s (1998) research suggests that
adolescents address simple forms of self-transcendence—usually not referring to a mac-
rocosmic unity. This explains why this character trait was not associated to the amal-
gamated semantic representation of the life events. Nonetheless, some adolescents can
express transcendent feelings (e.g., mystical identification with a crowd on a strike in
the streets) and even adolescents” homelier joys uncover “those universals that lead from
and go beyond personal experience” (Magen 1998, pp. 167). This observation is mir-
rored in the present study as well; adolescents’ narratives of positive events were indeed
related to their transcendental tendencies.
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Word analysis in relation to personality traits

Following previous micro-level research suggesting that the usage of pronouns in nar-
ratives mirror individuals’ inner thoughts and personality (Campbell and Pennebaker
2003), we investigated whether the pronoun’s rate frequency in the narratives of life
events correlated with the three character traits that were significantly associated to the
narratives. Cooperativeness correlated negatively with ‘me’ and self-transcendence nega-
tively with ‘mine’ Suggesting that the lower individuals scored in cooperativeness and
self-transcendence, the more self-focused their narrative was. Indeed, frequent use of
first person pronouns is a common characteristic of depressed individuals (Pennebaker
2011). In this line, low levels of self-directedness, cooperativeness and self-transcend-
ence are predictive of ill-health (e.g., Cloninger and Zohar 2011) and dysfunction and
suffering in different aspects of life, such as, school and home (Garcia et al. 2013a). In
other words, a healthy personality is characterized by an outlook of unity or connected-
ness, rather than by an outlook of separateness (Cloninger 2013). This outlook of sepa-
rateness is clearly depicted in the present study by adolescents more frequent use of ‘me’
and ‘mine’ in conjunction with low tolerance towards others, less helpfulness, less sense
of meaning (i.e., low cooperativeness and self-transcendence). The lack of self-tran-
scendence in adolescence is, for example, suggested to mirror that adolescents pursue
of positive emotions tend to be egocentric and directed by their own desires, which in
turn is contradictory to the willingness to become dedicated to the well-being of others
or pro-social causes that transcend the self (Magen 1996). Nevertheless, our results do
not suggest that frequent use of plural pronouns may provide an objective indicator of a
healthy outlook of connectedness in adolescent identity formation. It is, however, prob-
able that pronouns such as we might represent more mature versions of pronouns such
as I (D. M. Svrakic, personal communication, April 4, 2014).

Limitations, strengths, and future research

The present study had a rather small number of participants and we did not control for
ethnicity or linguistic skills. Nevertheless, as far as we know by asking teachers at the
school, all adolescents were Swedish and none of them had writing or reading disabili-
ties. It is plausible, yet, to suggest that by using a larger text corpus of narratives, other
traits might show significant relations. Thus, our findings need to be interpreted with
caution. Moreover, we assigned some adolescents to write about positive events and oth-
ers about negative events to avoid having the recollections influencing the descriptions.
The conditions, however, were not used in this study as an experimental design. Future
studies may investigate if the order in which events are retrieved has any effect on the
link between personality-narrative. In addition, future longitudinal studies might help to
affirm causal relations between variables.

Although previous findings have shown that heritability influences on character are
about the same across studies using different age groups, there are some differences
worth noting. For example, while the character scales do not show common environ-
mental influences in research among older adults (e.g., Gillespie et al. 2003), a small
common environmental influence for self-directedness and cooperativeness has been
found among young adults (20-30 years of age; e.g., Ando et al. 2004). In addition, recent
research using one of the largest population-based-twin-studies among adolescents,
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found suggestive evidence of common environmental influence for all of the character
scales (Garcia et al. 2013b; Mousavi et al. 2015). In sum, the genetic structure of charac-
ter scales in the adolescent sample shows a modest but noteworthy proportion of shared
environmental influence that is not present in adult samples. This suggest a “shift” in
type of environmental influence (i.e., shared to non-shared) from adolescence to adult-
hood with regard to character (Lester et al. 2015). Thus, it is plausible that the results
might not be replicated in samples using other age cohorts. Nevertheless, recent pro-
spective studies show increases in self-directedness and cooperativeness with age (from
20 to 45 years, Josefsson et al. 2013). Hence, we suggest that the relationship between
character traits and narratives of past events should be present even among adults.

Clinical implications

There is a well-established line of research suggesting that personality is associated to
adolescents’ well-being (e.g., Cloninger and Zohar 2011; Garcia 2011, 2012a; Nima et al.
2012, 2013a; Garcia et al. 2013a, ¢; Schiitz et al. 2013a; Magen 1996). From that point
of view, there might be important implications based on the findings presented here.
However, this is a cross-sectional study and as such, it cannot suggest that changes in
one variable (e.g., personality) might influence the other (e.g., the way adolescents
describe a life event). That being said, the study of expressing emotions through writ-
ten words demonstrates that putting emotionally upsetting experiences into words can
influence thoughts, feelings, and even physical health (Pennebaker 1997, 2011). Indi-
viduals who change perspectives (e.g., writing about their own feelings and then write
about other people’s feelings) when writing about an emotional upsetting life event for
15-20 min for 5 consecutive days are the ones who benefit the most from emotional
writing (Pennebaker 2011; Campbell and Pennebaker 2003). Thus, a person’s life story
can be “edited” by fairly simple means, such as taking other peoples’ perspective when
writing (see Wilson 2011). Together with the present findings, interventions targeting
development of taking other peoples perspectives, one feature of cooperativeness, might
lead to changes in the way individuals describe their life, at the end influencing their
well-being (see also Johansson et al. 2013, who showed that increases in agency and
cooperation are associated to improvements in depression). Nevertheless, it has been
suggested that the genetic and factor structure of character traits implies that something
quite different should be tried if one aspires to change them much (Lester et al. 2015).
Indeed, well-being interventions recently developed (e.g., well-being coaching; http://
anthropedia.org/learn-more/) require the development of self-awareness and personal-
ity of the whole human being (i.e., body, mind and soul).

“Your life is not the one you lived,

but the one you remember

and how you remember it to tell it

Gabriel Garcia Marquez.

“Me, We~

Muhammad Ali at Harvard University, 1975.
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Additional file

Additional file 1: Table S1. Reliability analysis on the TCl traits with regard to age. Figure S1 and S2. Word
frequency analyses to test if the occurrence of words in the positive and negative life events narratives, respectively,
differed from the occurrence of the same words in natural language (i.e., the Google N-gram database). Figure S3.
Analyses of cluster of words significantly overrepresented in written narratives of negative and positive life events.
Figure S4. Analyses of cluster of words significantly overrepresented in the amalgamated life events narratives in
relation to self-directedness and cooperativeness (i.e, the only two character traits associated to the amalgamated
narratives).
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