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The current study presents an exploratory analysis of using Recurrence Quantification

Analysis (RQA) to analyze text data from an Expressive Writing Intervention (EWI) for

Danish women treated for Breast Cancer. The analyses are based on the analysis of

essays from a subsample with the average age 54.6 years (SD = 9.0), who completed

questionnaires for cancer-related distress (IES) and depression symptoms (BDI-SF ). The

results show a significant association between an increase in recurrent patterns of text

structure from first to last writing session and a decrease in cancer-related distress

at 3 months post-intervention. Furthermore, the change in structure from first to last

essay displayed a moderate, but significant correlation with change in cancer-related

distress from baseline to 9 months post-intervention. The results suggest that changes

in recurrence patterns of text structure might be an indicator of cognitive restructuring

that leads to amelioration of cancer-specific distress.

Keywords: expressive writing intervention, text structure, recurrence quantification analysis, cognitive

restructuring, narrative

INTRODUCTION

Expressive writing interventions (EWI) have long been viewed as a potentially effective means to
reduce the negative psychological and physical consequences of stressful or traumatic experiences
for individuals interested in a largely self-help approach, with relatively low cost, and relatively little
involvement of professionals [1]. EWI is considered to be a psychological/behavioral intervention
since it entails having participants write essays on a given topic, encouraging them to express,
and reflect upon their thoughts and emotions, which may not previously have been shared with
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others [2]. EWI has been widely investigated as a possible
intervention to help individuals who have experienced a variety
of stressful or traumatic experiences, notably including the
diagnosis and treatment of cancer [3–6]. Results in this literature
have been mixed, however, leading to calls for greater research
attention to how and for whom EWI is efficacious [5, 7].

Both self-reports and ratings by judges regarding the content
of the expressive writing have pointed toward the importance
of cognitive change in the form of restructuring, understanding
or a construction of a coherent narrative. Firstly, participants
writing about upheavals displayed a greater amount of cognitive
change,measured by ratings of understanding of the problem and
alternative explanations for it [8, 9]. The presence of cognitive
change was furthermore displayed in self-reports [10] and raters
found a progressive construction of a narrative throughout
the writings for the participants improving in physical health
[11]. Furthermore, raters reported a difference in organization,
acceptance and optimism over time between the texts of those
who improved in physical health vs. those who did not improve,
with the improvers increasing in these dimensions [12]. Together
these findings suggest that an effective intervention consists
in the creation of a coherent narrative, rather than the mere
pre-existence of one [12]. Hence, it seems that changes in
the narrative structure of the text are indicative of cognitive
restructuring processes, which might have been stimulated
through EWI, and can lead to beneficial effects.

A major methodological impediment to research exploring
relationships between the benefits of EWI and changes in the
content of the writing has been the time demand of the manual
coding process. To address this problem, Pennebaker et al.
developed an automatized quantification application termed
the Linguistic Inquiry and Word Count (LIWC) [12–15]. This
application can analyze texts on a word-by-word basis and is
able to recognize almost 4,500 words and word stems, whereby
content-driven predictors for later physical and psychological
adjustment can be derived. One major problem with this and
other similar tools (e.g., LSA-based quantification; [16]) however,
is that they mainly quantify elemental semantic aspects of the
texts, which do not necessarily capture large-scale changes of text
structure that are related to narrative cohesion as outlined above.
A more practical problem is the language-dependence of such
tools. While LIWC exist for languages with many users, such as
English [14] or German [17], this is not the case for languages
with fewer users, such as Danish.

The aim of the present study is to investigate the potential
utility of Recurrence Quantification Analysis (RQA) to address
the limitations of LIWC for investigation of the relationships
between the benefits of EWI and changes in the content of the
writing, by providing a simple, language-free analysis of the
degree of text structure that can be interpreted as reflecting
narrative coherence. RQA quantifies the temporal correlations
in groups of letters within text samples, without any need for
prior training or a corpus base. These temporal correlations are
argued to constitute fundamental relations within text data [18],
revealing information about the process creating them.

RQA is a type of non-linear-correlation technique that can
be applied in the study of temporal correlation within time

series data, as well as sequential correlations within nominal
data sets, such as texts [19, 20]. The core concept of RQA is
examination of recurrence (i.e., patterns that repeat over time).
Recurrences are caused by a movement in data of periodically
returning to identical or similar states, and are commonly
observed within data from a wide range of phenomena, including
the basic sciences (e.g., chemistry), life sciences (e.g., biology)
earth sciences (e.g., geology), as well as economics and business.
For example, recurrences are seen in the form of protein folding
[21, 22], in heart rate [23, 24], skin conduction [25], joint
physiological arousal [26, 27], in brain activity [28, 29], in
earthquakes [30, 31], in lake eutrophication [32], and in stock
market exchanges [33]. The method’s flexibility resides in the fact
that it makes no assumptions about the mathematical structure,
its stationarity or even origin of the data [18, 34, 35], making
it robust against outliers and misapplications [34]. The method
thus provides a means to study non-stationary, non-linear and
relatively short data series [36].

To our knowledge, only Orsucci et al. [18, 37, 38] have
applied RQA for the purpose of text analysis, when it comes to
the letter level (for a review of RQA applied to language and
conversation see [39]). Orsucci et al. [18, 38] conducted a study
of 18 texts (i.e., speech samples and poems) across 3 languages
(Italian, Swedish, and English) and found a linear relationship
(r = 0.87, p < 0.001) between repetition in letters and overall
text structure (i.e., whether these are part of a longer sequence of
repeated letters, also termed %determinism). Furthermore, they
discovered that simple repetitions in letter (termed %recurrence)
can be spread across a wide array of values, depending on the
genre (e.g., poem, vs. speech samples) and content (e.g., topic)
of the text [18]. In other words, this first explorative study
found that there exist certain patterns of structure in text across
languages that are quantifiable and applicable in the study of
language-associated variables.

The objective of the study reported in the present article
is to explore if symptom improvements following an EWI for
women undergoing treatment for breast cancer [40] can be
predicted by RQA—and how such findings can be interpreted.
Only participants from the intervention group in the original
study were included in the analysis, since the intervention did
not yield significant main effect on symptoms compared to the
control group [40]. The sample of individuals that is included
in the present analysis was selected based on their symptom
variation, in order to test whether RQA can be utilized to detect
any related variations within text structure. If RQA parameters
predict symptom improvement following an EWI, this would
provide some encouragement for the utility of the method in the
context of EWIs.

MATERIALS AND METHODS

Participants
The cohort investigated has been previously described [40].
Briefly, all women were treated surgically within 3 weeks of
their diagnosis (mastectomy or lumpectomy) for invasive breast
cancer, stage I or II between March and September 2006.
The eligible patients were contacted by mail 8 to 12 weeks
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after surgery, or 4 weeks after completion of chemotherapy
and/or radiation therapy [40]. From this initial population,
507 eligible participants responded. The responding participants
were randomized into an intervention group with three
writing sessions (N = 253) and a control group (N = 254)
using a computerized stratified sampling method with four
mutually exclusive strata reflecting the four standard adjuvant
cancer treatment protocols (chemotherapy, radiotherapy, both,
or none).

From the 253 participants in the intervention group, a
selection procedure from Pennebaker [12] was approximated,
resulting in a subsample of 55 participants representing those
whose symptoms improved most or least following the EWI.
Furthermore, this re-analysis of a subsample was chosen due to
the time-consuming work of digitizing the handwritten essays, in
our case (3× 55) 165 essays with an average length of 347.9 words
(SD = 132.3 words). Of the 55 participants, 22 wrote about their
breast cancer diagnosis, while 28 wrote about other traumatic
experiences such as physical abuse, death of a family member,
and divorce (5 participants was missing a topic registration).
The selection of the subsample was performed on basis of the
two main outcomes in Jensen-Johansen et al. [40], the two
symptoms variables: selecting the 15 women showing the largest
improvement in depressive symptoms (BDI-SF) and the 15 women
showing the least improvement (incl. worsening) in depressive
symptoms from baseline to 3 months follow-up. Likewise, the
15 women showing the largest improvement in cancer-related
distress (IES) and the 15 women showing the least improvement
(incl. worsening) in cancer-related distress from baseline to 3
months follow-up were selected. This subsample was selected
based on simple subtracting of baseline and 3 months follow-up
symptom level. Due an overlap in symptoms change of 5 patients
between the samples (e.g., highest improver in both depression
and cancer-related distress), sample size did not amount to 60
but 55 individual participants. Furthermore, two participants had
not reported any scores for cancer-related distress, resulting in 53
participants in the analyses of this symptom variable.

Procedure
The EWI group was asked to write about a traumatic
or distressing event, according to the procedure described
by Pennebaker and Beall [2]. Within this framework, the
participants were encouraged to write freely about the cancer or
any other traumatic experience. An excerpt of the instructions are
provided below:

“We will ask you to write about the most traumatic, or the most

stressful experience in your life. In your writing, we will ask you to

explore your deepest emotions and feelings. It is important that you

seek deep (. . . ) Ideally we would like you to write about the parts of

your experience you may have found difficult to share with others

(. . . )” ([41], p. 16)

The participants were instructed not to focus on spelling and
grammar. Both groups were instructed to write three 20min
writing exercises, 1 week apart, for 3 weeks. Writing took place
at home according to previously applied procedures of Zakowski

et al. [42] and was facilitated by research assistants calling to
initiate and terminate the writing, and to perform amanipulation
check. The manipulation check consisted of a short pre- and
post-rating on the Profile of Mood State questionnaire (POMS;
[43]). This was implemented due to an established finding of a
temporary peak in negative mood immediately after EWI [44].
Post-intervention questionnaires were mailed to the participants
at 3 and 9 months.

Questionnaires
Cancer-related distress was measured by the Impact of Event
Scale (IES; [45]). This questionnaire assesses the amount of
intrusive and avoidant symptoms related to the cancer diagnosis
and treatment during the last 7 days.

Depressive symptoms were measured by the short form of
Becks Depressive Inventory (BDI-SF; [46, 47]).

Transcription and Analysis of Expressive
Writings
The original documents were hand-written and, thus, had to be
digitalized. In this process, all grammatical and spelling mistakes
were preserved as the original writings, as well as corrected in
a second edition. However, no differences were found in the
outcome, leaving us reporting the calculations on the uncorrected
essays. Punctuation marks as well as signs were omitted for
simplicity reasons, but spaces were left in, due to the information
they contribute in their function of delimiting and therefore
defining word boundaries.

Within a toolbox for Matlab R2015b (the CRP toolbox;
[48]), the method of RQA was applied to quantify the
recurrence variables of all 3× 55 essays. This code automatically
calculates all 7 standardized RQA-variables. However, relying
on the methods applied in Orsucci et al. [18], we focus our
analysis on the variables of %recurrence and %determinism (see
description below).

Parameters for the analysis were likewise chosen based on
Orsucci et al. [18], applying a delay of 1 (delaying each essay
one letter at a time and checking for recurrences with itself) and
an embedding dimension of 3. Thus, we analyzed how triplets
of letters recurred in the EWI texts. In this manner, a higher
resolution was obtained because all tenses of a word can be
included and counted as a recurrent word, compared to choosing
a higher dimensionality (e.g., 4 or 5 letter units). Reversely,
choosing a dimension of 2 (i.e., 2 letter units), might have resulted
in an outcome that is almost impossible to interpret, due to the
many arbitrary recurrences of two letter strings in language.

The core tool of RQA is the recurrence plot (RP), originally
developed by Eckmann et al. [49]. The RP is a similarity matrix
indicating the existence of similarity between all specified aspects
of the data. This matrix is structured in the same manner as
a correlational matrix, charting similarities within a sequence.
Importantly, the RP is not just a visualization tool of correlation
patterns in a sequence, but further allows for quantifying those
correlations. In the present study, the amount of recurrence was
measured within each written essay by intra-textual comparison
of the letter-series of each essay through the method of applied
delays; continuously delaying the letter-series with one letter,
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FIGURE 1 | Graphical model of a recurrence plot illustrating the procedure of investigating recurrence in a string of letters. An identical string of letters is presented on

the x- and y-axis of the plot and any recurrent letters are marked by a black dot in the plot. In this fashion, the plot will end up as a visual pattern of all recurrent letters

throughout the text. To the right are formulas for quantifications of the recurrence plot. First variable %recurrence, quantifies the amount of recurrence present, in

regard to the overall possible recurrences (only the lower triangle is counted in, as the upper triangle is a mirror image of this one). %Determinism informs about the

amount of structure, given that it measures the amount of dots (recurrences) that are placed on a line, implying letters that are part of longer repeating sections of text.

marking all instances of identical letters. With this procedure, all
possible recurrences within each text was identified and marked
with a black dot on a recurrence plot (see Figure 1 below for
an illustrative example of the recurrence plot). In the recurrence
plot, the development of time is presented along the diagonal,
with the main diagonal representing the fact that the time-
series without delays will always recur 100 percent with itself.
Further, the two triangles on each side of the main diagonal
are identical and, thus, present the same information twice.
Lastly, due to the applied delay for every round of comparison,
the parallel lines to the diagonal represent longer sequences of
recurrent letters within each essay, i.e., entire words or even parts
of sentences that are recurring between two different times in
the text.

Webber and Zbilut [35] developed a way to quantify the
recurrences and hereby enabled the step from visualization
to quantification, i.e., to derive statistics of the recurrent
behavior. The quantification furthermore enables the possibility
for the outcome of this non-linear analysis method to be
available to further conventional statistical analyses. The most
common quantification variables are %recurrence, describing
the relative amount of recurrence present in the plot of
all possible recurrences (see Figure 1), and %determinism
describing the percentage of recurrence points that are part of
diagonal lines.

To understand the measurement variable of %determinism,
we need to specify what this means in a textual context.
In the reference study by Orsucci et al. [18, 38], the RQA
parameters were set to measure 3 letter unit sizes of text,
quantifying the repetition of 3 letter units anywhere in the

text. By further applying %determinism the study identified an
extension of this phenomena, measuring consecutive repetition
of these 3 letter units, and additionally indicating parts of longer
words, complete words or even parts of longer sections of text,
which were repeated within the given text. Orsucci et al. [18]
reported that %recurrence (repetition of 3 letter units) can vary
dependent on the type of text quantified, whereas the linear
relationship to %determinism, indicates that increasing this type
of “simple” repetition will further be reflected in an increase
of longer sequences of repeated text (% determinism). Longer
sequences will most likely consist of parts of or even complete
sentences, further indicating that an increase in “simple” 3
letter unit repetitions are not random, but embedded within
a larger meaningful body of a syntactic structure or narrative.
For an overview over parameter estimation and application of
recurrence quantification analysis, see Wallot [50].

Statistics
A series of repeated ANOVAs were run with the RQA-variables
for the three written EWI essays, and two independent grouping
variables of: (1) Direction of change in depressive symptoms (BDI-
SF) scores from baseline to 3months follow-up, and (2) Direction
of change in cancer-related distress (IES) scores from baseline to
3 months follow-up. Further, in order to test any possible long-
term predictability of development in text structure, correlations
between change scores of %recurrence and %determinism from
writing session 1 to 3, and symptoms change at 9 months post
intervention were investigated. Lastly, we investigated whether
the linear relationship between the two RQA-variables found in
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TABLE 1 | Depressive symptoms and cancer-related distress at baseline for the

intervention group of the cohort (N = 273), the subpopulation (BDI: N = 55, IES: N

= 53), and improvers (BDI: N = 29; IES: N = 30) and non-improvers (BDI: N = 26,

IES: N = 23).

Depressive

symptoms

Cohort (EWI) Subpopulation IMPR.

subgroup

Non-IMPR.

subgroup

Baseline BDI-SF,

M (SD)

4.6 (4.1) 7.1 (5.7) 9.7 (6.5) 4.2 (2.3)

3 months BDI-SF,

M (SD)

4.0 (4.1) 6.6 (5.7) 4.9 (6.2) 8.5 (4.6)

9 months BDI-SF,

M (SD)

4.2 (4.3) 5.7 (5.9) 5.7 (6.8) 5.6 (4.9)

Cancer-related distress

Baseline IES-C, M

(SD)

17.6 (14.5) 22.7 (16.3) 29.0 (14.6) 14.6 (14.8)

3 months IES-C,

M (SD)

15.6 (13.6) 19.1 (15.8) 12.9 (11.3) 28.8 (16.2)

9 months IES-C,

M (SD)

15.6 (13.7) 17.0 (12.7) 16.4 (11.6) 19.3 (13.6)

BDI-SF (13 items) values range from 0 to 39 with higher values indicating more depressive

symptoms and IES (15 items) from 0 to 75 (with a graded score of 0, 1, 3, and 5 on each

items), likewise with higher scores indicating more symptoms of intrusion and avoidance.

Orsucci et al. [18] were present in the two samples of improvers
and non-improvers in psychological symptoms.

Note that our data analysis is performed on an extreme-
group-contrast (i.e., between participants that show most and
least improvement in symptoms). Extreme-group-contrasts such
as ours are based on a pre-selection of participants using prior
information about the sample, which can lead to an inflation of
the type-I error rate (e.g., [51]). For the current study, however,
we deem this procedure acceptable, because we do not present
tests of hypothesis or theory, but our research questions are
rather exploratory in nature. The goals are to assess if RQA
can possibly be applied as text analysis tool in the context
of EWI interventions, and how the results of such analyses
can be interpreted. Moreover, this procedure is in line with
the general practice of accepting higher type-I error rates for
exploratory research.

RESULTS

Symptoms Statistics
With regards to depressive symptom improvement, our analysis
showed that the sample included in the present study had
a slightly higher symptom score at baseline compared to the
cohort, mainly driven by the subgroup improving in symptoms,
whereas the non-improvers were fairly close to the level of the
EWI-arm of the cohort (see Table 1 below). This difference
between improvers and non-improvers in baseline depressive
symptoms was highly significant [t(35.253) = 4.254, p = 0.000].
Furthermore, they showed a significantly different development
in symptoms across time [F(2,106) = 45.792, p = 0.000]. Lastly,
it should be noted that all 4 samples had a BDI-symptom
level at baseline that was either minimal (0–4) or mild (5–
7), with only the improvers reaching a score of moderate
symptoms (8–15).

Concerning cancer-related distress at baseline, the symptom
score for the subpopulation is slightly higher than for the EWI-
group of the cohort. There is a significant difference in baseline
symptoms of cancer-related distress [t(51) = 3.543, p = 0.001]
between the improvers and non-improvers. Furthermore, the
development in symptoms across from baseline to 9 months
follow-up was also highly significant across the two groups
(F(2,102) = 49.430, p= 0.000).

Differences in Development of Structure
Between Groups
To create an impression of the development in text structure
that may be observed for a specific participant, Figure 2 below
display a distance plots (a color-saturated form of a recurrence
plot) of essay 1 and 3 for a participant in the improvers group
of symptoms.

Interpreting plot a, it can be observed that the distribution
of recurrence dots display a pattern almost resembling a chess
board, with white laces crossing the plot in both directions of
it (see gray arrows). These white laces or stripes are indicative
of periods where the distance to the next recurrence point is
relatively far, implying that these are periods of low redundancy
or in other words, a high degrees of change in data. Opposite this,
plot b presents slightly more saturated with red color and with
less white laces, in total indicating higher redundancy.

To investigate the assumption that any improvement in
symptoms are related to change in text structure, we performed
4 repeated ANOVAs with symptom change at 3 months follow
up as the independent variable, and both %determinism or
%recurrence as the dependent variables (see Table 2 below).

Depressive Symptoms
For depressive symptoms (BDI-SF), two repeated ANOVAs were
performed showing no significant differences in the development
of %recurrence and %determinism between the improvers and
non-improvers in depressive symptoms.

Cancer-Related Distress
The same analyses were performed for cancer-related distress
(IES), with %recurrence and %determinism as the dependent
variables. Again, the development of %recurrrence did not
significantly differ for the improvers and non-improvers of
cancer-related distress, while %determinism reached amarginally
significant effect (p= 0.059) (see Figure 3 below).

Independent t-tests showed that this result was due to the
increase in %determinism from essay 1 to 3 [t(51) = 2.296, p =

0.026), representing a medium effect (d = 0.636) (see Figure 4

below). It is however important to notice that the 95% confidence
intervals are slightly overlapping.

Correlation Between Change in RQA
Measures of Text Structure and Symptom
Change at 3 and 9 Months
To investigate whether the text structure was associated with
symptom change at 9 months follow-up, Pearson correlations
were investigated between change scores for %recurrence and
%determinism from essay 1 to 3 and change scores of depressive
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FIGURE 2 | Distance Plots from participant improving her text structure from essay 1 to 3. (A) Essay from writing session 1, and (B) Essay from writing session 3.

Distance plots are a related to the conventional recurrence plot, but can be more informative in cases where the recurrence rate is relatively low, as it is in case of our

transcribed texts (for examples of a recurrence plot of an expressive essay, see Appendix). In distance plots the black dots of recurrences are exchanged with a color

indicating the distance to the next recurrence point, indicated by the color bar at the bottom of the plot, with red indicating low distance and white, and blue indicating

longer distances. This creates a plot fully saturated in color and is therefore more intuitively “read”.

symptoms and cancer-related distress, from baseline to 9 months
follow-up. The chosen change scores of text structure (from essay
1 to 3) are guided by the findings in Pennebaker [12] and the
findings in abovementioned ANOVAs.

A correlation analysis (see Table 3 below) showed no
significant correlation between change in %determinism and
change in depressive symptoms from baseline to 9 months
follow-up. The change scores of %determinism from essay
1 to 3 however showed a significant correlation of r =

−0.372 with change in cancer-related distress from baseline to 9
months follow-up.

Correlation Between RQA Measures of
Improvers and Non-improvers
Given that the linear relationship between text structure variables
indicate some form of “natural” or “normal” relationship (i.e.,
correlation of r = 0.87 found in [18]), it would be interesting
to test whether this relationship may perform as a predictor
of psychological symptoms. To explore how this relationship
between the two RQA-variables changes throughout the
writings of both improvers and non-improvers in psychological

symptoms, we investigated the correlation coefficients between
the two variables for both groups (see Table 4 below).

As can be observed in Table 4more associations are observed
between %recurrence and %determinism for the improvers in
both symptom groups. In both improver groups, significant
positive correlations are observed within each essay and between
the two RQA-variables across essays. However, the correlation
strengths differ across the two symptom groups, with increases in
strength across essays for the improvers in cancer-related distress.
This is observed within essay from first to third, but also between
%recurrence in essay 1 and %determinism in essay 1, 2, and 3.
Similarly, improvers in depressive symptoms show significant
correlations for similar associations, that is within every essay,
and oppositely between %determinism 1 and %recurrence in
essay 1, 2, and 3. In conclusion, the findings suggest that
both improver groups display the expected associations between
%recurrence and %determinism, indicating that the more short
repetitions in the texts are positively associated with the presence
of longer sequences of repetitions in the same text.

Lastly, non-improvers in both symptom groups display
a significant correlation within essay 1, but no further
significant associations. This overall relationship between simple
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TABLE 2 | RQA-variables for essay 1, 2, and 3 and related repeated ANOVA tests.

Impr. BDI-SF

(N = 29)

Non-impr.

BDI-SF

(N = 26)

Impr. IES

(N = 30)

Non-impr.

IES

(N = 23)

%Recurrence M (SD) M (SD) M (SD) M (SD)

Essay 1 0.00294

(0.00045)

0.00297

(0.00037)

0.00292

(0.00041)

0.00299

(0.00041)

Essay 2 0.00313

(0.00046)

0.00323

(0.00052)

0.00313

(0.00053)

0.00323

(0.00045)

Essay 3 0.00329

(0.00058)

0.00340

(0.00059)

0.00033

(0.00059)

0.00340

(0.00059)

Group, F 0.213 0.072

p 0.809 0.931

η2 0.004 0.001

%Determinism

Essay 1 0.59275

(0.04632)

0.61260

(0.06518)

0.59465

(0.05216)

0.61157

(0.06339)

Essay 2 0.60066

(0.06627)

0.60030

(0.05860)

0.60286

(0.06742)

0.60099

(0.05742)

Essay 3 0.59996

(0.05595)

0.60331

(0.05462)

0.61187

(0.05749)

0.58522

(0.04998)

Group, F 0.719 2.917

p 0.489 0.059

η2 0.013 0.054

Bold values indicate significant correlation coefficients at alpha ≤ 0.05.

FIGURE 3 | Graph of development in %determinism across the EWI for

improvers and non-improvers in cancer-related distress at 3 months follow up.

(%recurrence) and longer repetitive sequences (%determinism)
therefore seems to be violated for non-improvers, leading to texts
with high amounts of repeated 3 letter sequences, distributed in
a less deterministic manner, implying less coherence or structure
in the repetitions.

DISCUSSION

The study showed that change in %determinism from essay 1
to 3 was related to improvement in cancer-related distress at

FIGURE 4 | Change in %determinism from essay 1 to 3 for improver and

non-improvers in cancer-related distress at 3 months follow up.

TABLE 3 | Correlation between change scores of RQA-variables from first to third

writing session and change scores of psychological symptoms from baseline to 9

months post-intervention.

BDI

Baseline− 9 months

IES

Baseline− 9 months

REC

1−3 Change

DET

1−3 Change

BDI

Baseline−9mo.

(N = 52)

– 0.209 0.113 −0.136

IES

Baseline−9mo.

(N = 49)

– −0.010 −0.372**

The listed numbers are two-tailed Pearson’s correlations, with **p < 0.01.

Bold values indicate significant correlation coefficients at alpha ≤ 0.05.

3 months post-intervention, as well as significantly correlated
with improvement in cancer-related distress at 9 months post-
intervention. This conforms to the findings in Pennebaker [12],
who reported associations between physical health and change in
word use from first to last writing session, as well as increases
in qualitative ratings of the organization of text across time.
No other significant associations between symptom change and
the RQA parameters %recurrence or %determinism in the texts
were found.

Relating these findings to the results of Orsucci et al.
(18), we first discuss the findings for %recurrence. In our
results, %recurrence presented consistently with the lack of any
significant associations, displaying an almost identical change for
the improvers and non-improvers. Across the entire re-analysis
sample, an increase in % recurrence was observed across time
[F(2,108) = 13.914, p < 0.001). This means that participants came
to use a specific set of triplets (perhaps syllables or words) more
systematically. They may have settled on specific vocabulary to
describe their situation. However, this narrowing in on a specific
set of elements per se did not seem to capture relevant linguistic
structure regarding relatable to the change of symptoms.
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TABLE 4 | Correlation between %recurrence and %determinism for each of the

three writing sessions for the improvers and non-improvers in cancer-related

distress.

IES improvers %recurrence

essay 1

%recurrence

essay 2

%recurrence

essay 3

%determinism essay 1 0.375* −0.139 0.187

%determinism essay 2 0.468** 0.369* 0.446*

%determinism essay 3 0.607* 0.307 0.701**

IES non-improvers

%determinism essay 1 0.571** 0.142 0.189

%determinism essay 2 0.065 0.412 −0.014

%determinism essay 3 0.033 −0.006 0.214

BDI improvers

%determinism essay 1 0.587** 0.451* 0.596**

%determinism essay 2 0.263 0.532** 0.258

%determinism essay 3 0.155 0.332 0.578**

BDI non-improvers

%determinism essay 1 0.400* 0.010 −0.010

%determinism essay 2 −0.213 0.191 0.070

%determinism essay 3 0.208 0.167 0.337

The listed numbers are two-tailed Pearson’s correlations, with *p < 0.05, and **p < 0.01.

Bold values indicate significant correlation coefficients at alpha ≤ 0.05.

A different pattern was observed for our findings of
%determinism. Asmentioned, %determinism refers to the degree
of linguistic structure present in the essays (in the form of
several consecutive 3 letter units being repeated). Improvement
in cancer-related distress was associated with an increase in
this structure of a minimum of 6 letters unit repetition and
all the way up to a maximum of 51 letters being repeated
within the current texts. The linear relationship discovered
by Orsucci et al. [18], implies that the amount of repeated
letters (%recurrence) shows a linear relation with the degree to
which these are part of a longer sequence of repeated letters
(%determinism). According to this relationship, %determinism
would be expected to increase along with %recurrence across
EWI essays. The increase of %determinism for improvers in
cancer-related distress corroborates this relationship, displaying
an increase across time, along with the increase in %recurrence.
For non-improvers in cancer-related distress, the opposite
was the case, as these texts displayed a slight decrease in
%determinism, despite the increase in %recurrence. This means
that even though more repetitions are observed in the 3
letter units for both improvers and non-improvers of cancer-
related distress, these text bits are not part of a larger
coherent word or sentence structure in the case of the non-
improvers, suggesting a more sporadic sense of repetitions in
the text.

Due to the correlational nature of this study, it is not
possible to determine whether %determinism in text is causally
related to changes in psychological symptoms. Alternatively, the
association could be explained by an underlying relationship,
reflected in any of the writings of individuals. Benefits of EWI
do have a component of reflection about one’s situation in them,
and there is surely an ongoing feedback loop between reflection

and action; that is how one is changing his or her habits and
perspective on things based on a reflection process, and those
new habits and perspectives are the basis for new reflection
processes. As we will discuss further down, we interpret the
current findings in terms of change in cognition, and in so far
as this change in cognition does not (exclusively) happen during
the writing sessions, changes in RQA-measures probably pick up
changes that have—in substantial parts—been happening outside
of a concrete writing session. Future experimental studies are
required to address this question. However, for the present re-
analysis it is highly relevant to discuss, what in the texts might
potentially cause an increase in %determinism from first to last
writing session.

What Can Increased Linguistic Structure
Imply?
A prior study of three different EWI populations showed
significant correlations between the average change of pronouns
from essay to essay (i.e., non-similarity across essays) and
number of visits to the doctor following the intervention, with
a higher average change correlating with fewer visits to the
doctor [52]. Interestingly, the following words: “I, my, it, you,
me, she, he, her, we, they, your, him, his, them, our, myself,
their, us, and its.” ([52], p. 63) accounted for only 0.06% of
the total unique words in the texts, but produced a significant
correlation coefficient to prevalence of doctor visits between r =
0.35 to 0.50. In addition, a meta-analysis of the texts of the three
populations even showed a weighted effect size of d = 1.15 (i.e.,
weighted by degrees of freedom). Surprisingly, only pronouns
showed significant correlations and no other function words
(i.e., prepositions, conjunctions, or auxiliary verbs) or content
words [52]. Additionally, an identical analysis applied to a control
population writing about facts, did not find any significant
correlations with doctor visits [52], relating this correlation
to the act of writing in an emotionally expressive paradigm.
Unfortunately, these findings do not provide any information on
what caused this dissimilarity in pronouns. However, the current
re-analysis provides a hypothesis, given the information that
improvements in psychological symptoms correlate with a rise
in %determinism, implying a higher degree of repeated syllables,
words (or sentences) in the third essay compared to the first.
Combined, this would amount to the suggestion that differences
in pronouns across essays, could be caused by fewer but more
repeated pronouns in the last essay.

In order to generate future hypotheses for this rise in
%determinism, a qualitative analysis was performed on a
subsample of texts from the re-analysis. This pilot analysis was
performed on essay 1 and 3 for the 10 patients showing the
greatest increase in %determinism, as well as the 10 patients
showing the least improvement or even worsening (Bjørndahl
and Lyby, unpublished). In this naive analysis, both groups
(improvers and non-improvers) displayed a shift in their use
of pronouns from the first to the last essay. Patients improving
in %determinism, tended to move from a frequent change in
pronouns providing a multiplicity of different perspectives in
essay 1 (e.g., she, they, it, etc.), to a more consistent focus on
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pronouns expressing the perspective of the self (e.g., I, me, it) in
essay 3. In opposition to this, the sample of participant essays
that was not showing an increase in %determinism, showed
the reversed patterns with a frequent use of I, there or it as
pronouns in essay 1, and a change to pronouns expressing
different perspectives (e.g., we, they, he, everybody) in essay 3.
Furthermore, for the group with increasing %determinism, a
qualitative shift in narrative structure was observed in essay 3,
toward more coherent and structured essays that focused on a
single story and/or few topics. Additionally, the group improving
in symptoms displayed a majority of regular medium length
sentences, whereas the group of that was worsening showed a
mix between very long, very short, and medium length sentences.
To sum up, both shift in types of applied pronouns, the decrease
in number of topics, and the heightened regularity in sentence
length, points toward the improving group experiencing a form
of condensation or resolution in the last essay, compared to the
groupworsening in symptoms displaying the oppositemovement
of more varied pronouns, more topics and less regularity in
sentence length in the last essay.

While we acknowledge that this preliminary qualitative
pilot analysis cannot claim to be representative or statistically
significant, it was performed to inform hypotheses on the
cause of this change in structure. Based upon the pilot-analysis,
themes such as a shift in consistency of pronouns, narrative
structure, and consistency of sentence lengths may be suggested
for future investigations.

Further, a tentative interpretation supported by the studies
presented in the introduction, is that a shift in narrative structure
reflected in the increase in consistency within pronouns, could be
one of the phenomena reflected in the change in %determinism
from the first to third essay. However, this interpretation
is tentative, given the fact that the cause of the increased
%determinism is not investigated in this study. Moreover, an
alternative—or additional—hypothesis is that triplet-recurrences
could be driven by basic prosocial changes that lead to regular
structures in orthography on the syllabic level. The linking
factor could be the correlation between emotion regulation
and arousal-inducing formulations which are primarily, or
substantively based on prosodic features [53]. Such features
trickle from prosody into orthography through the grapheme-
phoneme relations of a language, and are most salient in poetic
language via features such as rhyme and meter, which are
explicitly used to induce emotional changes on the side of the
reader or recipient [54, 55]; see also Orsucci et al. [18].

Such changes would be part of our results and add to the
overall RQA measures, because participants write about an
emotional, arousing topic. However, our text did not seem to
feature strong patterns of metric components; still, prosody-
driven formulations have to be considers as a source of
recurrences in the present context.

Creation of a Narrative
It is tempting to speculate on what this heightened consistency or
change in %determinism in word use mean psychologically? In
the following paragraph, we will investigate potential hypotheses
on what the change in %determinism of text structure may imply.

In the qualitative study mentioned above, observed progression
in pronouns may reflect the progression expected in a narrative.
A narrative is a widely used concept and has many definitions,
but in this discussion it refers to an organization and story-
telling aspect [56]. A narrative may be a structured story-telling
including information about the circumstances prior to and
during an event, followed by consequences of the event—among
others what happened, and what was the involved individual
thinking and feeling [56]. It is possible that structured story
telling like narratives imply a variety of different pronouns during
the first essay(s) to describe the event and circumstances leading
up hereto. Differently, the last essay is likely to contain more
self-references due to reflection on one’s thoughts and feelings
about the event. Participants showing a pattern of no increase in
%determinismmay lack this reflection on personal consequences
during the latter part of the intervention, reflected by the lack
of transition in use of pronouns. This interpretation is based on
the finding that pronouns often refer to relational information
(e.g., us and them, me and her, we and them, I and him, etc.) or
others in general (he, they, it, she, us, I, etc.) [52]. Additionally, it
is even argued that resolving a traumatic event revolves around
“...thinking about oneself in relation to others. . . ” ([52], p. 64;
cf. [57–59], all in [52]). The importance of relationships is
furthermore seen in the effects of dyadic coping during cancer
treatment [60, 61], which may support the use of relational
pronouns, while the application of a general other construct may
resemble a lack of integrating oneself into the situation.

Concluding this interpretation, one hypothesis could be
that the creation of a narrative mediates the association
between %determinism and cancer-related distress. Such an
interpretation also fits of findings of the vast body of research
on how changes in narrative structure are associated with mental
health status (e.g. [62–64]).

Depression
The third and last question in this section is why the depressive
symptoms did not show any association to %determinism.
Depressive symptoms and cancer-related distress display very
different characteristics. Depressive symptoms revolve around
affective dimensions such as sadness, loss of pleasure, loss of
interest, and irritability, etc., whereas cancer-related distress
consists of the dimensions intrusion and avoidance. The two
symptom categories can be argued to consist of different
processes, one of over-engagement (intrusion and avoidance)
and the other of lack of engagement (loss of interest and
pleasure). A writing intervention may therefore affect these
processes differently, e.g., desensitizing the over-engaged mind
in the case of IES symptoms, but not necessarily engaging the
depressed mind.

However, other hypotheses can be proposed. Firstly, given the
assumption of pronouns resembling sociality or processing of
social relationships, depressive symptoms may be less associated
with this part of the individual’s psychology. Secondly, cancer-
related distress is an affect related to a very specific theme,
and the likelihood that processing this theme will influence the
related symptoms may be more likely, than it influencing a
trait-dependent [65] tendency toward depressive symptoms.

Frontiers in Applied Mathematics and Statistics | www.frontiersin.org 9 July 2019 | Volume 5 | Article 37

https://www.frontiersin.org/journals/applied-mathematics-and-statistics
https://www.frontiersin.org
https://www.frontiersin.org/journals/applied-mathematics-and-statistics#articles


Lyby et al. RQA-EWI

However, it is worth noticing that the depressive symptom
level in this sample at baseline was below the suggested clinical
cut-off, and a third and likely explanation may therefore be
that the participants were too well-adapted to experience any
significant improvements, supported by a rather stable condition
(change only 1.51 point) across the intervention.

LIMITATIONS AND FUTURE RESEARCH

There are several limitations or drawbacks in this study. First,
the selection of a subpopulation introduces some weaknesses
concerning possible conclusions of the analysis, i.e., leaving the
data non-representative of the investigated population and the
findings reduced to being explorative.

Secondly, due to the correlational character of the study, the
causality between change in text structure and psychological
symptoms is not investigated, leaving the findings hard
to interpret.

Thirdly, a limitation exist in the fact that the initial study
did not find a significant effect of the intervention [40],
which may also reflect itself in the missing findings in the
present study. Since the EWI was not associated with significant
improvements in either depressive symptoms or cancer-related
distress, analyzing textual structure as a potential effect mediator
the chance of success is very limited. However, since repeated
ANOVAs did reveal a significant difference in the development
in symptom variables across time, the current text analysis
probably rather quantify changes in text structure associated
with naturally occurring symptom reduction compared to
intervention-induced reductions.

Lastly, the inclusion procedure based on two different
symptom variables may not have been the optimal selection
paradigm, causing the findings to represent a mixed population.
The alternative would have been to keep the four selection
groups intact (BDI-SF, Non-impr. BDI-SF, Impr. IES, and Non-
impr. IES), and to omit the inclusion of existing values for
the second symptom category. This would however call for the
inclusion of more transcribed essays, to reach an acceptable
level of power.

Regarding future research, pursuing the results of this study,
an instruction facilitating higher structure in the writings may
be the most straightforward way to test causality. However,
testing this hypothesis would require an instruction facilitating
texts with a change toward higher %determinism from first
to last essay. The lack of knowledge of the words causing an
increase in %determinism, implies that the most straightforward
hypothesis would be to assume a generally higher repetitiveness
in the latter essay, in the participants improving. To test
this hypothesis, would require asking participants to write
as varied as possible in the first essay, and as repetitive as
possible in the last essay, or to use a variety of pronouns
in the first couple of essays and to sum up their personally
experienced learning in the last. In a pilot study [12] explored
an attempt to boost an effect by asking 14 students to
write an essay applying the specific word categories associated
with improved physical health, and found that although the

students found these writings less personal and more difficult,
they were also experienced more valuable and meaningful to
them compared to the regular writing exercises. Moreover,
such a test should be performed on a new, randomly drawn
sample of participants to deliver accurate preservation of type-I
error rate.

However, given that we do not know anything about the
causality behind this correlation, it could also be that these
instructionsmay only have an instrumental effect not causing any
symptom improvement, due to no change in narrative. In this
case, more studies of narrative creation may be called for, asking
participants to first unfold their thoughts during the first writing
exercises and later to synthesize their learning from this in the
latter exercise.

CONCLUSION

Results from the current analysis of the writing content
from a published EWI study with depressive symptoms and
breast cancer-specific distress as outcomes partly supports
the hypothesis that change in text structure is associated
with change in psychological symptoms in an EWI with a
subsample of Danish women treated for breast cancer. This
was however only confirmed for the relative change from essay
1 to 3 in the text structure variable of %determinism and
its association to cancer-related distress. No significant results
emerged for either the text structure variable of %recurrence
or depressive symptoms.

More specifically, the results showed that a change in
%determinism from essay 1 to 3 was associated with the
direction of change in cancer-related distress at 3 months post-
intervention, with improvers in symptoms showing an increase
in %determinism. Furthermore, a significant correlation was
observed between change in %determinism from essay 1 to 3, and
change in cancer-related distress at 9 months post-intervention,
with increased %determinism predicting a decrease in cancer-
related distress.

However, it is important to remember that these associations
were present in a selected pilot population. This stresses the need
to replicate the findings in a freshly sampled and representative
population, to test whether these text structure effects are still
present. The findings therefore rather point to RQA being able
to capture changes in text related to psychological symptoms,
possibly through mechanisms of narrative restructuring. To
test this implicit hypothesis, would however require controlled
experiments manipulating this variable.

Recurrence quantification analysis may therefore not only
function as a monitoring tool in intervention facilitating
adaptation to the impacts of a life event, but also as general
monitoring tool of psychological well-being.
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APPENDIX

Figure A1 | Example recurrence plot of the text data. The plot was generated by the CRP toolbox for MatLab [48].
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