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Abstract: Drawing on the intersection between embodied cognition and the referential process, where the
human body and its environment influence the way a person thinks and feels, we compared two linguistic
analysis approaches to see if it was possible to classify self-reported mental health in female veterans from
their writing using words affected by the emotional and modality-specific systems in the brain. Drawing on
self-reported PTSD, Depression, and psychological distress properties in the Diagnostic and Statistical Manual
of Mental Disorders (DSM-5) we used interview transcripts (n=40) and compared them to normal bloggers’
posts (n=25) and discovered statistically significant differences in language use (total of 330,000 words). We
used two linguistic approaches, the Linguistic Inquiry Word Count (LIWC) tool, and an embodied cognition
approach (Richness, Personal Pronouns, Referential Activity Power, and Sensory (RPAS) algorithm) to
statistically correlate findings. In this exploratory study, findings suggested that deployed female military
personnel have a distinct pattern of speech which is more blunted (use fewer unique words but more repetition)
than women in the community. This style of language is often seen in individuals with anxiety and depression.
Deployment length (2-20 months, average = 8.5) directly correlated to increased blunted speech and was
related to an increased feeling of emotional numbness and greater un-conscious reliance on memories when
generating language. There were also language differences in the female military cohort who self-report more
mental health symptoms. Those with self-reported mental health conditions (n=7) used words that focussed on
the past and used fewer ‘they’ type words and isolated themselves to minimise stigma. This stigmatised
language implied female military deployees with mental health symptoms felt isolated from their peers,
through ‘othering’ and members of an outgroup. This study supports the idea that linguistic analysis using
embodied cognition can discriminate between military females with self-reported mental health and those
without and may be a valuable aid in highlighting post-traumatic stress in veterans.
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1. INTRODUCTION

Historically, cognition was understood as the result of processes occurring solely in the brain, however,
cognitive scientists studying embodied cognition have begun emphasising the role of the body and environment
in which the brain is an “open system” (Hotton & Yoshimi, 2010). All cognition is fundamentally embodied
(Kernot, 2019), that is, closely linked to the motor and sensory surfaces, strongly dependent on experience, on
context, and on being immersed in rich and structured environments. (Schéner & Reimann, 2019). Intelligence
emerges in the interaction of an organism with an environment and as a result of sensory-motor activity (Smith,
2005).

The core of cognition forms around such things as language, thought, reasoning, or knowledge (Schoner &
Reimann, 2019). Each person carries in their head a mental model, an abstraction of all their perceptions and
experiences from real-world events, which they use to guide their decisions and has been vitally important to
the field of system dynamics since its inception in Industrial Dynamics (see Forrester, 1971; 1997 in Doyle &
Ford, 1998). Cognition is detached from the motor and sensory surfaces and has given rise to the theoretical
framework of information processing in which cognition is the manipulation of symbolic information (Schoner
& Reimann, 2019). If cognition can span the brain, body, and the environment, then it is an extended system
assembled from a broad array of resources (Wilson & Golonka, 2013). While dynamical systems are
traditionally viewed as “closed systems”, by extending the framework of dynamical systems theory, structures
which appear in the state space of an embodied agent differ from those that appear in “closed systems” and can
model representational processes in embodied agents (Hotton & Yoshimi, 2010).

Cognition is in many ways an emergent phenomenon and one of the strengths of the dynamical approach to
cognition is its ability to describe the emergence of complex structures and processes which are a computational
representation of the mental computer, taking symbolic representations as inputs and computing symbolic
representations as outputs where periphery transducers transform sensory stimulation into input representations
and output representations into physical movement of the body (Port, & Van Gelder, 1995). Embodied and
dynamical system approaches to cognition have sometimes been presented as radical alternatives to traditional
cognitive science, and as a means of overcoming the use of such traditional constructs as internal computational
structures and representations, which mediate between sensory input and behavioural output, but by extending
dynamical systems theory, traditional cognitive models can be incorporated into the study of embodied
cognition (Hotton & Yoshimi, 2011). Here, we highlight two computational classifiers that support a systems
dynamics approach to model mental health through embodied cognition.

This exploratory study seeks to classify mental health in female veterans from their writing style. It creates a
linguistic framework that uncovers blunted and stigmatising language with a focus on the past. These
psycholinguistic properties can be used to highlight mental health concerns as highlighted by the following.

1.1. Two Linguistic classifiers

Every emotional state is generally accompanied by the retrieval of specific images and events relevant to that
state. In order to put these emotional states or experiences into words, connections are made with non-verbal
and non-discrete, analogic, or sub-symbolic information in the mind through what is termed the referential
process and these connections translation of non-verbal dominant emotional schemas into logical, organised
speech (Bucci & Miller, 1993; Murphy, Maskit & Bucci, 2015). We use two unique linguistic programs to
classify language:

The Linguistic Inquiry and Word Count (LIWC) program calculates the proportion of words in a text that refers
to emotions and ways of thinking, as well as analysing speech patterns and references to social issues. By
analysing this data, the program aims to identify, through language, an individual’s social and emotional state
(Pennebaker et al., 2015; Pennebaker Conglomerates Inc., 2015). LIWC was originally developed to identify
links between language use, such as content and style words, and psychological constructs, such as emotion
and cognition (Tausczik & Pennebaker, 2010). LIWC use in other research projects has revealed a number of
findings of relevance to this study, providing a well-documented linguistic framework of the psychometric
properties of a person through language. For example, it has been used to develop classifiers that can identify
increased rates of PTSD among US military base populations, based on the characteristics of the language
these individuals used (Coppersmith, Harman, & Dredze, 2014) LIWC has also detected an inverse correlation
between the use of cognitive words and post-treatment anxiety, as well as a negative relationship between
social adjustment and the use of death words and negative emotion words (Alvarez-Conrad, Zoellner, & Foa,
2001). Additionally, Papini et al’s (2015) study examined language use of two groups of trauma-exposed
participants — one group with PTSD, and one without. The study found that participants with PTSD used more
third-person singular pronouns and death-related words, and fewer third-person plural pronouns. Participants
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with PTSD also exhibited a non-significant trend towards increased use of sad-related words, but there was no
significant difference in the use of anxiety words or cognitive flexibility words between the two groups.

The Richness, Personal Pronouns, Referential Activity Power, and Sensory (RPAS) algorithm or classifier
(Kernot, 2019) provides a signature of a person’s writing based on personality markers. By examining these
individual reference points of text over time, it is possible to see change in an individual that may indicate post-
traumatic stress disorder (PTSD), anxiety and depression, or cognitive decline, as biomarkers of personality.
This classifier provides a complementary psycholinguistic model of a person’s cognitive state around the
embodied cognition. These lived experiences and emotions can highlight trauma and mental health issues in a
person’s language. Signs of ‘othering’, perceiving and treating someone as inferior to yourself or the group to
which you belong, can also be identified.

2. METHODS

We used LIWC and RPAS classification techniques to construct a psycholinguistic model representative of an
individual’s underlying cognitive state. Data from 40 transcribed interviews (Lawrence-Wood ef al., 2014), a
sample of full-time employed mothers who had deployed to the Middle East Area of Operations (MEAO) and
PCL-5 (PTSD), PHQ-9 (Depression) K10 (psychological distress) all associated self-reported mental health
questionnaire data from the Diagnostic and Statistical Manual of Mental Disorders, DSM-5 (American
Psychiatric Association, 2013) was used to identify characteristics of mental health in language (total words
195,557, unique words 29,727). We correlated the women veteran’s length of deployment using Pearson’s
Correlation coefficient in order to examine the relationship between length of service and cognitive processing
as indicated by the Richness of the language used by participants, and their Referential Activity Power values.

An independent, anonymised sample from publicly available web blogs about women’s support group topics
was also collected from women who did not identify as being military or having deployed to a war zone. This
data was broken into 25 posts (total words 134,473, unique words 30,309), so that the average was the same
as the women veterans’ data. Data was also structured to ensure that the minimum and maximum file size was
the same as the minimum and maximum file size of the women veterans’ data.

Using the results from LIWC and RPAS, the psychometric properties of the language from both datasets were
then compared using an independent-samples #-test in order to determine if serving in the military (and being
on an operational deployment) changes the linguistic characteristics of deployed women. These same
psychometric properties were then compared using an independent-samples #-test in order to determine if any
differences in the characteristics between those deployed women who self-reported mental health concerns and
those deployed women who did not self-report mental health concerns. LIWC was used to examine the
differences in the emotional content of the language used by both groups of women. LIWC was used to examine
differences in “othering” through the use of singular pronouns such as ‘I,” ‘me,” and ‘my’ (Nook, Schleider, &
Somerville, 2017).

3. RESULTS

There was a statistically significant but moderate relationship between the length of service conducted in weeks
and Referential Activity Power (r=.421 p =.016 at the 0.05 level (2-tailed) n=32). There was also a significant
inverse linear relationship between Richness and Referential Activity Power (r = -.416 p = .008 at the 0.01
level (2-tailed) n=40) which is referred to as Cognitive Processing. Deployed military service length was
converted to weeks and a set of Pearson correlations were computed on the military women sample to
determine significant relationships between psycholinguistic variables and length of deployed military service.
Cognitive processing was indicated by participants’ language Richness and Referential Activity Power values.

We found the mean Richness score of Mothers who served in the MEAO (M = 0.166882, sd = 0.037233) was
statistically significantly different (t = -6.815, df = 41.248, two-tailed p = .000) from women writing in self-
help groups (M =0.24461, sd = 0.048847). The mean Referential Activity Power score of Mothers who served
in the MEAO (M = 0.188637, sd = 0.00603) was statistically significantly different (t = 8.466, df = 35.964,
two-tailed p = .000) from women writing in self-help groups (M = 0.170497, sd = 0.009595). Drawing on
Levine’s Test for Equality of Variances, the variances for the two groups were significantly unequal (F = 0.578,
p =0.45).

The mean Sensory component score of Mothers who served in the MEAO (M = 0.005737, sd = 0.001619) was
statistically significantly different (t =-7.656, df = 309.01, two-tailed p = .000) from that of women writing in
self-help groups (M = 0.011651, sd = 0.003644). Drawing on Levine’s Test for Equality of Variances,
highlighted the variances for the two groups were significantly unequal (F = 13.991, p = 0.000) and the output
line for unequal variances was used.
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Through an independent-samples #-test to evaluate if deployed military mothers’ psycholinguistic signatures
were statistically significantly different from a non-military women’s sample who posted in self-help groups.
The lower Richness of the MEAO Women indicated less unique word use, or more repetition in speech, and
an indicator of anxiety and depression in individuals. While the higher Referential Activity Power and lower
Sensory component across all of the sensory modalities mean values for MEAO Mothers highlighted highly
concrete and high in imageability visual, auditory, haptic, olfactory and gustatory words, which suggested more
concrete language relying highly on stored imagery. These same psychometric properties were then compared
using an independent-samples #-test in order to determine if any differences existed in the linguistic
characteristics between those deployed women who self-reported mental health concerns and those deployed
women who did not self-report mental health concerns.

We found four statistically significant differences in ‘They’ words, articles, focussing on the past, and with
sensory auditory words. In Figure 1, the mean total ‘they’ word score of those with low self-reported PTSD
(M = 1.7, sd =.585) was statistically significantly different (t = 2.836, df = 38, two-tailed p = .007) from that
of people with high scores of self-reported PTSD (M = 1.05, sd = .343). The effect size of Hedges’ g =1.18
implies a very large effect. As seen in Figure 2, the mean total ‘focuspast” word score of those with low self-
reported PTSD (M = 7.28, sd = 1.21) was statistically significantly different (t = -2.538, df = 38, two-tailed p
= .015) from that of people with high scores of self-reported PTSD (M = 8.54, sd = 1.1). The effect size of
Hedges’ g = 1.06 implies a very large effect.
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Figure 3 above highlights the mean total Articles (An) score of those with low self-reported PTSD (M = .016, sd
=.0015) was statistically significantly different (t = 3.677, df = 38, two-tailed p = .001) from that of people with
high scores of self-reported PTSD (M = .0133, sd = .0014). The effect size of Hedges’ g = 1.53 implies a very
large effect. While in Figure 4, the mean total of Auditory word score of those with low self-reported PTSD (M
=.0011, sd =.0005) was statistically significantly different (t = -2.778, df = 38, two-tailed p = .008) from that of
people with high scores of self-reported PTSD (M = .0017, sd = .0006). The effect size of Hedges’ g = 1.15
implies a large effect. LIWC was used to examine differences in “othering” through the use of singular pronouns
such as ‘I,” ‘me,” and ‘my’.

The mean total ‘I’, “me”, and ‘my” word score of those with low self-reported PTSD (M = 5.808, sd =1.079) was
statistically significantly different (t =-2.419, df = 38, two-tailed p = .02) from that of people with high scores of
self-reported PTSD (M = 7.099, sd =2.048). The effect size of Hedges’ g =-0.987 implies a large effect. This was
achieved through an independent-samples #-test and found significant differences existed in the linguistic
characteristics between those deployed women who self-reported mental health concerns from those deployed
women who did not self-report mental health concerns.

4. DISCUSSION

A range of statistically significant findings, summarised here, supported the hypothesis that the language from the
military women differed to the language of the non-military women. In particular, deployed ADF mothers used
less unique words, or more repetition in speech. This style of language is often seen in individuals with anxiety
and depression due to a reduction in the ability to process language efficiently This was demonstrated through a
lower Richness mean, a higher Referential Activity Power, and a lower sensory component mean score, which
suggested that their language was more abstract and they relied less on stored imagery compared to the non-
military women’s sample. The language and cognitive processing of the deployed women appears blunted with
increasing years of service and that their language draws significantly on the expression of their lived memories.
There is evidence of psychological distancing supported through the use of the word ‘I’ and a higher Referential
Activity Power, and cognitive blunting as supported by sensory numbing in ADF mothers.

Given these statistically significant differences between the military women and the non-military women around
Richness, Referential Activity Power, and Sensory component, we can plot a simplified Cognitive Processing (see
Figure 5 top panel), where Referential Activity Power is higher and Richness lower than the control group. A
significant inverse linear relationship was observed between Richness and Referential Activity Power, where
Referential activity refers to the linking of an experience to the words used to express that experience. When there
are high levels of Referential Activity Power, the speaker is showing a deep and vivid connection to the memory,
recalling the emotions and sensations of the experience. When Referential Activity Power is low, language is
more abstract, lacking detail and uses less imagery (The Referential Process (2020). Richness refers to “the
number of unique words used by an author [or speaker]” (Bradbury, Bossomaier, & Kernot, 2017). Richness is
typically in a linear relationship with Referential Activity Power. This inverse linear relationship here highlights
the blunting in the language and suggests that the deployed mothers are using higher imageability words and
words with higher concreteness, in other words less abstract, and drawing on lived memories, but as can be seen,
the cluster is quite tight and lower, suggesting word use is constrained from cognitive blunting.

As seen in the Sensory processing (see Figure 5 middle panel), Richness is low and sensory word use is also low.
We would expect higher Sensory results given the higher Referential Activity Power results in the top panel of
Figure 5, and so this would indicate that the language is constrained through sensory numbing. This is also
reinforced by the cognitive blunting in the top panel of the cognitive processing figure.

Embodied cognition (see Figure 5 bottom panel) draws on the external world around us fed via our senses, and
from the way we draw on lived experiences. In the Embodied Cognition panel, we see another tight cluster where
Referential Activity is high, suggesting the language draws on lived experiences (has a ring of truth and sincerity
about it) but is low in sensory aspects. This cognitive and sensory blunting is reflected in the top and middle panel
figures.

There are also differences in the language used by female military personnel who report more mental health
symptoms than those with few or no symptoms. Those with mental health conditions used words that focussed on
the past and used fewer ‘they’ type words to effectively isolate themselves from those ADF personnel who were
not suffering from mental health issues to minimise stigma. This type of language implies that female military
personnel with mental health symptoms felt isolated from their peers, as though they were members of an
outgroup. This term used to describe this feeling is “othering” through ‘in-group’ language versus the ‘out-group’,
and suggests that women in this category feel stigmatised. This psychological distancing can be seen in singular
pronouns use such as ‘I,” ‘me,” and ‘my’ (Nook, Schleider, & Somerville, 2017) and observed in the linguistic
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characteristics between those deployed women who self-reported mental health concerns from those deployed
women who did not self-report mental health concerns.

Cognitive Processing Figure 5. The  statistically  significant
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4.1. Limitations

This exploratory study was limited to 40 Australian military mothers deployed for a duration of 2-20 months.

5. CONCLUSION

This study supports the idea that linguistic analysis using embodied cognition can discriminate between military
females with self-reported mental health and those without. Proposed future work includes deployed military men
and emergency services first responders. These techniques might be a value aid in highlighting post-traumatic
stress in veterans and first responders early in its development.
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