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Abstract

Background: Post traumatic stress disorder (PTSD) is typically diagnosed using self-reports and
physician interviews and observations. For example, the US military has used the Warrior Administered
Retrospective Causality Assessment Tool (WARCAT), which is a self-report method for diagnostics.

Methods: To help correct for associated deficiencies in self-reports, we utilized a computerized dual-task
method and central nervous system (CNS) monitoring of reactions by participants who viewed troubling

scenes.

Results: We found evidence to support unreported PTSD reactions to these incidents. Furthermore, we
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used a computerized technique to induce cognitive load to distract participants from the purpose of the

assessment to gain more accurate assessments.

Conclusion: We conclude that using a computer apparatus is more effective in diagnosing PTSD than

psychological instrumentation.
Introduction

At first glance, a study of post traumatic stress disorder may appear
orthogonal to the topic of computer engineering; however, the subject
provides an opportunity to demonstrate how computer technology
may serve in addressing important social and psychological problems.
In this study, we illustrate how computer technology may improve
upon human processes and performance in both diagnostics and
treatment.

Post traumatic stress disorder (PTSD) is classified in the Diagnostic
and Statistical Manual of Mental Disorders, fourth edition, (DSM-
IV, American Psychiatric Association) as a nervous disorder, and
it has become a widely recognized personal and social debilitation.
The consequences of this disorder range from extreme detachment
to extreme rage that can result in violent behaviors including suicide
and murder. More commonly however, PTSD sufferers show severe
social-dysfunction, including problems related to self-medication,
difficulties holding down jobs, and extreme anxiety and depression

[1].

It is important to note that not everyone who has experienced
trauma or endures systematic abuse will develop PTSD [2]. The
majority of the population eventually rebounds after tragic life events.
However, for those people who lack this resilience, early diagnosis
and intervention is critical to their long-term prognosis. Likewise,
people have limits in their abilities to cope with systematic abuse,
and consequently, even resilient persons may develop PTSD given
the situation or situations. More accurate assessment will help lead to
earlier interventions and better treatments for PTSD sufferers [3,4].

Background

Since the 1990s, researchers c.f. [5] have been calling for better
ways to assess PTSD rather than self-report, such as that captured in
the military with the Warrior Administered Retrospective Causality
Assessment Tool, or WARCAT [6]. A review of the PTSD literature
by [7] noted several gaps, including: (1) differences in diagnoses
among self-report instruments, (2) silos between military and civilian
aspects of PTSD, (3) silos between government agencies, and (4)
differences in manifestations of PTSD connected with head trauma
(e.g. IED blast incidents) versus psychic trauma (e.g. episodic, such
as rape or witnessing a savage brutality) versus systematic abuse (such
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as protracted and enduring psychological torture or psychologically
abusive behaviors aimed at a victim).

A website administered by the US Veterans Administration in
2014 confirmed that these gaps still exist (http://www.ptsd.va.gov).
Moreover, most of the solutions suggested by the military have
relied on the tie between traumatic brain injuries (TBI) with PTSD
assessments. Yet, studies (such as by Lazarus and others, c.f. [8]) have
shown that in the general population, psychic trauma including plural
surgical episodes aimed at intervening in life-threatening illnesses,
automobile accidents, rapes, assaults, and systematic physical and/
or psychological abuses, are more likely to lead to PTSD than is
brain injury (for an informative summary, see [9]). Also, a study
presented by [10] argued that each of these issues still exist, and
calls for more research. We proposed to help fill the noted gaps by
testing a new computerized method for PTSD diagnosis. With a new
diagnostic technique, we targeted the under-reporting problem and
problems related to self-report methods in both military and civilian
populations. We also aimed at transcending PTSD situations and
knowledge silos with ontology (knowledgebase) to aid in timely, more
cost effective, and holistic diagnoses and treatments.

Making accurate predictions about these life events is difficult
from self-report data because of the social undesirability effects,
and inability of the impaired to accurately report their conditions
(indeed, many people are able to mask them). We determined that
a physiological assessment method is needed for better assessments.
Drawing from methods used by Lazarus, and studies by [8, 11] and
[12] for assessing stress responses to disturbing stimuli, we present
experimental evidence of accurate PTSD assessment, and make
recommendations for a computerized physiological diagnostic
apparatus.
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Post-Traumatic Stress Disorder (PTDS) and Physiological
Computing

Diagnostics for PTSD for the most part currently involve self-
reporting and physician interviews and observations, as noted
earlier. Based on these techniques, evaluators judge the inferred or
observed propensities for deviant behaviors and criminality along ten
incremental dimensions: (1) over-reactions to provocative stimuli; (2)
regularly “acting out” in socially inappropriate ways; (3) excessive self-
medication for purposes of nullifying a precursor to negative thoughts;
(4) self-destructive tendencies; (5) extreme withdrawal behaviors; (6)
co-morbidity with other pathologies such as with agoraphobia; (7)
suicidal ruminations; (8) suicide attempts; (9) intentional violence,
and (8) "black-out" violent actions including assaults and murders
[13-15]. These conditions are important to incorporate into the
assessments, as it may include a bimodal stimulus that trigger myriad
of responses [16,17].

PTSD Assessment

Arguably, traumatic brain injury (TBI) is a major source of PTSD
in the military (c.f. [18]). This area is being actively researched [18],
and many publications have addressed this problem (particularly in
relation to concussions —including from non-combat situations such
as sports — football and boxing). Also, genetic conditions including
high function autism have been associated with PTSD-like symptoms
[19-22]. We did not attempt to duplicate this work.

Although some anxiety-related behavior may be co-morbid with
genetic conditions or as the result of TBI, importantly, PTSD has
many sources that differentiate it from other nervous disorders.
For instance, in cases where TBI is absent PTSD may result over a
period of time from a systematically abusive or captive situation,
or an “experienced” episode that rises to the level of a significantly
emotional event [14,23], which may or may not involve a traumatic
brain injury. Or, PTSD may result from a combined series of different
physical and/or emotional traumas (hybrid-trauma) sustained over
a period of time [1]. Each of these conditions present challenges to
extant PTSD assessments.

Non-brain-injury is a more common source of PTSD in the
civilian population compared to war veterans, although it may also
comprise significant membership within the military and intelligence
communities as field actors witness or experience many assaults and
cognitive insults [24]. It is important to note that people are not equally
susceptible to PTSD. As [25] described about clinical depression, the
majority of the population eventually rebound to homeostasis after
a tragic life event. For those people who lack this resilience, early
diagnosis and intervention is critical to their long-term prognosis.

Likewise, people have limits in their abilities to cope with systematic
abuse [9, 24, 26, 27]. Many of the solutions offered to address PTSD
include exposure therapy vs. virtual reality simulations and fMRI (c.f.
[28]). Nevertheless, these have been deemed by many practitioners
as impractical and/or too expensive for most diagnostic situations,
especially in the “field” [18]. We aimed at creating more accurate and
more cost effective methods and applications for early intervention.

PTSD and Physiology

Behavioral descriptions of PTSD in the literature range from
exhibitions of extreme indifference to extreme rage [26], but prior to
these behavioral manifestations (which might be too late to prevent
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a tragedy), people manifest antecedent physiological changes such as
pupil dilation, sweating, increased cognitive activity in the amygdale,
prefrontal cortex, and in the limbic system, and changes in heart rate
stemming from an episode that may trigger a behavioral manifestation
[8,25]. Many of the solicitations for research have focused on
applications that dedicate effort to the identification, collection,
storage, and use of clinically relevant biomarkers to advance diagnosis,
prognosis, and treatment of PTSD. Although we understand the
interest in and the desire for biological markers of PTSD, we believe
that a more feasible method is immediately available, while a longer-
term solution may loom on the horizon.

Among the objectives in the literature are to significantly advance
treatment strategies for PTSD including interventions for early,
chronic, and latent onset cases. However, before a “leap” may be made
into the completely biological realm, other methods of diagnosing
PTSD may present a realistic and inexpensive interim procedure
(For example, see [29] — which presents a behavioral analogue of a
biologic conception in social contagions). At the least, at some point,
biological indicators must be verified in material behaviors [30].

To elaborate on this concept, a central nervous system (CNS)
monitor was used by [8] to detect “horror” affect levels at the sight
of genital mutilations and wood shop accidents and other evocative
incidents. From these, he and his colleagues were able to accurately
predict normal and abnormal reactions when compared to a normal
distribution. They were also able to explain the response according
to cognitive schema for appropriate reactions versus disproportionate
reactions using CNS output over a normal distribution.

We chose to build upon this technique by utilizing a dual-task
cognitive test and monitoring with electroencephalography (EEG)
and heart rate activity using electrocardiogram (ECG/EKG).
Moreover, using the dual-task deception method for measurement,
the social desirability of self-report would in theory be eroded.

Method

Extending from a grant-funded study (authors) we implemented
a computerized dual-task test to induce cognitive load, along
with measures that included (1) participant perceptions, (2) rater
observations, and (3) physiological measurement (EEG/EKG).
A dual-task test is one in which a stimulus is delivered while a
participant performs a task. A common dual-task test is to have a
participant receive an auditory stimulus (e.g. listening to a story
narrative with headphones) while performing a writing task, which
is measured such as by time and/or errors (called secondary and
primary tasks, respectively). A common finding is that the participant
will interrupt his/her writing task when his/her name is spoken in the
story narrative.

Since cognitive functions are performed in various parts of the
brain, the dual-task test can be used to determine (dissociate) the
cognitive effort applied to tasks such as auditory tasks versus visual
tasks. Alternatively, if the dual-task test exercises the same cognitive
structures (e.g. a writing task and deciphering visual images) then the
task serves to “load” or “overload” those cognitive structures. This
technique is useful when focusing on a result in which one does not
want the participant to contemplate, but rather to react to the stimuli.

Next, exposure therapy is the most common protocol for treatment
of PTSD. This therapy presents disturbing stimuli to PTSD sufferers
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until they become immune from the effects. Thus (with IRB approval,
patient consent, and protections of HIPAA) we combined a dual-task
test with exposure in the assessment activity.

As mentioned earlier, it is important to note that [31] used dual-task
tests for cognitive process dissociation. Process dissociation is used
to dissect which (and how much) cognitive resources are allocated
to various stimuli and cognitive processing. However, to induce
cognitive load, we set out to overload the same cognitive structures
following the advice of [32] and [33] for what is known as a non-
standard paring (e.g. a working memory secondary task combined
with a primary visual task, which according to [34], both use visual-
spatial cognitive structures). The secondary task used a computerized
presentation of the stimulus dot pattern to induce cognitive load (as
opposed to process dissociation, hence the non-standard pairing).
The computer rendered stimulus was presented for 900ms [35] -this
is long enough to visually encode but not long enough to store in
long-term memory [36]. Participants were told to keep this pattern in
(working) memory for later recall.

4 N

\Iigure 1: Example of Dot Pattern. J

The primary task (which follows the secondary task stimulus)
presented narrated video clips of accidents building on those done
by [8] of wood shop accidents, automobile accidents, and genital
mutilations. Unlike the [8] studies in which both clinical and
“traumatized” narrations were used to gauge stress, we used only
traumatized narrations to try to evoke as much of a response as
possible.

4 N

\\Figure 2: Example of Narrated Traumatic Scene. J

Participants were then asked for a self-report reaction about the
anxiety they experienced after each rendering (on a scale of 10, low
to high) while they were simultaneously monitored by an attending
physician (EKG, EEG, blood pressure, and observations of blushing,
sweating, etc.).

From this scale (Figures 3 and 4) we were interested in determining
how participants perceived their stress and anxiety levels compared
to what was detected by clinicians from the CNS indicators in terms
of stress and anxiety. Participants were then presented with a group
of patterns to match (in each iteration), as seen in Figure 5. This
secondary task is used as both a deception in the study purpose and
to control for cogitation and memorization errors.
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Figure 3: Anxiety Rating Scale.

Figure 4:: Anxiety rating scale explained.

Figure 5: Example of matching task.

Results

We will now describe our results and explain a physiological
computing method and apparatus for use in further PTSD study,
taking into account the exploratory and opportunistic nature of
the assessment we have presented. Our main purpose here is to
indicate some possible outcomes using the method as explained,
and to highlight some next steps for subsequent research, along
with our recommendations for “field” applications. There were four
participants having been diagnosed with PTSD using self-report and
observations, and one participant diagnosed as without having PSTD
symptoms using the same methods. A series of pretests (including
resting heart rate and blood pressure) were done prior to the study
assessments. These tests established CNS baselines (levels of voltage
fluctuations resulting from ionic current flows in the brain, and in
terms of heart rate and rhythm, including QRS complex).

Non-PTSD Comparative Control Condition

Study 1 was conducted with a male participant, age 31, who was
assessed as not suffering from PTSD symptoms or PTSD-related
thoughts or ruminations by a board certified psychiatrist who had
extensive experience in assessing PTSD and related disorders. A test
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with 35 iterations of the dual task test with task-narrated scene-task
was given using the method previously described, and was monitored
byaboard certified cardiologist. The participant showed some elevated
CNS levels from the baseline, but his heart rate was within normal
limits. The pretest (from the baseline) pulse rate was = 68.00, sd = 4.04,
and the narrated scenes pulse rate was m = 86.66, sd = 5.88 (t = -9.23,
p <.001), which was significantly elevated. Moreover, the participant
self-reported a moderately high feeling of anxiety produced by the
narrated scenes (m = 6.00, sd = 0.20). We drew the inference from this
case that persons without PTSD should both experience and perceive
some moderate levels of distress from the narrated scenes.

PTSD Diagnosed Condition

Study 2 was conducted with a female participant, age 44, who had
been diagnosed with PTSD by a board certified psychiatrist who had
extensive experience in assessing PTSD and related disorders. The
assessment involved 35 computerized iterations of task-narrated
scene-task, using the method previously described, and monitored by
a board certified cardiologist.

The participant’s CNS baseline was compared to the study results,
which were elevated in the test. The pretest pulse rate was within
normal limits: m = 73.01, sd = 4.14, but rose above normal limits
when narrated scenes were presented. Narrated scene pulse rate was
m = 111.66, with sd = 10.71 (t = -14.24, p < .0001). The participant
reported strong feelings of anxiety produced by the narrated scenes
(m = 8.0, sd = 0.56). This case was concordant with the previous
diagnosis of PTSD.

Study 3 was conducted with a male participant age 29 previously
diagnosed with PTSD by the same board certified psychiatrist, again
with 35 computerized iterations and monitored by the same board
certified cardiologist. Again the participant showed elevated CNS
levels from the baseline. The pretest pulse rate was within normal
limits: m = 71.01, sd = 3.77, but rose above normal limits when scenes
were presented, pulse rate m = 118.48, sd = 9.11 (t = -13.16, p <
.0001). The participant reported relatively strong feelings of anxiety
produced by the narrated scenes (m = 7.5, sd = 0.43). This case was
also concordant with the previous diagnosis of PTSD.

Study 4 was conducted with a male participant age 48. The same test
with 35 iterations was given using the method previously described,
and again monitored by a board certified cardiologist. The participant
showed nominal CNS level differentials from the baseline, and heart
rate was within normal limits. The pretest pulse rate = 84.05, sd =
5.09, narrated scenes pulse rate was m = 86.01, sd = 3.12 (t = -1.10, p
>.05). The participant self-reported feeling a moderate to high level
of anxiety produced by the narrated scenes (m = 5.75, sd = 0.09).
This case was discordant from the previous PTSD diagnosis in that
the CNS results indicated little or no reaction while the self-report
indicated some significant distress.

Study 5 was conducted with a male participant age 35. Again, using
35 computerized iterations of the test, the participant showed elevated
CNS levels from the baseline. The pretest pulse rate was within normal
limits: m = 69.55, sd = 4.00, but rose above normal limits when
narrated scenes were presented, narrated scene pulse ratem =112.01,
sd = 10.16 (t = -15.44, p < .0001). However, the participant reported
only a mild feeling of anxiety produced by the narrated scenes (m
= 3.0, sd = 0.18). This case was discordant from the previous PTSD
diagnosis in that the CNS results indicated a significant difference in
CNS responses but self-reported little distress.
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Summary

The most important suggestion from our exploratory study was
that PTSD may have two modes - (1) an under reaction (psychic
distance) to traumatic episodes that may eventually lead to an
explosive event owing to pent up rage that went undetected, versus (2)
consistent over-reaction, which is most often assessed and observed
in current evaluative methods. It may also suggest that there may be
misdiagnoses owing to the problems of self-reported conditions with
high socially undesirable consequences.

Among our limitations is we acknowledge that using only four
PTSD cases and one control case in our study was inadequate to make
assertions about the efficacy of the computerized method compared to
self-report and observation. However, combined with the theoretical
foundation we established, we believe that there is sufficient evidence
to warrant further study using directional hypotheses. For example,
using self-report methods, it has been estimated that between 10-18%
of the population of the United States suffers from PTSD [18, 37].
However, according to other sources (c.f. [24, 38]) these estimates
may be quite low due to under reporting and social undesirability
effects of self-report methods [10]. Moreover, these percentages are
estimated to be relatively small compared to many other countries
such as in South East and East Asia, South America, Africa, Europe,
and the Middle East where there are significant kinetic conflicts [3].

Using CNS monitoring combined with computerized dual-task
test for inducing cognitive load presents a low-cost and effective
means to observe the effects of states of mind, including precursors
to maladaptive behaviors that result from PTSD. A CNS monitor
and application for this purpose can be deployed on a typical laptop
computer with a few adaptations to collect sensory input (as illustrated
by our prototype). Based on our results from our initial effort,
we believe that it is possible to create a more accurate, pragmatic,
generalized, and cheaper diagnostic for PTSD than currently exists
(e.g. using the WARCAT) or than those that have been proposed
(e.g. using fMRI). Moreover, the collection from a body of test results
may be used to create a knowledgebase (ontology) of vital signs (and
signatures) and responses related to PTSD for use in the medical
community, similar to those currently being used and developed for
the medical community regarding physical symptoms and illnesses.

Beyond this, creating PTSD ontology has the added property of
being relational in so far as current (and future) technologies are
able to reason over the relationships to develop both deductive and
inductive inferences (e.g. using Bayesian Belief Networks) about
what should be done given certain circumstances. This would be
particularly important given that the PTSD responses appear to be bi-
model between those who under react until they reach a tipping point
and explode, versus those who consistently overreact until they self-
destruct. Knowing these features could help prevent disasters from
PTSD-related behaviors.

Conclusion

In sum, as noted by [39], in large part, important questions about
psychic trauma and PTSD have not yet been addressed leaving a
vacuum in clinical care. Self-report has been notoriously poor in
rending accurate results about socially undesirable behaviors, and
are also poor in self-diagnoses of strong negative affect or muddled
cognition. We believe that a more effective technique with relatively
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inexpensive technology is available and could be used in military
post-deployment assessments, by first responders, and by care givers
more generally [40].

Next steps beyond this exploratory study should include the
development of physiological “signatures” and triangulated with
psychological assessments for persistence in a knowledgebase
(ontology), using a vastly larger set of participants in a variety of
conditions. The ontology may utilize the Resource Description
Framework (RDF) so that the ontology could be easily imported into
extant systems used by modern systems.

Extending beyond this knowledgebase, we would propose
building a “field kit” diagnostic device with a “triage” application.
The diagnostic would be composed of a portable CNS monitor and
computer, along with an application that would utilize the ontology
and an expert reasoning system to guide that triage and immediate
treatment decisions. Finally, we would suggest a graphical user
interface (GUI) on a “dashboard” to assist the diagnosticians to the
most important priorities. These features should increase accuracy of
PTSD assessment, and reduce costs of medical treatment.
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