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Abstract. Internet-based guided self-therapy systems provide a novel
method for Post-Traumatic Stress Disorder patients to follow therapy
at home with the assistance of a virtual coach. One of the main chal-
lenges for such a coach is assisting patients with recollecting their trau-
matic memories, a vital part of therapy. In this paper, an ontology-based
question system capable of posing appropriate and personalized ques-
tions is presented. This method was tested in an experiment with non-
patients (n = 24), where it was compared with a non-ontology-based
system which did not provide personalization. Results show that people
take more time answering questions with the ontology-based system and
use more words describing properties, such as adjectives. This indicates
that the ontology-based system facilitates more thoughtful and detailed
memory-recollection.

Keywords: Virtual coach · PTSD · Dialogue system · Ontology ·
Memories

1 Introduction

Post-Traumatic Stress Disorder (PTSD) is a mental disorder caused by one or
more traumatic experiences [1]. Several treatments for PTSD are available, with
the most common element being exposure, which is the process of exposing
patients to their traumatic memories [8]. One problem for PTSD treatment is
that there is often a barrier to talk about problems and a stigma on seeking help
from the mental health-care system. One new method for exposure treatment
for PTSD which addresses this issue is, a self-therapy system with a virtual
coach [7,16]. With such a system, patients follow their therapy at home behind
their computer with the assistance of a virtual coach and a human therapist is
only remotely involved. One of the main challenges for a virtual coach in such
a self-therapy system is providing the assistance PTSD patients need for expo-
sure sessions. PTSD patients often have fragmented memories of their trauma
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and are very reluctant to recall them, requiring detailed questions to stimu-
late memory retrieval. For a virtual coach to know which questions to ask, it
needs some understanding of the traumatic experience and the personal story
of the patient. Aside from needing detailed and personalized questions, it is
also important to get it right, because of the sensitivity of the topic. To solve
this problem, we propose an ontology-based conversational system with minimal
natural-language processing with which a virtual coach can pose relevant and
personalized questions to assist individuals with memory recollection.

For our system we envision that our virtual coach can apply similar tech-
niques for motivation and behavioral change as human coaches would, and can
achieve the same effect, even though patients know they are interacting with a
digital agent. Blanson-Henkemans et al. [6] already showed that a virtual coach
with emotional facial expressions can motivate people to live a healthier life, and
Bickmore et al. [4] showed the effectiveness of an application with virtual char-
acter to elicit healthier behavior in older adults. For mental health-care, virtual
characters have been employed for complex user groups such as people suffering
from depression [11]. For PTSD, Rizzo et al. [14] developed the SimCoach, a
virtual coach guiding veterans who potentially have PTSD towards treatment.
Even though virtual avatars have some limitations compared to human coaches,
such as the lack of full language abilities, they also have their own advantages,
like full-time availability. Moreover, the anonymous nature of a virtual character
can increase self-disclosure by patients [10].

Despite a lack of full natural language capabilities, virtual agents which can
communicate with humans in a meaningful way have been developed. Schulman
et al. [15] developed a conversational agent using Motivational Interviewing (MI,
[12]) for health-behavior change. Their method relied on multiple-choice and free
text input based on which specific dialogue acts for MI were selected. Also consid-
ering MI, Friedrichs et al. [9] developed a system which repeats back utterances
of the user and employs multiple-choice input to personalize the content. Both
these systems have been evaluated with users, showing that even without nat-
ural language understanding a system can hold a personalized and meaningful
dialogue with a user and elicit behavior change.

Ontologies are often used in dialogue systems to add additional meaning and
world knowledge. For example, Bickmore et al. [5] developed an ontology-based
counseling framework which described a patient’s mental states and therapist’s
actions affecting these states. Another possible use of ontologies is to add mean-
ing to the speech of the agent itself, something often used for chatbots [2,3].
This shows that ontologies can be used in dialogue systems to add knowledge
and meaning. In this paper, we propose to use ontologies in such a way that they
assist in interpreting the user input, to steer the conversation towards its goal,
and giving meaning to the dialogue of the virtual agent.

2 Ontology

Several definitions of the term ontology have been proposed. In this paper we
use the working definition as formulated by Noy & McGuiness [13], where an
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ontology is a formal explicit description of concepts in a domain of discourse
(classes) properties of each concept describing various features and attributes of
the concepts (slots), and restrictions on properties. Ontologies enable a struc-
tured knowledge base of a domain. For trauma, this means that the ontology
allows a system to have an understanding of traumatic events. It could under-
stand, for instance, that whenever an abuse victim never mentions a perpetrator,
something is missing from the discourse and the system should ask an appropri-
ate question.

The first thing to consider when designing an ontology for a question system
is the type of the expected answers. For this paper, we consider the possibilities
of the self-therapy Multi-Modal Memory Restructuring system (3MR) [7]. This
system allows users to employ different types of media, namely text, images,
music, video, google maps, websites, and emotion labels. For a user, all these
are available to expose them to their memory and a question system can employ
these as possible answers. An example would be the question Where did this
happen?, which might be answered in the form of text, but also through adding
a map. For this reason, our ontology is based around these types of media.

Fig. 1. Section of an ontology based on diary items in the 3MR system, showing the
types Emotion, Photo and Map and its relations and properties.

Figure 1 shows an example of an ontology based on types of answers. In this
way, every answer type has properties, which can again be instances of other
classes again having their own properties. Which classes and properties these
are, is determined by the type of memory one wants to retrieve. For a war
veteran, the location of the trauma in a foreign country is very relevant, while
for abuse victims this might be the type of room they were in.

3 Question System

Together with the ontology, a question dialogue based on this ontology needs
to be in place. The ontology led the design of the natural language questions,
whenever a specific item was entered, such as a photo, the resulting questions
could be derived from the ontology. Whenever the ontology was not specific
enough to decide on the order of the questions (for instance what to start with),
a basic when, where, who, what, paradigm was used. We asked for both mem-
ories relating to a general time period and those relating to a specific moment.
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Fig. 2. Ontology of holiday moment locations. The light boxes are the classes, the
darker ones their properties.

Both types are an important aspect of exposure therapy for PTSD and with
the 3MR system, the therapy follows a gradual exposure paradigm where people
first confront their general memories before working on the trauma itself. Two
similar ontologies were in place, both asking for the when, where, who and what
of the memory. The main deviation was that only the general ontology contained
photo and movie questions (Add a photo taken in that general period) and only
the specific ontology contained emotion related questions (How were you feel-
ing in that specific moment? ). An example of the general difference between
those conversations for war veterans would be that in the general conversation
the where question would be Where was your mission?, while in the specific
conversation this would be At which exact spot were you in that moment?.

Personalization begins when the ontology is filled in and specific questions
are asked. This could happen for instance, by knowing if a photo was taken in an
inside or outside location. These have different properties and only those appro-
priate would be asked after. While a system not knowing this could still ask for
properties of the location, it could only ask for those applying to all locations and
give examples. To illustrate this concept, Fig. 2 shows a section of an ontology of
a location of a holiday memory. The classes, or light boxes would correspond to
multiple-choice questions and possible answers. The darker boxes, or properties
would correspond to open questions asking after these properties. For example,
once one has indicated that the location was inside in a shop, the questions
would be What kind of items were they selling in the shop? corresponding to
products and How did you feel being in this place? corresponding to Your feelings
about (which is inherited from being a location). In contrast, in a naive system
where a patients’ answers are not taken into account, there would only be the
following questions in all situations: Can you describe your location? If you were
outside, think of what your surroundings looked like and what the weather was
like, and if you were inside, what type of place you were in and what it looked
like? followed by If google streetview is available for this spot, could you find it
and add it to the diary? In this example it is clear that the naive conversation
will consist of more general and longer questions. Moreover, with an ontology is
that one has a clear overview of all the topics of the questions. If the ontology
contains classes and properties for every concept in a certain memory, one knows
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the question dialogue will also be complete. Another expected advantage is that
with an ontology one can draw new conclusions. Knowing the 2 facts that 1, a
shop is a type of location, and 2, that one can have feelings about a location, one
can infer that one can have feelings about being in a shop. This reasoning quality
is what separates the ontology from a tree-based dialogue. It can be expected,
that an ontology based system can assist people better at recollecting memories
than a naive system where answers are not taken into account (from this point
referred to as non-ontology based). To test this hypothesis, an experiment was
set up comparing an ontology-based to a non-ontology based question dialogue.

4 Experiment

A within-subject experiment with two conditions was conducted. We wished to
know if an ontology-based system would allow people to recollect their memories
better than a system where answers were not taken into account (non-ontology
based). Our ontology-based system was compared with such a non-ontology-
based question system which had the same topics and order of questions, but
without any of the personalization. The effect this difference had on people’s
opinions and experiences with the system was tested, as well as the effect it had
on the level of detail in the answers.

4.1 Participants

Giving exposure sessions to PTSD patients without providing full treatment
was not considered ethically appropriate. For this reason 24 healthy participants
(10 female, mean age 28.4, SD 3.1) were recruited from the University staff
and student population. Eight Participants performed the experiment in their
native language (English or Dutch), all others in their second language (English).
Because the participants did not have traumatic experiences, the memories they
had to recollect were of holidays. This topic was chosen because it was universal
for this sample and could be modelled with an ontology quite well. Furthermore,
in exposure treatment PTSD patients would also start with a positive memory
to get familiar with the system.

4.2 Question System

The question system was based on two ontologies, one for a general holiday mem-
ory and one focusing on a specific moment within that same holiday. For the
non-ontology based system, the questions followed the exact same order and top-
ics as the ontology-based system, such as destination and travelling companions.
An example of the ontology and the difference between the systems can be found
in Sect. 3. Multiple-choice options were used to ensure that the ontology-based
system could react to answers appropriately. The non-ontology based system
did not include any multiple-choice options. Finally, in the ontology-based sys-
tem it was possible to pose a constraint on the type of answers possible, in this
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case the length of the answers. For the questions asking for descriptions, the
answer needed to be at least six words long. Whenever this was not the case,
a follow-up question would ask the participant to tell more. All open questions
were answered through adding items to the diary, be it in form of media or typed
text in a text item to answer the question.

4.3 Wizard of Oz and Procedure

A Wizard of Oz procedure was followed. The full dialogue was written in advance
and the procedure was fully specified to avoid any influence from the wizard. The
order of the questions was set and participants could signal they were finished
answering through a button. The wizard was in the same room as the partici-
pants, but they could not see the wizard controlling the system. All questions
appeared on the screen of the participant as typed text. The whole question
would appear at once, along with multiple-choice options if applicable.

Prior to the experiment, all participants were asked to bring media (photos,
video & music) from four holidays. The two memories which were used in the
experiment were randomly chosen. All participants started with an introductory
exercise to get to know the system. After this, the agent posing the questions
gave a short introduction explaining its function and that it could communicate
through text. After this, two dialogue sessions followed in which participants were
asked to describe two holiday memories, one with the ontology-based and one
with the non-ontology based question system. Each dialogue session consisted
of 10 min of questions on the general experience and 10 min of questions on a
specific moment, the order of sessions was counter-balanced. Participants had the
option to take a short break between the two dialogue sessions. The experiment
was approved by the University ethics committee.

4.4 Measures

Both subjective experience and the amount of detail in participant’s answers
were studied. The subjective experience was examined in three ways. The first
was the emotion experienced when thinking back to the memory. In particular, if
the subjective feeling changed when the memory was recollected. Pre and post-
measures were taken with the 5-point Self-Assessment Manikin scale (SAM) scale
(Lang, 1980) of Arousal and Valence for both memories recollected. The second
subjective measure was how well people felt the system helped them in recollect-
ing their memory. The third way was how people experienced the conversation
with the system. These two measures were examined with 6 questions each in
a questionnaire answered on a 7-point Likert scale. Examples of these questions
are The questions assisted me well in recollecting my memory for the memory
recollection and The conversation did not run smoothly for the conversational
experience. This questionnaire was presented directly after each dialogue session.
Finally, each participant answered four questions on their overall preference of
one system over the other. The first was on which system helped recollect the
memory best, the second which system was most pleasant to work with, the
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Table 1. Annotations and definition

Annotation Consists of

Objects All nouns, except those referring to a person (or multiple, such as
people), and those referring to a period of time (e.g. day or
moment).

People All nouns referring to people (e.g. girl, tourists) and names of people.

Descriptives Adjectives (including terms as very and three), as well as words
describing aspects of something (e.g. cold, in the room is cold).
Excluding adjectives of feelings. Double adjectives were counted
apart (a very cold room, and a large cold room both counting 2
descriptives)

Feelings All words referring to feelings (e.g. excited), including looking forward
to and tired, as well as all adjectives of feelings (very excited
counting both words).

Time All nouns referring to time, such as month or period.

third on which asked the best questions to trigger the memory and the fourth
on which system they would use again. The objective measure considered was
the amount of detail in the answers of the patients. On a general level, the num-
ber of words typed and the number of question topics posed were checked. The
number of question topics could differ per participant because the dialogue ses-
sions had a fixed time, i.e. some participants would answer only questions about
location and travel, while others were quicker and would also answer questions
on travel companions. To consider the amount of detail present in the texts, all
answers were annotated and the number of objects, people, descriptives, feel-
ings and time references were counted. The description of the categories in this
annotation can be found in Table 1. A second annotator annotated 1235 words to
ascertain reliability of the rating. Interrater reliability was assessed with Cohen’s
Kappa and showed a good agreement between annotators κ = 0.86, p<0.0001.

4.5 Data Preparation and Analysis

Two questionnaires were designed for this experiment, one measuring how well
people felt the system helped them in memory recollection, and one measur-
ing how people experienced the conversation with the system. The validity of
these was tested with Cronbach’s alpha, after which one question was removed
from the recollection questionnaire and two from the conversation questionnaire
to improve internal validity. Internal validity after this was acceptable to good
(α 0.72 to 0.81 for the recollection and α 0.54 to 0.63 for the conversation
questionnaire). For objective measures we considered the answers given to the
questions. For one of the participants, the answers to the questions were lost
due to a technical error, so the answers of only 23 participants were taken into
account. When considering the amount of detail in the answers, we only consid-
ered the comparable answers. Here comparable, means the answers to question
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topics which were actually posed and answered in both conditions. This gives
a measure where we can compare, as if per question, how detailed the actual
answers were. As it is possible that more questions were posed in one condi-
tion than the other, comparing all texts could result in comparing answers of,
for instance, answers to five questions to answers to three questions. This would
give a distorted image of how detailed the response to each question actually was.

5 Results

5.1 Questionnaires

The first questionnaire measured if recollecting a memory changed peoples
arousal and/or valence regarding the memory. A doubly multivariate repeated
measures was done for both arousal and valence, with moment of measurement
(pre/post) and system (ontology/non-ontology based) as within-subject factors.
No significant results were found (p >.05). For both the recollection and the
conversation questionnaire, a paired samples t-test was done to compare scores
between conditions. Neither of these two questionnaires yielded any significant
results between conditions (Recollection: t(23) = -.38, p = .71, Conversation:
t(23) = -.27, p = .79). On the overall preference, a single-sample t-test showed
no significant difference between the result of any of the 4 questions and the
middle position on the scale (50), signifying that there was no significant prefer-
ence for one system over the other (Recollection: t(23) = 1.26, p = .22, Pleasant:
t(23) = 1.82, p = .81 Questions: t(23) = 1.17, p = .25 Use again: t(23) = .1.57,
p = .13).

5.2 Answers

A paired t-test was performed on the amount of words typed in answers and
the number of question topics answered in both conditions, the results of which
are presented in Table 2. The table shows that there is a significantly higher
number of total words in the answers with non-ontology based system compared
to the answers with the ontology-based system. The result for the number of
topics is similar, a significantly higher number of topics was covered with the
non-ontology-based system compared to the ontology-based system.

Table 2. Comparison between the number of words and number of topics for the
ontology-based and non-ontology-based system.

Mean(SD)

Measurement Ontology Non-Ontology t df p Cohen’s d

Nr. of words 237 (114) 285 (11) -2.37 22 0.027 0.33

Nr. of topics 8 (3) 10 (4) -3.98 22 0.001 -0.54
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Table 3. Comparison between the ontology-based and non-ontology-based system
based on the total number of objects, people, descriptives, feelings and time references
in the participants comparable texts.

Mean(SD)

Category Ontology Non-Ontology F(1,22) p η2

Objects 21 (14) 20 (13) 1.00 0.328 0.044

People 7 (7) 6 (4) 0.66 0.425 0.029

Descriptive 22 (13) 16 (9) 8.91 0.007 0.288

Feeling 5 (3) 6 (4) 0.34 0.567 0.015

Time 4 (3) 3 (3) 0.32 0.263 0.057

Finally, the amount of detail in comparable texts in the two conditions was
considered. An omnibus test was done on the annotations of the total number of
comparable texts, showing a trend of a higher number of words in the ontology-
based system, but no significant result F (5, 18) = 23.63, p = .084, η2 = .87.
Table 3 shows the univariate analysis for the individual annotation categories.
Here we see that there was a significantly higher number of descriptive words
used in the ontology-based system even after a Bonferroni correction which sets
the α level at 0.01. None of the other categories showed significant results.

6 Discussion and Conclusion

The first conclusion we can draw based on the results is that no subjective differ-
ence between the ontology-based and the non-ontology-based system was found.
The second conclusion is that people answered the questions more quickly with
the non-ontology based system, as shown by a higher number of topics answered
with the non-ontology-based system, while both conditions lasted equally long.
This result might indicate that people put more effort into answering the ques-
tions from the ontology-based system. When making statements about effort in
memory recollection it is, however, also important to consider the amount of
detail in the answers and not just the time taken. Concerning this, we see that
there is a significantly higher number of descriptive terms for the ontology-based
system. From this we can conclude that people describe memories in more detail
with this system. Taken together with the result that people take more time,
this suggest that people recollect their memories in more detail with an ontology-
based system. This study also has some limitations, the main drawback being
that the participants tested were healthy individuals, and not PTSD patients.
We believe, however, that our results do provide a valid insight in memory recol-
lection with an ontology-based system as it shows that such a system can assist
in detailed memory recollection. Future work will have to study the effect of
an ontology-based system on the recollection of memories which people would
rather forget. One contribution of this study has been to show that aside from
high-level planning [5], and adding domain knowledge [2], ontologies can also be
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used to store specific knowledge of the user and steer the conversation based
on this. It has also shown that the use of multiple-choice options to personalize
the conversation [9,15] can be combined with such an ontology. Finally, we have
shown that an ontology-based question system is effective in assisting users with
detailed memory recollection, as necessary in PTSD exposure therapy [8].
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