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Abstract
Advancements in language technology and applied mathematics o昀昀er a plethora of tools that can enrich
textual cultural heritage research. Using an information-theoretical approach to author pro昀椀ling, this
paper tries to leverage some of these tools to reconstruct mental states in the Early Modern Spanish au-
thor Teresa of Ávila. We shi昀琀 away from traditional static textual feature analysis and instead approach
author pro昀椀ling as a dynamic problem, requiring a representation of the author’s life history. Teresa of
Ávila was an Early Modern Spanish mystic and Carmelite nun whose authorship o昀昀ers a unique dataset
due to her proli昀椀c output and well-preserved, digitized writings. We model Teresa’s letter corpus as a
complex system with multiple states and try to track her mental and socio-cultural dynamics through
lexical co-occurrence structures and a昀昀ective valences in her letters. We 昀椀nd that Teresa’s letters re昀氀ect
a life history of state switching between contemplation and revelation. This relatively new approach
o昀昀ers a more robust and dynamic perspective on author pro昀椀ling in cultural heritage research.
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1. Introduction

Over the last decade, we have witnessed an accelerated development and democratization of
language technologies and applied mathematics that impacts a range of domains in textual cul-
tural heritage research [28]. Technologies for representation learning and generative modeling
not only allow researchers to automate systematic analysis of large collections of linguistic data
but also enable researchers to query and model those data aided by mathematical theories [12,
22, 3]. The 昀椀eld of cultural heritage research is abundant with unresolved questions and chal-
lenges that can bene昀椀t from operational research interventions, that is, applications of advanced
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mathematical methods to improve domain experts’ analytical assessment. One such area is a
text-based automatic reconstruction of an author’s psychological traits and development, of-
ten referred to as author pro昀椀ling [31]. Pro昀椀ling an author is a complex and multidimensional
problem that is typically approached as a text prediction problem, that is, given a set of static
textual features (e.g. word counts) from a collection of documents, predict the prevalent demo-
graphic traits of the documents’ author (e.g. gender, age, native language or sexual orientation).
More challenging is a developmental characterization of the author in question, which requires
a dynamic representation of the author’s life history based on textual features [27, 44]. We will
engage with this paper’s latter task, speci昀椀cally the detection and characterization of change
in the information space of Early Modern Spanish mystic and Carmelite nun Teresa of Ávila
(1515-1582), also known as Saint Teresa of Jesus, born Teresa Sànches de Capeda Dávila y Ahu-
mada. Teresa of Ávila’s authorship is particularly interesting for several reasons. First, we
have very few women authors from the period that were both highly productive and whose
writings are well-preserved and digitized. Second, Teresa of Ávila lived an unusually eventful
life, where both internal events (e.g., ecstasy, mystical raptures, and asceticism) and external
events (e.g., extensive traveling, the founding of 17 convents and numerous priories, and con-
vent con昀椀nement) had profound e昀昀ects on her thinking and behavior [9]. Third, and more
pragmatically, due to its age, Teresa of Ávila’s letter corpus is not subject to copyright, which
allows us to share data and results openly.

1.1. Teresa of Ávila and the Emotional Intensification of Early Modern
Christianity

An in昀氀uential 昀椀gure of the turbulent Catholic Reformation, the life and work of Spanish mys-
tic and renewer of the Discalced Carmelite order, Teresa of Ávila illustrates an overall, cross-
denominational emotional intensi昀椀cation, ‘subjectivation’ or ‘individualization’ of Early Mod-
ern Christianity [33]. This is not least due to the fact that she de昀琀ly drew upon and creatively
reworked the Catholic mystical tradition of ‘bridal theology’ promoting marriage as the social
model for an ideal inner religious life molded as a relationship with Jesus Christ as a spiritual
husband [39]. This inspiration led to an erotic, intimate tone in her writings, which mostly
fall under the category of self-scrutinizing religious ego-documents – the autobiography, the
confession, and the letter being the most dominant genres [39, 7, 36].

In more than one respect, Teresa’s biography is typical for a religious mystic and reformer.
One important feature is that she su昀昀ered from recurrent illnesses from an early age, and as
a result hereof, she became accustomed to social isolation. She was born into the social elite
of Spain. Her family was counted among the so-called converso – among Jews converted to
Catholicism in Spain and Portugal during the 14th and 15th centuries. Background of this na-
ture automatically made her suspect in the eyes of the Catholic o昀케cialdom. This, but more
importantly, her remarkable success as an active monastic reformer led her con昀椀nement by
the Inquisitional Tribunal of Valladolid to a Castillian convent in 1575-1579. In a time immedi-
ately following the Council of Trent (a series of meetings held in Trent between 1545-1563 for
Catholic church o昀케cials seeking to make the Catholic Church adaptive in the post-reformatory
climate) that mandated claustration for all nuns, Teresa’s active engagement in secular, ‘public’
matters might also have raised concern among the local o昀케cials. In passing, we have to add
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that Teresa’s part-taking in the social, 昀椀nancial, and institutional life of her community was by
no means unique; Elisabeth A. Lehfeldt has made the case that a line of Spanish Early Modern
nuns led an active life in the religious as well as the secular sphere [19].

TheDiscalced Carmeliteswere rooted in the Christian eremitic tradition, so self-con昀椀nement
was integral in the order’s religious practice – a circumstance driven by the wish to reach
favorable contemplative conditions. By way of a lay order, the ascetic-hermetic lifestyle was
not reserved for the monastics alone; in Late-Medieval times and throughout the Early Modern
period, it became available to the general population to an accelerating degree. In Spain, the
Carmelites and their ascetic ethos grew highly popular among the top-level of society; this is
one cultural background for the designation of Teresa as co-patron of Spain in 1618, only a few
years a昀琀er her death [20].

Though one can only speak of a ‘feminization’ of Catholic and Protestant Christianities tak-
ing hold of mainstream religious life in 19th century [48], Teresa’s work and writings forecast
this development. It did so despite the misogyny 昀氀ourishing in the (predominantly male) elites
of the Catholic (as well as of the Protestant) Reformation [45].

The work of the prominent Carmelite nun was part of a general individualization trend.
One way of approaching the subject is to view her life story as indicative of the rise of an
interest in ‘sources of the self’ within the Western-Christian, philosophical traditions. This
development entailed a distribution of a general propensity for ‘inwardness’, consisting in a
radical re昀氀exivity that allows the mind to objectify itself as a “punctual self” [42]. Another
way of framing her position in Christian traditions is by viewing her work as part of a general
dispersal of an ascetic, ‘world-denying love’ and lifestyle [4]. This was a signi昀椀cant aspect
of so-called Axial Age religiosity with a ‘miserabilist’ and anti-materialist outlook, inviting
believers to deem a given spiritual world more real than the physical, tangible one, and, further,
to conceive of life in the physical realm as de昀椀ned by pain and distress. This outlook took
hold of world religions as they developed from the centuries leading up to the Common Era’s
beginning and into the Early Medieval period. Monastic movements were the trend’s epitome,
but the ‘tragic mentality’ gradually spread among the lay populations. Ideas of life on earth
as su昀昀ering and a ranking of the inner life of the soul (closer to Heaven) over the outer life of
the body (bound to the World), became unmistakably mainstream in European, late-medieval
Christian penitence practices and pious aesthetics still vibrant into Teresa’s Early Modern era
[40].

Whichever story-line one prefers, it is incontestable that rigorous, world-denying religious
movements took root in groups among Europe’s educated classes and colonies during the Early
Modern period and that Teresa of Ávila’s life and work is highly indicative hereof – not least
when turning to the informational and a昀昀ective structures in her body of letters.

1.2. Novelty and Resonance in Teresa’s Letters

In this paper, we analyze Teresa’s letter corpus as a system of indicators of Teresa’s mental
state. The letters, in particular, are interesting because of their relatively frequent and homo-
geneous nature, both bene昀椀cial for dynamic author pro昀椀ling. For reconstruction, we use an
information-theoretical approach to event detection and characterization in noisy and complex
textual data [46, 26]. This approach takes its inspiration from the embedding theorem of chaos
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theory[34, 41, 37], which allows us to approximate the dynamics of a complex system. Rather
than measuring author traits through word counts, we approach an author as a complex sys-
tem with many states, which switch between attractors, i.e., a value or set of values toward
which variables in a dynamical system tend to evolve. Some of these attractors may be asso-
ciated with dynamics of psychological information and captured in low-dimensional indicator
variables [32, 11]. In our case, these simple indicator variables are expressed through novelty
and resonance in both the lexical co-occurrence structure and the a昀昀ective valence of Teresa’s
letter corpus.

Recent developments and applications of information theory have provided robust measures
for tracking the states and dynamics of psychological and socio-cultural systems as re昀氀ected
in textual data, [22, 3, 14, 30, 24]. One paradigmatic study applied relative entropy to study
the development of Darwin’s thinking in his cultural context [22]. Both Shannon and relative
entropy have similarly been used in studies to detect changes in the prevalent psychological
states due to the sociocultural context (e.g., state censorship, degree of recognition, religious
observation) [30, 27]. One speci昀椀c information theoretic approach applies windowed relative
entropy to dense low-dimensional text representations to generate signals that model novelty,𝒩 , a document’s reliable content-di昀昀erence from the past; transience, 𝒯 , the document’s con-
tent di昀昀erence from future documents; and persistence is modeled as information resonance,ℛ, the di昀昀erence between novelty and transience, or conceptually, the degree to which future
information conforms to a documents novelty [3, 24]. Taking a more dynamic perspective on
this approach, one study has shown that discussion boards on social media where the novelty
signal displays both short-range correlations and a particularly strong association with reso-
nance are more likely to contain trending content, [25]. Using the same approach combined
with event detection has also been shown to reliably predict major change points in historical
and contemporary data, [44, 26].

2. Methods

2.1. Data and Normalization

The corpus𝒟 contains a collection of 690 distinct writings authored by Teresa of Ávila between
the years 1546 and 1582, covering the span of the author’s age from 31 to 67 (death). This
collection encompasses diverse literary genres, such as letters, books, spiritual testimonies,
poetry, and soliloquies. All writings were translated into English by Kieran Kavanaugh.

Furthermore, corpus 𝒟 was divided into two subsets: 𝒟train and 𝒟analysis. The 昀椀rst subset,𝒟train, was used for training a topic model and includes all available texts. However, since the
texts vary considerably in length, each text was further divided into paragraphs (denoted by
a new line character). The second subset 𝒟analysis consists exclusively of letters. To obtain
a dynamic representation of the author’s life history on a timeline, letters should contain in-
formation about day, month, and year. For this reason, we removed letters lacking a month
(N=10) and assigned a random number between 1 and 28 for those without a day (about 25%
of the total number of letters).

Both subsets underwent the same preprocessing procedure, which included the following
steps: 1) removal of characters and words, including punctuation marks, numerical characters,
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high frequency and closed class words, as well as proper nouns. The removal of proper nouns
was motivated by their relatively high frequency in letters, resulting in latent variables that cre-
ate spurious correlations between documents. 2) case-folding of all characters, 3) lemmatiza-
tion. A昀琀er preprocessing, 𝒟train contains 215, 059 lemmas across 5680 paragraphs. In compar-
ison, 𝒟analysis contains 78, 118 lemmas across 2703 paragraphs, which translates to 459 unique
letters. Note that all letters were authored by Teresa of Ávila and responses were not consid-
ered.

2.2. Document Representations

To model Teresa’s associative states in the letters, we used the lexical co-occurrence structure
of documents from a Latent Dirichlet Allocation (LDA) model of the letter corpus [5]. First,
we trained an LDA model on 𝒟train using coherence sweep to optimize the representation
dimensions (i.e., the 𝑘-number of latent variables). Second, the 昀椀nal model (𝑘 = 8)1 was used
to infer the representation of each document in the𝒟analysis resulting in a document-by-latent
variable matrix 𝐷 × 𝑇 , where 𝐷 is the column of documents belonging to 𝒟analysis, 𝑇 is the
row of latent variable 𝑇 = {𝑡1, 𝑡2, 𝑡3, ⋯ , 𝑡𝑘}. Each cell 𝑖𝑗 is the probability 𝑝 of a latent variable 𝑡𝑗
occurring in a document 𝑑𝑖, 𝑝(𝑡𝑗 |𝑑𝑖). The document representations were normalized so that 𝑝
values sum to 1.

To capture indicators of Teresa’s emotional states, we utilized sentiment classi昀椀cation to
model the a昀昀ective valence of each document as a distribution over a small inventory of emo-
tions. The classi昀椀er is based on the BERTweet [35, 23] language model pre-trained on the
EmoEvent corpus [1]. Given a document, the model outputs 𝑝 scores for Ekman’s six basic
emotions (anger, disgust, fear, joy, sadness, surprise) [10] and a neutral case. First, we run
the emotion classi昀椀er on raw documents from 𝒟analysis. Second, we created a similar to LDA
document-by-latent variable matrix but with each 𝑖𝑗 representing 𝑝 of an emotion 𝑒𝑗 occurring
in 𝑑𝑖, 𝑝(𝑒𝑗 |𝑑𝑖).
2.3. Design and Analysis

The study modi昀椀ed the pipeline suggested in [29] by adding recurrence quanti昀椀cation analy-
sis: 1) Extract indicators variables (novelty and resonance) from document representations, 2)
estimate possible change points in the novelty variable, and 昀椀nally, 3) characterize the change
in resonance variable by inspecting the recurrence structure.

2.3.1. Indicator Variables

Two related information signals are extracted from temporally sorted low-rank dense vector
representations of documents: Novelty as an article 𝑠(𝑗)’s reliable di昀昀erence from past articles𝑠(𝑗−1), 𝑠(𝑗−2), … , 𝑠(𝑗−𝑤) in window 𝑤 :

1The number of topics is similarly low when using other methods, such as BERTopic [13]
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𝒩𝑤 (𝑗) = 1𝑤 𝑤∑𝑑=1 𝐽𝑆𝐷(𝑠(𝑗) ∣ 𝑠(𝑗−𝑑)) (1)

and resonance as the degree to which future articles 𝑠(𝑗+1), 𝑠(𝑗+2), … , 𝑠(𝑗+𝑤) conforms to article𝑠(𝑗)’s novelty: ℛ𝑤 (𝑗) = 𝒩𝑤 (𝑗) − 𝒯𝑤 (𝑗) (2)

where 𝒯 is the transience of 𝑠(𝑗):𝒯𝑤 (𝑗) = 1𝑤 𝑤∑𝑑=1 𝐽𝑆𝐷(𝑠(𝑗) ∣ 𝑠(𝑗+𝑑)) (3)

The novelty-resonance model was originally proposed in [3], but here we use a symmetrized
and smooth version by using the Jensen-Shannon divergence (𝐽𝑆𝐷):𝐽𝑆𝐷(𝑠(𝑗) ∣ 𝑠(𝑘)) = 12𝐷(𝑠(𝑗) ∣ 𝑀) + 12𝐷(𝑠(𝑘) ∣ 𝑀) (4)

with 𝑀 = 12 (𝑠(𝑗) + 𝑠(𝑘)) and 𝐷 is the Kullback-Leibler divergence:𝐷(𝑠(𝑗) ∣ 𝑠(𝑘)) = 𝐾∑𝑖=1 𝑠(𝑗)𝑖 × log2 𝑠(𝑗)𝑖𝑠(𝑘)𝑖 (5)

2.3.2. Change Detection

We search for multiple change points in the Novelty signal, which delimit segments with a
reliable di昀昀erence in mean. For this, we used the PELT search method proposed by [17, 43].
Given a time series 𝑦 , we aim to 昀椀nd 𝑚 change points (𝑡1, ⋯ , 𝑡𝑚), which segment the time series
into 𝑦(𝑡𝑖−1+1)∶ 𝑡𝑖 . Formally, we minimize:𝑚+1∑𝑖=1 [𝐶(𝑦(𝑡𝑖−1+1)∶ 𝑡𝑖)] + 𝛽𝑓 (𝑚) (6)

where the 昀椀rst term is the sum of cost of individual segments, measured by a cost function 𝐶(⋅).
The second term 𝛽𝑓 (𝑚) is the complexity penalty, which is included to balance the 昀椀rst term
and prevent over-昀椀tting (with higher penalty values, a higher goodness-of-昀椀t improvement is
needed to add a change point). In our application, we use the Least squared deviation (𝑐𝐿2 ) cost
function: 𝐶𝐿2(𝑦𝑎,…,𝑏) = 𝑏∑𝑡=𝑎+1 ||𝑦𝑡 − 𝑦𝑎,…,𝑏 ||22 (7)
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where 𝑦 is the mean of the sub-signal 𝑦𝑎,…,𝑏 . The found change points were also consistently
detected using di昀昀erent cost functions (we tested 𝐶𝐿1 and 𝐶𝑟𝑏𝑓 , see [43] for a review). Among
the tested cost functions, the 𝐶𝐿2 appeared to yield the most conservative segmentation of our
signal while maintaining the same penalty parameter settings.

2.3.3. Recurrence Plots

This study uses recurrence plots (RP) to characterize the change in recurrence of Teresa of
Ávila’s letters’ information dynamics. An RP represents the recurrence of an 𝑚-dimensional,
read ‘high-dimensional’, dynamical systems, that is, their phase space trajectories, in two di-
mensions. The recurrence of a state 𝑥 and times 𝑖 at a di昀昀erent time 𝑗 is represented in a 2D
squared matrix 𝑅 with dots (both axes are time axes) [webber_recurrence_2015]:𝑅𝑚,𝜖𝑖𝑖,𝑗 = Θ(𝜖𝑖− ∥ 𝑥𝑖 − 𝑥𝑗 ∥), 𝑥𝑖 ∈ ℝ𝑚, 𝑖, 𝑗 = 1…𝑁 (8)

where 𝑁 is the number of considered states 𝑥𝑖; 𝜖𝑖 is a threshold distance, ∥ ⋅ ∥ a norm, and Θ the
Heaviside function [webber_recurrence_2015]:Θ(𝑥) = {1, 𝑥 > 00, 𝑥 ≤ 0 (9)

In this speci昀椀c application, we use auto-RP such that 𝑥𝑖 = 𝑥𝑗 if 𝑖 = 𝑗.
2.3.4. Indicator Smoothing

A Gaussian kernel smoother was used for the visualization of novelty and resonance variables
to reduce noise and make oscillations more apparent. The Gaussian kernel function is:𝐾ℎ(𝑥) = 1√2𝜋ℎ2 exp (−𝑥22ℎ2 ) (10)

Where ℎ is the bandwidth set to 5 ≤ ℎ ≤ 20 to illustrate trends at multiple scales. For RPsℎ = 2 to retain su昀케cient variation for an informative visualization, observed patterns persist
quantitatively at higher bandwidths. For a Gaussian kernel smoother, the smoothed value, 𝑆(𝑥),
at each point 𝑥 , is calculated as follows:𝑆(𝑥) = ∑𝑛𝑖=1 𝐾ℎ(𝑥 − 𝑥𝑖) ⋅ 𝑦𝑖∑𝑛𝑖=1 𝐾ℎ(𝑥 − 𝑥𝑖) (11)

Where 𝑦𝑖 is the original novelty or resonance values at 𝑥𝑖.
3. Results

3.1. Temporary Confinement and State-switching

The dynamic evolution of novelty in Teresa’s letters can be observed in Fig. 1. The co-occurrence
structure (le昀琀) and the a昀昀ective valence (right) show irregular oscillations at multiple scales.
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Figure 1: Novelty signals for the letters’ co-occurrence structure (le昀琀) and a昀昀ective valence (right).
Vertical dotted lines indicate reliable change points and shaded regions signify a persistent event.

From 1570 to late 1576, the two novelty series are anti-correlated with a decrease in the produc-
tion of new associations, while Teresa’s emotional expressions are diversifying. This dynamic
mirrors a decoupling of information 昀氀ow observed during crises in social information systems
[26]. A昀琀er 1577 both series show more regular oscillations but with a higher frequency in the
change of a昀昀ective states. Teresa seems to have been switching between high and low associa-
tive states and concurrently high and low states of emotional arousal – albeit at a faster rate of
change.

Returning to the observed decoupling between change in the co-occurrence structure and
a昀昀ective valence. To further investigate the matter, we estimated possible change points using
a mean shi昀琀 model, see Fig. 1. Both series’ oscillation patterns are perturbed by a particular
event, as evidenced by two event boundaries (1576 and 1577) in the co-occurrence structure that
moves from global high to low to high (le昀琀) and one change point in a昀昀ective valence (1575)
from global low to high (right). This period (1575 to 1577) describes the beginning of Teresa’s
con昀椀nement at the Castilian convent a昀琀er several inquisitional tribunals. The tribunals date
back to 1570 and end in 1575 when the inquisitional tribunal of Valladolid assigns Domingo
Báñez to review Teresa’s autobiographical work Life2 leading to her subsequent con昀椀nement.
A low associative state characterizes the con昀椀nement, yet a progressive diversi昀椀cation in her
a昀昀ective state. A昀昀ective valence exhibits its global maximum leading up to her release. The
co-occurrence structure, conversely, 昀椀nds its global minimum during the con昀椀nement and its
global maximum at her release from con昀椀nement in 1579. Towards the end of this con昀椀nement,
Teresa establishes her more regular state-switching dynamic, which continues as she resumes
her travels in Spain.

2The Life of the Holy Mother Teresa of Jesus (La Vida de la Santa Madre Teresa de Jesús), colloquially referred to as
Life, was Teresa’s autobiography, written between 1562-64 and published posthumously.
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Figure 2: Resonance signals for the letters’ co-occurrence structure (le昀琀) and a昀昀ective valence (right).

3.2. Resonant Recurrence and a Leaky-Bucket

Multi-scale state switching seems to be the general rule for resonance both in Teresa’s co-
occurrence structure and her a昀昀ective valence; see Fig. 2. As with novelty, we 昀椀nd a higher
frequency of a昀昀ective state-switching a昀琀er Teresa’s release from con昀椀nement. The resonance
decreases during the early con昀椀nement for her associative states and increases upon her release,
but the dynamic is not robust enough to support an aforementioned crisis-driven decoupling
from novelty [26]. This can be con昀椀rmed by the observation that neither resonance dynamic
show statistically reliable change points. This is because corresponding transience increases
or decreases balance increases and decreases in both novelty signals. In the case of Teresa’s
letters, we can think of their information 昀氀ow using an analogy to the adaptive leaky bucket
mechanism [38]. The leaky bucket parameter(s) dynamically changes, letting information out
(transience) proportionally to the information that enters (novelty). The mechanism does, how-
ever, display a temporal delay, which can be observed in the oscillatory patterns of resonance.
Periods of high resonance, when new information is more likely to persist, are interspersed
with periods of low resonance, when less new information enters the system, in more or less
regular intervals. Notice that this resonance pattern seems to occur at multiple time scales and,
by extension, that the raw signal displays self-similarity over multiple time scales.

Finally, we inspect the auto-and cross-recurrence pattern in resonance for the co-occurrence
structure and a昀昀ective valence. Recurrence plots provide a descriptive technique to explore
further the regularity of the observable oscillations in resonance (i.e., the state switching). Fig
3 is included for comparison and shows the recurrence patterns of two well-known signals:
A) white noise and (C) a sinusoid at a given frequency. We observe a 昀椀ne scale pattern in the
sinusoid, while the white noise signal displays no apparent 昀椀ne patterns. In the middle (B), we
observe the recurrence pattern of resonance for the letters’ co-occurrence structure. Notice
how the maximum in the associative resonance series around Teresa’s release in 1579 breaks
the recurrence pattern.
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Figure 3: Illustration of the resonance recurrence of the letters’ co-occurrence structure when com-
pared to recurrences observed in white noise and a sinusoid signal. From le昀琀 to right: (a) White noise
signal, (b) resonance signal, (c) a sinusoid signal.

Figure 4: From le昀琀 to right: (a) resonance recurrence for the letters’ co-occurrence structure, (b) recur-
rence of resonance based on a昀昀ective valence.

The same pattern can be observed in Fig. 4 A, but compared to a昀昀ective valence in B. Both
A and B show a lacy pattern of recurrence, where resonance state-switching, a resonance land-
scape where minima and maxima are interchanging, is repeated persistently throughout the
letter corpus at more or less regular intervals. From B, it can also be observed that in the
latter part of the letters, Teresa increases the frequency and amplitude of the a昀昀ective states,
indicating more pronounced and well-demarcated states.

In summary, we 昀椀rst observe state-switching in novelty and resonance indicator variables
in the letter’s co-occurrence structure and a昀昀ective valence from 1570 to 1582. A昀琀er 1578-
79 state-switching increased in frequency for a昀昀ective valence. Second, information 昀氀ow, as
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measured by resonance, in the letter corpus is comparable to an adaptive leaky bucket with a
time delay. Third, one particular event seems to perturb novelty, Teresa’s con昀椀nement in 1575
and subsequent release in 1579. Formost of the period, Teresa’s associative state, as modeled on
the letter’s co-occurrence structure, decreased and returned to an all-time high upon her release.
Conversely, Teresa’s a昀昀ective state, as modeled on the letter’s a昀昀ective valence, diversi昀椀ed
throughout the con昀椀nement. Fourth, we 昀椀nd an associative and a昀昀ective state decoupling
during her imprisonment, especially in the early half.

4. Discussion

Teresa’s letter corpus embodies a bistable author pro昀椀le, as evidenced by the co-occurrence
structure and a昀昀ective valence. Indicator variables estimated on these text properties identify
a switching dynamic between two attractor states in both associative and a昀昀ective states. This
switching dynamic is nicely mirrored in Teresa’s paradoxical historical pro昀椀le: As a nun and
mystic, she practiced the Axial Age ascetic ideal through self-re昀氀ection, seclusion, and careful
monitoring of internal states; but as a religious reformer, she promoted that very same emphasis
on the private, inner-worldly experience as the ideal spiritual mode. From a certain perspec-
tive, Teresa’s life and work here forecast 20th-century feminist theory’s challenge to the pub-
lic/private dichotomy [2]. The comparison to 20th-century feminist theory is not haphazard:
though the public/private dichotomy was only (fully) articulated throughout the 19th century
[15], and the application of the pair to an Early Modern context is anachronistic, the tension be-
tween the passive, en-cloistered, inner, spiritual (‘private’) life associated with women and the
female experience, on the one hand, and the active, out-going, secular life associated with the
male experience, so dominant in the Victorian period [8], was prevalent in the Early Modern
period [47]. Teresa foreshadowed a strategy to ease the tension between the poles that came
to 昀氀ourish in the 19th century – a strategy o昀琀en over-looked in 20th-century feminist theory:
she used a religious platform to expand an inwardly de昀椀ned agenda to encompass the outer
world [6].

4.1. Contemplation and Revelation

The most striking 昀椀nding is Teresa’s switching between high and low information resonance
states. In the 昀椀rst, she develops and diversi昀椀es ideas and emotions that resonate throughout her
letters; in the second, she is in (self-)con昀椀nement and focuses on her inner life. In a terminology
imported fromCatholic/Christian discourse, we suggest that this pendulous alternation re昀氀ects
states of revelation with high resonance and contemplation with low resonance; insight and
rumination would be non-religious alternatives.

Following the Early Modern logic of and concern for ‘sources of the self’ [42], we notice how
her state switching becomes more regular with time; this behavior will likely re昀氀ect the self-
calibration or ‘professionalization’ of a mystic training herself through contemplative practices
[21]. Especially her increased frequency of a昀昀ective state switching seems similar to a昀昀ective
self-calibration seen in other mystical and ascetic practices [6]. In author pro昀椀ling the self-
similarity of information states, as exhibited by Teresa’s letter corpus, has been linked to the
burstiness of creative and inspirational states [27]. Returning to the leaky bucket metaphor of
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the letter’s information 昀氀ow: when Teresa is in a state of revelation, bursts of new information
are smoothed to keep a steady 昀氀ow of states from revelation to contemplation regardless of
the sometimes erratic information burstiness from external events (e.g. churchly sanctions) or
internal events (e.g. mystical raptures).

4.2. Confinement and Self-monitoring

Teresa’s life history was characterized by con昀椀nement in more than one sense. She was con-
昀椀ned to the Castilian convent a昀琀er several inquisitional tribunals deemed it necessary, but
self-con昀椀nement was also part of her monastic order, i.e., the Carmelites, ascetic practices as
re昀氀ected in the cycles of contemplation and revelation. In addition, the Council of Trent’s
mandate for the claustration of nuns in 1563 was a part of the o昀케cial religious backdrop of
her day. And externally driven con昀椀nement (i.e., con昀椀nement on the initiative of the churchly
o昀케cialdom) did impact her. In her letter, it translates into the information dynamics; we 昀椀nd
a disproportionate decrease in the variation of associative states that lasted until her release
but also an increased heterogeneity of her a昀昀ective states. A possible interpretation is that
while the forced convent con昀椀nement somewhat muted Teresa’s revelatory experiences, it in-
troduced a situation of spiritual urgency that ampli昀椀ed her awareness of 昀氀uctuations in her
emotions and spiritual states. Spiritual exercises of self-evaluation inducing heightened reli-
gious self-awareness were in fashion in 16th-century Catholicism. The epitome of the trend
was the manual Exercitia spiritualia or Spiritual Exercises published in 1548 and written by the
Spanish priest and theologian Ignatius of Loyola (1491-1556), who founded the religious or-
der Societas Iesu, the Society of Jesus better known as The Jesuits. They grew instrumental in
the Catholic Church’s response to the challenges posed in the post-Reformation period. The
main point here is that, in her spiritual ‘self-absorption,’ Teresa followed amainstreamCatholic
tendency.

4.3. Limitations

From a methodological perspective, the analysis of Teresa’s letter corpus provides a detailed
example of how attention to the dynamic properties of single-author corpora can provide a han-
dle on the underlying data-generating mechanisms of historical persons. To fully understand
Teresa of Ávila, we would ideally have to monitor all intrinsic variables related to her psycho-
logical states and traits. This strategy, however, is clearly not possible for historical persons
that are dead, but even for the living, it is not feasible; instead, we have reconstructed a limited
set of scalar time series that capture critical states of Teresa’s life history. These time series
are, however, indicator variables that describe the state of the system, with temperature being
the paradigmatic example. A limitation is that they do not allow for direct causal inference.

Another limitation of the current study is the reliance on English translations of Teresa’s
Spanish writings. While this choice was partly taken out of convenience due to data and tool
availability, authoritative studies of Teresa use this data set [45]. In addition, we have conducted
additional analysis to ensure that trends and artifacts that could originate in the translation
process are not present, see Appendix A.

Finally, we know that “the map is not the territory,” [18] and when mapping out the infor-
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mational and a昀昀ective 昀氀ow in Teresa’s letters, we do not assume any straightforward corre-
spondence to her underlying mental states. The letters are ego documents ripe with rhetori-
cal concerns and ‘political’ agendas, blurring their status as sources to her mental state. But
(functional) maps do, nevertheless, retain certain relevant properties of the territory it seeks
to represent. Here we trust that the proof of the pudding is in the eating – that our 昀椀ndings
prove convincing.
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Appendix: A

Translation artifacts and descriptive statistics of the letter corpus
We calculated a range of readability metrics on the letter corpus. Namely, Flesch reading ease, which
ranges from 0 (most di昀케cult to read) to 100 (easiest to read). Scores are based on the average number of
words per sentence and the average number of syllables per word in a document, which are the other two
metrics plotted in Figure A1. Themetrics were calculated automatically [16] from raw texts and so relied
on accurate English tokenization. The model utilized for this task was spaCy’s en_core_web_lg 3.6.0
3.

If the reading ease of either Teresa’s original letters, or their English translations increases or de-
creases over time, one would expect the readability scores to be auto-correlated (indicated by a linear
pattern, when a variable is plotted against a lagged version of itself). The points in our lag plots (Fig-
ure A1) do not seem to form a linear pattern at lag=1. Based solely on a visual examination of the plot,
it appears that there is no discernible trend (strong increase or decrease over time) pertaining to letter
readability.

Figure A1: Lag plot of selected text statistics (on the x-axis are values at time 𝑡 , while on the y-axis
are values at the following time point, 𝑡 + 1). Text statistics are, from le昀琀 to right: WPS, the average
number of words per sentence across a document, SPT, the average number of syllables per token across
a document, and FRE, Flesch reading ease. Calculated on raw texts. See also Figure A3 for densities.

Mean shi昀琀 in Novelty during Teresa of Avila’s confinement
As an additional illustration of the change point detection results we reported in Figure 1, we plot proba-
bility distribution densities of the indicator variables (in Figure A2). This comparison entails examining
the distributions of indicator variables for letters located within the mean shi昀琀 segment (between the
two identi昀椀ed change points in CoS novelty) and contrasting them with the remaining scores. For res-
onance, the density is highest around 0, both for letters inside and outside of the mean shi昀琀 segment
(see the oscillation pattern in Figure 2). On the other hand, the averages of novelty and transience seem
lower during the mean shi昀琀 segment. Note that this visualization illustrates the predictions of a change
point detection model, and it should not be interpreted as a signi昀椀cance test.

3https://spacy.io/models/en/#en_core_web_lg
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Figure A2: Densities of novelty, transience, and resonance scores based on co-occurrence structure in
text. Mean shi昀琀=1 indicates data points falling into the intermediate segment between the two found
change points (highlighted in orange in Figure 1, N=96). Mean shi昀琀=0 corresponds to the remaining
data points (N=323).

As a sanity check of the reliability of the reported mean shi昀琀 segment, Figure A3 compares the den-
sities of readability scores. The densities do not seem to di昀昀er very much, having a similar mode and
median for all metrics inside or outside of the mean shi昀琀 segment. The exception to this are the outliers
falling inside the mean shi昀琀 segment. There seem to be a few hard-to-read letters (based on FRE), likely
due to containing long sentences (contrast the long tails of the mean shi昀琀=1 distribution in the WPS
and FRE subplots).

Figure A3: Densities of readability scores, from le昀琀 to right: WPS, the average number of words per
sentence across a document, SPT, the average number of syllables per token across a document, and
FRE, Flesch reading ease. Calculated on raw texts. Box plots inside the violins indicate quartiles.
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