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General introduction

Chapter 1

1. Introduction
This dissertation is about something that applies to us all. At the same time, it is
about a select subgroup of people with a select problem – and the development of
an even more select innovative intervention. So, what is it about?
At the broadest, this dissertation is about the awareness and recognition of one’s
own emotions. Somewhat more specific, it is about what it implies when the ability
to be aware of and recognise emotions is hampered - in the even more specific
situation that you happen to be a patient in therapy struggling with borderline
personality pathology (BPP). For patients with BPP, hampered emotional awareness
can aggravate their problems, while it simultaneously poses an additional challenge
in getting the most out of their treatment - as treatment generally requires a certain
awareness of emotions to be effective. Luckily, this dissertation is also about the
development a potentially potent, technology driven, new intervention that could
be of benefit to them.
The dissertation contains 7 chapters. This first chapter provides a general
introduction to the topics covered in the rest of the thesis. Starting with the work on
emotion by William James in section 1, the reader is then introduced in section 2 to
emotion regulation as the subsequent focus for therapy and research and shows how
progressive insight continued to redirect clinicians and emotion researchers ‘back’
to the basic prerequisite of emotion regulation, namely emotional awareness.
Section 3 introduces borderline personality disorder as one of the mental disorders
most in need of ameliorating emotion regulation – and thus emotional awareness.
Section 4 then taps into the topic of alexithymia, a personality construct
characterised by a notably low level of emotional awareness. Sections 5 and 6 discuss
the role of psychophysiology of emotion and thus in a way return to James’ theory
on the embodiment of emotion. Section 5 focuses on the matter of ‘response
coherence’: the degree to which the physiological, behavioural and experiential
elements of an emotional response do - or do not – cohere. Section 6 goes into the
concept of interoceptive awareness as a ‘bonding agent’ between bodily sensations
and felt emotion, and how it is generally found missing in persons with BPP and/or
alexithymia. Section 7 discusses the potential of present-day mobile health and
biosensing technology in delivering a new way to help patients improve on their
emotional awareness. Section 8 discusses some of the gaps and risks bound to the
use technology in mental health care. Section 9 presents the aims and outline of this
dissertation.

10

General Introduction

1.1 Emotion as the ‘Alpha’ and ‘Omega’ of psychology
Emotions shape and colour our world [1, 2]. They are ubiquitous in all areas of human
life: in social relationships, music, arts, sports, religion and spirituality, work, cooking,
birth and demise, videogames, social media, movies… One could argue that for us
humans, recognising and understanding – and thus dealing with - emotion is
apparently something so obvious, it is almost impossible not to do. Of course, we
have our rationality to work with, but we basically ‘breathe’ emotion as we live our
lives [3]. And so, both on a personal level and for psychological science, the
importance of emotion in the human psyche is hard to be overstated. In fact, one
could argue that part of the roots of the field of academic psychology lie in the study
of emotion. Just five years after Wundt started the world’s first psychology lab in
1879 at the University of Leipzig – generally considered the official start of
psychology as a separate and distinct scientific discipline - American soiled William
James (1884) published his landmark article ‘What is an emotion?’ [4]. With it, he
not only presented a first thorough, compelling work on the perceived origins and
workings of emotion in the human species, but simultaneously brought into
existence one of the most influential academic traditions in psychology in which this
dissertation is also rooted. For James, emotion is an embodied experience of an
active self [5] in which ‘’… the whole organism may be called a sounding-board" [6].
Although his theory on emotion and emotional consciousness was unfortunately
‘grossly’ misunderstood by many researchers after him [5, 7], the unmistakable
central tenet of James’ theory was the specific role the body and bodily experience
had in emotion:
“My theory... is that the bodily changes follow directly the perception of the exciting
fact, and that our feeling of the same changes as they occur IS the emotion. Commonsense says we lose our fortune, are sorry and weep; we meet a bear, are frightened
and run; we are insulted by a rival, are angry and strike. The hypothesis here to be
defended says that this order of sequence is incorrect, that the one mental state is
not immediately induced by the other, that the bodily manifestations must first be
interposed between, and that the more rational statement is that we feel sorry
because we cry, angry because we strike, afraid because we tremble, and not that we
cry, strike, or tremble, because we are sorry, angry, or fearful, as the case may be.
Without the bodily states following on the perception, the latter would be purely
cognitive in form, pale, colourless, destitute of emotional warmth. We might then see
the bear, and judge it best to run, receive the insult and deem it right to strike, but
we could not actually feel afraid or angry. (pp. 189-190)” [4]

James’ theory holds that the sensation of bodily changes is a necessary condition of
emotion, not that ‘the subjective experience of emotion is neither more nor less than
the awareness of our own bodily changes in the presence of certain arousing stimuli’
[7]. In addition, James regarded emotions as adaptive behavioural and physiological
11
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response tendencies that are called forth directly by evolutionarily significant
situations [8]. Nowadays, backed by convincing evidence from affective
neuroscience - although perhaps not all agreeing with all of James’ ideas, few
researchers and clinicians doubt the significance of the body in emotion. Today’s
discourse on emotion is dominated by the compelling works of authors, such as
Barrett [9], LeDoux [10], Damasio [11], Van der Kolk [12], Lane [13], and Ogden [14],
who all place great emphasis on the role of the body.
However, some 137 years later, we still fall short of an answer to this question that
propelled much of the field of academic psychology into existence. We are again
aware of the facts that James was over a century ago: bodily sensations are not the
‘whole experience’; yet they are part of what makes the whole experience emotional
[11-13, 15-17]. The bodily sensations, "perceived, like the original object, in many
portions of the cortex, combine with it in consciousness and transform it from an
object-simply apprehended into an object-emotionally-felt" [4]. The bodily
processes combine with the perception of the object to produce the emotion. In this
respect, James's theory resembles Schachter and Singer's (1962) idea that emotion
is a combination of cognitive and physiological responses [7].
Still, even though emotion and its bodily basis have had a real resuscitation in both
research and the clinical field in past decades – there still is no generally accepted
definition of ‘what is an emotion’. What is agreed upon is that ‘emotion’ refers to a
collection of psychological states that include subjective experience, expressive
behaviour (e.g., facial, bodily, verbal), and peripheral physiological responses (e.g.,
heart rate, respiration). It is also widely agreed that emotions are a central feature
in any psychological model of the human mind. Beyond these two points of
agreement, however, almost everything else seems to be subject to debate [18].
The struggle to really understand this omnipresent, yet hard to capture phenomenon
that is emotion is not merely an academic one. In contrast, as stated above,
psychological first-person experience is constructed from emotions on a day-to-day
basis. Many psychiatric disorders are said to be characterized by problems with
emotion and emotion regulation; estimates range from 40% to more than 75% [19].
As emotions are hard to be directly controlled by mere reason and will, and yet have
such an impact on our doings, it is understandable that many efforts have been made
by physicians, psychotherapists, psychiatrists, coaches, and other health
professionals to help us ‘manage’, or ‘regulate’ this powerful, potentially disrupting
internal source.

12
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1.2 Emotion in psychotherapy: From Omega back to Alpha?
In human history, emotions have long been regarded as nonspecific, disruptive
activation states [8]. Over time, there came a shift in focus: from trying to understand
‘what is an emotion’, researchers and clinicians shifted their attention to the topic
of how to manage – or ‘regulate’ – emotions. In part, this shift seemed an effect of
researchers oversimplifying James’ ideas in such a way that he was misread as saying
"Emotion is (nothing but) bodily sensations" or even "Emotion is (nothing but)
autonomic sensations." Although these simplified versions of James's ideas initially
generated an enormous amount of research (e.g., by the likes of Cannon, Bard,
Schacter and Singer, et cetera), later on it seriously impeded the study of emotion.
After the 1940’s, research on emotion had practically disappeared [7].
Perhaps, an implicit assumption that also fuelled the change of focus was that the
notion that in order to come to a better understanding of ‘what is an emotion’, both
on an individual level and academically, one must first be able to ‘domesticate’ this
‘wild entity’.
The psychoanalytic tradition is one important precursor to the contemporary study
of emotion regulation [8]. Since the early days of psychoanalysis, the resolving of
disturbing emotions by ‘working them through’ and releasing them - either directly
by catharsis or indirectly by psychological displacement or sublimination has been
common practice for decades [20-24]. Next, although initially ‘marginalised’, and
perhaps mainly admitted as the main target object to regulate and bring under
conscious control, emotions have also acquired a central spot in many to most
strands of cognitive-behavioral therapy (CBT) [25]. In the tradition of person-centred
therapy, emotion has had a prominent role from the outset [26].
Past decades have witnessed a steady increase of treatments, most (at least in part)
stemming from one of these three therapeutic traditions, many the result of new
ideas and insights originating from a mixture of sources. What they all again have in
common, is a clear focus on learning how to regulate emotions. Some perhaps even
more than others, contemporary treatments as Emotion-Focused Therapy (EFT,
person-centred/process-experiential, Greenberg, [2, 27]), Mentalization Based
Treatment (MBT, psychodynamic, Fonagy and Bateman [28-30]), and Dialectical
Behavioral Treatment (DBT, CBT, Linehan [31-33]), Schema Focused Therapy (SFT,
CBT/integrative, Young [34]), or Systems Training for Emotional Predictability and
Problem Solving (STEPPS, CBT, Blum [35]) all place great emphasis on how important
managing our emotions is for our wellbeing.
In this transition from ‘understanding emotion’ to ‘regulating emotion’, academia
followed clinical practice from some noticeable distance: until the early 1990s, just
4 publications contained the phrase “emotion regulation”. The pace was picked
13

1

Chapter 1

quickly from that point, however. In 1995, there were already 671 publications that
contained the phrase “emotion regulation” [18]. In April 2021, a quick search on
PsycINFO yields no less than 18,148(!) hits on publications containing the phrase.
Although defining what emotion regulation exactly entails has also proven a
daunting task, the renowned emotion researcher James Gross has put forward a
definition that is generally accepted throughout the field. According to Gross [8]:
“Emotion regulation refers to the processes by which individuals influence which
emotions they have, when they have them, and how they experience and express
these emotions. Emotion regulatory processes may be automatic or controlled,
conscious or unconscious, and may have their effects at one or more points in the
emotion generative process.”
According to Gross, as well as other contemporary researchers, emotional
awareness constitutes one of the main factors of emotion regulation [18, 36-38].
With the inclusion of ‘awareness’ of the emotion as part of the regulation process,
in a way we have basically returned to ‘square one’. Apparently, if we - both on an
individual and academic level - want to know what an emotion is, we need to be able
to regulate the emotion so we can investigate it. However, in order to regulate our
emotions, we first need to be aware of them.
Awareness of emotions proves to be a powerful support for adaptive emotion
regulation [39]. Although emotion regulation may be either explicit or implicit,
emotional awareness plays a crucial role as it enhances both the range of available
strategies and the flexibility with which one uses them [19, 36, 40-42]. Without
emotional awareness, it is simply much more difficult to engage sophisticated
emotion-regulation strategies, and strategies that are available are expected to be
much less effective [18, 19].

1.3 Emotional awareness,
personality pathology

emotion

regulation

and

borderline

Both problems of emotion regulation and awareness are highly prevalent in
psychopathology. The psychological disorder most infamous for being associated
with severe problems in emotion regulation is probably borderline personality
disorder (BPD). Patients with the disorder and the people surrounding them can
usually attest that BPD impacts all domains of life. BPD is characterized by a pervasive
pattern of unstable relations, a distorted self-image, and - as mentioned - profound
difficulties in regulation of one’s emotions [43-45]. Self-harming behaviours are
common [46-48]. As with many mental health disorders, BPD is a very
heterogeneous category with patients varying in severity of the disorder, their
personality profiles, issues of co-morbidity, age and so on [48]. Contemporary clinical
14
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theories on borderline personality pathology (BPP) assume that a lack of emotional
awareness accounts for much of the emotional dysregulation in BPP [49]. Although
not unique to the disorder, a lack of emotional awareness is reported to occur in a
heightened degree [47, 50-55]. Patients with BPD seem to have particularly less
focus on the level of emotional arousal, which impedes the process of identifying
and labelling of emotions [52]. This hampers emotional expression and effective use
of problem-solving strategies, which in turn leads to a persistence and most likely an
increase of emotional tension. Self-harm can then result as a means to alleviate this
tension [47, 56-59]. Researchers as McMain and Links [38] suggest that “the abilities
to identify, describe and fully experience emotions develop over the course of
treatment for BPD and are associated with successful treatment outcome” and
Farrell and Shaw even go as far as to state that increasing emotional awareness in
patients with BPD is no less than “… an important prerequisite to the effective use
of cognitive and behavioral interventions” [41]. So according to them, without
emotional awareness, (cognitive behavioral) treatment will have little effect at all.

1.4 Alexithymia as a marker of a severe lack of emotional awareness
A profound lack of emotional awareness is considered to be the hallmark criterion
of a phenomenon called ‘alexithymia’ [60-70]. Official first use of the term was by
Sifneos in 1972, who named the condition “alexithymia” from his native Greek
meaning “lack of words for emotion” [71, 72].
The term ‘alexithymia’ refers to a personality construct based on a cluster of
cognitive characteristics observed initially among patients with classic
psychosomatic diseases and later among patients with a broad range of medical and
psychiatric disorders [73], for instance psychosomatic disorders [74], PTSD [75], and
eating disorders [76-78]. And, as clinicians as Farrell and Shaw and others point out:
BPD [41].
The term originated from clinical practice. The term ‘alexithymia’ was first used to
define outcomes of a series of clinical observations and interviews of patients with
certain somatic disorders. These patients, examined by young psychiatrists Peter
Sifneos and John Nemiah, displayed difficulty identifying feelings and distinguishing
between feelings and the bodily sensations associated with emotional arousal;
difficulty finding words to describe feelings to others; constricted fantasizing and
other imaginal activity; and an externally oriented style of thinking [16, 79-81].
Please note: people with alexithymia in general1 do respond to emotional triggers
At least ‘type II’, if considering proposed – but disputed – subtypes of alexithymia. For
further information on the types of alexithymia, see for instance (at least type II, if
considering proposed – but disputed – subtypes of alexithymia. For further information on
the types of alexithymia, see for instance 73.
Bagby, R.M., et al., An evaluation of

1
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physiologically, and to a certain extent, behaviourally. What lacks to them is the
experience of the emotion—the feeling [11, 84, 85].
The groundwork for the alexithymia construct was laid in the years before however
- during the late 1940’s to early 1970’s, when a broader movement within
psychodynamic thinking was taking place from thinking about unconscious conflicts
and blocking of affects to a focus on developmental deficits [72]. The deficit oriented,
phenomenological description by Sifneos has been the starting point of a vivid line
of research that has been expanding and developing ever since. Over the years,
attempts have been made to increase understanding and to refine, reform, and
expand the concept of alexithymia.

1.5 The connection between physiology, behaviour and felt emotion: a
matter of response coherence

A central postulate of many emotion theories is that emotions involve coordinated
changes across physiological, behavioural, and experiential response systems. This
general response coherence postulate is also present in James’ theory and in the
recent revival of the ‘somatic theory of emotion’ [5]. Often, this response coherence
is associated with an evolutionary perspective on the function of emotions [86].
Despite its apparent face-validity, the relationships between the physiological,
behavioural, and experiential components of emotion have been found to be
complex. While a proportion of studies found support for response coherence,
several other studies did not.
In mentioning the ‘physiology of emotion’, one is most often referring to the role of
the autonomous nervous system (ANS) in emotion. ANS activity is viewed as a major
component of the emotion response in many recent theories of emotion [87]. There
exists an extensive body of research on the interrelationship of ANS activity and (felt)
emotion. However, across different theories on the matter, many oppose each other
to a certain extent, and so do findings from related studies that have tested these
theories. Thus, the overall conclusion to date seems to be that “there is no scientific
consensus on whether there exists a relation between emotion and the organization
of autonomic nervous system (ANS) activity and, if so, in what form (p.395)” [87]. As
it appears, the type of and strength of any given relationship between a measure of
physiology and other emotional aspects are dependent on multiple factors. So,
instead of investigating single isolated changes in physiology and their effects,
alexithymia subtypes using latent profile analysis. Psychiatry Research, 2021. 299, 82.
Moormann, P.P., et al., New avenues in alexithymia research: The creation of
alexithymia types, in Emotion regulation: Conceptual and clinical issues., A. Vingerhoets, et
al., Editors. 2008, Springer Science + Business Media: New York, NY, US. p. 27-42, 83. van
Dijke, A., Alexithymia types in borderline personality disorder and somatic symptom
disorder. 2018.
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discerning patterns of coherence would require considering comprehensive arrays
of physiological measures, as well as very detailed operationalizations of emotion
constructs and sharp specifications of under what conditions an experiment was
performed [87, 89]. Perhaps, we contend, this lack of compelling evidence on
response coherence is mainly due to too much variation in operationalizations of
phenomena and yet too shallow or superficial conceptualisations of potential
relationships. So, ironically, there may be a lack of ‘coherence’ across the field of
research clouding relationships between emotional response systems. However,
with increasing knowledge on both the extensiveness and the specificity of variables
involved in the matter of response coherence in emotion, the emergence of more
extensive and innovative research designs, and more clarity on what
operationalizations to use for what phenomena, and how to measure them with
what instruments, this should then become clear over time. Support for the latter
assumption was already found in a thorough review of the evidence by Kreibig [87].
Her findings, although tentative due to the multiple assumptions she had to make
and considerable degree of abstraction she needed to deal with the large variety of
143 experimental studies, suggest there is considerable ANS response specificity in
emotion when considering subtypes of distinct emotions.
What also is important to note, is that while dissociation among the different
response systems/modalities of emotion may come across as aberrant and
pathological, it may actually be quite normal [13, 86, 87]. Emotion regulation, for
example, may influence subsystem coherence by influencing some response systems
but not others. Emotions can be elicited by subliminally presented stimuli that do
not enter conscious awareness. As with many of the neuronal (and other) processes
taking place within our body, much of our cognitive and cognitive-emotional
processing takes place outside of the window of consciousness [13]. This is probably
for the better: being aware of all slight emotional changes would probably be highly
unsettling, dysfunctional, and as a result, pathological! Thus, conditions may arise
under which people do not report and/or are not aware of an emotional experience,
while other subsystems, such as facial expression, physiological activation, and
behavioural tendencies indicate occurrence of emotion.
Still, although less than perfect coherence seems natural, and probably even
functional, virtual absence of coherence will lead to dysfunction. Indeed, alexithymia
can be conceptualised as a state of absence of coherence between the subsystems.
Alexithymia is associated with a decoupling of experiential and physiological arousal
when exposed to emotionally negative stimuli [85]. This decoupling of physical and
self-reported responses - sometimes addressed as the ‘dual-processing’ [86] or
‘lower integration’ [90] of emotions – has been confirmed in BPD. What further
complicates matters is that when emotional arousal reaches high levels, it begins to
17
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act as loud ‘background noise’ that further hampers the ability of emotion
identification in patients with BPD [91].

1.6 (Not) hearing James’ sounding box: The link between interoceptive
awareness and emotional awareness

As one of the hallmarks of BPD is that patients deeply struggle with emotion
regulation, there is no doubt that people with BPP have emotional responses. In fact,
many patients with BPP report having ‘too many’ and ‘too strong’ emotions [57].
Still, as it also seems true that they have a lack of emotional awareness due to high
levels of alexithymia, reality will be that many of their emotions will play out
unnoticed to them. This could – at least in part – explain why in BPD emotions can
really get out of proportion – and out of hand [41].
Perception of internal bodily states, or interoceptive awareness, is found to be
associated with the subjective experience, awareness, labelling, and understanding
of emotional processes [11, 57, 92-95]. Recent findings from neurological studies
suggest substantial overlap in systems involved in reflection on somatic experience,
subjective emotional experience, and emotion labeling [92-94, 96].
The general notion of interoceptive awareness has been further specified by
distinguishing two underlying different, and partially independent, capacities that
are included in it: the so-called interoceptive accuracy and interoceptive sensibility
[95]. The notion of interoceptive accuracy describes our capacity to identify internal
body sensations, while the notion of interoceptive sensibility refers to our capacity
to focus on our internal sensations and to take them into consideration from a
cognitive point of view. Although still inconclusive, there is some evidence that
alexithymics exhibit a normal to excessive activation with respect to the
physiological component of emotional arousal [84, 85], but atypical interoceptive
awareness [97, 98]. These findings can be interpreted as the result of a combination
of normal to heightened interoceptive accuracy and lacking interoceptive sensibility
[95]. Although not unequivocal, overall findings from research on BPD show a picture
indicative of a lack of interoceptive sensibility: blunted experiences despite
heightened physiological responsiveness to emotional stimuli [99-101]. Research
findings by Suvak et al. [52] support this notion, showing that BPD patients generally
focus less on personal physiological arousal than control participants. Also, Preece
et al. [103] come to similar conclusions presenting their ‘attention-appraisal’ model
of alexithymia, suggesting a difficulty attending to feelings as one of the main
characteristics alexithymia. Had James been studying alexithymia, he would perhaps
have contended these patients may fail to notice their ‘sounding box’ [4] producing
sound; and when noticing it, failing to hear that the sounds it produces are more
than just vibrations but are part of a musical play.
18
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1.7 Using mobile technology to facilitate and enhance emotional
awareness

So far, we discussed how William James pointed out that [noticing] the sensation of
bodily changes is a necessary and primary condition of emotion, and how important
it is for human functioning and wellbeing that one is able to regulate emotion. People
with BPD experience great difficulty in regulating emotion, and often struggle with
alexithymia - i.e., a lack of emotional awareness. However, studies show that people
in general are all only partially aware of their emotional responses. This can be
explained by a limited coherence between the physiological, behavioural, and
experiential response systems of emotion. Still, it is a given that people differ
substantially regarding the extent to which they are aware of their emotions. In
people with alexithymia, awareness – or response coherence – of emotion is
strikingly low. It turns out that people who are more aware of their physiological
responses – those who have higher interoceptive awareness, appear to also have
higher emotional awareness. Thus, people with alexithymia could benefit from
treatment that increases awareness of their physiological arousal. Given the
implications of alexithymia in BPP and limited treatment options for it, there is a
need to address alexithymia more directly in treatment and improve the awareness
of emotions in patients with BPP [83, 102]. For that, they would need help in being
reminded of their ‘sounding box’ and the music it plays, i.e., their
psychophysiological reactions and constructed emotions.
Given the rapid development of wearable biosensing technology, it seems it could
deliver just that reminder [13, 41, 52, 72, 103-105]. According to Van Daele et al.
[106], “the potential of [including measurement of] psychophysiology [in
psychotherapy] has been best documented in the context of biofeedback. Real-time
physiological processes like heart rate or skin conductance are shared with patients
as a part of treatment, with the aim of helping them to gain voluntary control over
these processes. (p.47)”
Present-day wearable, mobile biosensor technology offers the opportunity to
employ biofeedback ‘in the wild’ [107]. Advances in mobile sensor technology allow
for relatively easy measurement of physiological changes of clients in many
situations in an unobtrusive way [108]. “Equipped with cutting-edge sensing
technology and high-end processors, smartphones [and other smart-devices] are
able to unobtrusively identify human emotions and are an ideal platform for
delivering feedback and behavioural therapy in an ‘‘all the time everywhere’’
pervasive computing model… Wireless wearable biosensors [such as found in
smartwatches] can be used for measuring physiological signals, such as
electrodermal activity, heart rate, temperature, and respiratory rate. Information
19
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gathered from these sensors can be used to make inferences about peoples’ states
of affect” [109]. Although the quality of the data gathered by the ever-increasing
diversity of wearable devices is not yet fully meeting the gold standards of state-ofthe-art lab equipment, collecting data in more ecologically valid settings is promising
for psychological assessment and intervention [110, 111].
The use of mobile technology in health care has been termed mHealth [112]. Mobile
apps are of particular interest because they may have additional benefits beyond
accessing websites and text messaging that may make them a particularly valuable
platform for dissemination of interventions. Recent years have seen an enormous
increase in the number of mHealth apps, claiming to help improving one’s mood,
emotional balance, or other aspects of mental health [112-114]. At the start of 2020,
there were already nearly 20,000 mobile MHealth apps in the app stores [115].
mHealth broadly includes the use of mobile devices such as smartphones, tablets,
personal digital assistants, and more recently, wearable devices. Lui, Marcus and
Barry [113] have given an overview of the potential advantages of mHealth that are
identified by scholars. These are that mHealth can overcome barriers associated with
cost, transportation, lack of therapists, lack of insurance, or a long waitlist for
services, and that it can contribute to less stigma and more privacy. Another
important potential advantage is that interventions can be delivered in the moment
of need in any location and time, such as during high-risk or triggering situations, or
times of significant distress. Furthermore, when mHealth is used as an adjunct to
traditional therapy, it has the potential to increase homework compliance and
generalization of therapeutic skills outside of sessions. Finally, mHealth may also
promote early identification and early intervention, as well as offer brief services to
those who may have less severe or subthreshold symptoms.
The connection capabilities of smartphones and their embedded sensors allows the
unobtrusive collection of active information from subjects on their natural
environment including ecological momentary assessments using tests or questions,
as well as passive objective data from device usage patterns and sensors. These
methods avoid the possibility of recall bias, which affects standardised scales and
questionnaires applied at a specific time point to assess the presence of symptoms
over the last previous weeks or months [116, 117].

1.8 Gaps and risks of mHealth apps
However, the use of mobile apps for clinical purposes is not without risk. Apart from
a limited number of decent exceptions (such as [118]), the majority of these apps
seem to be developed with little regard to the specific characteristics and actual
needs of its target users. Many of these applications also fail to incorporate current
20
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scientific or medical knowledge on their prospected users in their design [113, 114,
116]. The quality of online mental health information, including smartphone
applications for mental health, currently varies greatly [106]. According to dr.
Stephen Schueller, Executive Director of One Mind Psyberguide (a non-profit website
that reviews mHealth apps “based on the app’s Credibility, User Experience, and
Transparency of Privacy Practices”) only 3 to 5% of all mHealth apps are research
based [114]. This puts at risk mental health patients who decide to use these notvalidated, potentially ineffective, and even harmful apps.
Another concern is risks involving privacy and confidentiality. Data gathered from
apps can be accessed by unauthorized individuals through digital theft or physical
loss of the phone; or apps may have inadequate data protection, may not fully inform
users as to what information is automatically gathered and returned to software
developers, etcetera. Despite these security risks and other challenges of mHealth,
the development and dissemination of mental health apps continue to proliferate
and outpace both research and regulatory policies [113]. And patients, in search of
ways to improve their mental health, are eager to pick them up and use them [116].

2. Aims and outline of this dissertation
The aim of this dissertation is twofold. First, to add to the understanding of
alexithymia, especially with regard to borderline personality pathology as one of the
main, most severe, and ubiquitous forms of psychopathology. This aim is addressed
in part I and II. Second, to contribute to the advancement of treatment of alexithymia
by using a transdisciplinary, scientist-practitioner approach to design a crossmodality, biosensor-informed wearable application, which can continuously support
emotional awareness in daily life. This aim is addressed in part III. Each part
corresponds to one of the three research questions of this thesis. The research
questions addressed in this thesis are:
1. What are the characteristics of a comprehensive, transtheoretical account
of the concept of alexithymia and its implications for patients and their
treatment that can be learned from the evolution and development of the
concept over time?
2. To what extent are alexithymia and low emotional awareness associated to
borderline personality pathology?
3. Is it feasible to develop a biosensor-informed wearable app aimed to support
training of emotional awareness in patients with borderline personality
pathology by employing a design science paradigm?
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Part I: (Trans)theoretical account of alexithymia
Chapter two focusses on alexithymia as a general transdiagnostic, trans-modal factor
in mental health. Although there is consensus that alexithymia is a phenomenon in
which people experience difficulties in identifying and verbalizing emotions, the
exact definition has been a topic of debate not long since first use of the term in
1973. With increasing knowledge, changing research paradigms and new and better
research instruments, the concept has evolved over time as it went through different
‘eras’. In the current, only recently entered era, there is evidence of an ongoing
endeavour to integrate existing and new knowledge from not only different
individual authors, different research instruments, or different psychological
theories, but also from other, more medically/biologically oriented areas of science.
This gives rise to a multifaceted, transtheoretical account of alexithymia in which
there is an increasing focus on the lack of emotional awareness and with that, the
essential role of the human body in (experiencing) emotion. To provide the reader
with a thorough understanding of the origins of the concept and its evolution over
time into the trans theoretic concept as it is today, this chapter presents a broad
overview and summary of past and current developments regarding alexithymia.

Part II: Relationship between alexithymia and borderline personality
pathology
Chapters 3 and 4 focus on the associations between alexithymia and borderline
personality pathology (BPP). Emotional dysregulation is regarded being at the core
of BPP. Although this emotional dysregulation is likely to be the result of multiple
potential underlying processes and factors, one factor that has increasingly been
gathering attention is a lack of emotional awareness. As was learned from chapter
two, prevailing contemporary views on alexithymia define it as in principle being a
pathological lack of emotional awareness.
The study presented in chapter 3 assesses the relationship between borderline
personality pathology and (lack of) emotional awareness, including alexithymia.
Although there is a steady stream of research on emotional awareness, alexithymia
and BPP, there has not yet been an integration of results. A meta-analysis was
conducted with a total of 39 studies, involving 8321 subjects. The study was the first
to systematically assess overall results across studies. It also contains a preliminary
exploration of the associations between the separate facets of alexithymia and BPP.
Findings from the study contribute to a better understanding of the extent and
intensity by which the concepts of BPP and emotional awareness/alexithymia are
connected.
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Chapter 4 describes an exploratory study in which the popular presumption of
alexithymia being a transmission mechanism between BPP and several forms of
emotional dysregulation is examined. To date, many of the studies on alexithymia,
BPP and related clinical variables are still centred around examining bivariate
associations. Although some studies contain analyses on moderation effects, there
seems to be no published work on the possibility of alexithymia being a mediator in
the interplay between BPP and other clinical variables. In this chapter, I describe a
study in which a combined group of adult psychiatric in- and outpatients completed
questionnaires on BPP, alexithymia, depression severity, dissociative experiences
and direct and indirect SIB, and a clinical interview on alexithymia. The study
addresses two important shortcomings present in the majority of studies on this
topic: it not solely relies on the use of a (criticized) self-report questionnaire for
alexithymia but employs a multi-method approach by also gathering data via a
(psychometrically valid) structured clinical interview. Second, most studies still
include a categorical approach for determining presence of borderline personality
pathology in participants. In this study, BPP is measured via a dimensional approach,
which is generally regarded as a more valid take on personality disorders. With its
focus on alexithymia as a transmission mechanism, outcomes of this study add to
the understanding of the role of alexithymia in BPP on a ‘deeper level’.

Part III: development of a biosensor-informed wearable
smartwatch/smartphone application to advance treatment of
alexithymia and low emotional awareness

Part III handles the second aim of this thesis. Here, the basic research paradigm is
that of design science, rather than that of natural (psychological) science as it was in
part I and II. Within design science the use of User Centered Design (UCD) - or its
evolution, User Experience Design (UXD) - in mental health related apps has become
a hot topic. Scientifically designing and developing a new type of therapeutic
intervention requires three processes to be completed: first, the process of creating
a conceptual framework by which to structure and formally guide subsequent
development. Second, the process of identifying the main requirements for the
intended intervention. Third, the process of actual practical realization of the
intervention, in this case a software application, requiring use of academically valid
tools and (evaluation) methods. However, many studies miss out on one or more of
these three steps. For example, design frameworks provided in UCD studies often do
not adhere to academically sound procedures and methods. Most publications fail
to provide the reader with clear guidelines on how to actually go about in such usecase scenarios. Also, in many studies patients are not involved in the process of
creating the app or intervention.
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Chapter 5 focuses on the first two processes mentioned above. It describes a User
Experience Design (UXD) study aimed at the development of a scientifically informed
design-framework and the identification of the main requirements of an app meant
to support patients with BPP in becoming more aware of their level of emotional
arousal. The study included several inpatients with high levels of both borderline
personality pathology and alexithymia in the process of designing an e-coaching app
from the earliest stages of development - as well as several mental health care
professionals who are professionally involved in these patients’ treatment. The study
aims to deliver a UXD framework that can help guide future projects on mHealth
development. It also adds to current literature some much welcomed information
on the intricacies as well as the added value on including BPP patient user groups.
Chapter 6 describes the next stage of development in a subsequent UCD/UXD study
which involved both patients, mental healthcare professionals and UCD/UXD
experts. The study expands on the previous study described in chapter 5. Continuing
the iterative approach on designing, it describes the process of further adjusting and
expanding the conceptual design framework, supplementing the inventory on user
and design requirements, and the ultimate delivery of a working prototype of the
wearable application to aid in treatment of alexithymia in patients with high levels
of BPP. The presented study thereby is one of few to combine research with the
actual development of an employable app. As mentioned above, at one end of the
spectrum most mHealth apps lack (published) empirical research, yet at the other
end many scholarly publications describe concepts of portable mHealth
interventions, but do not foresee in actual development and completion of a working
app. This chapter describes in detail how a newly developed, tailored participatory
design approach can deliver an app that is employable in the daily practice of mental
healthcare.
Chapter 7 provides a summary and discusses the overall findings in the light of the
double aim of this thesis.
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Chapter 2

Summary

In this chapter we focus on the role of bodily sensations and their detection by
individuals who have alexithymia. A transdiagnostic phenomenon with significant
clinical importance, the concept of alexithymia originated in clinical practice. It
denotes a clinical description of patients with limited ability to identify and articulate
emotions, a concrete thinking style and a poor fantasy life. The concept of
alexithymia has evolved in recent years and is increasingly situated within the
domain of cognitive and affective neuroscience. From this perspective, it is regarded
as a disruption of various neurocognitive processes such as disturbed emotion
perception and the perception of internal physical sensations (interoception). In this
chapter, we describe three ‘eras’ of alexithymia research with an emphasis on recent
developments. We discuss the most common diagnostic tools and provide some
guidelines for the psychotherapeutic treatment of alexithymia. In conclusion, we
emphasize the need for deepening the knowledge of the psychological and
neuroscientific processes underlying alexithymia.
Keywords: alexithymia, emotion perception, Richard Lane model, affective agnosia,
interoception
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1. Introduction: Three Eras in Alexithymia Research
This chapter focuses on alexithymia and the essential role the body plays in our
understanding this concept. One of the central characteristics of alexithymia is
limited emotional perception. The aim of this chapter is to demonstrate that the
perception of the internal state of the body and bodily signals (interoception) also
plays an essential role in alexithymia.
Alexithymia is a transdiagnostic phenomenon of significant importance to clinical
practice. Research on alexithymia indicates that it occurs in about 10% of the general
population and is not linked to race or ethnicity [1-3]. In mental health care, rates
are found up to four times as high as in the average population and can amount to
45% of all patients [3, 4]. Over time, the main theoretical focus and the type of
research on alexithymia has changed. As with other concepts in psychiatry, the
concept retained its name, but its meaning changed as research progressed. In this
context, we discuss three ‘eras’ in the history of alexithymia [5]. The term
‘alexithymia’ was originally used to define a series of clinical observations of patients
that displayed a limited ability to identify and express feelings and who had an
externally oriented style of thinking and a limited fantasy life. This phenomenological
description has been the starting point of a line of research that has since then
received increasing attention from both scholars and clinicians.
The first era commenced when the concept of alexithymia was introduced and its
incidence and prevalence explored, including descriptions of cases and the settings
in which it occurred. The second era in alexithymia research started when the main
focus became the operationalization of the concept as a dimensional personality
trait [6, 7]. With more advanced research tools and statistically more complex
research methods – within the available scientific paradigms – research in the second
era has advanced the alexithymia concept in two ways: 1) it added refinement and
depth to the concept, and 2) it gave alexithymia a clearer demarcation with regard
to related concepts. This era thus clarified which characteristics are intrinsic to the
concept – and which are not.
The third era, which has only just begun, is about the critical reassessment of the
concept, resulting in proposals to (partially) redefine it. Stimulated by alexithymia
researcher Richard Lane and his colleagues, several scholars have attempted to
integrate accumulated knowledge on alexithymia from clinical, psychodynamic and
(neuro)cognitive realms over the years. Combining all these data should eventually
result in a new definition of alexithymia [5, 8], with the result being that alexithymia
will increasingly enter the domain of cognitive and affective neurosciences.
Consequently, “Alexithymia 3.0” [5] is regarded as a disturbance of various
neurocognitive processes that are influenced by both predisposition and
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environment; nevertheless, disturbed emotional perception remains central. Thus,
the new perspective is also more medically oriented. With increasing knowledge
about the workings of the brain with regard to our emotional functioning, the
essential role of the body cannot be overestimated. The process of interoception, or
the perception of the internal state of the body, seems to be of great importance for
emotional perception [9-14].
In this chapter we provide an overview of the clinical-theoretical and scientific
backgrounds, developments and latest insights with regard to alexithymia, and an
insight into the role that the body plays in the awareness of emotional signals. We
will also discuss the most common diagnostic tools and provide some guidance for
the psychotherapeutic treatment of alexithymia. We conclude the chapter with a
discussion of the necessity for further research on the neurocognitive phenotype of
alexithymia, as well as its operationalizations.

2. The first era: Origin and definition
The term ‘alexithymia’ was first used in 1973 by the psychiatrist Peter Sifneos [15].
Sifneos, construed the term by combining the Greek words a (lack), lexis (word), and
thymos (emotion, mind). He coined the term to describe his observations of patients
in the ‘psychosomatic’ ward where he worked. He noticed that it seemed almost
impossible for some of his patients to express their emotions and feelings. These
patients had feelings, but they did not seem to be aware of them, which would lead
to all kinds of problems and difficulties. For a long time, alexithymia has been
associated with functional somatic conditions for which a sought-after medical
explanation was missing. It is now known that alexithymia is not limited to patients
with ‘somatic symptom disorders’ [16].
Another disorder that alexithymia is often associated with is autism. The relationship
between autism and alexithymia is complex. As with alexithymia, the
conceptualization of autism has changed over time and is now regarded as a
spectrum formed by a number of dimensional traits [17]. The 5th edition of the DSM
refers to an autism spectrum disorder (ASD) [18]. This development has not made it
any easier to set alexithymia and ASD apart. Formal descriptions of both concepts
both include the mention of reduced self-consciousness and a limited emotional
lexicon, as well as a concrete way of thinking [17]. Research shows that in about 50%
of the people who meet the criteria of a ASD diagnosis, also are alexithymic, while in
the other 50% they are not [19-21]. In other words, alexithymia – specifically a
patient’s low emotional awareness as derived from a limited bodily awareness – is
quite common in patients with ASD yet is not an intrinsic part of its definition. So,
although complicated by the current DSM 5 criteria of ASD, both ASD and alexithymia
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are best considered as two separate concepts. This is similar to the relationship
between ASD and intellectual disability, which frequently occurs in ASD patients –
alexithymia is common to, but not a requisite for being diagnosed with ASD.
Indirect support follows from the fact that such a high co-incidence of alexithymia
does not only exist with ASD, but with many, if not most, of the disorders listed in
the DSM. For example, a high prevalence of alexithymia has been demonstrated in
eating disorders, in particular anorexia nervosa [22-26], personality disorders [2735], psychotic disorders [19, 36], substance use disorders [37, 38], PTSD [39, 40], and
anxiety and mood disorders [19, 41]. Alexithymia is, therefore, currently regarded as
a transdiagnostic phenomenon and may thus be involved in the etiology,
manifestation, and maintenance of various disorders [42]. In many cases it may also
explain comorbidity [30].

Case description: Theo
Theo (41 years old) registers for treatment with a psychotherapist. He recently – just
barely – survived a suicide attempt and was referred for ‘further psychological
treatment’ after physically recovering and being discharged from the hospital. The
suicide attempt came a few weeks after his girlfriend decided to end their
relationship.
Theo does not really know himself why he should seek psychological treatment, as he
does not experience any psychological problems. He is willing to enter treatment as
long it serves to reach a practical, well-defined goal. Theo likes clarity. He finds it hard
having to deal with people on a daily basis who just keep asking him about how he is
feeling. For him this has very little priority as he barely attends to his emotions. Oh
sure, he knows when he is feeling good or bad. He feels bad, for example, when he
has the flu or when he gets a hefty traffic fine. So, if others see that he is not sick and
he hasn’t had any fines, what more is there to say? Theo does not understand why
other people are so preoccupied with feelings and spend so much time talking about
them. The way he sees it, it is a useless pastime. He gets a headache when others go
on about their feelings for too long. Literally. His doctor saw him twice in recent
months for unexplained headaches and insomnia.
Given his stoic and unemotional attitude, the psychiatrist expressed a suspicion of
ASD, but Theo does not actually meet the criteria. The psychiatrist based his
statement on a certain recognition of the characteristics of criterion A (deficiencies
in social-emotional reciprocity, non-verbal communicative behavior, and in the
development, maintenance and understanding of relationships). However, there is
no evidence of the characteristics of criterion B – Theo has no stereotyped or
repetitive movements, stereotype use of objects, or aberrant use of language. Theo
has a structured life with the odd routines, but they serve practical purposes. If things
41

2

Chapter 2

suddenly and unexpectedly take a turn, he has no problem with adapting to the new
situation. Transitions in daily life situations also bear few problems for Theo. Theo
has several hobbies, but he is not excessively absorbed in any of them. Despite his
seemingly emotional insensitivity, Theo is not over- or under-sensitive to pain, light,
sound or other sensory stimuli.
With regard to the characteristics of criterion A of ASD, the psychiatrist concludes it
is not correct to speak of ‘deficiencies’. Yes, Theo’s limited attention to ‘emotional
matters’ sometimes irritates the person with whom he is conversing. They also may
find it annoying that he does not ‘empathize’ with them or the situation. However,
Theo has become used to providing an ‘appropriate response’, even if, in reality, he
feels little emotional reaction. He does, however, physically react to emotional
events. For example, he adjusts his manner of speaking depending on the person he
is speaking with and/or the situation. Theo uses a different tone of voice with his
supervisor than he does with his 8-year-old nephew. Apart from a limited vocabulary
for emotions, there is very little that is striking about his use of language. He makes
normal eye contact and can initiate and maintain a conversation in a fairly natural
way. He has no problem with imagery and can easily distinguish between fantasy and
reality in others’ stories.
Theo had carefully considered and prepared his plan to commit suicide. He said it had
nothing to do with feelings of sadness or anger towards his ex-girlfriend. He
interpreted her decision as a ‘fact’. It had occurred to him that he did not feel like
putting a lot of energy into a new relationship at the age of thirty-seven. Maintaining
relationships were not his talent anyway. Theo doesn’t mind that he survived his
attempted suicide but does not regret his attempt either. What worries him most is
that he does not know the real reason his girlfriend left him. He had not seen it
coming at all. Her statement that she left him because he never spoke to her about
what he felt was clearly an ‘excuse’. He spoke to her every day, including about what
he was feeling!
While Theo unfolds his story, he tightens the muscles in his arms, clenches his fists
and his face turns red. His raises his voice from talking to shouting. When the
psychotherapist asks what Theo feels while he is telling this, Theo looks at him with
incomprehension, saying: “What do you mean? Are you kidding? Or are you just like
all the rest of these emotion-loving hippies?”
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3. The second era: operationalizations and matching
diagnostic instruments

In the second era, alexithymia as a concept transformed from a ‘categorical’ clinical
phenomenon to a ‘dimensional’ personality trait. Focus shifted from providing the
best point-by-point definition, to determining which psychological processes
underlie alexithymia. Severely limited emotional perception emerged as a central
or ‘core’ element of alexithymia [43-47].

Various groups of clinicians and researchers have taken on the task of further
elaborating the definition of alexithymia and developing appropriate diagnostic
instruments to measure it. This has resulted in several definitions of alexithymia,
each with its own repertoire of self-reporting questionnaires, observation scales
and/or semi-structured interviews (for details, see our discussion in Section 5 on
clinical implications and diagnostics below). The two most frequently used
definitions are discussed below. The differences between the two definitions appear
to be gradual rather than fundamental, but appearances are deceptive. The main
difference that we will return to is whether reduced (physical) emotionality is a
feature of alexithymia [48, 49].
The first definition was introduced by Taylor, Bagby and Parker [50, 51] and has been
the gold standard for years, along with corresponding diagnostic instruments, such
as the Toronto Alexithymia Scale (TAS), devised by the same group of authors. Their
definition of alexithymia is also referred to as the Toronto model - after the location
of the university with which the researchers are affiliated.
Their definition of alexithymia is as follows:
1. Difficulty with: (a) identifying emotions and (b) distinguishing them from
non-emotional physical sensations. This often leads to the somatic
interpretation of the physical signals of emotions;
2. Difficulty describing specific emotions;
3. Impaired imagination and empathy, which is reflected, among other things,
in a poor fantasy life;
4. An externally oriented way of thinking aimed at concrete stimuli.
These four characteristics are believed to reflect underlying deficits in the mental
representation of emotions. Taxometric research indicates that alexithymia is a
relatively stable, uniform multidimensional personality trait in which these four
elements can be grouped together within two higher order factors: ‘affective
awareness’ and ‘operational thinking’ [52, 53]. Difficulty identifying and describing
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feelings constitute the first factor, decreased fantasy/imagination and externally
oriented thinking combine to yield the second factor. The first two characteristics –
both reflecting limited emotional awareness – describe the essence of alexithymia.
The other two characteristics follow more or less from these deficiencies, as it is
difficult to imagine what other people are feeling if an internal frame of reference is
virtually absent. Also, thought processes take on a factual character if no emotional
importance is attached to situations [43]. Psychometric research shows the first two
characteristics and the overlying factor ‘affective awareness’ to be the most robust
[54]. However, there is doubt as to whether a “reduced ability to imagine” is part of
the alexithymia concept at all. Studies have repeatedly shown a questionable fit of
this characteristic with the concept. As an independent characteristic, it appears to
have the least convincing, even worrisome psychometric qualities within various
instruments [54-56]. For these reasons, the feature ‘reduced ability to imagine’
disappeared from the revised TAS, the alexithymia questionnaire developed by
Taylor, Bagby and Parker. Similar worries surround the facet of ‘externally oriented
thinking’, which has also shown to have low internal consistency within various
instruments. Hence, some scholars discourage use of this facet for clinical purposes
[54].
The second dominant definition of alexithymia was put forward by Bermond and
Vorst [57, 58]. This definition is also referred to as the Amsterdam model – again,
after the location of the university with which the researchers are affiliated. In their
model and its corresponding self-reporting questionnaire, they introduce ‘emotional
arousability’ as a new element. They also put the characteristic ‘fantasizing’ back on
the map. The resulting five characteristics are grouped into two distinctive higher
order dimensions: cognitive and affective alexithymia. ‘Cognitive’ refers to the more
rational-functional, verbal component in the processing of emotions, while
‘affective’ refers to the processes that play a role in imagination and being
emotionally moved. The cognitive dimension consists of difficulty identifying and
verbalizing feelings as well as difficulty in analyzing one’s own emotions; the affective
dimension consists of a limited capacity for (physiological) ‘emotional arousability’
and ‘fantasizing’.
Nevertheless, the Amsterdam model has not been without controversy. There is an
ongoing scholarly debate about whether processes that concern limited emotional
arousability or ‘affective response generation’ fall within the definition of
alexithymia [59]. After all, this characteristic of emotional arousability refers to the
absence of a physical reaction to emotional events or situations. In fact, a lack of
(physiological) emotional arousability has been commonly associated with
psychopathy, and the combination of a clear cognitive understanding of emotions
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but a lack of affective responses corresponds to a prototypical description of a
psychopath [60, 61].
Several studies indicate that both difficulty fantasizing and a limited emotional
arousability have a suboptimal psychometric fit to the alexithymia concept [62].
Similarly, other studies have shown that there is no consistent relationship between
(indicators of) emotion arousal and alexithymia [63-69]. However, it is hard to draw
definitive conclusions based on these findings, as all the studies have methodological
shortcomings that need to be taken into account, such as: use of small samples,
problematic manipulation of emotional stimuli, no statistical correction for
psychopathy, and no control on what subjects focus their attention on during the
experimental task.
Although more research is needed to provide a definitive answer on whether the
definition of alexithymia should disregard the characteristics ‘difficulty fantasizing’,
‘lack of emotional arousability’, and to a lesser extent, ‘externally oriented thinking’,
recently, a gradual shift can be observed in the academic research focusing on
impaired emotional awareness that seems to be at the heart of the definition of
alexithymia.

4. The third era: Embodied emotional awareness and
interoception
As noted above, there is an ongoing debate about which characteristics are central
to the alexithymia concept and which are not. There is growing consensus that
alexithymia is essentially about limited emotional awareness. Nevertheless, other
topics are still being disputed. These issues may be resolved in the near future, in
part because research is shifting its focus to processes in the brain that are involved
in (limited) emotional awareness [8, 70-72].

In this modern neurocognitive view, low emotional awareness in alexithymia is seen
as a consequence of a disturbance in the processing of emotional stimuli. Due to
problems in functional processing, affective information that is not properly
processed at lower cerebral levels does not or only partially becomes available to
higher cerebral processing [44, 45, 73-75]. Accordingly, emotional awareness is thus
placed on a hierarchically organized continuum, and alexithymia represents the
‘pathological end’ of the emotional awareness spectrum [76].
With rapidly expanding knowledge about neurocognitive processes and
mechanisms, the essential role of the human body in discerning emotions has
become apparent. In part, this follows logically, as our nerves transcend the brain
and extend to the far regions of our extremities. The body is part of the entire neural
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network [10, 77, 78]. A somewhat less obvious reason is the neural representation
of the body in the brain. According to Damasio [77], physical processes and signals
are essential in complex social-emotional decisions. Over time, these physical
sensations have become associated with emotions and guide behavior (such as
nausea in the case of aversion), becoming what Damasio calls ‘somatic markers’. In
recent years, interoception, the perception of the inner body, has systematically
been linked to the perception of emotion [9, 12, 79]. This concerns not only the
perception of the signals emanating from the central organs, but all physiological
tissues that transmit a signal to the central nervous system: the intestines, the
respiratory system (breathing), the systems that regulate temperature and hunger,
the genitourinary system (bladder, genital tract), the nociceptive system (pain), the
endocrine (hormones) and immunological systems. Basically, it concerns
interpretation of all types of changes in how the body feels [12, 79].
The insula, a brain structure that works closely together with the limbic system in
the brain, has a key role in the integration of (representations of) external sensory
stimuli with internal somatic awareness [9, 12]. Sensory information is supplied from
the body to the thalamus, which transmits this information to the (posterior dorsal)
insula. There, a primary picture of the state of the entire internal body is formed [80].
This sensory image then acquires an emotional meaning through its connections to
the anterior cingulate cortex (ACC) [81]. See Table 1 in which the functions of various
brain areas are described. For example, the experience of pain, shortness of breath
and hunger not only include a sensory perception, but above all a feeling of
discomfort that is the impetus to act and change the situation. As these perceptions
help to serve the organism’s survival, emotion and interoception are thus closely
intertwined for vital reasons [82, 83]. It is presumed this connection is bidirectional:
interoception influences the emotional response, but the (perceived) emotion in
turn also influences (the perception of) the body [81]. Within this interaction, a finegrained process takes place, involving all kinds of (conscious or subconscious)
decisions, resulting in certain cues receiving attention while others are ignored. Such
processes are commonly recognized as ‘styles of appraisal’ and ‘evaluations of
emotions’ (e.g., [59]).
Bodily awareness even plays a role with regard to higher cognitive processes in
emotional decision-making [79]. A striking example of this are experiments in which
people had to provide subjective ratings. People who were aware of their bodily
sensations, as opposed to people who were not (i.e., those who had low
interoception), rated currency as more valuable when they held a heavier object (in
this case a clipboard), or they rated people as more friendly when they sat on a soft
(as opposed to a hard) cushion [84].
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Most contemporary research on the link between alexithymia and limited
interoception has focused on the cardiovascular system, through the use of a
heartbeat detection task [13, 85-87], but not exclusively [86]. Results consistently
show that, in general, people who are less able to sense their own heartbeat, score
higher on alexithymia. In another type of research, an imaging study in brain-injured
patients showed that the degree of damage to the anterior insula determined the
degree of alexithymia [88].
Overall, findings have indicated that internal body awareness (interoception)
constitutes a necessary, however not a sufficient, condition for achieving emotional
awareness. Emotional awareness comes about through a series of processes at
different neurocognitive levels. Current theories on alexithymia assume that
alexithymic persons do, in fact, have somatic sensations in response to emotional
events and that they are also often aware of these bodily reactions. However, they
(most often) lack the necessary skills or the vocabulary to translate these sensations
and interpret them as an emotional feeling [8, 59, 89]. In the next sections, we
discuss a model that describes emotional awareness on several levels.
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Table 1. Some areas of the brain that play a role in the processing of interoceptive signals.
Brain area name

Location

Function

Somatosensory cortex

Outer shell

Higher
processing
and
perception of incoming bodily
signals.

Prefrontal cortex (anteromedial and Outer shell
orbitofrontal)

Higher processing, such as
making decisions without
emotional awareness (‘gut
feelings’), (implicit) emotion
regulation.

Cingulate cortex (frontal part)

Explicit focus (attention) on
emotion (and pain).

Middle shell

Regulation of visceral stimuli.
Affective
meaning
interoceptive stimuli
motivation.

of
and

Insula

Middle shell

Representation of the global
internal state of the body
through
integration
of
external sensory input and
internal
somatic
stimuli
(interoception).

Thalamus

Core

Passing on of sensory and
interoceptive stimuli.

Source: Houtveen [90]

4 .1 Model of Levels of Emotional Awareness
As early as the late 1980s, Lane and his colleagues developed a cognitive-affective
developmental model of emotions that describes the process of emotional
awareness at different levels [46, 91]. Within this model, alexithymia is seen as a
comprehensive disruption of the structural organization of emotional experiences
on a psychological, neuroanatomical, and physiological level. In normative
development, a constant process of differentiation and generalization leads from the
implicit, preconscious expression of affective arousal such as bodily sensations,
action tendencies, or global states of positive or negative tension, to the explicit
representation of affective arousal as distinct, consciously experienced feeling
states. From this viewpoint, individuals may differ quantitively and qualitatively in
their capacity for emotional awareness. Disruptions in development may lead to
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certain impairments in emotional awareness, causing individuals to “get stuck” at a
particular level. Five hierarchical levels or stages of development of emotional
awareness are distinguished within this model. In accordance with Damasio's theory
[10], the model asserts that emotional awareness begins in and with the body. The
‘lack of a physiological response to emotional stimuli’, as described earlier, has no
place in the model. If there is no primary (physiological) emotional reaction, it is
deemed out of place to still speak of a ‘limited level of emotional awareness’. For
instance, in a similar way, when referring to the absence of brakes on a bicycle, it
makes no sense to speak of ‘reduced’ braking capacity. Also fitting with the ideas of
Damasio, what the model implies is that the conscious ‘feeling of the feeling’ only
occurs in later stages of cognitive processing, although the model does discuss a
more gradual course by describing five subsequent levels. The type of emotional
processing that takes place per level corresponds to specific activations in different
functional networks in the brain [8].
Figure 1. Parallels in the hierarchical organization of emotional experience and its neural
substrates. The shell structure is intended to convey that each succeeding level adds to and
modulates lower levels but does not replace them. Although each model contains five levels,
a one-to-one correspondence between each level in the psychological and neuroanatomical
models is not intended. Lower levels with white backgrounds correspond to implicit
processes. Higher levels with gray backgrounds correspond to explicit processes. Reprinted
with permission from [8].

The basic order of the five levels within the Levels of Emotional Awareness model
and their interrelationships running parallel to Piaget’s description of the stages of
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cognitive development (see Table 2). Each consecutive level in the model represents
a more advanced, more ‘complex’ type of awareness of emotion: 1) awareness of
visceral activation, 2) awareness of action tendencies, 3) conscious awareness of one
feeling at one time, 4) awareness of a blend of feelings at one time, 5) awareness of
different blends of feelings in self and other (see Table 2). As we will demonstrate,
within this model, the body is the “first essential building block” of emotional
awareness. Figure 1 show that the five levels are linked to various (more or less
hierarchically organized) brain regions, including the brainstem, the diencephalon
(“interbrain”), the limbic system, paralimbic structures and parts of the (pre)frontal
cortex. Figure 1 also shows how emotional processing still occurs unconsciously
(implicit) at the first levels and progresses to a conscious (explicit) experience at the
higher levels. From a psychological perspective, level 1 is about ‘affects’: automatic
reactions that are elicited by the central nervous system. Level 2 concerns the
behavioral expression of affect: approach or avoidance from the (implicit) awareness
that something is pleasant or unpleasant. At this level, emotions are still expressed
in a non-verbal way in the form of (automatic) gestures or facial expressions. From
level 3 on, basic emotions are experienced consciously. As a result of an (implicit)
selection procedure by the brain of the most appropriate emotional scheme,
conscious attention is directed towards the experience which enables one to
recognize the emotion – given the emotion is present in a sufficiently pronounced
form. At level 4 there is reflective awareness of emotions. Emotions can be
distinguished from each other and opposing emotions can be integrated through a
narrative that fits the context and self-image of the person. Blended feelings (for
example a mix of regret and relief) can be experienced, tolerated, and
communicated. In contrast to the previous levels, this is not about a phenomenal,
“passive” consciousness; instead, it concerns the active cognitive processing of the
social-emotional reality that is being experienced. In other words, this is where
(affective) mentalizing takes place. At the fifth level there is a profound ability to
experience blends of emotions, from one’s own perspective and that of the other(s).
In other words, subjective feelings are ambivalent and one realizes that the other
person(s) can experience the situation in their own way, which differs from one’s
personal perception. Someone who usually functions at level 5 is capable of both
cognitive and affective (i.e., reasoned and felt) empathy.
Within the Levels of Emotional Awareness model, emotional awareness is
considered a relatively stable personality trait. So, it presumes that people who tend
to function at level 3, do so in all situations. However, it is conceivable that under
certain circumstances (e.g., when undergoing significant stress) one would revert to
earlier development levels [92]. It is also conceivable that within particularly close
relationships with high levels of psychological safety and intimacy, higher levels of
emotional awareness can be attained. A final comment about this model is that one
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may wonder whether level 5 is still about emotional awareness. Given the
complexity, interactivity and the interpersonal aspects of the processes that take
place at this level, other socio-emotional processes – such as empathy, selfdifferentiation, theory of mind, and mentalizing – seem to come into play.
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Table 2. Levels of emotional awareness and some indicators
Level
of Level
cognitive
emotional
development
awareness

of Ability to
emotions

differentiate Ability to describe emotions

1) Sensorimotor: Aware of bodily No, at most ‘tension’ Unable or limited ability
reflexive
sensations.
(arousal) is perceived.
describe physical sensations.

to

2) Sensorimotor: Aware of the
enactive
‘body in action’:
emotional
tension.

Limited to perceiving own Able to describe the perceived
‘action tendencies’ and action trends or the global state of
global state of well-being well-being (I feel good/bad).
(pleasant versus annoying).

3) Preoperational

Aware of the
extreme
emotions or the
‘basic
emotions’.

Able to experience a Able to describe unidimensional
‘specific emotion’ one- emotions (fear, anger, happiness,
dimensionally (‘completely sadness).
present’ or ‘absent’) and as
such
distinguish
one
emotion from the other.

4) Concrete
operational

Able
to
distinguish
between
emotions and
integrate
opposing
emotions.

Able to perceive states of Capable of describing
‘mixed
feelings’'
and differentiated emotions.
simultaneously occurring
opposite emotions.

5) Formal
operational

Capable of farreaching, subtle
differentiation
in
emotions
belonging
to
oneself
and
others. Able to
experience
various
combinations of
(incongruent)
emotions.

Capable
of
extensive
differentiation in emotions
and experiencing a great
variety in intensity and
quality of the emotions.
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Nuanced descriptions of both
mixed and finely distinguished
emotions belonging to oneself and
others.
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4.2 Neuro(psycho)logical alternatives for the term alexithymia
4.2.1 Blindfeel
Dissatisfied with the original terminology coined by Sifneos [15] – which was
essentially no more than a phenomenological description – Lane and his colleagues
have sought a naming convention that does more justice to the underlying
psychophysiological processes. Their initial search led to the proposal to change the
name of alexithymia to ‘blindfeel’, based on a phenomenon called ‘blindsight’ that is
described in the neurological literature. Blindsight is associated with lesions in the
primary visual cortical receiving area, V1. Patients with blindsight claim that they are
blind. Yet, when presented with visual tracking and other select visual tasks, their
behavioral responses indicate that they perceive the visual stimuli at some level –
but are not consciously aware of doing so. It is assumed that these patients are,
therefore, dependent on the transfer of visual information via other routes. This
creates the peculiar phenomenon that people can name (with a higher probability
than mere chance) the presence and location, sometimes even the movement,
shape and color, of an object that is in their proximal environment. At the same time,
these persons are not aware of the object; that is, the visual stimuli that form the
basis of their perception are not experienced subjectively. They are blind, yet in a
way they see. Lane and colleagues [45] observed how the cognitive-functional
deficits characterizing alexithymia showed similarities with this neurological
condition. When emotionally aroused, the alexithymic individual manifests
behavioral and autonomic responses; however, based on his deficit in interoceptive
awareness, the individual will typically say that he does not feel anything or that he
does not know how he feels. According to Lane et al. [45], the problem in alexithymia
consists of deficient development of conscious awareness of emotion, allowing for
the possibility that some rudimentary form of emotional experience exists (e.g.,
awareness of bodily sensations). The analogy with emotional awareness is that
alexithymic individuals also experience ‘basic’ but not ‘higher’ or more advanced
cerebral processing, resulting in emotions not being consciously experienced [10].

4.2.2 Agnosia and anomia
Over time, the term ‘blindfeel’ has been referred to a couple of times in the scientific
literature but has not replaced the use of the original term. However, this did not
stop Lane from contriving improved terminology for the phenomenon. Recently, in
keeping with the levels of emotional awareness theory, Lane has proposed to discard
the term ‘blindfeel’ and to instead distinguish alexithymia at two levels: the level of
being unable to become aware of emotions, i.e., ‘affective agnosia’, and the level of
being unable to identify emotions, or ‘affective anomia’ [89, 93]. In this new
formulation, affective agnosia coincides with – and thus replaces – the concept of
‘blindfeel’ [89].
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Affective agnosia implies a fundamental deficit in the processing of emotions. This
condition goes beyond being simply a problem of lacking vocabulary to label
emotions. It concerns a fundamental lack of a higher order conceptualization of
emotion. individuals who have affective agnosia are unable to represent on a
conceptual level all ‘percepts’ (physical sensations, ‘gut feelings’) of the emotion
construct. According to Bucci [94], these people lack “symbols for somatic states”.
Anomia is a less severe deficit, corresponding to what the original Greek name of the
concept implies – the individual cannot find the words to express the felt emotion,
but does experience the emotion. Naturally, in the case of affective agnosia, words
for emotions are also missing, however, this lack is due to a deeper lying cause as it
concerns deficits in the basic processing of emotions.
When placed within the Levels of Emotional Awareness theory [91], anomia would
grossly correspond to emotional awareness functioning at level 2, bordering on level
3. With anomia, an individual can report felt behavioral tendencies and provide a
description of feelings in terms of valence and tension (“I feel good/unpleasant”,
“good/bad”, “I experienced a lot of/no tension”). In case of affective agnosia,
emotional awareness is at the level of the integration of somatosensory information
or, at best, at the level of the conceptualization of affect, due to very early stagnation
in the affective-cognitive process. In terms of the model of emotional awareness,
individuals with affective agnosia function at level 1 or level 2; they perceive the
rudimental physical sensations and/or might be aware at times of their tendencies
to act, but the representation of emotion in their consciousness is not present.
Ironically, despite the semantic match with the original term, some scholars have
stated that anomia does not involve ‘real’ alexithymia. According to them, anomia
could very well be more about ‘repression’, a psychological defense mechanism
where the emotion is kept out of consciousness, because this evokes too much
anxiety (see, for example [95]). Yet, theoretically, explicit awareness would be
possible. Alternatively, (a state of) anomia could also result from ‘emotional
overload’, during which an individual (temporarily) has no reflective capacity left to
adequately identify the emotion (Lane, personal communication, 9 July 2020). This
is also referred to by some as ‘secondary alexithymia’ [96, 97]. The basic capacity to
have an emotional experience is there but is temporarily unavailable. If this
assumption is correct, and anomia is rather the result of defense mechanisms or
temporary emotional overload, it bears important implications for clinical practice.
Some general tell-signs for anomia (as these are generally said to result from
psychological defense mechanisms) are: dissociation, affective lability, more
‘neurotic’ defenses (e.g., rationalization, isolation of affect), affect phobia and other
types of experiential avoidance.
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5. Clinical Implications
5.1 Diagnostics: Challenges, considerations, and points of attention
In diagnosing alexithymia, it is preferential to use a combination of instruments that
specifically measure alexithymia along with those that measure emotional
awareness. The use of various measuring instruments, especially if they are based
on different modes of measurement, not only increases reliability and validity [98,
99], but also provides the clinician with better, more extensive information to work
with.
The majority of the more recently developed diagnostic instruments are either
performance-based measures, interviews, or observation scales. In an earlier era,
diagnosing alexithymia mainly relied on clinical judgment and self-reporting
questionnaires. An advantage of self-reporting questionnaires is the ease of
administration and scoring and the relatively little effort by both patient and clinician
to complete the test. As such, these two diagnostic tools have their merit particularly
as screening instruments. There is substantial debate, however, over the validity of
self-reported emotional (awareness) abilities, including those assessed with
alexithymia self-reporting questionnaires. It is considered problematic that selfreporting requires that the person completing the test to have adequate insight into
their own functioning relative to norms. In the case of alexithymia, the lack of this
insight is precisely what characterizes the phenomenon! In addition, none of the
currently available self-reporting questionnaires distinguish between different types
of alexithymia, for example, between anomia and agnosia. Besides these more
generic limitations, there is growing concern that the ‘gold standard’ self-reporting
questionnaires might primarily measure negative affect instead of alexithymia.
Various studies have shown that relationships between alexithymia, measured by
self-reporting, and various other variables are no longer significant when negative
affect is taken into account as a variable [62, 100]. The results indicate that some of
the available questionnaires measure mood effects rather than alexithymia, which is
worrisome. Luckily there are exceptions. A recent study, for example, showed that
subscales from the Perth Alexithymia Questionnaire (PAQ) and the Bermond-Vorst
Alexithymia Questionnaire (BVAQ), but not the Toronto Alexithymia Questionnaire
(TAS), distinguished between psychological distress and alexithymia [62].
An alternative or addition to self-reporting questionnaires can be the use of
performance-based tests, observer scales and structured interviews, such as the
Level of Emotional Awareness Scale (LEAS), the Observer Alexithymia Scale (OAS)
and the Toronto Structured Interview for Alexithymia (TSIA). They both offer more
accurate validity and reliability (also with regard to controlling for negative affect
[100] but require the clinician (or researcher) to spend considerably more time and
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effort on training, administration, scoring and interpreting. The pros and cons of
which diagnostic instruments to administer should be weighed up by the clinician.
To this end, we list several of the available instruments in the following section. We
have grouped each instrument according to the ‘era’ of alexithymia in which it was
developed, although in current practice, all are being used interchangeably.

5.1.1 Alexithymia 2.0
Below is a brief description of the most used measuring instruments. A more
extensive list can be found in the review by Maes, Sabbe, Luyten, and Beukeleirs [97]
in which they include some of the older questionnaires and measuring instruments,
most of which are not, or hardly ever, used anymore, as well as some more broadly
oriented diagnostic tests that include alexithymia as a subscale. Three types of
instruments are distinguished within this domain: self-reporting questionnaires,
observer rating scales and (semi-structured) interviews. As several self-reporting
questionnaires, observer rating scales and interviews have been found to be only
partly interrelated, it is commonly advised to use instruments from different
categories when assessing alexithymia, as this helps to cover multiple aspects of the
alexithymia concept. We will discuss the most used instruments of each category.

Toronto Alexithymia Scale (TAS-20)
The Toronto Alexithymia Scale (TAS-20) is by far the most widely used instrument to
measure alexithymia [101-103]. The TAS-20 is a self-reporting questionnaire
consisting of twenty items in which the respondent must indicate on a Likert scale to
what extent he recognizes himself in the item. Factor analysis confirms that the test
measures three characteristics of alexithymia: difficulty identifying feelings, difficulty
describing feelings, and externally oriented thinking. The fourth characteristic, lack
of fantasizing is not included in the test. Also, there is no option to inspect results on
the questionnaire at the level of the two higher order factors of the ‘Toronto model’.
Although the questionnaire is considered to provide a valid measure of the concept
when the total test score is used, there is criticism concerning the validity of the
separate characteristics and their reliability in specific populations [54, 62]. For these
reasons, Kooiman and colleagues [99] advised against the use of the TAS-20 for
clinical purposes, especially when questionnaires are being considered an option to
replace other, more extensive tests.

Bermond-Vorst Alexithymia Questionnaire (BVAQ-40)
A second self-reporting questionnaire is the Bermond-Vorst Alexithymia
Questionnaire (BVAQ-40) [58]. The BVAQ is presumably the second most used
alexithymia questionnaire in research and practice after the TAS- 20. In line with
Vorst and Bermond’s model of alexithymia, the questionnaire is more extensive than
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the TAS-20, as it contains 5 subscales and also distinguishes between cognitive and
affective alexithymia. The five subscales are: 1) Inability to emotionalize (the ease
with which one becomes mentally emotionally aroused by internal or external
stimuli); 2) Inability to fantasize; 3) Inability to identify emotions; 4) Inability to
analyze emotions; and 5) Inability to verbalize emotions. The first two subscales
together measure affective alexithymia, the latter three measure cognitive
alexithymia. The BVAQ-40, like the TAS-20, is available in multiple languages, is wellvalidated for use in multiple populations and was found to have sound psychometric
qualities.
The distinction between cognitive and affective alexithymia can be appealing to
clinicians who like to determine fine-grained diagnoses. With two forms of
alexithymia either present or absent, one can distinguish (at least) four subtypes of
alexithymia [48, 104, 105]. For example, one subtype could be a patient who is
emotionally arousable (and who can also report this), yet cannot really identify,
analyze, and verbalize what he is feeling. Another subtype could be a patient who
can hardly be aroused emotionally, but who can still distinguish well between
emotions and can even elaborate on them, yet without really feeling them. In the
former case, the patient is capable of affective experiences, but due to ‘cognitive
alexithymia’ lacks the capacity to rationally process them. In the latter, the verbal (or
cognitive) abilities would be present, but the emotional experience is lacking due to
‘affective alexithymia’. Still, empirical evidence for the existence of subtypes remains
scarce. In fact, the use of clear-cut categories or subtypes is also in contrast with
recent developments towards a spectrum-based model based upon insights in
neurobiological and psychological working mechanisms [59, 76, 106].

Observer Alexithymia Scale (OAS)
In addition to self-reporting instruments, there are various observer rating scales to
measure alexithymia. One of these is the Observer Alexithymia Scale (OAS) [107]. An
advantage of an observer rated instrument such as the OAS is that it can be
completed by hopefully a more objective third party. In terms of validity, this is a
strong argument for its use, given the limitations of self-reporting. Compared to
other observer scales, the OAS has the additional advantage that it does not require
formal training to use it. The psychometric qualities of the OAS are overall
acceptable. However, reliability of some subscales is questionable [108]. A
translation is available for Dutch-speaking populations.

Beth Israel Hospital Psychosomatic Questionnaire (BIQ) and
Toronto Structured Interview for Alexithymia (TSIA)
A third type of diagnostic instrument for assessing alexithymia is the structured
interview. Most of the interview instruments that were developed were either a
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predecessor or successor of the Beth Israel Hospital Psychosomatic Questionnaire
(BIQ) developed by Sifneos in 1973. As of 2006, however, Bagby and Taylor
presented the Toronto Structured Interview for Alexithymia (TSIA) [43] as a new,
independently developed structured interview. The TSIA is considered to be one of
the most valid and reliable tools for assessing alexithymia, although as stated above,
the recommendation to use a multi-method, multi-measure approach still remains
[97, 109-112]. The TSIA has been translated and researched by Ghent University for
use in the Dutch-speaking population.

5.1.2 Alexithymia 3.0
The Levels of Emotional Awareness Scale (LEAS) has been designed to map the
degree of emotional awareness according to the levels of emotional awareness
theory as discussed above [113]. The LEAS consists of a series of twenty short
descriptions of hypothetical social situations or events that the subject and a fictional
second person undergo together. Each description is followed by two questions,
asking how the person taking the test would feel in that situation and how he thinks
the other person would feel. Higher scores on the test indicate a more developed
awareness of emotions and feelings.
The person’s written responses about his and the other person’s emotions are then
rated. Responses can be rated as reflecting emotional awareness on one of the five
levels of the LEA theory. A response on levels 4 and 5 demonstrates the individual’s
capacity to deal with ambivalence and to integrate and simultaneously experience
different emotions and perspectives. At these levels, emotional awareness also
transcends the personal experience and enters the interpersonal domain (which
some would call ‘empathy’), in which one can also accurately reflect on the
experience of another person from his or her perspective, even if this experience
deviates from one's own.
An obvious strength of the LEAS is that its outcomes are not based on selfassessment. The test has sound psychometric qualities, including high inter-rater
reliability and high internal consistency. Although the test is performance-based in
the sense that scores are assigned to the answers given per described situation, no
pressure is placed on the person to provide the ‘best answer’ possible or to complete
the test as quickly as they can. A computer program for administration and
automatic scoring is now available (the ‘eLEAS’) in various languages (English,
German, and French).
The most important ‘limitation’ of the LEAS is that, strictly speaking, the test does
not measure alexithymia. Given the evolution of the concept of ‘alexithymia’,
however, this limitation should not be a reason to refrain from using the test in
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clinical practice or research. What does limit its use in daily practice, at least in the
Netherlands, is a lack of an official translation of the test, as well as missing validation
studies and representative norm groups for the Dutch population. Currently, the
only norms for scoring that are available are based on American samples. Tilburg
University has produced a provisional Dutch translation of the LEAS. However, as this
translation is still unapproved and norms are not yet available, it is not suitable for
use in daily clinical practice or applied research.

5.1.3 Conclusions and implications regarding diagnostics
Clinicians operating in the Dutch language have a couple of questionnaires at their
disposal to start the process of assessing alexithymia. Although these questionnaires
are suitable for initial screening, more extensive assessment and refined diagnosis
are still required to determine proper treatment planning and choice of
interventions. For these purposes a multi-method assessment is recommended,
using a combination of questionnaires, observer rating scales, and/or structured
interviews [97]. Such extra, multi-source information will help the clinician to obtain
a richer picture and deeper understanding of the individual case. Proper diagnosis
and treatment planning require an assessment of alexithymia (and emotional
awareness) that provides more than just an indication about whether or not
alexithymia is present. To this end, a dimensional, multi-faceted perspective on
alexithymia, in which emotional awareness has become central, is increasingly
becoming standard practice in the diagnostic process. However, in following this
course of action, clinicians can be confronted with the limited convergence between
different types of instruments, which can yield contrasting results. Although this
likely reflects the fact that different instruments cover different aspects of the
alexithymia concept, further research on the interrelatedness of different
instruments is warranted [97]. A drawback that concerns mental health care in the
Netherlands is that the full array of instruments needed for this new way of assessing
is not yet available.
Notwithstanding the current evolution of the assessment process, true progress
would imply a shift towards the assessment of underlying neurobiological or
psychological mechanisms [5, 59, 70, 76]. Recent scholarly research on alexithymia
has identified that there are at least seven semi-related mechanisms that, in
different constellations, could all lead to the same phenotype of alexithymia.
Centering diagnostic assessment on these mechanisms would greatly advance the
level of understanding and add to personalized treatment, as it would then become
possible to see, for example, whether someone has deficits regarding emotional
reactivity (emotional arousability) regarding the cognitive representation and/or
processing of emotions, or that both areas of emotional functioning are intact but
that conscious access to emotions is temporarily blocked due to emotional overload
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or psychological defense. Assessment of such mechanisms in individual diagnostics
would represent a major step forward in providing personalized treatment. As the
third era of alexithymia research has only just begun, appropriate diagnostic tools to
assess these mechanisms remain to be developed.

5.2. Some treatment guidelines
Alexithymia is still regarded by many as a personal trait that is hardly amenable to
treatment. Therapists have often described alexithymic patients as ‘therapy
resistant’, due to their ‘unwillingness’ to reflect on emotionally relevant situations.
The quality of the therapeutic relationship often suffers from the alexithymic
patient’s inability to express positive emotions within therapy. As a result, therapists
may experience the therapeutic relationship with these patients as more negative
than with non-alexithymic patients. Therapists also tend to overlook therapeutic
progress, especially in the early stages [114]. With contemporary knowledge, it
should be clear that nominal progress in traditional forms of psychotherapy it is not
a result of the patient’s resistance. More likely, progress is impeded by a lack of a
common language that the therapist and patient might use to talk about emotions.
Without realizing the immensity of the differences between them, the ‘expert’ on
emotional awareness (i.e., the therapist) starts a conversation with an absolute
‘novice’ (i.e., the patient). Metaphorically speaking, it is as if two very different wine
tasters meet up in a tasting room: one is an oenophile, the other a person who is
about to drink his very first glass of wine ever. As an expert in the field of wines, the
oenophile will be able to discern many specifications, elements and dimensions of
the wine that he is tasting and, in turn, describe these subtleties. Needless to say, he
will not only be describing what he tastes, he will also be experiencing it. As an
expert, he will soon be talking about structure, different fruits, wood ripening, depth,
finish, tannins, etc. A novice, however, will probably not derive much more out of his
experience than noting the taste of alcohol, that the wine is sour or sweet to the
tongue, and whether or not he likes it [45]. To begin a mutual conversation about
the topic at hand, the expert needs to tune in to the level of experience of the novice.
In therapy, the therapist can do this by fine-tuning his interventions to the patient’s
level of emotional perception [44, 114]. In alexithymia, particularly in the case of
‘agnosia’, this requires the therapist to first focus on the physical reactions of the
individual and the changes thereof [8, 32, 46, 59, 100, 114-122]. Being able to
observe and identify the physical aspects of emotions are prerequisites for the
eventual perception of the patient’s feelings and thus comprise the essential
elements of therapy for alexithymic individuals. As stated by Taylor et al. [123]:
“The therapeutic approach for alexithymia patients attempts to elevate
emotions from the level of perceptually bound experience (a world of
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sensation and action) to a conceptual representational level (a world of
feelings and thoughts) where they can be used as signals of information,
thought about, and sometimes communicated to others (p. 252).”

For patients at the lowest level of emotional awareness, this implies they first need
to learn to become aware of changes in the heart rate, breathing, muscle tone,
posture, use of voice, small movements, and so on. Next, the therapist needs to help
patients to interpret and integrate these outcomes of this ‘training in interoception’
in the context of encountered social events and help them to describe these
experiences in terms of emotions.
Overall, a more structured, skill-based approach has proven to be the most effective
in treating alexithymia and improving emotional awareness [114, 124]. This is
especially true when the therapist provides explicit help in describing the patient’s
experiences early on in therapy. This requires the therapist to be wary of stepping
into the trap of telling the patient what he is experiencing, but to instead stay one
pace behind the patient, helping him to discover how his perceived physical
sensations could be signs of one or more emotions and aid him in articulating any
relevant and plausible explanations. In the iterative process that follows, the goal is
not for the patient to simply learn how to ‘label’ physical sensations in a new way.
Instead, the goal is to gradually raise the patient’s levels of emotional awareness by
deliberately combining and integrating experiences from different modalities and
perspectives and, step-by-step with the help of the therapist, discover different
levels of emotional awareness whenever possible. Ultimately, the aim is for the
patient to be able to experience new ways of being in relationship – with himself and
others [8, 125, 126].
To date, there have been few publications about the development of treatment
and/or training programs aimed at increasing emotional awareness. Most of them
report preliminary or early versions of such programs, most often developed for
select target groups. For example, Farnam et al. [127] developed emotional
awareness training for people with irritable bowel syndrome, in which participants
received psychoeducation in two 30-minute sessions and practiced recognizing eight
basic emotions, through the use of the making of schematically depicted faces, role
play, (spoken) examples and a conversation with a psychiatrist. They were also asked
to keep a diary of their emotional experiences. Edwards, Shivaji, and Wupperman
[128], in turn, developed the Emotion Mapping Activity (EMA), a short mindfulnessbased exercise in which patients with alexithymia learned to recognize, pinpoint, and
link their bodily sensations to emotions through a computer program. Although it
was an exploratory study, its results were encouraging. A third example is Farrell and
Shaw's Emotional Awareness Training, specifically developed for patients with
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borderline personality problems. In their study [32], they describe the development
of the training and their first experiences with it in treating patients and
acknowledged the training as a prerequisite for further treatment of borderline
personality disorder. Unfortunately, some time after their publication the training
was discontinued, and the protocol is no longer available. Farrell and Shaw indicate
they have incorporated ‘the essential elements’ of their training into their Group
Schema Therapy [129]. As they described a part of their protocol in their 1994 paper
this part has been translated and rewritten into Dutch, with permission of the
authors, by Derks, Westerhof and Bohlmeijer for use in general mental health care.
See:
https://www.boompsychologie.nl/media/4/protocol_bij_transdiagnostische_factor
en.pdf
Noteworthy is the work of Gendlin [130] on the technique of ‘focusing’. Gendlin
developed a body-oriented treatment in which the patient is directed to and work
with the feelings felt within the body – the ‘felt sense’. In patients with limited
emotional awareness, these feelings are vague at first and even go by unnoticed. In
the process of focusing, ‘a curious kind of attention’ is used to reflect on the
sensations experienced (often in the chest, stomach, or throat). During therapy
sessions, a careful dialogue is gradually encouraged with that part of the body in
which ‘something’ is felt. Techniques that are used for this are: acknowledging the
feeling, questioning the feeling inquisitively and cautiously, being present with the
feeling in a friendly way, tentatively naming the feeling [131]. The goal of the
dialogue is to initiate a process of increasing body awareness as well as emotional
awareness.
Apart from these treatment programs dedicated specifically to alexithymia and
emotional awareness, a number of psychotherapeutic treatment programs are
available in which improving emotional perception is a part of the overall program.
Most of these therapies concern psychotherapeutic treatment programs for
personality disorders. In addition to the aforementioned Group Schema Therapy by
Farrell and Shaw, these include, for example, Mentalization Based Treatment (MBT)
[132], Dialectical Behavioral Therapy (DBT) [133], the Systems Training for Emotional
Predictability and Problem Solving for Borderline Personality Disorder (STEPPS)
[134], (regular) Schema-focused therapy (SFT) [135], Mindfulness [136]; and BodyOriented Mentalization-Based Therapy for patients with somatic symptom disorders
[121, 137-139]. Within these treatments, specific attention is paid to teaching
patients to observe, reflect upon, and verbalize their (emotional) experiences.
Both the dedicated psychological treatments for alexithymia and broader treatment
programs have proven to be effective in increasing the level of emotional awareness
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and decreasing the level of alexithymia. Overall, dedicated programs have been
somewhat more effective than other psychological treatments. Still, effects have
been modest at best [115, 140]. As of yet, there is no ‘gold standard' of treatment
for alexithymia.
Given current insights, we expect that when such a gold standard becomes available,
it will result from an inter- or transdisciplinary effort in which empirical, scholarly
knowledge from the psychological and medical (neuro)sciences is combined with
both practice-based knowledge from the clinical field, as well as domain-specific
knowledge from other areas of (technological) science.
Regarding the input that will come from the domain of mental health care, a specific
role seems to be reserved for scientist-practitioners with an (academic) background
in forms of body-oriented psychotherapy. Outside the direct field of mental health
care, researchers in the field of affective neuroscience, physiologists and developers
of software applications that can map possible biomarkers will be needed. Various
initiatives for transdisciplinary projects in the past 10–15 years in which biofeedback
techniques were integrated into standard treatment by using ‘wearables’ (portable
electronic devices with various [bio]sensors worn on the body – such as, watches,
clothing, and jewelry) have shown promising results. Such wearables along with their
user-friendly apps can provide a display of emotion-linked body signals such as heart
rate, skin conductance, breathing, tone and loudness of voice, and movement. An
example of how this could develop in the near future is part of a project by one of
the authors (YD). In this project, a multidisciplinary team is working on a
smartwatch/smartphone application that combines a continuous measurement of
physiological variables with cognitive behavioral therapy principles to offer
personalized training of interoception and emotional awareness [141, 142].

6. Integration and conclusions
This chapter explores the topic of alexithymia and how the concept has evolved
throughout three eras of research and practice [5]. The third era has just begun and
is expected to be a more medical, affective-neuroscientific approach than the
previous eras, which focused more on clinical descriptions (era 1) and psychological
traits (era 2). Recent findings in neuroscience highlight the quintessential role of the
body in understanding alexithymia and emotional awareness. Emotional awareness
first requires awareness of the physical body. Although this insight is still fairly new
in the realm of alexithymia and still undergoing empirical research investigation, it
basically traces back to the initial research on emotion at the end of the 19th century
by William James and Carl Lange (for a critical review, see: [143]).
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Due to the results of alexithymia research in the field of affective neuroscience
during the last decades, alexithymia is nowadays conceptualized as a neurocognitive
disturbance in the perception and representation of affective responses [5, 72, 76].
With this disturbance, the representation of emotions by the individual is hardly or
not at all there, implying that no (differentiated) conceptual understanding of the
experienced reaction occurs. There is no ‘feeling the feeling’ [10]. This
conceptualization, due to its more in-depth description and biological
underpinnings, goes beyond the original definition of ‘not having words’ for
emotions and potentially offers possibilities for improving diagnostics and
treatment.
There still remains a good deal about alexithymia that is not well understood or
known. For example, it is not clear whether psychological defense mechanisms play
a role in alexithymia. It is assumed that the lack of emotional awareness in
alexithymia arises from a disturbance in the cognitive processing (i.e.,
representation) of emotions, against a background of an intact initial (physiological)
response to an emotional event. However, the theoretical framework of emotional
awareness is a broader one than that of alexithymia [76, 122]; the absence of
emotional awareness can result from processes other than a profound disturbance
or deficit in cognitive-affective processing. In the case of the mechanism of
‘psychological defense’, the representation of the emotion is, in principle, intact, but
no longer enters conscious experience. In daily clinical practice, it is very difficult to
tell them apart. We put our hope on future research developments that will yield the
necessary diagnostic instruments to distinguish one from the other, mainly because,
in our view, defense mechanisms should not be considered part of the alexithymiaspectrum. Based on the neurocognitive model of emotional awareness, a
psychological defense mechanism is part of the domain of (dysfunctional) emotion
regulation; therefore, it is not a deficiency in the conception or representation of
emotions. This is also true for emotional overload. Although emotional overload can
lead to symptoms that mimic alexithymia, they have a different origin. In the newly
proposed terminology by Lane [76], emotional overload would at best be a form of
(temporary) anomia – as opposed to agnosia, or ‘true alexithymia’.
Another outstanding point of debate is whether limited emotional arousability
and/or (limited) emotional awareness are part of the concept(s) of alexithymia.
Decades of research on low emotional arousability and alexithymia failed to yield
clarity regarding the relationship between the two. Alexithymia (agnosia) could
occupy the extreme pathological end of the broad spectrum of emotional awareness
while impaired emotional – but not completely absent – arousability seems to find a
place in the spectrum as well [59, 70, 106].
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On the ‘dysfunctional’ extreme end of the spectrum of emotional awareness, one
can imagine and situate the different types of emotional impairment. Starting on the
outer end with (1) agnosia (one cannot represent the affect but has a certain physical
emotional response), transcending to (2) anomia (there is a basic understanding or
concept of emotions but there is no conscious access) then entering the area of (3)
basic emotional awareness (one can only express himself in terms of basic
unidimensional emotions). General adoption of this representation could resolve the
disagreement regarding use of the term ‘agnosia’ alongside, or even instead of,
alexithymia. Whether anomia and basic emotional awareness is to be considered as
(a degree/subtype of) alexithymia is not yet decided.
With regard to the diagnostic assessment of alexithymia, clinicians can make use of
various questionnaires, observation scales and semi-structured interviews, several
of which we have discussed. It is recommended to always apply a multi-test/multimethod strategy in diagnostic testing. Currently available diagnostic instruments can
inform the clinician on the presence of alexithymia, several of its characteristics, and
the level of emotional awareness. The main challenge in diagnostics is to develop
instruments that are capable of distinguishing between and capturing the several
underlying processes or mechanisms as sources of dysfunction in emotional
processing. Such instruments, that most likely will include psychophysiological and
neuropsychological data, are yet to be developed but are expected to be available in
the future. Both academic psychology and clinical practice could benefit from the
ability to study and assess low-level emotional awareness on a continuum of
interconnected but staged underlying processes. Moreover, such information could
be used to perform more differentiated diagnostics that distinguish multiple forms
of disturbed processing, leading to deficiencies in emotional awareness [5]. As a
result, treatment planning and choice of interventions would not rely on the outer
clinical presentation.
More refined assessment is expected to significantly improve treatment effects. In
treatment of alexithymia and adjacent deficits in emotion processing, it is essential
for the clinician to accurately tailor his interventions to the level of emotional
awareness of the patient. With low emotional awareness, as is the case with
alexithymia (agnosia), this is at the level of the bodily experiences. Although the
development of therapies and skills trainings aimed at improving emotional
awareness have emerged in recent years, a best practice, evidence-based treatment
is yet to be developed for this transdiagnostic, common impairment. Important work
remains to be pursued by healthcare professionals and experts of other disciplines
who specialize in the field of body-oriented therapy and diagnostics [144].
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Abstract
Theories on borderline personality pathology (BPP) suggest that characteristic
emotional dysregulation is due to low levels of emotional awareness or alexithymia.
This study is the first meta-analysis to systematically review and analyze the
evidence. A systematic search of the literature was performed using PsycInfo, Web
of Science/MEDLINE, and Scopus. The term “borderline personality disorder” was
searched for in conjunction with “emotional awareness,” “emotional selfawareness,” “emotion recognition,” “alexithymia,” “emotional processing,”
“emotional granularity,” “emotional intelligence,” or “emotion regulation.” All
references in the included studies were reviewed for additional relevant articles.
Thirty-nine studies were then evaluated in a random effects meta-analysis to assess
the association between BPP and emotional awareness. An overall moderate
positive association between BPP and emotional awareness was significant (r =
0.359; 95% CI [0.283, 0.431]; Z = 8.678; p < 0.001) along with high heterogeneity (Q
(38) = 456.7; p < .001; I2 = 91.7%). Studies comparing borderline personality disorder
to healthy controls yielded a strong association (r = 0.518; 95% CI [0.411, 0.611]). No
significant difference was found between studies using instruments for emotional
awareness and those using alexithymia instruments. The strongest associations with
regard to aspects of alexithymia were found for difficulties in identifying and
describing emotions rather than externally oriented thinking. The results
corroborate a moderate relationship between low emotional awareness and BPP.
However, the mono-method self-report used in almost all studies is found
problematic and precludes drawing definite conclusions. Since leading
psychotherapeutic treatments strongly focus on increasing emotional awareness,
future research should address this issue and further examine to what extent low
levels of emotional awareness, particularly alexithymia, can be treated.
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1. Introduction
Borderline personality disorder (BPD) is characterized by a pervasive pattern of
unstable relations, a distorted self-image, and profound disturbances in the
processing, experiencing, and regulation of emotions, frequently resulting in
impulsive and self-destructive behavior and severe problems in social and
interpersonal functioning [1]. Although BPD and other personality disorders are still
represented as categorical diagnoses in the most recent edition of the Diagnostic
and Statistical Manual of Mental Disorders [2], a growing body of research shows
that they are better represented dimensionally ([3-6]. Hence, in this study, we
approach borderline personality pathology (BPP) as both a diagnostic category and
a dimensional construct encompassing several symptoms and/or traits.
Emotional awareness is one of several processes that contribute to the emotion
regulatory system [7-9]. Lane and Schwartz [10] describe emotional awareness as a
cognitive skill reflecting the ability to recognize and describe emotion in oneself and
others. Emotional awareness plays a crucial role in emotional regulation, as it
facilitates the application of the crucial skills of modifying, accepting, and tolerating
emotions [7, 11-13]. Contemporary clinical theories assume that a lack of emotional
awareness accounts for much of the emotional dysregulation in BPP [7, 12, 14-18].
A lack of emotional awareness has been linked to the propensity for impulsive selfdestructive behaviors such as self-harm and suicide [15, 18-20]. When feelings are
not adequately identified and described, emotional expression and problem-solving
strategies are hampered, resulting in an increase in emotional tension. The
occurrence of self-injurious behaviors is seen as a way of expressing and reducing
this tension [19, 21-23]. Others have argued, however, that such behaviors are the
result of a sudden and almost instantly overwhelming “eruption” of emotion, and
researchers have reported on how both emotional hypo-awareness and hyperresponsiveness may be simultaneously present [24, 25].
Evidence-based therapies for BPP, like dialectical behavior therapy, schema-based
therapy, and mentalization-based therapy, assume that a lack of emotional
awareness is an underlying factor in borderline pathology, as they all share a
common focus in helping individuals with BPP to become more aware of their own
emotions [20, 26, 27]. Although research on treatment of BPP has predominantly
focused on evaluating and comparing the efficacy of the different approaches, other
studies have also examined underlying factors [8, 28] and suggest that the ability to
identify, describe and fully experience emotions develop over the course of
treatment for BPD and are associated with successful treatment outcome [8].
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Besides the importance of emotional awareness in BPP clinical theories and
therapies, the lack of emotional awareness has also been studied extensively in
research on alexithymia. Alexithymia (roughly translated from the Greek means “no
words for feelings”) was first described by Sifneos in 1973 as a deficit in identifying
and describing feelings [29, 30]. Results of epidemiological studies on the presence
of alexithymia found that approximately 10 to 19% percent of the general population
is (highly) alexithymic [31-33]. Elevated levels of alexithymia are common in several
forms of psychopathology, for instance, psychosomatic disorders [34], posttraumatic
stress disorder (PTSD), eating disorders [35-37], and several somatic diseases [38].
Alexithymia is viewed as a unidimensional construct [39-42] that nevertheless
encompasses several related but distinguishable facets [43]. Originally defined by
Nemiah and colleagues [29], these include: (1) difficulty identifying and describing
subjective feelings; (2) difficulty distinguishing between feelings and the bodily
sensations of emotional arousal; (3) constricted imaginal capacities, as evidenced by
a paucity of fantasies; and (4) an externally oriented cognitive style [34, 44-46].
Although alexithymia has more facets than just a lack of emotional awareness, that
lack is considered the hallmark criterion of alexithymia [30, 41, 42, 47-54]. For
example, in a study using confirmatory factor analysis of the Toronto Structured
Interview for Alexithymia (TSIA), an interview-based instrument for the assessment
of alexithymia, Bagby and colleagues [41] found that the facets “difficulty identifying
feelings” and “difficulty describing feelings” belonged to one of two higher order
factors they labeled “Affect Awareness.”
Treatises on alexithymia from fields of science other than clinical psychology are in
keeping with Bagby and colleagues’ assumption. Seen from a developmental
psychological perspective, alexithymia can be placed at the lower end of an
emotional awareness continuum [12, 44, 55]. From a neuroscientific perspective,
alexithymia has been proposed to be the emotional equivalent to the neurological
phenomenon of blindsight and has been described as “blindfeel” [42], and more
recently as “affective agnosia” [56].
There are different psychometric instruments to measure emotional awareness or
alexithymia. Emotional awareness is usually represented in instruments with a
broader scope on emotion regulation. Examples are the “awareness of emotions”
and “clarity of emotions” scales in the Difficulties in Emotion Regulation Scale (DERS)
[7]; or the “perceiving emotions” scale from the Schutte Emotional Intelligence
Scales (SEIS) [57]. Other instruments focus on alexithymia, such as the Toronto
Alexithymia Scale (TAS-20) [39, 40] and the Bermond–Vorst Alexithymia
Questionnaire (BVAQ) [58]. These instruments include subscales that represent
different aspects of alexithymia, such as difficulty in identifying emotions, difficulty
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in describing feelings, and externally oriented thinking. Research has shown that the
correlation between the TAS-20 and the BVAQ is of the same magnitude as the
correlations of both alexithymia scales to scales measuring emotional awareness [59,
60].
More recently, interest in emotional awareness and alexithymia as important factors
in mental processes in psychopathology has rapidly grown [47, 61, 62]. However,
scientific research on the role of emotional awareness, including alexithymia, in BPP
has long remained scarce and inconclusive. Although it increased in the last years,
the previous most recent academic review on alexithymia and BPP included just five
studies and showed mixed results [63]. Moreover, that review was not based on a
systematic search nor did it meta-analytically assess the strength of the relations
across the studies. In response to this gap in the current literature, our study
presents the results of a meta-analysis that assessed the relationship between lower
emotional awareness (which includes alexithymia) and borderline personality
pathology (i.e., the presence of borderline personality disorder or borderline
personality symptoms). We tried to include all relevant and methodologically sound
studies on the association between emotional awareness and borderline personality
pathology. Attempts were made to include different populations, that is, clinical and
nonclinical, with different backgrounds and settings. This broader strategy reduced
the risk of a statistical “restriction of range” phenomenon when investigating
relations between dimensional variables [64]. We also compared different designs,
for example, through the examination of differences between categorically
diagnosed BPD and healthy and psychiatric controls, and through correlations of
borderline personality traits with emotional awareness in healthy and patient
samples. Further, we assessed whether measurement instruments with a focus on
emotional awareness differ from those measuring alexithymia. Last, we studied
whether the specific aspects of alexithymia that are most closely related to
emotional awareness, that is, difficulties in identifying and describing emotions, are
more strongly related to BPP than other aspects like externally oriented thinking.

2. Method
2.1 Search strategy
A systematic search was performed in three online search engines on April 28, 2014:
PsycInfo, Web of Science (including MEDLINE), and Scopus. The following terms were
chosen after an initial academic exploration on the subject: “borderline personality
disorder” in conjunction with “emotional awareness,” “emotional self-awareness,”
“emotion recognition,” “alexithymia,” “emotional processing,” “emotional
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granularity,” “emotional intelligence,” or “emotion regulation.” All references in the
included studies were reviewed to check for additional relevant articles.

2.2 Selection of studies
The selection of studies occurred in two phases: (1) screening of title and abstract
and (2) inspection of full texts. To prevent premature discarding of relevant articles,
all articles were included for full-text inspection in the second phase when the title
and abstract did not give sufficient information. We restricted our full-text inspection
to studies published in English in peerreviewed journals. Two researchers (YD and
GW) independently assessed the inclusion and exclusion criteria after an initial
calibration. Using a random sample of 60 articles, there was an agreement between
the two reviewers of 93% for the first phase (Cohen’s kappa = .81). Using a new
random sample of 60 articles for the second phase, there was an agreement of 98%
for inclusion or exclusion of the study (Cohen’s kappa = .96). Disagreements were
resolved by consensus.

2.3 Inclusion criteria
Next to a diagnosis of BPD or a measure of borderline personality symptoms, studies
had to empirically measure emotional awareness or alexithymia. We included
studies that measured aspects of emotional awareness by means of subscales of
broader psychological instruments—such as difficulties in emotion regulation (DERS)
[7], emotional intelligence (SEIS) [57], or meta-mood (Trait Meta-Mood Scale;
TMMS) [65] —and studies that used instruments assessing alexithymia, such as the
TAS-20 [39, 40] or the BVAQ [58, 66, 67]. We included studies if they compared the
level of emotional awareness or alexithymia in a borderline personality group to a
healthy or non-alexithymic psychiatric control group, or if the studies examined the
association between the level of emotional awareness or alexithymia and the level
of borderline traits in a clinical or nonclinical sample.

2.4 Exclusion criteria
A study was excluded if it did not empirically assess BPP or emotional awareness or
alexithymia (e.g., awareness of the feelings of others rather than one’s own;
awareness of cognitions or bodily signals rather than emotions). Studies were also
excluded if they used the same data as previous studies, if they did not have an
appropriate research design to compare or relate BPP to alexithymia, or compared
BPP to a patient group that was also supposed to have lowered emotional awareness
or alexithymia (e.g., other personality or eating disorders). When articles presented
too little usable data for inclusion in the analysis, efforts were made to contact the
author(s) to acquire the missing data. In the end, four studies had to be excluded
because of missing data.
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2.5 Meta-analysis
Comprehensive Meta-Analysis (CMA; Biostat, Englewood, NJ) software was used to
perform the statistical analysis. Some studies reported means and standard
deviations or related statistics (t-test). Other studies reported correlation
coefficients (Pearson correlation or regression coefficients). Most studies did not
control for possible confounding variables. For studies that did control for
confounders, the best available statistics controlling for these confounders were
used. CMA converted all measures to correlation coefficients. Cohen’s convention
for interpreting the magnitude of correlations (Cohen, 1988) was used: .10 < r < .30
corresponded to a small correlation, .30 < r < .50 moderate, and r > .50 strong.
As the types of design, populations, and measures differed across studies, a random
effects model was used. Compared to a fixed effects model, this model does not
assume that each study is an exact replication of the other studies. Rather, it
assumes that the variance in outcomes consists of both true variance and random
error. The outcomes of the random effects model are conservative as confidence
intervals are generally broad.
The analysis was carried out in four steps. First, the overall correlation across all
studies was estimated. Second, heterogeneity was assessed, using the Q-statistic
and the I2 index (where 0–30% is low, 30–75% is moderate, and 75–100% is high
[68]. In addition, we checked whether leaving out the studies with the most extreme
correlation resulted in substantial reduction of heterogeneity. Third, sensitivity
analyses were performed with respect to four items: design, measurement
instruments, specific deficits in alexithymia, and possible negative affect. For design,
we analyzed BPD versus healthy controls (HC), BPD versus psychiatric controls (PC),
the correlation of borderline personality traits with emotional awareness in a healthy
sample, and correlation of borderline personality traits in a patient sample. The
analysis for measurement instruments included emotional awareness focus, for
example, subscales of the SEIS, TMMS, and Multidimensional Experiential Avoidance
Questionnaire (MEAQ) versus alexithymia focus, for example, TAS-20 or BVAQ.
Analysis of specific deficits in alexithymia included difficulty in identifying emotions,
difficulty in describing feelings, and externally oriented thinking. As a final step, an
analysis of a possible spurious effect due to negative affect (NA) was conducted since
measures of NA have been found to correlate substantially to measures of
alexithymia.
For the last step in our overall analysis, we examined publication bias. Three indices
were used to assess whether positive findings were over-reported [69]. The first
index was a result of our plotting the correlation against its standard error in a funnel
plot. When the plot is symmetrically distributed, there is no publication bias. The
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study precision (i.e., the inverse of the standard error) was then correlated with the
standardized effect (i.e., the effect size divided by its standard error) in the Egger’s
test of intercept. The third index was determined by a trim and fill analysis, which
was used to estimate effect sizes after correcting for publication bias [70]. Guidelines
from the PRISMA statement on transparent reporting of meta-analyses were used
[71].
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Figure 1. PRISMA flow chart.
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3. Results
3.1 Selection and description of included studies
Figure 1 presents the study selection process. The systematic search yielded 1,012
hits (PsycInfo 227, Web of Science 481, and Scopus 304). After removal of duplicates,
659 articles remained. Screening of title and abstract resulted in the exclusion of 490
articles. The remaining 169 articles were assessed on the basis of the full texts. In
total, 132 of the 169 articles were excluded (see Figure 1 for the reasons). Therefore,
37 articles were included, which in total reported 39 studies.
Table 1 summarizes the 39 selected studies and their most important characteristics:
year of publication, study design, sample size, measurement of emotional awareness
or alexithymia, measurement of borderline personality pathology, the use of control
variables, and positive or negative results. Publication year varied between 1994 and
2014, with a median of 2012, showing that most studies were conducted recently.
Seventeen studies had a comparative design: 14 compared patients with BPD to a
(matched) healthy control group; two compared patients with BPD to patients with
another psychiatric condition; one compared BPD patients to both healthy and
psychiatric controls. Twenty-two studies had a correlational design: 14 focused on
the relationship between emotional awareness or alexithymia and borderline
personality traits in healthy groups (10 of them on students), eight in psychiatric
patients (i.e., mixed or unspecified out- or inpatient groups). The 39 studies included
in this meta-analysis had 8,321 subjects. Study size ranged from 30 to 1,418
participants, with a median of 101. With regard to emotional awareness, 18 studies
measured emotional awareness, with subscales of instruments addressing
emotional regulation (10 of them used the DERS) and 21 studies used measures of
alexithymia. All instruments used in the selected studies had adequate to good
psychometric properties. With regard to measurement of BPP, 17 studies assessed
BPD and 22 examined borderline personality traits. The Structured Clinical Interview
(SCID), the Structured Interview for DSM Personality (SIDP), and the Personality
Assessment Inventory-Borderline Features Scale (PAI-BOR) were the most often
used instruments to assess BPP. Twenty-five studies did not control for possible
confounding variables, whereas the remaining 14 did, mostly for gender, age, and
symptoms of comorbid psychopathology. Of those studies, 7 (from five articles) had
included a measure of NA as a covariate in their analyses.

3.2 Average association and heterogeneity
Figure 2 presents the results of the overall meta-analysis. Seven studies did not find
significant relations (p > .05), 31 studies found that BPP was positively related to lack
of emotional awareness, and one study found an inverse relationship. Across the 39
studies, a significant positive association between borderline pathology and lack of
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emotional awareness of r = 0.359 (95% CI [0.283, 0.431]; Z = 8.678; p < 0.001) was
found, indicating a moderate association.
Significant and high heterogeneity was found (Q(38) = 456.7; p < .001; I2 = 91.7%).
Excluding studies with the most extreme correlations (i.e., Andersen, Timmerby, &
Simonsen, 2012; Bach, De Zwaan, Ackard, Nutzinger, & Mitchell, 1994; De Rick &
Vanheule, 2007; Gaher et al., 2013) did not result in substantial reduction of
heterogeneity (Q(33) = 240.0; p < .001; I2 = 86.2).
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Alexithymia (TAS-20: DIF,

(TAS-20)

Alexithymia

DDF, EOT)

Alexithymia (TAS-20: DIF,

(TMMS: EC)

Emotional awareness

(TMMS: EC / MEAQ: PEA)

Emotional awareness

(TAS-20)

Alexithymia

(SCID-P)

Disorder

(BPQ)

Traits

(SIDP-IV)

Disorder

Disorder (SCID-I)

(PDQ-4+)

Traits

(SCID-II)

Traits

None

None

None

Gender, age

None

symptoms

Gender, age, depressive

+

+

+

+

+

+
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Svaldi, Dorn [100]

Suvak, Litz [99]

Schramm, Venta [98]

[97]

Salsman and Linehan

[96]

Ridings and Lutz-Zois

(inpatients)

BPD – HC

(all female; matched HC)

BPD – HC

(adolescent inpatients)

Patient subjects

(undergraduate students)

Healthy subjects

(undergraduate students)

Healthy subjects

57 (15/42)

96

208

456

100

(DERS: LEA /LEC)

Emotional awareness

(TMMS: EC; MAS: LE)

Emotional awareness

(DERS: LEA /LEC)

Emotional awareness

(DERS: LEA /LEC)

Emotional awareness

(TAS-20)

Alexithymia

(SCID-II)

Disorder

(DIPD)

Disorder

(BPFSC)

Traits

(BSL)

Traits

(CATI)

Traits

+

+

+

None

None

None

+

+

impression

None

management

Age,
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Zlotnick, Mattia [104]

Zaki, Coifman [20]

Wolff, Stiglmayr [103]

[102]

Webb and McMurran

van Dijke, Ford [101]

(outpatients)

Patient subjects

(BPD with NSSI)

BPD – HC

matched HC)

BPD – HC (all female;

students)

(under- & postgraduate

Healthy subjects

(2x PC)

BPD – PC

(120/

206

80 (38/42)

58 (30/28)

134

63/156)

339

(TAS-20)

Alexithymia

(ESM: NED)

Emotional awareness

(ESM of emotions: EI)

Emotional awareness

DDF, EOT)

Alexithymia (TAS-20: DIF,

DF)

(BVAQ: DIF, DDF, EOT, DE,

Alexithymia

(SIDP-BPD)

Traits

(SIDP)

Disorder

(SCID-II)

Disorder

(PAI-BOR)

Traits

(CIDI/BPDSI)

Disorder

without

Education, PTSD

None

None

None

Somatoform Disorder

BPD

+

+

+

0

+
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Table 1 - continued.
DIF: Difficulty Identifying Feelings; DDF: Difficulty describing feelings; EOT: Externally Oriented Thinking;
DE: Difficulty Emotionalizing; DF: Difficulty Fantasizing; LEA: Lack of Emotional Awareness LEC: Lack of
Emotional Clarity; EI: Emotion Identification; NED: Negative Emotion Differentation; EC: Emotional
Clarity; PELA: Private Emotional Awareness; ESM: Experience Sampling Method
Figure 2. Results from the meta-analysis (n = 39 studies).
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3.3 Sensitivity and publication bias
We assessed whether correlations differed for study design, measurement
instruments, and components of alexithymia. Results can be found in Table 2.
Correlations between BPP and emotional awareness differed significantly among
different study designs (Q(3) = 18.862; p < 0.001). Fifteen studies comparing patients
with an official diagnosis of BPD to healthy controls yielded an average strong
correlation of 0.518 (95% CI [0.411, 0.611]; Z = 8.227; p < 0.001). Four studies
comparing BPD patients to people with other psychiatric diagnoses had an average
moderate correlation of 0.409 (95% CI [0.123, 0.633]; Z = 2.736; p = 0.006). For the
14 studies in healthy subjects, the average small correlation was .236 (95% CI [0.103,
0.361]; Z = 3.438; p = .001). Among eight studies with patient groups, the average
small correlation was .231 (95% CI [0.050, 0.398]; Z = 2.492; p = .013). No significant
differences were found for studies measuring emotional awareness versus studies
measuring alexithymia (Q(1) = 0.682; p = .409 (see the second row under
“Instrument” in Table 2). Study design and the use of emotional awareness versus
alexithymia measures are unrelated (chi2(3) = 5.35; p = .148).
Since measures of NA have been found to correlate substantially to measures of
alexithymia (such as the TAS-20) [105, 106], we also assessed the effect of NA as a
possible confounder. Seven studies included a direct or related measure of NA (i.e.,
anxiety, depression, PTSD) as a covariate. Two studies found a small to moderate
positive association between BPP and emotional awareness when NA was added to
the analysis as a covariate, four found no significant association, and one study found
a small negative association. The overall association in this selection was
nonsignificant (r = .068; 95% CI [–0.128, 0.259]; Z = 0.678, p = 0.498).
Ten studies presented findings on associations between BPP and three components
of alexithymia: difficulty in identifying feelings, difficulty in describing feelings, and
externally oriented thinking; and one study presented findings on the first two
components (see the last row of Table 2). The strongest association was found
between BPP and difficulty in identifying feelings (r = .461; 95% [CI 0.266, 0.620]; Z =
4.327; p < .001), followed by difficulty in describing feelings (r = .327; 95% CI [0.140,
0.491]; Z = 3.359; p = .001) and externally oriented thinking (r = .106; 95% CI [0.059,
0.153]; Z = 4.406; p < 0.0001).
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Table 2. Results of Meta-Analyses for Study Design, Type of Alexithymia Instrument, and
Components of Alexithymia
Subgroup

n

r

95% C.I.

Z

p

BPD vs. HC

15

.518

.411 - .611

8.227

<.001

BPD vs. PC

4

.409

.123 -.633

2.736

.006

Healthy subjects

14

.236

.103 - .361

3.438

.001

Patient subjects

8

.231

.050 - .393

2.492

.013

Alexithymia

18

.393

.280 - .496

6.375

<.001

Deficit in Emotional Awareness

21

.330

.222 - .430

5.735

<.001

Difficulty Identifying Emotions

11

.461

.266 - .620

4.327

<.001

Difficulty Describing Emotions

11

.327

.140 - .491

3.359

<.001

Externally Oriented Thinking

10

.193

.049 - .329

2.621

0.009

Study design1 [Q(3) = 18.862; p < 0.001]

Instrument [Q(1) = 0.682; p = 0.409]

Components of alexithymia

1

Study by Lizeretti et al. (2012) was split for this analysis (BPD vs HC / BPD vs PC)

Various analyses were conducted to assess publication bias. The distribution on the
funnel plot was somewhat skewed to the right, suggesting a small bias towards
publishing studies with positive results. However, Egger’s test of intercept was found
to be nonsignificant, t(37) = 1.2; p = 0.221. Focusing on studies to the left of the
mean, Duval and Tweedie’s [70] trim and fill analysis demonstrated that no studies
needed to be trimmed or filled. Therefore, we concluded there was no evidence for
publication bias.
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4. Discussion
This is the first meta-analysis to assess the associations between BPP and lowered
emotional awareness in general, and alexithymia in particular. Emotional awareness
has been considered an important factor in BPP in clinical theories [12, 16, 95, 107110]. Until recently, empirical findings on this clinical assumption were scarce or
mixed at best [63]. However, there has been an increase of empirical studies on this
topic, which allowed for this study’s assessment to be more robust.
Efforts were made to include all relevant studies in order to minimize the possibility
of a restriction of range effect masking relevant associations. To maximize coverage,
we included studies using a categorical definition of BPP as well as studies using a
dimensional approach. For the same reason, studies with clinical groups as well as
those with nonclinical groups were included. Because of the significant conceptual
overlap, we included both studies measuring emotional awareness and those
measuring alexithymia. Subsequent various analyses were done to investigate
possible differential associations.
Results demonstrate a moderate relationship between emotional awareness
processes and BPP. Studies comparing patients with a clinical diagnosis of BPP to
healthy controls even showed a strong association. Although the funnel plot of the
main meta-analysis was somewhat skewed to the right, further analyses did not
confirm the presence of publication bias. Thus, the meta-analysis shows that it is
elemental to further consider the role of disturbed processing in emotional
awareness or alexithymia in BPP.
Studies measuring emotional awareness did not statistically differ from those
measuring alexithymia. Subsequent analyses showed that associations with BPP
were significantly stronger for two aspects of alexithymia (difficulties in identifying
and describing emotions) than for externally oriented thinking. This finding supports
clinical descriptions (e.g., [12]) highlighting that the core difficulties to overcome
when diagnosed with BPP are becoming aware of emotions and adequately labeling
them. However, the association between BPP and externally oriented thinking might
also primarily have been weaker—although still significant—due to the low internal
consistency of the externally oriented thinking factor of the TAS-20 [37].
A number of limitations apply to this meta-analysis. An important concern is that the
relation between emotional awareness and BPP could be a spurious one, based on
the presence of a third variable. As explained in the introduction, BPP is
characterized by strong negative affectivity. In studies on alexithymia using the TAS20, the subscales of identifying and describing emotions also show a strong relation
to negative affectivity (see also [111]). Hence, negative affectivity might explain the
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relationship between emotional awareness and BPP. There were seven studies in the
meta-analysis that controlled for negative affectivity. Results were mixed, leading to
an overall nonsignificant result. When controlling for negative affectivity, one study
found a negative relationship ([67], Study A), two found that emotional awareness
was the most important correlate of BPP [91, 104], and four found no significant
association. One of these four studies found no relation between emotional
awareness and BPP, but also found no relation between emotional awareness and
negative affectivity ([67], Study A). Another, ([87], Study B) found no relationship
between emotional awareness and BPP, whether or not negative affectivity was
controlled for. As all studies used a correlational design, the direction of the effects
remains unclear. More studies involving all three variables are needed to properly
address whether a lack of emotional awareness precedes BPP and negative
affectivity.
A second limitation is that nearly all the studies included in this meta-analysis relied
on data gathered through explicit self-reporting. This poses two problems regarding
the validity of the results. First, the use of monomethod measurements could mask
certain aspects of the object of investigation, for example, the presence of possible
hyper-responsiveness to emotional events in BPP (for example, see Hazlett et al.,
2007). Second, since explicit self-reports paradoxically require that the respondents
are aware of their lack of emotional awareness and diminished capacity to describe
feelings, this could threaten the validity of the measurement. What might be
reported could be predominantly beliefs about one’s own (dis)abilities and not
actually (low) emotional awareness or alexithymia [112]. Moreover, measurements
of BPP also relied primarily on self-reports. Thus, one could argue that this metaanalysis shows that self-report measures of BPP are associated with self-report
measures of deficits in limited emotional awareness. Although such an
interpretation might be an all too pessimistic approach to self-reports as a principal
methodology in psychological research, the reliance on studies with this monomethod design does point to a key limitation in the current state of research. It
cannot be ruled out that the correlations found between BPP and emotional
awareness result from method variance, rather than true correlation. When using a
mono-method design using self-report for measuring variables, it is known that
different kinds of problems tend to run together. The higher the reported number of
symptoms of a certain disorder, the higher will be the number of symptoms of other
disorders, due to factors such as response style of the participant. Future studies
should use a multi-method, multi-measure approach to rule out the possibility that
any relationships found are merely artifacts of measurement or other
methodological biases [52, 113-115]. Researchers should include performancebased instruments, such as the Levels of Emotional Awareness Scale (LEAS), where
performances are rated by examiners [116, 117]. Two studies using the LEAS [16,
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118] were initially included but were removed due to missing data. Regarding the
assessment of alexithymia, the Toronto Structured Interview for Alexithymia (TSIA)
[41] is considered one of the most valid and reliable instruments for assessing
alexithymia. Unfortunately, no studies to date related the TSIA to BPP.
Third, although the results show a moderate to strong relationship between BPP and
lowered emotional awareness/alexithymia, results cannot be generalized to single
individuals with BPP. It must be taken into account that not all patients with BPP are
alexithymic [81, 119]. For example, Semerari and colleagues [120] found distinct
problems in identifying and describing personal emotions in only one out of four
closely examined BPD patients. In our meta-analysis, this is further illustrated by the
fact that some studies did not find a significant relationship.
Fourth, there is high heterogeneity across studies that our sensitivity analyses could
not explain. It is unlikely that the heterogeneity is caused by differences in study
quality since the quality of the studies is similar, apart from the differences in study
design and measurement of emotional awareness that we previously addressed in
the sensitivity analyses. Participants were recruited in similar ways, and mainly selfreport measures for alexithymia or emotional awareness were used.
Future research should further test the veracity of the association between BPP and
lowered emotional awareness. The mono-method of self-report measures used in
almost all included studies in this meta-analysis precludes drawing definite
conclusions about found correlations.
Causality should be addressed. Some theories assume that lowered emotional
awareness and/or alexithymia lead to BPP, yet some presume it to be the other way
around. Proper research on these assumptions is warranted, including experimental
and longitudinal studies. Another important question for future research is whether
low emotional awareness or alexithymia is as specific to other disorders as it is for
BPP. Alexithymia is found to be associated with several psychiatric and somatic
disorders and is thus not unique to BPP. For example, meta-analyses showed that it
is also an important factor in PTSD [121] and parental bonding [122]. A recent
systematic review concluded that alexithymia, in particular difficulties in becoming
aware of and labeling emotions, is a key factor in eating disorders as well [37].
Further studies would ideally focus on genetic, neurophysiological, social, and
cultural antecedents of alexithymia in BPP, on its consequences, and on alexithymia
as a transdiagnostic factor in different disorders.
Whereas both alexithymic and borderline patients were long considered
therapeutically unresponsive and, consequently, difficult to treat [123, 124],
therapies nowadays explicitly focus on increasing emotional awareness. Therefore,
102

A meta-analysis on the association between EA and BPP

a last recommendation is that future researchers more thoroughly investigate
whether emotional awareness can indeed be increased, as some recent articles
suggest [37, 125-128]. We conclude that emotional awareness is a key factor in
borderline personality pathology and thus deserves further research.
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Abstract
Introduction: Tentative explanatory models of borderline personality pathology
(BPP) accredit alexithymia a key role in increasing psychological dysfunction and
detrimental behaviours that covary with higher levels of BPP. It is assumed that due
to alexithymia, patients with high BPP are more prone to experience dysphoric,
depressive symptoms, dissociative experiences, and to engage in self-injurious
behaviours. However, little empirical evidence exists that validates this assumption.
We explored these interrelationships in a sample of psychiatric patients and tested
the assumed explanatory model on the role of alexithymia in BPP.
Method: Cross-sectional study in a population of adult psychiatric in- and
outpatients who were in voluntary treatment for one or more psychological
disorders. 71 patients (range = 18 – 59 years of age, M = 36.04 SD= 11.35, 76,7%
female) completed all measures. Participants completed questionnaires on BPP,
alexithymia, depression severity, dissociative experiences and direct and indirect SIB,
and a clinical interview on alexithymia.
Results: Spearman rank correlations confirmed associations of BPP and alexithymia
with depressive symptoms and dissociative experiences, and some but not all
aspects of self-injurious behaviours. However, alexithymia was not found to be a
mediator in the relationship between BPP and dissociative experiences, nor any form
of self-injurious behaviour. A significant indirect effect of BPP on depressive
symptoms via alexithymia was found, supporting the hypothesis that alexithymia
partially mediates the effect of BPP on depressive symptoms.
Conclusions: The results of this explorative study confirm previously established

relationships of BPP with alexithymia, depressive symptoms, dissociative
experiences and self-injurious behaviours in a clinical population. They also confirm
associations of alexithymia with depressive symptoms and dissociative experiences.
They however failed to confirm a solid relationship of alexithymia with self-injurious
behaviours. There was only limited support for the explanatory model in which
alexithymia acts as transmission mechanism between BPP and other variables.
Besides statistical support for partial mediation by alexithymia in the relationship
between BPP and depressive symptomatology, the study showed no proof of
mediation by alexithymia. Implications for clinical practice are discussed.
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1. Introduction
Borderline personality pathology (BPP) represents the pathology of borderline
personality disorder (BPD) on a spectrum [1]. There is ample evidence of high cooccurrence of BPP with many other forms of psychopathology [2]. Patients with high
levels of BPP (i.e.: BPD) often feel depressed, experience dissociative symptoms and
engage in ‘dysregulated behaviors’ [3], i.e., direct and indirect self-injurious
behaviors (SIB) that are detrimental to overall health and wellbeing [4].
There is a lively debate regarding the question of why persons with high levels of BPP
have these affective and behavioral problems [5-21]. One phenomenon that has
been found to be related to BPP [22], depressive symptoms [23, 24], dissociative
experiences [25, 26], and SIB [3, 27-31], is alexithymia [32]. Alexithymia is a deficit in
emotion information processing [33-35]. It consists of four facets: difficulty
identifying feelings, difficulty describing feelings, externally oriented thinking and
reduced fantasy and other imaginal processes [36, 37]. The first two facets
collectively represent an emotional awareness component, nowadays considered to
be the main characteristic of alexithymia [33, 35, 37-41].
There is accumulating evidence that supports the view that alexithymia is a
“transmission mechanism between negative attachment experiences and impaired
interpersonal functioning which, in turn, has been linked to SIB” [42, 43]. In a recent
study, Edwards, Rose [43] provided further evidence that alexithymia partially
mediates the association of childhood adversity (e.g., abuse, neglect, or disruptions
in attachment, often occurring within the context of a relationship with a parent or
caregiver) to several aspects of emotion dysregulation. Although genetics appears to
play a key role in BPP [44-46], childhood adversity is assumed to also be a factor
contributing to development of BPP [43, 46]. In fact, a meta-analysis reported that
individuals with BPD are 13.91 times more likely to report experiences of childhood
adversity than healthy controls and 3.15 times more likely than individuals with
other psychiatric disorders [47]. As contemporary research indicates that
alexithymia may also primarily be a result of (traumatic) experiences in early
childhood [25], alexithymia could be an interrelated element that (partially) explains
the relationship of BPP with these other clinical variables. An explanatory model
proposed for this study would be that higher BPP, stemming from (primarily)
genetics and (additional) childhood adversities, results in higher levels of
alexithymia. If emotion is then activated, but the person remains unaware of that, it
is not possible to consciously and intentionally use emotion regulation strategies
[41]. Partially dependent of further idiosyncratic variables per patient, this then is
expected to lead to various forms of psychopathology, such as aforementioned
depressive symptoms, dissociation and/or SIB. As Fink, Anestis [48] put it: “… faced
with negative affect, many individuals are able to recognize and process their
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emotions adaptively. However, if people are not able to identify or describe their
emotions, […] this confusing affective experience may be quite upsetting and could
lead to […] a tendency to act rashly when they experience any type of negative
affect.”
A scope of the literature shows there is a need for further development and empirical
validation of such explanatory models. As of now, existing work on alexithymia, BPP
and related clinical variables is still often based on bivariate associations [42, 49, 50],
although there is an increasing number of studies that explore moderation (e.g. [3,
51-54]). Still, there seems to be no study directly examining the possibility of
alexithymia being a mediator in the interplay between BPP and other variables.
Hence, the current study explores whether alexithymia mediates the associations of
BPP with respectively depressive symptoms (DEP), dissociative experiences (DIS),
and SIB.
Within the spectrum of personality disorders, BPP represents a discrete form of
psychopathology. Although the most recent edition of the DSM still features
categorical diagnoses [55], a growing body of research shows that personality
disorders are better represented dimensionally, placing individuals on a spectrum
(or spectra) of traits [56-61].
There is strong empirical support to consider BPP as a single latent factor that
underlies all nine BPD criteria [44, 62-64] (although concurrent evidence suggests
that this single factor simultaneously consists of three homogeneous components
[44]). In reaction, when citing other studies, we will mention ‘patients with high
levels of BPP’ where these patients were most likely described as ‘patients with BPD’
in the original paper. Recent studies show that even low levels of BPP, as little as one
feature of BPD being present, is clinically relevant as it is associated with psychiatric
comorbidity and functional disability [57, 58, 61, 62, 65, 66]. BPP is common among
patients in mental health care. In the Dutch general population, more than 25
percent meets 1 to 2 clinical symptoms of BPP [61].
BPP and alexithymia both have strong associations with depressive symptoms (DEP)
[67-70]. From a clinical theoretical perspective, it is easy to comprehend how
alexithymia would mediate the relationship between BPP and DEP: as high levels of
BPP leads to high levels of alexithymia, patients with high BPP are expected to remain
unaware of minor but significant internal and external stressors. As a result of their
difficulties in identifying and describing their feelings, they will not act upon these
stressors, resulting in a plateau of stress. With accumulating stressful events this
could then lead to a buildup of emotional tension, most likely experienced by the
alexithymic individual as rather diffuse feelings of negative affect and (cognitive and
behavioral) symptoms of depression [71].
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With regard to an explanatory model for the relationship between BPP and
dissociative experiences (DIS), similar logic can be applied when considering
alexithymia as a potential mediator. Next to an association to BPP [72], outcomes of
clinical studies show a strong association between DIS and alexithymia [26].
Dissociation is generally understood as a ‘regulatory response to fear or other
extreme emotion’ [73]. It is said to modulate levels of extreme affect [26]. Patients
‘tune out’ because of a psychological overload: when their emotional arousal
(greatly) exceeds their ‘window of tolerance’; a state of hyperarousal is followed by
reactionary hypo-arousal and ‘freezing’ [74]. The exact linking mechanisms between
alexithymia and dissociation are still under debate. However, alexithymia could help
to explain why patients with higher BPP more easily end up in experiencing extreme
levels of affect and dissociate: In situations that are stressful, due to higher levels of
alexithymia these patients do not adequately identify and act upon their increasing
levels of emotional arousal. This could then result in stress levels exceeding the
window of tolerance and consequent dissociation. When they become more aware
of and attuned to their feelings, they may need to rely less on dissociation as a coping
mechanism [25, 26, 75].
Probably, the assumption of alexithymia as a mediator has been most pronounced
in the theoretical explanatory models on the interplay between BPP and SIB. The
association between alexithymia and SIB been confirmed in multiple studies [70, 76].
SIB is known to serve as a means to reduce high levels of arousal and diffuse negative
affect [18, 51, 77-81]. SIB may concern any deliberate or intentional behavior that
has clear, definite or probable negative effects on the self or on the self's projects
[82, 83]. Two broad categories of SIB can be distinguished: direct and indirect SIB
(although the two are found to be “remarkably similar” in essence [82, 84-86]). Direct
SIB is most often addressed as ‘non-suicidal self-injury’ (NSSI) [87, 88]. Indirect SIB
concerns behaviors that are clearly damaging to the self but do not involve
immediate deliberate damage to body tissue [82]. Examples of the latter are binge
drinking or binge eating, deliberate self-deprivation of food, use of illicit drugs,
engaging in dangerous sexual acts (‘sex as self-injury’ or SASI [84]), excessive
speeding in traffic, picking fights, et cetera [85].
Several authors content that in patients with BPD high levels of alexithymia are
present and as such, constitute a key factor to engaging in SIB: because individuals
with higher levels of BPP have difficulties in identifying and describing feelings [32,
89-91], they rather express and regulate negative emotions with ‘actions instead of
words’ [28, 92-94]. Thus, alexithymia is presumed to serve a mediating role between
BPP and different types of self-harming behavior.
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In scoping the existing literature, we found no studies that directly assessed whether
alexithymia actually mediates the associations of BPP with respectively DEP, DIS,
and/or SIB. One study reported the finding that as levels of alexithymia decreased
with cognitive behaviour therapy, so did depressive symptoms [95]. Another study
found significant positive relationships between improvements in alexithymia and
improvements in dissociation after trauma treatment [25]. Both studies did not
include BPP, and both basically reported bivariate correlations between measures.
Regarding SIB, we found a study [78] that assessed alexithymia and several
personality disorders in relation to direct SIB in a sample of substance dependent
patients. Results showed direct SIB to be increasing with higher BPP, as well as with
two facets of alexithymia: difficulty identifying feelings and difficulty describing
feelings. However, no mediation analyses were conducted. Another study yielded
evidence that direct SIB is -again - associated with alexithymia in patients with BPD
[28]. Yet another study yielded some preliminary empirical support for “clinical
theories that suggest emotion identification and labeling underlie strategies for
adaptive self-regulation and decreased NSSI risk in BPD” [81]. Although these results
all support the view that alexithymia is an important factor to consider in patients
with BPP, DEP, DIS and/or SIB, they do not provide empirically derived information
that can help to understand the way these phenomena are related.
Goal of this exploratory study is to assess whether alexithymia acts as a mediator in
the interplay between BPP on the one hand and SIB, depressive symptoms and
dissociative experiences on the other hand in a sample of psychiatric patients. The
choice of population from which the sample is chosen is relevant, as alexithymia is
highly co-occurring with psychiatric disorders (30- 60%) [96-99]2.
Based on our review of the literature, we postulated the following hypotheses.
1) BPP is positively associated with alexithymia, depressive symptomatology
(DEP), dissociative experiences (DIS), and SIB;
2) alexithymia is positively associated with depressive symptomatology (DEP),
dissociative experiences (DIS), and SIB;
3) The associations of BPP with depressive symptomatology (DEP), and
dissociative experiences (DIS) and SIB are mediated by alexithymia.
If our hypotheses on mediation prove to hold true, this could have an impact on the
treatment of BPP. Psychotherapy would then best start by treating alexithymia and
increasing emotional awareness before attempting to treat other problems. Several
scholars and clinicians proclaim that alexithymia - or the ability to identify, describe
2

Ethical approval for this study was granted by a Dutch national ethical committee (file number NL59088.044.17).
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and fully experience emotions - should be specifically targeted in treatment of BPP
[32, 100-103]. Nowadays, in treatments available for BPP/BPD such as dialectical
behavioral therapy (DBT) already considerable time is spent on training patients in
recognizing emotions and other internal processes to help them gain control over
SIB and other detrimental behaviors [18].

2. Methods
2.1 Participants
To be eligible to enter the study, patients had to be under the care of a mental health
professional during testing; be 18 years of age or older; be able to speak Dutch to a
sufficient level to be able to participate without an interpreter. Participants could
not participate in this study if they were currently going through the active phase of
a psychotic or manic episode at the time of testing. Patients were also excluded in
case of moderate to severe learning disability; if they had a substance addiction
other than tobacco or caffeine (e.g., alcohol, cocaine, cannabis). Criteria were
verified twofold: by inquiring patients personally, and by checking diagnoses and
dates of birth in their medical record. All participants gave written consent for
checking their medical record this purpose.
To determine the minimal required sample size to detect a mediated effect we used
the guideline provided by Fritz and McKinnon [104]. Based on empirical evidence,
their guideline lists the required sample sizes for six of the most common and most
recommended tests of mediation for various combinations of parameters. Using
Bias-Corrected Bootstrap as a method for analysis, a p-value of = .05 and a power
of 0.8 ([− =.2 ), having evidence of an existing moderate correlation (r <.30 and
>.50; [105]) between Borderline Personality Problems (‘X’) and Alexithymia
(mediator) (see [22]), and a moderate correlation between alexithymia and
respectively DEP, DIS and SIB, (‘Y’, see [42, 78]), the empirical estimate of the sample
size needed was 71.
Initially 82 patients signed up. All had been diagnosed with one or more
psychological disorders according to the DSM 5, based on clinical examination by a
psychiatrist or clinical psychologist. All were in treatment at the mental health care
institute where the study took place.
Nine participants decided to forfeit ahead of the first appointment. Six gave an
explanation for their decision to withdraw: they had (suddenly) stopped treatment
(N=2), experienced a setback in mood and functioning (N=2), could not participate
due to somatic illness (N=1). One participant had to withdraw because she was
admitted to a hospital after a traffic accident. 3 participants did not mention why
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they decided to withdraw. This left 73 adult patients who completed all of the
questionnaires used in the study. Two patients did not return for the clinical
interview.
This
left
71
patients
completing
all
data.
Of the patients in the final sample, 24 (32.9%) received a form of ambulant treatment
with a weekly or biweekly appointment, 38 (52.1%) were receiving multi-day
treatment, and 11 (15.1%) were administered for clinical treatment. Mean age of
participants was 36.04 years (SD=11.35). The youngest participant was 18 years of
age, the oldest participant was 59. 17 participants were male (23.3%; 18-59 years of
age, M=42.53, SD=14.16), 56 were female (76.7%; 18-56 years of age, M=34.07,
SD=9.67). All had the Dutch nationality.

3. Procedure
We performed a cross-sectional survey study with self-report questionnaires. In
addition to the self-report questionnaires, we used a structured interview to assess
alexithymia. A short version of each test was used if available and had comparable
psychometric qualities to the original version.
To contact participants, leaflets containing information about the study were placed
in waiting rooms and other communal areas throughout different locations of the
mental health institute. Also, health care workers were asked if they would hand out
leaflets to their patients at the end of an appointment. Patients who considered to
participate or who had further questions about the study could contact the main
researcher by e-mail, telephone or by visiting a designated office at designated days
of the week.
All patients who signed up were informed that they could withdraw from the study
at any time with no further obligations. There was no financial reward for
participating. On their request, patients could receive an overview of their
answers/scores on the tests. Participants who decided to withdraw or forfeit after
entering the study were replaced. We continued to include participants until the
number required by the power analysis was reached.
For each participant two appointments were scheduled. During the first
appointment, each participant was asked to fill out five questionnaires. On average,
completing the questionnaires took 20 to 30 minutes. During the second
appointment each participant completed the semi-structured interview on
alexithymia (TSIA) by a psychologist who completed official training in use of the
instrument. This training was provided by dr. R. Inslegers of the University of Ghent
and supervised via e-mail by dr. G. Taylor and dr. R. Bagby. Completing the interview
took between 45 to 75 minutes.

120

Exploring the mediating role of alexithymia in BPP

3.1 Instruments
Borderline Personality Pathology (BPP)
The 23-item Borderline Symptom List (BSL-23, Dutch version) [1] was used as a
measure of the level of BPP. The BSL-23 is a shortened version of the BSL-95. It
consists of 23 items from the BSL-95 that were found to have the highest levels of
sensitivity to change and that discriminate best between BPD and other disorders.
The items do not directly represent the criteria of borderline personality disorder in
the DSM 5. The items of the BSL-23 are rated from 0 (not at all) to 4 (very much so)
that yield a sum score. Higher BSL-23 total scores indicate more borderline
symptoms. In our sample, the Dutch version of the BSL-23 showed excellent internal
consistency (Cronbach’s  = .95).

Alexithymia
The Dutch versions of Toronto Alexithymia Scale-20 (TAS-20) [36, 69] and the
Toronto Structured Clinical Interview (TSIA) [37] were used to assess alexithymia.
The TAS-20 is a 20-item self-report questionnaire [36, 69]. The TAS-20 is the most
used instrument in research and clinical practice for assessing alexithymia. The items
of the TAS-20 are rated from 0 (not at all) to 4 (very much so) that yield a sum score.
Items assess alexithymia according to three facets: Difficulties identifying and
distinguishing among feelings [DIF], difficulties describing or communicating feelings
[DDF], and externally oriented thinking [EOT]. In our sample, the Dutch TAS-20
showed internal consistencies similar to those found in previous studies: DIF:
Cronbach’s  = .74, DDF: Cronbach’s  = .79, EOT: Cronbach’s  = .53 and total score:
Cronbach’s  = .85 [36, 69, 106].
The TSIA is clinician administered interview to assess the level of alexithymia [37]. It
is composed of 24 questions addressing four facets of alexithymia. Three of these
facets are the same as those assessed in the TAS-20 (i.e., DIF, DDF, EOT). The fourth
facet is difficulties in fantasizing (DFAN). Participants’ answers are scored by the
interviewer on a three-point Likert scale. Total scores range from 0 to 48, with higher
scores indicating a higher level of alexithymia. Factorial validity of the TSIA was
established in a combined community and clinical sample; internal consistency and
inter-rater reliability were adequate to good [23, 37]. In our sample, internal
consistencies were as follows: DIF: Cronbach’s  = .86, DDF: Cronbach’s  = .74, EOT:
Cronbach’s  = .68 DFAN: Cronbach’s  = .76, and total score: Cronbach’s  = .88.

Depressive symptoms
The Dutch version of the Beck Depression Inventory-II (BDI-II-NL) [107] was used to
measure the depressive symptoms. The BDI-II consists of 21 items inquiring about
the level of depressive symptoms experienced by the participant. Items probe for
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changes in cognition, behavior, feelings, and physical symptoms related to
depression. Participants are required to respond by means of a 4-point Likert-scale
(0-3). Total scores in the scale vary between 0 and 63. Reliability and validity of the
BDI-II have been established and scoring norms for the Dutch population are
available [108]. In our sample, internal consistency of the BDI-II was excellent
(Cronbach’s  = .91).

Dissociative experiences
The Dutch version of the Dissociative Experiences Scale (DES) [109-111] was used to
assess the frequency or level of dissociative experiences. The DES is the most used
scale world-wide for assessing dissociation, both for research and clinical purposes
[111].
The DES has been developed to offer a means of reliably measuring dissociation in
normal and clinical populations. The scale is a 28-item self-report questionnaire.
Subjects are asked to make slashes on 100-mm lines to indicate where they fall on a
continuum for each question. The total score, which also falls anywhere between 0
and 100, is calculated as the mean of all item scores. A higher score on the DES
implicates more dissociative experiences. The DES was found to have good
psychometric properties [109, 112]. In our sample, internal consistency of the DES
was excellent (Cronbach’s  = .95).

Self-injurious Behaviors
Direct SIB was assessed by three separate items: item 1 from the supplement scale
of the BSL-23 and item 4 and item 5 of the Dutch, shortened version of the NonSuicidal Self-Injury assessment tool (NSSI-AT; Dutch version: “Screeningsvragenlijst
Opzettelijk Zelfverwondend Gedrag” SOZG) [113]. Item 1 of the BSL-23 supplement
scale assesses the frequency of direct SIB in the past week; item 4 of the SOZG
assesses the total number of days (N.B. not times) someone engaged in direct SIB in
the past year; item 5 from the SOZG assesses the total number of times a person has
ever engaged in direct SIB. Items use multiple choice answering. Answering options
represent an ordinally ranked continuum. For example, on item 5 of the SOZG,
participants are required to choose from the options ‘zero times’, ‘once’, ‘2 or 3
times’, ‘4 or 5 times’, ‘6 to 10 times’, ’11 to 20 times’, ’21 to 50 times’, and ‘more
than 50 times’)
Indirect SIB was assessed by a scale construed by the authors for the purposes of this
study. It contains items of the BSL-23 Supplement scale. The BSL-23 Supplement
scale consists of 11 items about risky, harmful and suicidal behaviors. Participants
are requested to rate on an ordinal 5-point Likert scale if, and if so, how many times
they engaged in the described behavior per item in the past week.
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Eight items were initially included: item 4 (“I engaged in binge-eating”), 5 (“I induced
vomiting”), 6 (“I displayed high-risk behavior by knowingly driving too fast, running
around on the roofs of high buildings, balancing on bridges, etc.”), 7 (“I got drunk”),
8 (“I took drugs”), 9 (“I took medication that had not been prescribed or if had been
prescribed, I took more than the prescribed dose”), 10 (“I had uncontrolled outbursts
of anger and/or I got physical towards others”), 11 (“I had uncontrollable sexual
encounters of which I was later ashamed or which made me angry”). Three items
were not included as these inquired on direct SIB and suicide.
Psychometric properties of the scale were established by determining internal
consistency and checking loadings on a 1-factor exploratory principal component
analysis, interitem correlations, and outcomes of an alpha-if-deleted test. For the 8item scale, internal consistency was questionable (Cronbach’s  = .58). Item 4 was
removed, as its correlations with other items proved to be (very) low to slightly
negative and its removal significantly increased internal consistency of the scale. The
resulting 7-item indirect SIB scale had adequate internal consistency (Cronbach’s 
= .70).
Items of the BSL-23 Supplement scale are scored on a 5-point ordinal scale including
‘not at all’ (0), ‘once’ (1), ‘twice’ (2), ‘on a daily basis’ (3), ‘multiple times a day’ (4).
As all original measures of SIB showed non-normal distribution of data (also see
under ‘Statistical Analysis’), data transformation to reduce unevenness in the
distribution was done by rescoring the 5 categories of the BSL-supplement items to
3: no SIB (0), low frequency SIB (once or twice in the last week; 1), high frequency
(daily to more than daily SIB; 2). The level of indirect SIB per person was determined
by the maximum score obtained on any of the 7 items.

3.2 Statistical analysis
IBM SPSS Statistics 25 was used for all statistical analyses.
Descriptive statistics were determined for all main variables.
Normality of data was examined by visual inspection of the Q-Q plots, histograms
and boxplots, use of the Kolmogorov-Smirnov (K-S) and Shapiro Wilk test (SW) and
skewness and kurtosis statistics.
Data of alexithymia (both TAS-20 and TSIA) and depressive symptoms were normally
distributed, but BPP, measures of SIB, Dissociative experiences were not. Therefore,
Spearman’s rank correlations were used to quantify the strengths of the
relationships between variables.
The final data set contained no missing data, as digital administration of tests
required participants to respond to all items in order to proceed.
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Correlations were calculated between all variables to test whether BPP is positively
associated with alexithymia, SIB, depressive symptomatology, and dissociative
experiences (hypothesis 1) and whether alexithymia is positively associated with SIB,
depressive symptomatology, and dissociative experiences (hypothesis 2).
Separate simple mediation analyses were conducted for all variables to test whether
the associations between BPP and respectively SIB, depressive symptomatology, and
dissociative experiences are mediated by alexithymia (hypothesis 3). As there were
two measures of alexithymia (i.e., TAS-20 and TSIA) all analyses were conducted
twice. Mediation analyses were performed using the PROCESS v3.2 add-on for SPSS
(Hayes and Preacher 2014). To test for mediation the bias-corrected bootstrap
method was used. PROCESS yields estimates of indirect, direct, and total effects.
Complete mediations are inferred when the indirect effect is significant, and the
direct effect is not significant; partial mediations are inferred when both indirect and
direct effects are significant; no mediation is inferred when the indirect effect is not
significant. Default settings of 95 % confidence intervals for indirect effects and
10000 samples for bootstrapping was used. For the indirect effects tests, CIs that do
not include zero suggest significant mediation [114].

4. Results
4.1 Simple correlations
See table 3 for an overview of all correlations. Calculation of Spearman rank ordered
correlations confirmed positive relationships between BPP and alexithymia, BPP and
DEP, BPP and DIS, BPP and measures of direct SIB (H1). A positive relationship was
not confirmed for BPP and indirect SIB, although it only just failed to reach the
required significance level (rs = .22, p < .059).
Regarding expected relationships between alexithymia and other clinical variables
(H2), results of the analysis confirmed positive relationships between alexithymia
measures and DEP. A positive relationship between alexithymia and DIS was
confirmed when alexithymia was assessed by self-report, but not when assessed via
clinical interview. A relationship between alexithymia and SIB was only confirmed for
direct SIB in the past year and only when alexithymia was measured via clinical
interview.

4.2 Mediation analyses
Next, we examined whether the associations of BPP with DEP, and DIS and SIB are
mediated by alexithymia. First the analyses using the TAS-20 total scores for
alexithymia are presented. Results of the analyses for all variables can be found in
Table
4.
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Simple mediation analysis using ordinary least squares path analysis shows that
higher levels of BPP were related to higher levels of alexithymia (a = 0.2031, p <
0.001). For all measures of Direct SIB (past week, past year, and lifetime), depressive
symptoms, and Dissociative experiences, but not for indirect SIB in the past week,
there was evidence that BPP was related to their occurrence, independent of
alexithymia.
Regarding mediation effects, we found no indirect effect of BPP on any of the
variables through its effect on alexithymia, except for depressive symptoms. Except
for the latter, all bias-corrected bootstrap confidence intervals for the indirect effect
based on 10,000 bootstrap samples included zero. See Figure 1 for a schematic
representation for the results of the mediation analysis for depressive symptoms
with TAS-20 as alexithymia measure.
Results show that participants with higher levels of alexithymia were more prone to
experience depressive symptoms (b = 0.2561, p = .002). A bias-corrected bootstrap
confidence interval for the indirect effect (ab = 0.052) based on 10,000 bootstrap
samples did not include zero (0.0114 to 0.1189).
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Figure 1. Schematic representation of the mediation analysis with Alexithymia (TAS-20) as mediator in
the relationship between BPP and Depressive symptoms.

Regarding mediation analyses using the TSIA to assess alexithymia, results for all
variables can be found in Table 5. In contrast to what was expected, from a simple
mediation analysis using ordinary least squares path analysis, higher levels of BPP
were not accompanied by higher levels of alexithymia as measured by the TSIA,
although the effect only just failed to reach significance (a = 0.098, p = .052).
Regarding mediation effects, BPP did not indirectly influence any of the variables
through its effect on alexithymia. All bias-corrected bootstrap confidence intervals
for the indirect effect based on 10,000 bootstrap samples included zero.
There was a near-significant mediation effect of alexithymia between BPP and direct
SIB over the previous year (ab = 0.008, p = .061) and a trend to be seen regarding a
mediation effect of alexithymia between BPP and depressive symptoms (ab = 0.017,
p =.096).
For both the TAS-20 and TSIA, we performed subsequent mediation analyses for all
alexithymia facets. In all analyses the 95% confidence intervals on 10,000 bootstrap
samples included zero, indicating non-significant results.
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Table 4. Overview of the outcomes of the mediation analyses using TAS-20 as main measure for
alexithymia
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Table 5. Overview of the outcomes of the mediation analyses using TSIA as main measure for
alexithymia
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5. Discussion
This study is one of the first to explore the potential mediating role of alexithymia in
the relationship between borderline personality pathology (BPP) and other clinical
variables, notably depressive symptoms (DEP), dissociative experiences (DIS) and
self-injurious behaviors (SIB).
Results support our first hypothesis. BPP was moderately positively associated with
alexithymia - both when measured by self-report as via clinical interview. This finding
adds to the body of empirical evidence of a robust – albeit yet to be clarified association between alexithymia and BPP. Strengths of relationships between TAS20 measures of alexithymia and self-report measures of BPP were highly similar to
those we found in a meta-analysis [22]. Next, relationships between BPP and
depressive symptomatology (DEP), dissociative experiences (DIS), and SIB were also
confirmed and concur with findings from other recent work in the field (BPP and SIB
[3]; BPP and DEP [68, 115], BPP and DIS [116, 117]). The only ‘dissonant’ proved to
be the relationship between BPP and indirect SIB, which was weak in strength and
failed to reach significance. This was unexpected since there is accumulating
evidence that there is little that sets apart the occurrence of direct and indirect forms
of SIB [82, 86]. Our data showed a moderate strong association between both forms.
Research suggests that at least where there is (some form of) direct SIB, there almost
always is (some form of) indirect SIB [85].
With regard to the second hypothesis, i.e., the expectancy of significant positive
bivariate relationships alexithymia and respectively DEP, DIS, and SIB, conclusions
were less uniform. Alexithymia was found to be moderately to strongly positively
associated with DEP, partially to DIS (depending on the instrument, see below), but
generally not to SIB.
With regard to DEP, outcomes were in line with those of our earlier meta-analysis
[22], as well as with findings of a more recent study by Sleuwaegen, Houben [28].
The strength and significance of the relationship between alexithymia and DIS
differed depending on whether alexithymia was assessed via TAS-20 versus via TSIA.
It seems that psychometrical differences between the instruments that account for
less than perfect convergence between outcomes [118] are in play here. As
discussed in more detail below, one of the main differences between instruments is
the degree to which it is related to negative affect [119, 120]. With the exception of
one weak positive association between alexithymia assessed via TSIA and direct SIB
in the past year, none of the SIB measures correlated with either measure of
alexithymia. In analyses where the TAS-20 was used to assess the level of alexithymia
– as is still common practice in the vast majority of studies on alexithymia – not a
single significant association was found between alexithymia and SIB. We did not
expect this outcome, as robust positive associations repeatedly and consistently
have been reported in the literature [76].
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Testing of our third hypothesis, i.e., alexithymia mediating the associations of BPP
with DEP, DIS and SIB, yielded partial support for the underlying explanatory model
in just one analysis. We did not find support for the contention of alexithymia acting
as a ‘transmission mechanism’ in the relationship between BPP and DIS, nor BPP and
SIB [32, 42]. Results from our analyses do not support the increasingly popular notion
that ‘actions instead of words’ captures the interplay between BPP, alexithymia and
SIB [28]. In the same vein, results of our analyses do not support the notion that
dissociation, as a coping or emotion regulation mechanism, would decrease as
patients would learn to become more aware of and attuned to their feelings [25, 26,
75]. According to our analyses, patients are not (more) prone to resort to
dissociation, nor self-harming behaviors because of or due to alexithymia.
The lack of a mediation effect of alexithymia seems puzzling at first, as the overall
explanatory model has gained certain credibility in the field [25, 26]. Regarding DIS,
the interrelationships between variables are robust, at least when alexithymia is
measured by TAS-20 [26]. It could be the link between alexithymia and DIS is in fact
spurious, and only there due to a shared dependency of a third (or more) variable(s).
This third variable could, in fact, be BPP. BPP would then on the one hand be a ‘cause’
of DIS, and a ‘cause’ of alexithymia on the other. Since there would be no direct
relationship between the two, and presuming a change in either alexithymia or DIS
will not automatically affect the level of BPP given it’s (partial) genetic basis [44, 45],
a change in the one will not lead to change in the other.
The weak, non-significant correlations between alexithymia and the various
measures of SIB provide a statistical explanation for the lack of a mediation effect.
Yet, the lack of significant associations between alexithymia and SIB in our study
deserves further attention. In a recent meta-analysis based on 23 studies, Norman,
Oskis [76] found an overall significant, positive relationship between SIB and
alexithymia with a medium effect size.
One could assume it is due to our choice of instruments used to measure SIB. This is
however improbable, as the results of the aforementioned meta-analysis show there
a) has been very little consistency overall regarding the instruments used to measure
SIB in other studies and, b) this does not affect the effect size of the relationship
between alexithymia and SIB [76]. Also, associations of the various measures of SIB
in this study (including the scale for indirect SIB) with the other variables (such as
BPP) were in concordance with those reported in other studies [28, 81].
It could have been that associations of alexithymia with SIB in our study were
clouded by unintended sampling bias. Norman, Oskis [76] found that the effect size
of the relationship between alexithymia and SIB was significantly larger in adolescent
samples than in adult samples. Our study included only adults that on average were
well into adulthood, with a mean age of above 36 years. Yet, the inclusion of only
adult participants is not a confounder of the ‘true association’ between alexithymia
and SIB (and perhaps other variables) per se. In fact, Norman et al suggest the
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opposite could be true, as it is likely that the features of alexithymia are merely
“mimicked in adolescents […] and that it is only in early adulthood that alexithymia
itself can be measured as a stable personality trait” [76]. In addition, Norman et al.
also found a significantly larger effect size of the relationship in female samples
compared to male samples. In our sample, almost a quarter was of the male gender.
Although men score higher on average than women on measures of alexithymia, the
relationship between alexithymia and SIB seems to present itself primarily in
(adolescent) women.
We did find preliminary support for the hypothesis that alexithymia, as measured
with the TAS-20, partially mediated the relationship between BPP and depressive
symptoms. The fact that no full mediation was found, is rather logically understood
as depressive symptoms are determined by multiple factors [121]. However, the
assumption of mediation, even partial, has to be taken with caution for several
reasons. First, the mediation effect was not found when the TSIA was used to
measure alexithymia. The TSIA is a psychometrically valid instrument to measure
alexithymia, whereas the TAS-20 repeatedly has been criticized for multiple reasons
of which one is that the instrument measures mainly negative affect, i.e., depressive
mood and anxiety [118-120]. If this is true, the result in our study would not be in
support of mediation, but contamination [122]. Although there is evidence to
consider this to be an overstatement [68, 115, 123-125], fact is that the TAS-20 is
robustly correlated to self-measures of depression and trait anxiety - both in our data
and in that of others [118, 119, 126]. A significant mediation test constitutes a
necessary, but not a sufficient condition to prove alexithymia acts as a mediator
[122]. Those skeptic about the validity of the TAS-20 as a measure of alexithymia can
thus retain the view that the mediation effect here just represents a correlate of DEP.
Yet, an alternative explanation is that results of this study provide further support
for the contention that the TAS-20 and the TSIA both capture unique aspects of the
alexithymia construct [118, 126] and that alexithymia does act as a mediator here.

5.1 Strengths and Limitations

One of the strong suits of this study is that we included both the TAS-20 self-report
questionnaire and the TSIA clinical interview to assess alexithymia. The TSIA is found
to have sound psychometric characteristics [23]. Use of the TSIA in addition to the
TAS-20 allows for a multi-method approach for assessing alexithymia. Numeral
scholars have argued that alexithymia should be assessed via a multimethod/multimeasure approach, but still there is a paucity of studies including other instruments
next to TAS-20 [23, 106, 118, 119, 126, 127]. In including both instruments, this study
re-establishes the moderate to strong correlations between the TAS-20 and TSIA.
However, some important limitations apply as well.
First, caution is warranted when interpreting the results of our study, as it was
exploratory and cross-sectional in nature. Although our study design is a justified
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appliance of mediational analyses in social sciences [128], a limitation it brings is that
any form of causality can only be assumed on account of theory or previous research.
In our design we assumed BPP ‘precedes’ alexithymia, based on research that shows
that genetic factors have a substantial role in the development of BPP [44, 45],
whereas contemporary research indicates that alexithymia may primarily be a result
of (traumatic) experiences in early childhood [25]. Still, more research is needed, as
alexithymia for example also has been regarded a transdiagnostic factor in recent
theory and research, underlying multiple forms of psychopathology, of which one is
BPP [3, 22]. Replication in a longitudinal, preferably (quasi)experimental design is
needed to confirm whether any of the effects, or the lack thereof, are solid and
substantial.
Second, our patient sample had a high average alexithymia score, well above (nonpatient) samples from other studies [126, 129]. Although alexithymia scores were
normally distributed in the sample, it still can have negatively affected validity of
measures in some way. Although we measured alexithymia not only by self-report
but also via a structured interview, we did use self-report measures for the other
variables in this study. As highly alexithymic patients have limited emotional
awareness and limited introspective abilities, it could be that they were not fully
capable of indicating their levels of other concepts, for example depressive
symptoms or dissociative experiences. The high level of alexithymia in our sample is
likely attributable to ‘natural’ sampling bias: information on the leaflets used to
recruit participants informed the reader about the nature of the study that was
about gathering information and expanding knowledge ‘on the ability to recognize
emotions’ and its relationship to different forms of self-injurious behaviors. It is not
unlikely that this topic predominantly appealed to persons who encounter such
difficulties themselves, which can have been decisive factor to participate in this
study. Indeed, many of the participants said when entering the study, they did so
because they experienced difficulties in identifying and describing emotions or had
been told so by their therapist. Still, the mean scores of both TSIA and TAS-20 were
quite comparable to those of a study of Belgium patients in a study of Meganck,
Inslegers [118].

6. Conclusion

The results of this explorative study confirm positive relationships of BPP with
alexithymia, depressive symptoms, dissociative experiences and self-injurious
behaviours in a clinical population. They also confirm associations of alexithymia
with depressive symptoms and dissociative experiences. They however did not
confirm existence of an association between alexithymia and self-injurious
behaviours.
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Further results of our exploratory mediation analyses hint that patients with higher
levels of BPP that present with depressive symptoms may profit from treatment that
aims to increase affect awareness and psychological mindedness.
Contradicting the general explanatory model of alexithymia in BPP, results indicate
that targeting alexithymia is not an intervention of choice - or even a ‘prerequisite’ when the main goal is to decrease occurrence of SIB or dissociation [25, 32, 91]. No
evidence was found that alexithymia mediates between BPP and SIB, or between
BPP and dissociative experiences. However, when aiming to decrease symptoms of
negative mood/depression, results suggest it is recommendable to (also) add
interventions to improve affect awareness and psychological mindedness. Future
studies, especially those of a longitudinal design and specifically taking into account
age and gender, are needed to test and verify current findings.
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Abstract
Many mHealth applications aim to ‘coach’ users in achieving a healthier, happier life.
However, many of these e-coaches lack proper research on its effectiveness or sound
background knowledge of its target users. When such e-coaching apps are then
picked up and relied upon by vulnerable user groups in need of effective support,
such as those with mental health disorders, it could have negative effects. One such
target group are patients with a borderline personality disorder (BPD). Patients
suffering BPD experience strong difficulties in regulating their emotions. As a
consequence, these patients frequently engage in self-harming behavior. An
important contributor to the difficulties in regulating emotions in BPD is a deficit in
the ability to timely recognize emotions – often addressed in clinical literature as
‘low emotional awareness’ or ‘alexithymia’. By using a modified UXD-framework, we
investigated the need amongst BPD-patients in clinical treatment and their
therapists for a scientifically and theoretically informed ambulatory biofeedback ecoaching app with the purpose of coaching patients to better learn recognize
changes in the arousal level of their emotions. The study added to the current
literature: (1) a ‘design science’ approach to developing mHealth-applications. (2)
The insight that although the user needs of both groups regarding the proposed ecoach did converge to a considerable degree, the use of personas in the Strategy and
Scope plane made clear some fundamental differences between the therapists and
patients as users. (3) A detailed set of requirements for a physiologically based realtime biofeedback tool for psychiatric patients. (4) Detailed personas for both our
patients and therapists that can form the basis of other research and design for this
particular group.

Keywords: mHealth, borderline personality disorder, emotional awareness,
participatory design, e-coaching, design science
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Design study I: How to create an ambulatory app for patients with BPP

1. Introduction
Recent years have seen a tremendous increase in the number of health-related
applications and services, including a vast number of mobile applications claiming to
help improving one’s mood, emotional balance, or other aspects of mental health.
However, apart from a limited number of decent exceptions, the majority of these
applications seems to be developed with little regard to the specific characteristics
and actual needs of its target users. Many of these applications also fail to
incorporate current scientific or medical knowledge on their prospected users in
their design. This practice potentially comprises risks for mental health patients who
decide to use these not-validated, potentially ineffective apps. In the field of mental
health care there is considerable interest in the potential added benefits of using
combinations of therapies [1]. However, in doing so practitioners usually keep a close
watch on potential harmful therapeutic interactions. Such interactions can include
the combined intake of two or more therapeutic drugs [2], but also the combination
of different psychological interventions or treatments. As with some combinations
of drugs, the combined use of different psychotherapeutical techniques can result in
lesser or even adverse effects [3, 4]. For example, the advice of your GP to simply
avoid your mother-in-law to lower stress, could negatively interact with a treatment
in which your psychotherapist tries to improve your social skills and assertiveness.
Recent studies bring forward that there are already many unsupported, ‘low-value’
or even harmful interventions in traditional medicine [5, 6]. Many of these ‘do-notdo services’ lack any scientific evidence or are scientifically proven to be ineffective
and/or harmful for patients [5, 7]. A lack of proper inquiry into the user needs and
requirements will also likely negatively affect the adherence to an e- or mHealth
intervention [8].
One particular group of mental health patients who are ‘at risk’ of using potentially
ineffective or other ‘do-not-use’ applications are those with a borderline personality
disorder. Borderline personality disorder (commonly abbreviated as BPD) is a severe
mental health disorder that influences practically all domains of life including work,
finances, leisure, and relationships. The disorder is characterized by a pervasive
pattern of instable relations, a distorted self-image and profound disturbances in the
processing and regulation of emotions. Impulsive and self-harming behaviors such
as self-injuring and autointoxication are frequent, and many BPD-patients
experience severe problems in social and interpersonal functioning [9-12]. The
characteristics of the disorder often make it hard for patients to fully engage in any
treatment they may be offered. Those who are able to do so often find it hard to
stick with the treatment and more than occasionally leave before the end of a
program [13]. Analyses of outcomes measured 2–3 years after treatment suggest
that treatments-as-usual are marginally effective at best [12].
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BPD is typically first diagnosed in early adulthood (18-25 years of age) and often
mildens in later years (40-50 years of age) [12, 14-16]. The disorder is more common
in woman than man, with a ratio of 70 to 30 percent [12]. Due to the age of onset
and course of the disorder present-day patients are usually highly familiar with the
use of modern mobile technology. As they generally experience high levels of
psychological burden, these patients experience a strong need to find help and relief,
what makes it likely they will also try mHealth coaching apps they come across. As
stated at patient-sites like PatientsLikeMe.com: “Patients with few options will not
wait for normal science to design studies, recruit patients, measure, analyze, and
report” [17]. For this reason, it seems ever so important ‘normal or institutional
science’ dóes get involved.
Studies show prevalence rates for BPD between 0.5 % and 1.8 % of the total
population [12, 14]. A recent study in the Netherlands shows a prevalence rate (five
or more symptoms of the disorder present) of 1.1%; in 3.8 % of the population
multiple BPD symptoms were present (3–4 symptoms), in other words (just) below
the diagnostic threshold [14]. Two studies, based on data from the National
Epidemiologic Survey on Alcohol and Related Conditions, have found higher rates, of
2.7 % and 5.9 % respectively, but these higher rates are probably dependent on less
strict diagnostic rules that were applied [14, 18, 19].
As with many mental health disorders, BPD is a very heterogeneous category with
patients varying in severity of the disorder, their personality profiles, issues of comorbidity, age and so on [12]. The difficulties they encounter with regard to the
regulation of their emotions are manifold, as are the proposed underlying deficits
responsible for it. Yet, one of the deficits gathering increased attention in recent
years is a profound lack of emotional awareness, sometimes addressed in clinical
literature as ‘alexithymia’ [20]: a psychological construct in which a lack of emotional
awareness is a key characteristic [21-26]. Although not unique to the disorder,
difficulties in recognizing and identifying emotions are found to be related to BPD to
an above average degree [27-33]. Lower levels of emotional awareness have also
been linked to impairments in mentalization, which is a more general capacity to
represent psychic contents consciously and explicitly as thoughts, feelings and
intentions, and there is evidence that multimodal inpatient psychotherapy has the
capacity to transform emotional awareness from an implicit to an explicit level [34].
Available evidence suggests that there is a particular need to improve the awareness
of the ‘arousal’ component of emotions in BPD: results from experimental testing
found BPDpatients to focus significantly less on personal emotional arousal than
control participants [30]. Also, high levels of emotional arousal seem to act as loud
‘background noise’ that hampers the ability of emotion identification in patients with
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BPD [35]. Taken together, there is a clear case for helping these patients to become
timely aware of changes in arousal level. When turning to research on alexithymia,
results support the hypothesis that alexithymia leads to a decoupling of subjective
and physiological arousal when exposed to emotionally negative stimuli [36]. This
decoupling of emotion sometimes also addressed as ‘dual-processing’ [37] or ‘lower
multisensory integration’ [38] of emotions could possibly even shed some light onto
the low levels of response coherence that are observed in some individuals in more
generic research on emotional response coherence [39]. This “disconnect” between
physical and self-reported responses to emotional stimuli was also found in a study
on BPD were patients showed heightened physiological responsiveness yet blunted
subjective responses to emotional stimuli [40].
Evidence suggests that BPD patients' propensity for impulsive and self-harming
behavior is at least in part due to this failure to adequately process information
about emotions [30, 32, 4145]. Vice versa, increased emotional awareness or the
ability to identify, describe and fully experience emotions, is positively associated
with treatment outcome for BDP [46] and less self-injuring [27]. It reduces the all-ornothing, good-or-bad appraisals of emotional experience often seen in BPD [28, 32].
Regarding general health and well-being, greater emotional awareness is associated
with greater self-reported impulse control and stress-regulation, with greater
openness to feelings, and more stability in experiencing well-being. It correlates
positively with empathy ability, the tendency to seek help for emotional problems,
and the actual amount of social support that a person has [22, 34, 47, 48]. There thus
exists a veritable need for patients to increase emotional awareness.
When reflecting on costs-of-illness, studies on societal costs show a financial burden
of BPD of more than €2 billion [in the Netherlands] or almost €17,000 per patient
[49, 50]. In a seminar by Lieb et al. [12] published in the Lancet, they present statistics
that show that 97% of patients with borderline personality disorder presenting for
treatment in the USA receive outpatient care from an average of six therapists during
their lifetime; of them 37% also receive day treatment at some point in their lives,
and even 72% encounter psychiatric hospitalization. Twenty-four percent receive
treatment in a halfway house, and 9–40% of frequent users of inpatient psychiatric
services are diagnosed with BPD.
As stated above, problematic low emotional awareness is seen in several other
mental disorders. Putting matters in a larger perspective, the identified total cost of
all brain disorders in Europe is estimated at 447 billion in 2004 and 798 billion in
2010, which outweighs the costs of all the forms of cancers combined [17].
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2. Current study
This study describes an attempt to develop and apply a scientifically grounded
approach when designing and implementing an mHealth e-coaching app. It is part
of a project called “Sense-IT” in which the ultimate goal is to design an effective and
efficient mHealth e-coaching intervention that can help BPD patients with low
emotional awareness to learn to better recognize and monitor their own emotional
arousal.
The study, as is the larger project, is grounded in a ‘design science’ paradigm [51,
52]. Design science, as opposed to ‘natural science’, is a form of prescriptive rather
than descriptive research [51, 52]. “Whereas natural science tries to understand
reality, design science attempts to create things that serve human purposes (p.253)”
[51]. The mission of design science is to develop knowledge for the design and
realization of artefacts (i.e., to solve construction problems) or to be used in the
improvement of the performance of existing entities (i.e., to solve improvement
problems) [52]. Within the design science paradigm, thorough understanding of the
environment in which the product is going to be implemented is deemed essential.
Proper adapting of knowledge from referent disciplines is seen as “extremely
fruitful” [51]. Optimal academic research in design science thus would combine
description-driven and prescription driven research. [52]. However, the paradigm of
design science holds that the ultimate goal is to ‘create’ or ‘develop’. This design
study builds on the premises of User Experience Design. It utilizes a user centered,
participatory design.
mHealth – short for ‘mobile health’ - is defined here as ‘the practice of eHealth,
assisted by smartphones which captures, analyses, processes, and transmits healthbased information from sensors and other biomedical systems [53]. To do so, the
proposed coaching application will utilize mobile biosensor technology. Biosensors
are used to process, analyze, register and interpret information and are usually
attached to the user’s body. Advances in mobile sensor technology allow for
relatively easy measurement of physiological changes of clients in many situations in
an unobtrusive way [54]. “Equipped with cutting-edge sensing technology and highend processors, smartphones [and other smart-devices] are able to unobtrusively
identify human emotions and are an ideal platform for delivering feedback and
behavioral therapy in an ‘‘all the time everywhere’’ pervasive computing model…
Wireless wearable biosensors [such as found in smartwatches] can be used for
measuring physiological signals, such as electrodermal activity, heart rate,
temperature, and respiratory rate. Information gathered from these sensors can be
used to make inferences about peoples’ states of affect” [55]. Empirical findings in
psychophysiology provide evidence of a relationship between physiological
reactions and emotional/affective states of humans [39]. Physiological,
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‘sympathetic’ arousal elevates HR, blood pressure, and sweating, as well as redirects
blood from the intestinal reservoir toward skeletal muscles, lungs, heart, and brain
in preparation for motor action [17]. As these physiological processes are known to
be directly influenced by emotional events [56], these variables could perhaps be
used to provide patients with BPD with a real-time proxy of their emotional arousal.
At the very least an awareness of the ongoing fluctuations of autonomic reactions of
the body will become available, which might provide a basis to learn to recognize
and to some extent regulate the continuous affective changes within daily life [30].

2.1 Opportunities and challenges
Although ‘measuring affect in the wild’ [57, 58] is still in its very infancy, tests of
validity and reliability of affective computing under controlled laboratory
circumstances already show very promising results [59-62].
The decoupling of physiological and emotional arousal, or low ‘response coherence’
poses a challenge on defining a ‘ground truth’ on when an emotion is present –
especially with low emotional awareness or alexithymia: subjects can report only
those emotional events they are aware of. However, one way this could be dealt
with is by adopting Myrtek’s approach of detecting ‘emotional events’ [56, 63, 64]:
“The basic idea of our method […] is to detect emotional events by a simultaneous
on-line analysis of heart rate and physical activity in order to separate the
metabolically induced heart rate from the emotionally induced heart rate with the
use of a portable computer [64]”.
At first thought, the user experience of an e-coach on emotional awareness may be
mostly functional: provide the user with psychophysiological data in an accessible
manner (e.g., cues whether currently measured values are low, medium or high
relative to a personalized baseline) so he or she can act upon this information. Yet,
wearing a sensor that measures physiological responses most likely will also be a
significant emotional and social experience. Patients with BPD already often find
themselves being stigmatized by friends, family and even therapists [65]. Wearing
and using a conspicuous device could increase this stigma.
As with other design studies, all common design aspects such as aesthetics, sensory
appeal, focused attention, awareness, challenge, control, feedback, interest,
motivation, novelty, et cetera, are of importance [66]. Yet the specific characteristics
of a population marked by BPD seem to call for an even more careful and considerate
approach when designing a mHealth intervention.
We therefore formulated the following research question:
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What are the main requirements of an application that is meant to support patients
with BPD in a clinical treatment setting in becoming more aware of their level of
emotional arousal?
Our search of the literature brought back there is yet very little existing scientific
output on this topic, that is, the use of biosensor-informed e-coaching in the
treatment of BPD and/or emotional awareness. To our knowledge, to date only one
user centered mHealth project using wearable biosensor technology has reported in
detail on specifically targeting and involving psychiatric patients as a user group: the
MONARCA project [67]. This large scale, multilevel project focused on the
monitoring, treatment and prediction of bipolar disorder episodes by means of
several measurement instruments, such as a wrist-worn activity monitor and a
mobile EDA sensor. Based on their experiences regarding this project, researchers
Mayora et al. [68] state that “it is important to consider that the utilization of
technical monitoring systems in the field of mental health causes several challenges
on the patients’ sphere”. Among their ‘lessons learned’ (as they named their paper)
Mayora et al. stress that well known user experience guidelines apply for these
patients such as giving enough time to get familiar with the new technology, and that
the user should be able to use the system correctly without help of the professional.
Since any technical difficulty may create additional stress - which is aversive in
general, but especially when working with vulnerable mental health patients - a
contact person should be available at all times in case technical problems occur.
Almost all other studies actually carried out were performed with persons with no
known mental health disorder. None intendedly included BPD patients. Examples of
these studies include those with an e-coach aiming to improve emotional awareness
in non–patient groups by providing feedback on subjective experiences provided by
the user [69]; some studies include experimental designs in which a biosensor
informed ‘e-coach’ of some form is tested with patients with physical problems or
disabilities, such as a system aiming to support patients with chronic back and neck
pain with their posture [70], one aiming to support patients in monitoring and
regulating their diabetes [71], and an e-coach that timely detects seizures in epilepsy
[72-74]. Some of the intended or planned studies published describe a biosensor
informed e-coach to aid patients with drug-addiction in preventing relapse by
detecting and signaling craving [75], emotion detection and communication in
patients with autism [76]. Unfortunately, there are no reports known to us on actual
testing of these e-coaches with these user groups. Several small field-studies tested
feedback of individual arousal or ‘stress’ based on HR-based [77-80] or EDA-based
[81, 82] measures in non-patient users. In one of these studies [78] it was found that
when participants are given feedback about their heart rate, their estimates of their
stress level become more in tune with their heart rate. The researchers assume that
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the physiology feedback might help people to become more aware of their body and
that this heightened awareness then informs their subjective stress reports –
although they also take into consideration the possibility that participants value the
HR-feedback as a more objective and more accurate source of information about
their stress level than their own experience (and even come up with directions on
how to investigate this matter in a follow up study). They found no overall effect of
physiology feedback on self-reported stress, indicating that, on average, physiology
feedback did not cause participants to become more or less stressed.
Taken together, findings of these diverse but relevant studies suggest to us it is
feasible that a biosensor informed e-coach on emotional awareness for BPD is
developed according to a scientifically and clinically informed, participatory design
framework. In our study we will test whether previous identified guidelines for
participatory design of an e-coach for non-patients as well as bipolar patients apply
to our target group. We will also investigate whether we can find additional
guidelines, recommendations and/or specific requirements.

3. Method
3.1 User Experience Design
As an instance within the design science paradigm, we took the principles of User
Experience Design (UXD) as a general guideline for our study and selected “Garrett’s
model of the Elements of User Experience” [83] as a basic framework. UXD is an
evolution of User Centered Design (UCD), being “an iterative, solution-focused
approach to UCD and product development” [84]. Compared to UCD, UXD enables
for a more agile, lean, more design focused approach that can be applied more
widely [85]. Being user-centered, it’s focus is on participatory design, giving the
prospect user a central role in the whole process. Garrett’s model represents a
holistic design approach using five planes that stage the process from abstract to
concrete considerations. A schematic overview is shown in Figure 1. Although the
text in the figure refers to a ‘site’, the model can logically be applied in the
development of other interaction applications [86]. It is based on the premises that
to create a positive user experience for a product, one: - needs to know what the
needs of the users are (the strategy plane); - what the required features of the
system are (the scope plane); - and how users achieve their goals and talk about the
subject matter of the content (the structure plane). Subsequently one needs to
understand how the experience will flow for the user and based on that, start
defining the form that this experience will take (the skeleton plane). After the form
has been determined, choices have to be made about the material qualities of the
eventual product like visual and sound elements, tactile qualities (the surface plane).
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Figure 1. Model of the Elements of User Experience [83, 86]. Reprinted with permission.

Next, we adopted elements of the UCD-based ‘CeHRes3 Roadmap’ into Garrett’s
model. The CeHRes roadmap (see Figure 2) is also a holistic framework that
combines the principles of UCD with infrastructural factors to address the values of
end users in order to realize the potential of technology to innovate health care. The
CeHRes Roadmap is based on five principles of eHealth development that were
established in a review study [87]: 1) eHealth development is a participatory
development process, 2) it creates an infrastructure for changing health and
wellbeing, 3) its development is intertwined with its implementation, 4) it is
connected with Persuasive Design Technology and 5) its development requires
continuous evaluation cycles (formative and summative). One of the perks of the
CeHRes Roadmap is that is quite elaborate on how to actually go about in designing
a new eHealth or mHealth intervention.

3

‘CeHRes’ stems from ‘Center for eHealth Research and Disease Management’
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Figure 2. CeHRes Roadmap for the development of eHealth technologies [87]. Reprinted with
permission.

The adapted model was coined the ‘Elements-Methods-Products [EMP]-framework’
(Figure 3). The left column of the model shows Garrett’s planes (the ‘E’ or ‘Elements
of UX’). The green circles in the middle column are inspired by the research activities
and methods of the CeHRes roadmap and represent the methods used in the study
(‘M’). The right column shows the deliverables or products (‘P’) that will result from
these methods.
This study focuses on the ‘strategy & scope’ and ‘structure’ planes, the first two
planes of the EMP-model. Purpose was on getting to know the context and users
when developing an eCoaching application in mental health care while remaining
agile in the design process. The main results or ‘products’ (P) obtained in these
planes of designing (see Figure 3) that will be described in this paper are the
Persona’s, User needs and Design requirements, and the Mental model(s) of the
target user group(s). The process of developing a working prototype, which is at the
heart of the ‘skeleton & surface’-plane, is not discussed here but is intended to
follow in a future publication.
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Figure 3. The EMP-framework. The framework is to be read from the bottom (i.e. abstract
considerations) to the top (i.e. concrete considerations). The lines indicate the connection
between the elements and the methods. The arrows point to the products that will result
from the methods.

3.2 Ethical considerations
The study was granted approval by both an official and local University ethical
commission. Participation in the study was on voluntary basis. Patients in clinical
treatment at the treatment center and therapists working in this clinic were allowed
to apply for participation. During the recruitment and following phases of the study
head practitioners of the patients held the right to exclude or withdraw patients
from participating in the study if they judged patients to be unsuited for participation
(for example, if a patient was to be in a psychotic or manic state) or if they judged
participation to be aversive for the particular patients. All participants could
withdraw from the study at any time with no further obligations. All signed informed
consent forms. There was no financial reward or other incentive for participating.

4. Participants
Initially six participants volunteered, of which three patients and three therapists. All
patient participants were female, which reflected the predominant sex in patient
group. Also, all therapist participants were female, which also reflects the
predominant sex in this user group. Further details on the participants follows in the
result section when discussing the Personas. In between the first phase and the
second phase of the study (the different phases will be described below) one extra
patient requested to participate and did so for the remainder of the study. After the
card sorting task in the second phase of the study, one other patient had to withdraw
from the study because she terminated treatment.
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4.1 Strategy & scope (I)
To be able to meet the needs of target users, it is crucial to really get to know them
[88]. For this purpose, semi-structured interviews were used. Two different sets of
questions were created, of which one was bound to the therapists and the other to
the patients (interviews were held in Dutch, schemes available upon request).
Interviews were recorded with video and audio equipment.
The interviews were transcribed verbatim and analyzed according to the method
described by Baarda, De Goede [89]. The analysis was performed with the ATLAS.ti
software package. Transcribed text fragments were provided with codes or labels
(i.e., characteristic names or descriptions) that were relevant for answering the
research questions. All labels were sorted with respect to content and grouped to
form (core) themes. This led to hierarchical structures of the labels, or taxonomies.
Two researchers (YD and TdV) separately grouped the labels into themes. Cohen’s
Kappa was calculated for both the therapist labels and the patient labels. Kappa
values were 0,74 and 0,65, which represent a substantial agreement [90].
Taxonomies were summarized and user goals were derived. User goals were then
used to formulate user needs, which in return were reformulated in terms of design
requirements. Requirements were ranked according to the number of labels that
corresponded with them in order to determine their priority for the future system.
Together with overall statistics on age, diagnosis and level of education for each user
group, these results were used to form Personas. The formation of personas was
done according to the guidelines provided by the ‘PACT framework’ [91]. Personas
provides a manageable yet insightful overview of the acquired data on user needs
and provide a context for easily relating gathered information to when determining
design requirements [92, 93].

4.2 Structure (II)
To determine the structure of the future e-coaching intervention it is essential to
have an image of the mental map of the target user groups. Mental maps help to
understand the flow of the task users will perform with the system, how users talk
about the content of the system and how they will interact with the system [83].
They can also serve as a means to validate user requirements [94] and can bring
forward new design requirements that take into account the way users interact with
the system.
Card sorting was selected as main method to examine and bring into view the mental
maps of the target users. Card sorting is a commonly used method in UCD in which
participants have to group a list of labeled cards into coherent sets [95]. Evidence
161

5

Chapter 5

suggests that the way by which people categorize concepts externally, reflects their
internal mental representation of these concepts [96].
Card sorting tasks can be ‘open’ or ‘closed’. To determine the mental map of the
patient group as well as the therapist group, both types of card sorting were
performed in two consecutive rounds. Instructions for the card sorting tasks were
based on those used in the case studies by Hudson [97] and Cassidy, Antani [98]. All
activities were recorded audiovisual. Content was based on the outcomes of the
interviews. Because patients and therapists would use the future system differently,
two separate but overlapping sets of cards were used. The first round was an open
card sort for which participants were instructed to group the cards according to their
content and provide a label or ‘category name’ to each group of cards. This process
was then repeated until no new groups were formed. The second round a closed
card sorting task was performed. Participants were instructed to sort the cards
according to different degrees of relevance. They were asked to sort the cards into
the three following categories: critical information, appropriate additional
information / clarifying information, and unnecessary information.
Initial results from the card sorts were processed and analyzed with the Best
Merge Method (BMM) using Optimal Sort.
(http://www.optimalworkshop.com/optimalsort.htm).
BMM is derived from cluster analysis and is widely used in the UX-industry to see the
patterns of users’ card sorting [94]. Results of BMM are typically represented in
dendograms. The dendogram for the patient group, respectively the therapist group
were then converted to a mental map.

5. Results
The results of the study are presented following the planes of the EMP model.

5.1 Strategy and Scope (I)
5.1.1 User needs
Results of the interviews made it clear that needs of the patient group and therapist
group converge to a substantial degree, but that both groups also had several needs
that were specific for that group. As the main goal of the project is to ultimately
develop one single e-coaching system, one overarching set of user needs was
formed. The compiled list of needs deemed most important by both user groups is
presented in Table 1. Specific needs per group are discussed below.
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Table 1. List of user needs organized according to their priority for the participants.
User needs
▪ The patient needs to have direct access to his/her current level of ‘physiological
correlate of emotional arousal’ (PCEA) as a proxy for emotional arousal.
▪ The patient needs to be coached in a discreet manner
▪ The patient has a need to be able to have an overview over his/her recent course and
development of his/her PCEA.
▪ Both patient and therapist have a need to intuitively understand how the intervention
works when they see it (i.e., easy to comprehend interface and visualizations)
▪ The patient has a need to be reminded to personal tips or skills at certain levels of
emotional arousal, but only based on his/her preferences
▪ The therapist has a need that the use of the intervention is gradually phased out during
the course of treatment to prevent dependency
▪ Both patients and therapists need to know how to correctly use the system.
▪ The patient has a need to be reminded of standard emotion regulation skills at
(increases to) certain levels of emotional arousal, based on his/her preferences
▪ The patient needs to have a choice in how to be made aware of their current level of
PCEA, e.g., through different types of signals
▪ The patient wants an option to keep its therapist(s) up-to-date about the past course
of their PCEA, if he/she chooses to do so.
▪ The therapist has a need to have control over if and when the patient uses the system.
▪ The therapist wants to be able to be kept up to date about the learning progress of the
patients regarding the recognition of their emotional arousal.
▪ The patient wants to be able to look into his/her PCEA data over (longer periods of)
time

■ ≥ 6 labels ■ 3-4 labels ■ 2 labels ■ Neutral
Patients stressed how important it was for them that symbols and especially words
should be ‘neutral’: one patient expressed the concern that bystanders could read
what was on their screen and would ‘raise their eyebrows’. For example, the use of
the Dutch word for ‘arousal’ (“opwinding”) is mainly used in the context of sexual
arousal and was regarded highly inappropriate for use by an e-coach. Patients
mentioned how a bad choice of words or pictures could be a source of distress in
itself. For example, the hypothetical scenario of being asked by the e-coach if they
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were prone to self-injurious behavior at a certain level of arousal was mentioned
several times as a potential ‘trigger’ to actually resort to self-injuring.
Although feedback by the e-coach should be triggered automatically, patients
expressed a strong overarching need to retain autonomy: additional coaching by the
mHealth system, if to be implemented, has to remain optional, noncompulsory and
under ultimate control of the patient. For them, it should be an option that they
could enable or disable. Plus, the form and content of additional coaching, if present,
needs to be adjustable to the personal preferences of each user. Patients gave
examples such as the option to add their own tips and strategies to the coaching
provided. Although they strongly favored the option to share recorded data with
therapists, they wanted this to be under their control as well. So, recorded data is to
be shared by manual operation, not automatically. Patients further expressed the
need to be able to check their arousal level at every given moment.
Therapists had different thoughts regarding the perceived need for ultimate control
by the patient. Perhaps better labeled as a ‘dilemma’, therapists also perceived a
need for increased control and autonomy by the patients but at the same time
expressed a need for themselves to hold control over the e-coaching system. While
two therapists were still mainly advocating the benefits of letting the patient have
control over the e-coach, one thought it actually was a bad idea. Partial control by
the patient was agreed upon by all.

5.1.2 Personas
The information gathered during the interviews was used to form personas: one for
the patients and one for the therapists. Demographics such as age, sex, level of
education were based on overall statistics of all patients currently in treatment and
therapists working at the treatment center.
A detailed description of the average patient treated in the clinic is shown in the form
of a persona in Figure 4. The average patient is a woman in her late twenties. She
has a borderline personality disorder. Her emotional life is characterized by
frequently having unpredictable and rapid fluctuations in intensity of emotional
arousal, which often remain ‘unnoticed’ by her. The average therapist working in
the clinic is a woman in her early forties. During her job as a psychotherapist, she is
involved in individual and group psychotherapy. Next to psychotherapy, she
supports patients morally and provides them with mental health related practical
advice. Part of her work involves training emotion recognition skills with patients.
The average therapist has a moderate interest in and affinity with technology. Figure
5 shows the persona representing the therapists.
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Figure 4. Persona of the patients.

Hellen Kramer

Age 27
Level of education Bachelor
“I very easily tend to ignore my feelings”

Experience with technology

Hellen is very up to date when it comes
to technology. At home she’s got an
Xbox One and a laptop and during
therapy days she always carries her
smartphone with her. She uses these
devices to play games, to stay in touch
with friends and family and to stay up to
date about the news.

Mental health care background

Hellen has been diagnosed with a
borderline personality disorder. To deal
with her personality problems Hellen has
had several treatments in the past, such
as an Emotion Regulation Training
(ERT), coaching and different forms of
cognitive-behavioral or other forms of
therapy. She has also been to a
psychiatrist for a short while.

Environment

Currently Hellen is in clinical treatment at
a center for people with personality
disorders. At the clinic she resides with
approximately twenty-four people and
has to follow a busy and structured
program. During an average day at the
center almost everything – whether it is
doing chores, attending a meeting or
having therapy – is mandatory and starts
and ends at specific times.

Figure 5. Persona of the therapists.

Goals and motives

Hellen has difficulty with
regulating her emotions,
trusting others, bringing
structure to her life and to be
herself while connecting with
others. Part of Hellen her
regulation problems are what
therapists call an ‘intense
emotional episode’. During
such an episode Hellen is
caught off guard by a –
seemingly -rapid build-up of
emotional arousal. The effect
such an episode has on
Hellen differs each time:
sometimes the number of
thoughts can overwhelm her
and she can become very
active and chaotic in her
behavior. At other times her
mind can go blank, which
tempts her to become
passive and to avoid social
encounters. In the worst-case
Hellen is afraid that she
cannot bear the emotional
arousal and that the episode
will never end. At this time, it
is impossible for her to
constructively express or act
on her emotions. She might
be urged to emotionally or
physically hurt herself or
others to cope with the
intensity of her emotions, for
instance by getting very angry
at herself or people
(emotionally) close to her, by
using drugs or excessive
amounts of alcohol or as a
last resort by physically
hurting herself.
While Hellen experiences her
time at the clinic as turbulent
and sometimes hard, she
also thinks it has a positive
influence on her life. The
therapies and structure that
are set out for her within the
clinic support her in learning
to regulate her emotions and
to create the structure she
needs in order to cope with
her personality problems.

Eva Smith

Age 42
Level of education Postdoctoral
degree
“The challenge is to learn patients how
to recognize the build-up of their
emotional arousal ”

Experience with technology

For her work Eva uses a computer and
a smartphone to communicate with
colleagues and patients and to handle
other job-related matters. Eva considers
herself being reasonably up to date
about technology. Besides using a
computer and smartphone at work she
uses a laptop and a tablet in her life
outside work. On these devices she
uses the internet to read the news, mail
with friends and family, shop for clothes
or book vacations.

Environment

Eva works as a psychotherapist in a
Dutch clinic for people with personality
problems, called Scelta. Since her work
contains a lot of different activities and
objectives, each day is different and
there never is a dull moment.

Goals and Motives

During an average workday
Eva is mostly concerned
with diagnosing patients,
treating patients and
intakes of patients. She
treats patients with all sorts
of personality problems, for
instance people who have
an Avoidant Personality
Disorder (APD), a
Borderline Personality
Disorder (BPD), or a
Narcissistic Personality
Disorder (NPD). Of course,
she also sees patients with
any other personality
disorder; many patients
actually have a
combination of elements of
different personality
disorders.
Eva does a lot of group
therapy but she treats
patients individually as well.
She systematically
evaluates the effect of each
treatment with her
colleagues and provides
feedback to her patients
based on these
evaluations. She also has
several meetings each day
with her colleagues about
the progress of several
patients.
Besides group therapy Eva
also gives an Emotion
Regulation Training (ERT).
With this form of therapy
Eva teaches the patients
how to become aware of
and regulate the intensity of
their emotions, which is
often a problem for people
with personality disorders.
She also teaches patients
how to elaborate their
emotional vocabulary and
how to act more
constructively when they
are experiencing intense
emotions.
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5.1.3 Design Requirements
For the final ‘product’ in the Strategy and Scope-plane of the UCD-model, User needs
and Personas were used to extract the Design requirements4 of the e-coaching
system. As with the User Needs, also a number of design requirements were specific
of each target group. To facilitate the overall design process and adhere to the aim
of creating one e-coaching system, again was chosen to draw up a single list. A
prioritized list of design requirements is presented in Table 2.

An overview of the user needs and matching design requirements per user group can be
provided upon request.
4
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Table 2. Prioritized design requirements. The higher a requirement is placed in the table the
more labels correspond with the requirement.
Design requirements

▪ Includes discreet (tactile and visual) signals that inform users of their level of
PCEA*.
▪ Provides a view in which PCEA is visualized as a multilevel process, which is
analogue to used methods and theory used in therapy.
▪ Allows the patient to adjust the frequency and timing of signals (turn signals on
and off; increase and decrease frequency of signals).
▪ Includes free entry of personal tips or skills that will pop-up as a notification at
certain levels of arousal, based on the users’ preference.
▪ Includes a view in which the continuous course of PCEA is visualized as a graph.
▪ Enables the patient to adjust of the type of signal (sound, light, vibration et
cetera).
▪ Enables the patient to activate standard tips or skills, that will pop-up or appear
as a notification at certain stages of emotional arousal, based on the users’
preference.
▪ Allows the patient and therapist to switch between views (i.e., the multilevelview and the graph-view).
▪ Provides information about the time the patient spent or is spending at
different levels of arousal.
▪ Enables the therapist to activate and deactivate access to user-accounts of
patients.
▪ Enables the therapist to look into the PCEA data patients shared with them.
▪ Includes a built-in tutorial on how to use the system correctly.
▪ Allows the patient to look into its personal PCEA history.
▪ Allows the patient to share PCEA output with their therapists.
▪ Includes a personal user account for therapists.
▪ Includes a personal user account for patients.
■ ≥ 6 labels ■ 3-4 labels ■ 2 labels ■ Neutral
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5.2 Structure (II)
5.2.1 Open Card Sort
The analytical package (Optimalsort) presents the results of the open card sorting
task in dendograms (see Figure 6 for the dendogram per user group).
Figure 6. Dendograms of the card sort results of therapists (a) and patients (b). The vertical
connections between the branches indicate functions that were grouped by the
corresponding percentage of users shown atop of the figure. For clarification, each grouping
has been numbered.

a

b
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5.2.2 Closed Card Sort
The results of the closed card sort for patients and therapists are presented in Tables
3 and 4. All predetermined functions of the system were deemed critical or at least
appropriate additional information. As such, they are all part of the mental model
that the participants have of the future system.
Table 3. Results of the open card sorting task with the therapists.
Each cell shows the number of times the cards got sorted into each category.

5

169

Chapter 5

Table 4. Overview of the open card sorting task with the patients.
Each cell shows the number of times the cards got sorted into each category.

5.2.3 Mental model of the therapists
Figure 7 shows the mental model of the therapists. The mental model of the
therapists has a relatively deep structure (i.e., it contains few groups with many
functions per group). In their mental model all functions of the application are
roughly divided into three groups or categories: they refer to as settings of the
system, information regarding the patients, and information meant for themselves
as therapists. The so-called Settings group exists of quite some subcategories,
presumable due to its size.

5.2.4 Mental model of the patients
Relative to therapists model, the mental model of the patients of the future system
has a broad structure: on average patients have formed no less than five groups of
functions or categories that all contain relatively few functions. See Figure 8.
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Figure 7. Site map that represents that mental model that the average therapist- user has of
the future system. Note: functions that were judged as not part of a group (i.e., choose view
of current arousal, set/insert emotion regulation strategies, share my data with my therapist,
and current arousal level) were excluded from the sitemaps to safe space; they are considered
separate elements in the mental model).
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Figure 8. Site map that represents the mental model that the average patient-user has of the
future system. Note: functions that were judged as not part of a group (i.e., choose view of
current arousal, set/insert emotion regulation strategies, share my data with my therapist,
and current arousal level) were excluded from the sitemaps to safe space; they are considered
separate elements in the mental model.
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6. Discussion
This paper describes a study that is part of a project aimed at designing and
implementing a e-coaching application on emotional awareness in the challenging
environment of a psychiatric ward for patients with severe borderline personality
disorder. It describes a ‘design science’ approach in which a scientifically informed
UXD framework is employed in the first steps towards ambulatory biofeedback
systems that will empower people in their own emotion regulation by
complementing and supporting existing therapies.
According to March and Smith [51], ‘design science’ consists of two basic activities:
building and evaluation. With the adoption of the design science paradigm [51, 52],
we constructed and simultaneously first ‘tested’ a scientifically informed approach
to designing an mHealth application, using a modified UXD-framework. Practically,
our goal was to establish the main requirements of an e-coach capable of improving
awareness of emotional arousal in patients with borderline personality disorder. Our
most important outcomes were: (1) Although the user needs of both groups
regarding the proposed e-coach did converge to a considerable degree, the use of
personas in the Strategy and Scope plane made clear some fundamental differences
between the therapists and patients as users. (2) A detailed set of requirements for
a physiologically based real-time biofeedback tool for psychiatric patients that has
been acquired with the patients. (3) Detailed personas for both our patients and
therapists that can form the basis of other research and design for this particular
group. Below we will elaborate on the details and discuss these findings in the light
of literature on treatments for BPD, effectiveness of feedback and future
implementation of our proposed solutions.
Although the user needs of both groups regarding the proposed e-coach did
converge to a considerable degree, the use of personas in the Strategy and Scope
plane made clear some fundamental differences between the therapists and
patients as users. The use of personas in participatory design studies in a mental
health setting is a relative novelty. Personas provide a manageable yet insightful
overview of the acquired data on user needs and provide a context for easily relating
gathered information to when determining design requirements [92, 93]. As
therapists have less affinity with technology than patients, it is likely they will be less
prone to use the future e-coaching intervention without proper adjustment to their
profile. For successful implementation, therapists will have to work with patients
using the e-coach and will have integrate the intervention in current therapy.
Adapting the e-coaching intervention to the personal characteristics of both user
groups is therefore essential.
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Both user groups repeatedly stressed the need for an e-coaching application that is
discreet. The patients’ strong need for discreetness might stem from experiencing
stigmatization [65]. Both suggested the use of ‘vibration’ to notify users, since to
their beliefs it adequately handled these needs. A clear, but non-stigmatizing visual
depiction accompanying this vibrating signal was also mentioned by both groups.
As for the user specific requirements a specific need expressed by the therapist
group was that the use of e-coaching should be phased out over time to prevent
dependency. Further, although they shared the need for increased control and
autonomy by the patients, the therapists at the same time expressed a need for
them to hold control over the e-coaching application. Therapists in this study did
want patients to gain control over their emotions, but– unlike patients - are reluctant
to hand over control to an automated system to do so.
The use of mental mapping as a subsequent step in the Structure plane of our model
further exemplified how both groups fundamentally differed from each other.
Whereas the therapists envisioned a relative deep structure to organize the flow of
events, the patients’ mental model had a broad structure. Possibly these differences
in mental maps can be understood by the fact that the visual complexity of a
graphical user interface is found to positively correlated with the level of arousal of
its users [99]. Since people with BPD often struggle with heightened levels of
emotional arousal and have problems regulating their emotional arousal [28], they
might prefer a broad information structure because it reduces complexity: what they
seek is directly in sight. When seeking your car keys, while being highly stressed, one
is often inclined to turn over all drawers on the table simply to have all attributes in
direct sight – creating a ‘broad’ structure. Deeper structures have the merit they
result in a tidier look, which it what many people prefer when not being stressed
(‘having everything in its right place’).
The fundamental differences in the mental maps of both user groups resulted in the
decision that if further development is to result in one single, usable and userfriendly e-coach, it will need to have two separate user environments. Within these
two ‘functional’ user environments, it is important that the ‘look and feel’ is highly
customizable per user. Next, since therapist and patient will use the e-coach ‘in
tandem’ the systems will have to allow for some settings to be set per therapistpatient couple. One is the requirement to be able to share acquired data. Because
therapists fulfill an essential role in patients’ main user goal to learn to recognize and
regulate their emotional arousal, the application has to include a function that
enables the patient to share their recorded data with that therapist. However, as
both expressed a need to retain ultimate control over the use of the app this could
lead to a deadlock. Following needs of the patient group, the sharing of personal
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data should be manually operated and remain under control of the patient. But then
again, therapists desire supervisory control over the e-coach. One solution in which
both needs are met is to leave control over data-sharing with the patient and to
implement a function for therapists to activate and deactivate the account of a
patient.
Both groups suggested to let the e-coach adopt terminology and metaphors used in
therapy when communicating (emotional) arousal. This was perceived as a need to
be able to intuitively understand how to work with the e-coach. For the patients and
therapists in our design study, which were all in treatment or working in the same
treatment center, the shared terminology addresses emotional arousal in terms of a
five-stage process in which ‘water in a saucepan on a stove’ gradually starts to boil
and eventually boils over. This terminology stems from a specific training called the
‘Systems Training for Emotional Predictability and Problem Solving’ (STEPPS; in
Dutch: VERS, or ‘Vaardigheidstraining Emotie-Regulatie Stoornis’) [9]. Both target
groups suggested to implement the ‘saucepans’ in the e-coach to report on the
current level of arousal. Although this suggestion seemed sensible at first, it was
decided not to turn it into a design element: the future e-coaching application does
not display a direct measure of emotional arousal but a processed physiological
measure that serves as a proxy of emotional arousal. Adopting the metaphor of the
saucepans in the e-coach could cause patients to mistake these physiological
measures for their psychological emotional arousal. Also, incorporating the
terminology from the STEPPS into the e-coach would limit its compatibility with
other theoretic frameworks and thus employability in the field.
To meet the requirement of the terminology used in therapy, the physiological data
on arousal is to be presented neutral, but still compatible with the theoretical
framework(s) used. As other centers, mental health professionals and/or patients
may use other methods and terminology to address emotional arousal, we think an
easy-to-interpret ordinal rating scale (such as a 5-point or 10-point scale or a scale
using percentages) rating scale to visualize the arousal level of emotions is suitable:
it is not only compatible with the specific theoretical framework of the contacted
user groups, but it is actually also very common in cognitive behavior therapy (CBT),
which is the most common form of psychotherapy nowadays.
Patients also expressed a desire for the e-coach to have a function that enables users
to insert personal emotion regulation strategies, next to a function that enables
them to enable predetermined strategies used in therapy. These strategies should
be presented at certain levels of identified emotional arousal set by the patient user.
The system should offer a set of potential emotion regulating strategies but let the
user decide what to do or not do. Low levels of automation are desirable for a system
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as the proposed e-coach since the effectiveness and appropriateness of proposed
strategies depend on the circumstances [100]. Although this need struck us as
important, it was decided not to translate this need as a requirement - at least not
at this stage of development. The primary goal of the proposed e-coach is to support
in increasing awareness of emotional arousal. Incorporating feedback on how to
regulate emotion would go well beyond the primary research question and therefore
also the scope of the e-coach design that fits to this question. Our review of the
scientific literature brought forward evidence on difficulties in emotional awareness
in BPD [101], especially regarding the awareness of the level of emotional arousal in
BPD [30]. Several experts in the field expressed a need for increased focus on
emotional awareness to improve the effect of existing therapies for BPD [20, 30,
102]. The design study set off from here.
As is evident from the commonality of therapeutic training programs such as the
STEPPS, or therapies such as Dialectical Behavioral Therapy [103], specific training of
emotion regulation skills is already well-embedded in many treatment programs.
Whether there exists a need for the training of such skills by means of an e-coaching
app is an important question that deserves its own research. If so, and when ecoaching on improving awareness of emotional arousal proves to be effective (as
studies as [78] suggest), it would be both rational and interesting to incorporate such
feedback on emotion regulation in the design of the e-coach. The ability to
adequately become aware of and regulate one’s own emotions is heavily challenged
in several mental disorders [25, 104]. In this project we chose to target patients with
BPD and their therapists. We chose to focus on BPD, since emotional awareness and
the ability to adequately regulate heightened levels of emotional arousal are
especially challenged in this disorder. Additionally, BPD is characterized by high
levels of disability and suffering.
This study has a set of limitations. First of all, the study sample was small: only six
participants were included, of which three were patients, three were therapists. Yet,
there is general consensus that user centered design most often requires no more
than five participants [105-107]. Next, BPD is a heterogeneous category; its clinical
presentation of disorder can differ greatly from one patient to another – which is in
part legacy of the diagnostic system used. Out of nine criteria, a person is ‘classified’
as having the disorder if five (or more) criteria are met – in no particular order [108].
It is therefore unlikely this study will have grasped the mental model of ‘the’ BPDpatient. But then again, it did grasp the mental model of actual patients that all were
diagnosed with the specific disorder. Notwithstanding their significant importance
for the field, many other participatory design studies only involve non-patient groups
– not seldom students, or other experts on design, i.e., fellow researchers [69, 77,
78, 82, 109, 110]. As all three patients were receiving treatment at the same mental
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health center, it is likely their mental models have been influenced by the theoretical
frame used at the center. The same goes for the therapists. Further study involving
a larger sample from multiple sites to investigate to what degree mental models
differ over sites due to different theoretical frameworks being used.
By designing for a specifically mentally vulnerable and therefore highly demanding
population of envisioned end-users in terms of design requirements, we believe that
our approach is interesting for participatory design studies with broad range of
settings and users inside and outside the field of mental health: if it can cater to the
individual needs of subjects belonging to perhaps one of the most demanding group
of users in terms of emotional regulation, it should work for others [111]. Further
research should test usefulness for other user-scenarios. Also, within our specific
user scenario, future research could involve other stakeholders (e.g., graphic
designers, developers, financial controllers). For the current Sense-IT project, the
next step is to take the outcomes to the next ‘plane’ and develop a first working
prototype of the e-coach on emotional arousal for patients with BPD.
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Abstract
Background: Patients with borderline personality disorder experience great
difficulties in regulating their emotions. They are often unable to effectively detect
their emotional arousal and struggle to apply learned techniques for emotion
regulation in a timely manner. Although the use of continuous wearable biofeedback
has been suggested as an option to improve patients’ emotional awareness, this type
of app is not yet available for clinical use. Therefore, we developed an ambulatory
biofeedback app named Sense-IT that can be integrated into mental health care.
Objective: This study aimed to develop an ambulatory biofeedback app for mental
health care that helps with learning to better recognize changes in personal
emotional arousal and increase emotional awareness.
Methods: Using several methods in a tailored user-centered design (UCD)
framework, we tested the app’s usability and user experience (UX) via a cyclic
developmental process with multiple user groups (patients, therapists, and UCD
experts; 3-5 per group, per cycle).
Results: The process resulted in a stable prototype of the app that meets most of the
identified user requirements. The app was valued as useful and usable by involved
patients, therapists, and UCD experts. On the subjective usability scale (SUS), the
patients rated the app as good (average score of 78.8), whereas the therapists rated
the app as OK (average score of 59.4). The UCD experts judged the app’s overall
usability as between OK and acceptable (average score of 0.87 on a cognitive
walkthrough). As most critical usability problems were identified and addressed in
the first cycle of the prototyping process, subsequent cycles were mainly about
implementing new or extending existing functions and other adjustments to improve
UX.
Conclusions: Mobile health (mHealth) development within a clinical mental health
setting is challenging yet feasible and welcomed by targeted users. This paper shows
how new mHealth interventions for mental health care can be met with enthusiasm
and openness by user groups that are known to be reluctant to embrace
technological innovations. The use of the UCD framework, involving multiple user
groups, proved to be of added value during design and realization as evidenced by
the complementary requirements and perspectives. Future directions on studying
clinical effectiveness of the app, application of the app in other fields, and the
implications of integration of the app for daily practice in mental health are
discussed.
*See page 219 for a list of abbreviations used in this chapter.
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1. Introduction
1.1 Context
Borderline personality disorder (BPD) is a psychological disorder that influences all
domains of life. It is characterized by a pervasive pattern of unstable relations, a
distorted self-image, and profound difficulties in regulation of one’s emotions [1].
Self-harming behaviors are common [2-5]. A lack of emotional awareness or the
ability to timely recognize the onset of emotions and their increasing or decreasing
intensity plays a role in emotional instability and dysregulated and self-harming
behaviors in BPD [6-11]. Patients with BPD seem to especially have less focus on the
level of emotional arousal than controls [12].
Perception of internal bodily states is found to be of significant importance to
subjective experience, awareness, labeling, and understanding of emotional
processes [18-21]. Interestingly, people with low emotional awareness, in general,
do respond to emotional triggers physiologically, and to a certain extent,
behaviorally, but lack the experience of the emotion—the feeling [19,23,24].
Therefore, available evidence suggests that treatment of low emotional awareness
in BPD should focus on bodily signals and could very well involve biofeedback [6,1217]. Although there are indications that emotional awareness can improve with
psychological interventions [22], development and testing these interventions is in
its infancy [25,26]. From literature and information gathered from patients and
professionals, we identified a need to improve the treatment of low emotional
awareness in BPD [13,22,27].
We started a project to develop a biosensor-informed e-coaching app on emotional
awareness in the challenging environment of a psychiatric ward for patients with
severe BPD. We gave the app the name Sense-IT, as it refers to both its intended
purpose for patients (sense it) and its technological nature (IT: information
technology). Importantly, it should help its users to learn to better recognize changes
in their physiological and, with that, emotional arousal and thus increase emotional
awareness. To the best of our knowledge, this project is one of the first in providing
ambulatory biofeedback to this group of users. We previously developed an initial
prototype [28]. The aim of this study was to complete the next step and deliver a
working version of the Sense-IT app that is deemed useful and usable by 3 important
groups of stakeholders: patients with BPD and low emotional awareness, mental
health professionals working with these patients, and experts on user-centered
design (UCD).

1.2 Initial Prototype
We decided to design our app for wearable technology that comes equipped with
essential biosensor technology that is widely available for consumers, is affordable,
and runs on a mature operating system (OS) that offers easy-to-use application
programming interfaces (APIs) by which one can develop native apps and access
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sensors directly. After a small preliminary study with main stakeholders and users on
acceptable, usable, and nonstigmatizing hardware (unpublished), we decided to use
a smartwatch and mobile phone. Next, we decided on developing an app for
Google’s Android (including Wear) OS. As a mature, easy-to-access OS, it has a broad
base of support by manufacturers, software developers, and users alike. Most
smartwatches (at the time) came equipped with a photoplethysmogram (PPG)
sensor and accelerometer. The PPG sensor is used for measuring heart rate (HR).
After studying the literature on the use of biosignals for affect detection, we built an
algorithm that takes the HR data of the user to calculate a physiological correlate of
emotional arousal (PCEA). HR, similar to HR variability (HRV) and electrodermal
activity (EDA), is triggered by the sympathetic nervous system [29,30]. Typical
consumer wrist-based HR monitors provide a fairly accurate measurement of HR
even when deployed during physical activity and movement [31].
The first version of the app was built by one of the authors (RK) and 2 graduate
students in Human Media Interaction. The outcomes of previous design cycles
served as the main sources of input for programming (refer to the study by Derks et
al [28]). Visual design was kept low in complexity so that the app’s graphical user
interface (GUI) is easy to interpret by the user yet remains nondescript to the
environment (see Figure 1). To cater to the expressed need for discreet and
unobtrusive coaching, audio signals were deliberately not implemented. Instead, the
app was programmed to give tactile feedback via the vibration motor in the
smartwatch. Users have direct access to a proxy of the current level of the PCEA via
continuous HR measurements on both the smartwatch and mobile phone. On the
smartwatch, users have the option to choose from 4 different watch faces. The
mobile phone app provides an overview of the recent measurements. At higher
levels of arousal (stages 4 and 5 out of 5), the user receives a textual prompt,
intended to stimulate deliberate reflection on one’s current status of emotional
arousal. See Figure 2 for an impression.
An option to manually export recorded data to a server was also implemented. With
this option, a primary user is able to transfer his or her data to a server. These data
can then be accessed via an internet browser through a secured gateway. The data
can be presented in raw form or plotted to provide a graph depicting the changes in
PCEA over time. This option was built in to increase the number of ways the data
could be used to support therapy. For example, it could provide an opportunity for
the patients to get a better overview of the changes in their arousal over time or to
let their therapists have a view (if they were granted access to the secured data by
the patient). Although this functionality was built in, it could not be tested at the
clinic because of limitations in the technical infrastructure at site and ethical
limitations concerning the sending of personal data to servers outside the clinic.
Figure 3 gives an overview of the setup of the app.
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Figure 1. Sense-IT mobile phone graphical user interface, first version. The yellow switch
starts and stops the measuring of heart rate (HR) via the smartwatch. Each recorded change
in level of HR (or physiological correlate of emotional arousal [PCEA]) is represented a blue
bar in the white area of the screen. The date and time of the change are displayed within the
blue bar, and the level of the PCEA appears as a number in the circle left of the bar.
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Figure 2. Sense-IT watch faces, first version. The watch faces each expressed changing levels
of HR/PCEA by changing either the circular elements (ie, more circles or a bigger circle), or
simply indicating a numerical level (from 1 – 10).

Figure 3. Overview of the setup of the Sense-IT app.
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2. Methods
2.1 Study Design
2.1.1 The Methodological Framework
A design framework tailored to the setting and purposes was developed based on
principles from user experience (UX) design and UCD. We previously published a
detailed report on the development of this framework and our first steps in the
development of the Sense-IT app [28]. We combined the conceptual overview of
Elements of UX model [33] with the broader focused approach of the CeHRes
Roadmap [34] and added a placeholder to specify the methods used. This led to the
EMP framework. EMP stands for element-method-product, the main components of
the model. Figure 4 shows a schematic overview of the EMP framework.
We previously completed the steps of the first 2 elements of the framework, that is,
the strategy and scope and the structure plane (in Figure 4, I and II of the elements
of UX) [28]. The completion of these steps in the model yielded design requirements
and mental models that serve as the basic input for the current, third element of the
framework (in Figure 4, III, skeleton and surface of the elements of UX). In the third
element, the desired product was a working prototype. This implied getting into the
back-end organizational structure and flow (skeleton) and the front end or outer
qualities such as visuals, sounds, and vibrations (surface). As the main UX method
(the M in the EMP framework), we chose cyclic, iterative prototyping [35].
Figure 4. The EMP-framework. The framework is to be read from the bottom (ie, abstract
considerations) to the top (ie, concrete considerations). The lines indicate the connection
between the elements and the methods. The arrows point to the products that will result
from the methods.
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2.2 Procedure
We went through 3 cycles of testing, each with its own specific group of users (see
Figure 5). The first cycle, that is, initial prototype programming and pilot testing with
patients, took place between February and July 2016. The second cycle, that is,
usability testing with professional caregivers, took place between November and
December 2016. The third cycle, that is, usability testing with expert users, took place
between January and February 2017.

Figure 5. Specification of the Method of Prototyping within the EMP-framework.

2.2.1 Setting
The first 2 cycles took place within an inpatient psychotherapeutic setting of Scelta,
GGNet, a mental health care provider situated in the east of the Netherlands. Testing
during the third cycle took place in an office setting within the facilities of the
University of Twente.
Scelta is a specialized division within GGNet, one of the larger mental health care
providers in the Netherlands. Scelta provides psychiatric treatment of severe
personality disorders. At their inpatient clinic, Scelta offers several
psychotherapeutic treatment programs for personality disorders. The testing of the
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app with patients and therapists was within the dialectical behavioral treatment
(DBT) [36] unit of the clinic. Here, multidisciplinary group DBT [36] is given to a
maximum of 27 inpatients at a time. All patients are diagnosed with 1 or more
personality disorders—the majority of them having BPD diagnosed as main disorder.
Four days a week, during working hours, patients receive multiple forms of
psychological treatment. Medical treatment can be part of the treatment but serves
a subsidiary role. On average, duration of treatment within the DBT program is 9 to
12 months. After that, most patients are referred for further (outpatient) care.

2.3 Data Analysis
Data from interviews, questionnaires, and task scenarios were transcribed via a
transcription program (F4). Additional remarks made by participants during or in
between hands-on testing were also registered. Qualitative analysis consisted of a
combination of content and thematic analysis [37]. Comments were categorized by
applying constant comparison, comparing statements numerically and content wise.
Usability problems and needs were listed and subsequently grouped, after which a
central theme was allocated to each group. This was done by 2 of the authors (YD
and RK), of which one has a background in psychology, and the other in computer
science. Final categorization reflects consensus after comparison and discussion of
the interpretation processes of both authors. The following main themes were
identified: (1) technology, (2) user interface and interaction, and (3) functionality
(and ethics). Next, within each set of results per group, inductive thematic analysis
was used to identify whether, and if so which, specific values regarding the
acceptance and adoption of the app were present. Next to the qualitative analyses,
individual and overall scores of the system usability scale (SUS) [38] (used in cycles 1
and 2) and the cognitive walkthrough (used in cycle 3) were quantitatively analyzed.

2.4 Ethical considerations
The study was granted approval by both a nationwide operating ethical commission
and a local ethical commission associated with the university. Participation in the
study was on a voluntary basis and only after informed consent. Patients undergoing
clinical treatment at the treatment center and therapists working in the center were
eligible if they were willing to actively participate. All participants could withdraw
from the study at any time with no further obligations. In addition, therapists of the
patients held the right to anytime exclude or withdraw patients from participating in
the study if they judged a patient’s participation potentially detrimental for his or
her well-being or unwanted or inappropriate in any other way. There was no
financial reward or other incentive for participating.

Cycles
The cycles will be presented as separate studies. Per cycle, results will be presented
in paragraphs representing the main themes that resulted from the thematic
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analysis. Multimedia Appendix 1 provides a schematic overview of the thematic
ordering. Multimedia Appendix 1 lists all usability issues and user needs to be
identified by 1, 2, or all user groups, grouped by the main theme, and presents the
applied—or planned—solutions and adjustments to the Sense-IT app after the 3
cycles of usability testing. After this, the current version of the Sense-IT app is
presented.

2.5 First Cycle: Testing With Patients With Borderline Personality
Disorder
2.5.1 Participants
A total of 5 patients of the DBT program participated in testing the app. Participation
was on a voluntary basis and after informed consent. All were previously diagnosed
with BPD and low emotional awareness. Of 5 patients, 4 completed the second
iteration, and 1 patient could not participate on the second day of the second
iteration, as she forgot that she had to attend other meetings. Patients were aged
between 18 and 49 years (mean age 28 years, SD 11.82). All participants were
females, and all had Dutch as their native language.

2.5.2 Procedure
The first cycle consisted of 2 iterations, each with a design phase and an evaluation
phase. During the hours of testing, members of the research team remained standby
at the clinic in case a patient would encounter technical issues or would come up
with questions regarding the app.
During the first iteration, the focus was on the main functioning and overall UX of
the app. Patients received a short explanation of the system and some information
on the upcoming days. On the first day, patients just had to wear the smartwatch to
gather the required HR data to set personal baseline values. They did not have to
interact with the system but were asked to monitor their personal experiences on
wearing the hardware. The second day, patients again wore the equipment running
the Sense-IT app. They were asked to use and interact with the Sense-IT app as if it
was an actual adjunctive to their therapy. Patients were asked to fill in a
questionnaire at the end. After the first iteration, adjustments were made to the
app.
During the second iteration, the focus was on patients’ preferences on the
(graphical) user interface ([G]UI) and the interaction with the system. It again
consisted of 2 days of testing. Patients were instructed to interact with the app as if
it was part of their therapy program. The main goal of the second iteration was to
examine whether the alterations to the app led to a satisfactory overall UX. At the
end of the day, patients were asked to fill in the SUS. They also were briefly
interviewed on their experiences.
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2.5.3 Materials
H a rd w a re
A total of 5 mobile phones and 5 smartwatches were used in sets. Each set consisted
of a Moto G, third-generation smartphone (5-inch screen size and screen resolution
1280×720 pixels) and a Moto 360, second-generation smartwatch (1.37-inch screen
size and screen resolution 360×325 pixels). Both ran a version of Android OS: Android
6.x (KitKat) on the mobile phone and Android Wear 1.5 on the smartwatch. Each set
was connected via Bluetooth (and optionally via Wi-Fi) through built-in
communication software provided by the Android ecosystem.

System Usability Scale
The SUS is a commonly used questionnaire that quickly and reliably assesses the
usability of a product [38-41]. The SUS [40,41] comprised 10 statements that are
scored on a 5-point scale, ranging from totally disagree to totally agree. It contains
statements such as “I thought the system was easy to use” and “I thought there was
too much inconsistency.” The SUS yields an overall score of the system usability
ranging between 0 and 100, where higher scores indicate better usability. For
interpretation of scores, we used the guideline provided by Bangor et al [39].

Questionnaires
A total of 2 short self-constructed questionnaires were administered to the patients
during the first cycle of testing. The first questionnaire (26 items) contained
questions on the use context; the patient’s level of experience with technology;
general UX of the app; UX of the interface on mobile phone and smartwatch; the use
of prompts; and additional questions regarding privacy, perceived risks, and
missing/desired features. See Multimedia Appendix 2. The second questionnaire (16
items) contained questions on the patient’s general UX with the mobile phone and
smartwatch interface, the use of the diary/note keeping function, and questions
about the option to share data with therapists in the future. See Multimedia
Appendix 3.

Interview
After each iteration, a semi-structured interview was held with each patient. The
interview consisted of 5 open questions. Participants were asked what they liked
about the intervention (app plus hardware), what they disliked about it, what their
experiences were regarding the measurement of their bodily signals (PCEA), if they
would have made other decisions regarding the design of the app and/or choice of
the hardware, and if they had any other remarks about what they would like to see
improved or altered in a future version.
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2.6 Second Cycle: Testing With Therapists
2.6.1 Participants
Of 25 health care professionals at the clinic, 4 were invited to participate. They were
selected via a stratified sampling method [45]. The sample included 1 psychiatrist, 1
bodily oriented psychotherapist, and 2 groupworkers or sociotherapists. All were
native Dutch and aged between 47 and 62 years (mean age 52 years, SD 7.1). Overall,
2 participants were males and 2 were females. One of the participants personally
owned a smartwatch. In addition, 3 of the participants indicated to have affinity with
wearable technology but indicated not to closely monitor developments in the field
of smart devices.

2.6.2 Procedure
The app and the 2-day testing procedure were kept similar so that the health care
professionals would get a similar UX as the patients. On the second day of testing, a
series of 4 paper task scenarios were completed along with the SUS and a short
interview.

2.6.3 Materials
Hardware
The same mobile phones and smartwatches were used as in cycle 1.

System Usability Scale
See the description under cycle 1.

Task Scenarios
A total of 4 scenarios were written by the research team, based on the functions of
the app. Each scenario consisted of a task to be performed on either the mobile
phone or smartwatch: (1) add a comment to your latest measurement, (2) change
the watch face to another Sense-IT watch face, (3) add a general comment to the
timeline (not to a measurement), and (4) let the app stop measuring your HR. With
each scenario, the user was asked which steps he or she took to perform the task,
what difficulties were encountered while performing the task, and whether the user
had further comments or suggestions.

Interview
To close off the 2-day hands-on testing phase, a brief, semistructured interview was
held with each therapist. The interview questions were the same as in cycle 1, but
the interview also inquired how the app could be implemented in the therapies of
their patients.
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2.7 Third Cycle: Testing With User-Centered Design Experts
2.7.1 Participants
For the third cycle, 3 expert users were personally contacted. All were part of the
professional network of the authors at the University of Twente. Of 3 expert users,
1 works as an assistant professor in Human Centred Embodied Design, with expertise
in the field of assistive technologies. The second expert user is a researcher with a
background in Biomedical Engineering who currently conducts research on
telemonitoring in a medical setting. The third is an assistant professor in Product
Interaction Design whose current work is focused on multisensory design, user
interaction and experience, and their influence on behavior and motivation.

2.7.2 Procedure
The UCD experts were asked to complete a cognitive walkthrough while using the
app in an individual session. They were provided with information on the primary
users and their concerns in the form of a persona [28]. After the cognitive
walkthrough, each UCD expert was given a final moment to reflect and mention any
other detected usability problem they had encountered.

2.7.3 Materials
H a rd w a re

The same mobile phones and smartwatches were used as in cycles 1 and 2.

Cognitive Walkthrough

The UCD experts were asked to complete several tasks while thinking out loud about
what a primary user (ie, a patient with BPD and low emotional awareness) would do
and evaluate if the task at hand would be easily achievable. The tasks were the same
as the scenarios for the therapists.
There were 4 additional questions on usability to be answered with yes or no. These
questions were as follows: (1) Will the primary user try to achieve the correct effect?,
(2) Will the primary user notice that the correct action is available?, (3) Will the
primary user associate the correct action with the desired effect?, and, if the user
performed the right action, (4) Will the primary user notice that progress is being
made toward accomplishment of her goal? As an indication of usability error [45],
the average number of yes answers were added up to a score between 0 and 1, with
higher scores indicating less errors.
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3. Results
3.1 First Cycle Results
3.1.1 Quantitative Data (System Usability Score)
The patients rated the system after the second iteration of the first cycle. The overall
rating was good (average score of 78.8). Of 4 participants, 3 rated the app as good
itto excellent (85 to 97.5), whereas one rated it as poor (42.5) [39]. The latter
participant experienced trouble in working with the mobile phone and smartwatch
in general and indicated that her age could play a role. She would therefore have
liked to see the user interface simplified and more foolproof. She also would have
liked to have an easy-to-understand user manual to come with the app.

3.1.2 Qualitative Data (Questionnaires and Interview)
Technology

Overall, patients were positive about the ease of use of the app on the smartwatch
and mobile phone. They also liked the design and indicated they had no problems
with having to wear a smartwatch—although not all of them were used to wearing
a watch. Moreover, 3 patients found it cumbersome that the app was on a mobile
phone of the project, so they had to carry it besides their own device. Given the test
phase, all understood why the app was not installed on their own devices.

User Interface and Interaction

All patients experienced the app as discreet and inconspicuous. All would have liked
more data visualization. They stressed it was important that the data visualization
should remain neutral for reasons of discreetness while still being intuitively
understandable. Regarding the Watch face GUI, users found it important that they
could choose from several designs.
Patients stressed that the app should be compatible with their therapies. This need
was already addressed, as physiological arousal was represented in a two times five
stage process that is compatible with the current user setting (DBT and systems
training for emotional predictability and problem solving [3,42]) as well as cognitive
behavior therapy (CBT). Patients indicated that other ways of breaking down in levels
would still be welcome for the use of the app in other forms of therapy. One of the
patients believed that the levels of the physiological scale were representing the
subjective emotional states that were used in the main model on emotions in
therapy.
The timing and frequency of feedback given by the app (via the vibration motor in
the smartwatch) yielded mixed reactions. One patient said the notifications matched
the perceived moments of arousal well. For 2 patients, the frequency of notifications
was acceptable. One patient received a bit too many notifications, especially since
they were accompanied by a vibration of the smartwatch that was noticed by other
patients during group therapy. In contrast, another patient received too little
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notifications in regard to her experienced moments of heightened emotional
arousal. She also believed the notifications were sometimes lagging behind with her
actual feeling of increases in arousal. The reliability of the app was perceived as
average to slightly unreliable. One patient encountered a problem in HR
measurement, which was discovered and adjusted the second day.

Functionality (and Ethics)

One of the main findings after the first iteration with patients was the expressed
need for an option to add a note to a registered change in PCEA level by the app.
Regarding privacy, all patients answered that future sharing of the information
generated by the app with their therapists would not be an issue for them.

3.2 Adjustments and New Features Added After the First Iteration
To prevent confusion of actual, subjective emotional arousal and the PCEA provided
by the Sense-IT app, the numerical denoting of the scales was changed to icons
consisting of spheres. Here, 1 sphere is equivalent to level 1, and 5 spheres are
equivalent to level 5. One watch face was replaced by a new one, as the original one
was judged as little attractive.
Next to adjustments in graphical layout, the app was extended with 4 new features.
Of 4 features, 2 were based on the feedback received from the primary users, and
the other 2 were based on the review of the app by the research team. The first new
feature was the option for the user to provide feedback to the system by adding
personal notes to each notification of change in PCEA by the Sense-IT app.
The second new feature was the option to add personal notes to a diary that is
unrelated to recorded changes in PCEA level. As this is a common element in regular
psychological treatments such as CBT, the idea for adding a diary was to enable
patients to comment on their experiences over longer periods of time, for example,
their morning, whole day, week, instead of adding comments to momentary
situations captured in the app. This is also in line with recommendations from a
recent review study of mobile health (mHealth) mobile phone apps [43]. Both
features were added in response to an expressed need for a memory aid. Such an
aid could be used, for example, during appointments with professional caregivers.
The third feature was a settings tab in which several personal values/preferences
could be set. The addition of this feature was based on a review of the app by the
research team. It concerned the option to manually adjust the mean HR and SD used
by the system, as well as an option to alter the sensitivity of the system, that is,
decrease or increase the threshold of when a new level was reached. We
implemented 3 levels of sensitivity: normal (every change in HR of 1 SD adds or
subtracts a PCEA level), low (change of 1.5 SD), and high (change of 0.5 SD). The
option to set the sensitivity of the app was implemented to better adjust to the
preferred level of feedback received by the user. The option to manually alter the
values of mean HR and SD was primarily added to let the researchers override the
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values set by the system based on the baseline measurement in case the set values
were unrepresentative for the user (eg, the user turned out to have an uncommonly
low or high average HR during baseline measurement). The perceived lagging of
feedback that 1 primary user reported could not be addressed in this stage of
development but was scheduled as future work.
A fourth new feature was the ability of the app to also measure and represent PCEA
states up to (theoretically) 5 steps below the user’s average HR. The decision to add
this feature was made by the research team and was based on current expert theory
on emotional (under)arousal in the field of affective neuroscience and
psychotherapy [44]. These states were visualized in the app as hollow and/or bluecolored spheres (see Figure 6).

Figure 6. Examples illustrating the visualization of the low-arousal state ‘hollow spheres’
on the smartphone (A) and smartwatch (B) interface.

A

B

3.3 Second Iteration
The adjusted version of the app was used in the second iteration. All patients
indicated that they experienced the option to add notes to detected changes in PCEA
as useful. Of 5 patients, 3 had used the feature on more than 1 occasion. The diary
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for miscellaneous notes was also perceived as useful by all patients, although none
of them had actually used this function.
The representation of PCEA states with below the personal baseline was also
regarded as useful: “By adding this feature, the therapeutic goal to reach or maintain an
overall lower state of arousal is supported by the app. ” Patients suggested that they could
practice mindfulness or do an exercise from their relaxation training and see if it had
a lowering effect on their level of arousal.
All patients indicated that the use of notifications increased their self-awareness.
Although 2 of them indicated that the app initially induced some more stress, for
example, by making them become too focused on the feedback from the app and
reacting to that, all indicated they quickly got used to being monitored continuously.
All indicated they would like to see this app being integrated into their therapy,
preferably as an adjunct that could be used in regular face-to-face meetings with
their therapists. They all thought the app had positively affected their awareness of
their emotions. One patient indicated she got notifications about increased
physiological arousal during group therapy, which led her to observe her emotional
arousal more closely. She thought this had really helped her to make more out of the
session. All participants answered they would have liked to continue wearing the
devices and using the app all day.

3.3.1 Second Cycle Results
Quantitative Data (System Usability Score)

The therapists rated the system with SUS scores between 30 and 85, with a mean of
59.4, which is OK for the usability of the app, but a candidate for increased scrutiny
and continued improvement for passable products [39].
All therapists described the app as useful. The lowest SUS score was because of a
reliability issue, as she did not receive any notification during testing. However, she
still expressed a positive attitude toward the app: “The app did not function properly,
so that’s a main reason why I reported negative experiences [on the SUS; authors].
However, I still welcome the therapeutic function the app could fulfill, so keep up
the good work!”

Qualitative Results (Task Scenarios and Interview)

Overall, the feedback by the therapists conveyed as a general message that the app
bears real potential but should first be disposed of all bugs and errors. They all
stressed how important it was the app should not attract unwanted attention in any
way when integrated in daily practice, either meaning it should not hinder their daily
work as a therapist (eg, having to do extra work when the app should start
malfunctioning) nor disrupt standard forms of therapy (eg, a notification by the app
draws the patient’s attention, which disrupts the process of face-to-face therapy) or
draw unwanted attention to the patient in social settings.
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Technology

The therapists mentioned that every now and then the system seemed to stop
processing HR data. Overall, 2 said such technical difficulties were experienced as
highly demotivating and could cause stress with patients. In addition, 3 therapists
mentioned that it was unclear to them how far apart the smartwatch and mobile
phone can be without losing the Bluetooth connection, which caused a feeling of
uncertainty. One suggested to add a manual (in the app or just on paper) that
provides such information. One also suggested that it would be better to have
multiple sources of physiological data, as this could improve the accuracy of the
PCEA.

User Interface and Interaction

The general layout of various buttons proved less then optimally intuitive for 2 of the
4 therapists. During the scenarios, they found the option to add a miscellaneous note
confusing when asked to add a comment to the latest registered change in PCEA. All
indicated that the self-report tab was easy to find and leaving a note was easy to do.
Also, ending the measurement of HR was not clear to the 2 previously mentioned
therapists. Although the other 2 immediately correctly pressed the yellow switch to
stop the measurement, 1 of the other 2 did not manage to find the on/off switch at
all.
Furthermore, 2 of the therapists found the graphical representation in spheres
convenient and logical. The other 2 therapists, however, did not figure out the
meaning of the spheres by themselves. In addition, for both these therapists, it was
not clear what the buzzing of the device intended to convey. They did understand
how the app worked after it was explained to them by the researchers. One of the 2
therapists who understood the app by intuition commented that the app should be
even more graphical: it should present the user with more graphs and figures.

Functionality (and Ethics)

All therapists mentioned it was of significant clinical relevance that the app
communicated not only states of PCEA that were higher than the primary user’s
baseline but also those that were below the personal mean. This way, patients can
comment on their physiologically calm moments as well and learn from it. None of
the professionals was able to change the interface of the smartwatch. The set of
operations required by the user proved to be nonintuitive and prone to errors,
resulting in the app to stop working.

3.4 Third Cycle Results
Overall, UCD experts considered it to be easy for users to access information and
perform actions but also gave several suggestions for improvement of the app.
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3.4.1 Quantitative Data (Cognitive Walkthrough Evaluation)
The average scores per task on the cognitive walkthrough ranged between 0.83 and
1.00 and the average score across tasks was 0.87. These scores indicate that the
app’s overall usability is somewhere between ‘OK’ and ‘acceptable’ yet could be
improved.

3.4.2 Qualitative Data (Cognitive Walkthrough Evaluation)
Technology

A problem indicated by all 3 experts was that the collecting and processing of sensor
data by the app seemed to stop at random moments, although they were not certain
if this was really the case. When the Sense-IT app is turned off within the mobile
phone environment, the user sees a message on the smartwatch that says the app
is waiting to receive data from the sensors. This was judged as confusing to the user,
as it does not specify whether the app is idle and awaiting an action by the user or it
is waiting for sensor data that will be transferred automatically.
What was found missing was an electronic or paper manual. One of the UCD experts
indicated that not all functions/features of the app are intuitively clear to the user.
He suggested to include a manual with information on how the app works, what the
different number of circles mean, and what a user can do with this information.

User Interface and Interaction

Navigation
Overall, the experts judged the interface to be low in complexity and easy to
comprehend. Working with the app was judged as simple, and most tasks were easy
to perform. Still, navigation within the app could be improved. Several small flaws
negatively influenced the flow and experience of the interaction. Changing the
interface of the app on the smartwatch was judged as intuitive, however, only when
users are familiar with using a smartwatch or mobile phone. The option to go back
to the previous screen was sometimes hard to find. The location of the on/off switch
could be better. As people typically search for an on/off switch on the upper (right)
corner of a device (such as a remote or a mobile phone), it was advised to place it
there in the app as well. It was considered an additional issue that the smartwatch
did not give visual or haptic feedback to the user when the collection of sensor data
stopped.
All 3 UCD experts considered it easy to figure out how to add a comment to the latest
registered change in PCEA. For added clarity, the text latest measurement could be
added on top of the column. One expert suggested to link the self-report function on
the main screen of the app to a button, not a separate tab. All expressed doubts
about the usefulness of the option to add miscellaneous notes apart from adding
notes to detected changes in PCEA. It was suggested that the functionality and UX
could be improved by integrating both in 1 timeline.
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Visual Layout
Another navigational issue concerns the visual layout of the homepage. When the
user is on 1 page, the other page/tab is displayed in light gray shading. This might
suggest that this function is not available. On the opposite, the color of the text
coaching is on/off is the same as the active buttons, which suggests it can be
switched on and off by touching it, while it cannot. The experts suggested that a
change in colors or layout can solve this inconsistency.
Textual Layout
Next, some windows or buttons contained words that were too psychological or
technical and thus were difficult to understand for most users. Examples were the
line of text “You are high in your physiological scale” and the term self-report.
Personalization
The UCD experts made several suggestions to enhance the level of personalization
within the app. In the settings menu, a user identification is displayed in the current
version of the app with a number that does not mean anything to the user. It was
suggested to replace this number with the option for users to add their own name.
Other suggestions were adding options to switch contrast of the GUI (black/white
conversion) and/or the option for the user to personally set the colors or choose
between several color schemes.
Persuasiveness
The experts gave several suggestions to increase persuasiveness. A suggestion to
persuade the user to add notes and comments was to include changing colors (a
detected change with a note gets another color than one without) or by displaying a
commenting space with each detected change in PCEA, so it is directly visible where
personal notes have (not yet) been added. It was also suggested to include on-screen
notifications on the mobile phone and visual reminders on the smartwatch. When
receiving an on-screen notification, a comment could then be added without having
to open the actual app. The experts suggested to have the app actively request to
add a comment at more levels of PCEA. In the tested version, the app only does so
when the user’s PCEA reaches the fourth or fifth state. One expert advised to further
integrate the use of emoticons. At the moment, the app already allows the user to
add emoticons to a note, but a suggestion was to add a separate column for
emoticons in the notes section.
Visualization of Measurements
Several suggestions for improvement were about presenting the user a more
graphical overview. In the tested version of the app, the overview of all
measurements is fairly textual. To improve the overview for the user, colors could
be added such as, for example, darker blue on the higher emotions. Also, a graphical
timeline with a scalable timeframe (day, week, and month) could be implemented
to track the PCEA.
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Functionality (and Ethics)
A suggestion was to add the option to take pictures or record videos via the camera
of the mobile phone. In the settings menu, not all options were clear to the UCD
experts.

3.5 Sense-IT: Revised App
On the basis of the analysis of the identified usability problems and user needs (and
proposed solutions) gathered after completing all 3 cycles, the Sense-IT app was
revised. The app as a whole still consists of a wearable app on a smartwatch and a
mobile app on a mobile phone, all implemented using the Android ecosystem.
Below, we describe its components and functionalities.

3.5.1 The Mobile Phone App

The mobile phone app of the Sense-IT system consists of 3 components: (1)
communication and storing of data from the wearable app, (2) the algorithm
detecting changes in physiological arousal, and (3) the user interface.
The first component reads the data pushed from the wearable app and stores the
data in a local database on the mobile phone itself. The algorithm then evaluates
changes of PCEA based on new available data. By default, new and old data are
compared every 10 seconds. The time between evaluations can be altered (limited
by the specifications of the hardware).
The second component is the algorithm and takes into account the personal average
HR and SD of the user and the current activity and the current HR of the user. It
classifies the PCEA to 1 of 10 levels ranging from −5 to −1 and from 1 to 5. The app
notifies users when their HR (measured via PPG) decreases or increases markedly
(the boundaries are determined by the user’s mean HR and SD, but these values can
be personalized). The average HR and SD are based on the results of a baseline
measurement in which HR is measured until a preset number of valid measurements
(standard setting is 300 measurements) is collected. Notified changes will be mostly
unrelated to physical activity, as the app will only notify the user when he or she is
not involved in vigorous action (as determined by the onboard accelerometer and
associated activity recognition algorithms). All changes in PCEA, together with the
classified type of user activity, are recorded and displayed in the overview of the
mobile phone app.
The third component, the user interface, supports interaction between user and app.
The dashboard page of the app (Figure 7A) presents an overview of the status of the
app, for example, the status of the connections and synchronization. The last 3
detected changes in arousal are displayed, and there is an option to add notes.
Clicking it brings up a new window where notes can be added (Figure 7B). Users can
turn on the app by pressing the on/off icon in the top-right corner of the user
interface. By clicking on show more (which appears in a box below the last 3 detected
changes once there are more than 3 recorded changes), the user opens a timeline of
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all changes detected by the system (Figure 7C). The events are listed in chronological
order. The events in the timeline are displayed with their level, the message written
by the user, and the time when the event did happen. By clicking on one of the
events, the user can add a note or edit a note that was stored (see Figure 7B). The
(scrollable) settings page of the app is opened by clicking the settings icon on the
dashboard (Figure 7D). To prevent changes in the settings by unauthorized users,
this page is password protected. Within the settings menu, the user can (re)start a
new baseline measurement (see Figure 7E). Measured values can also be manually
adjusted if needed. Other adjustable settings include the sensitivity of the algorithm
(high-medium-low), the time by which the algorithm checks for changes in
physiological arousal, and the option to select the type of activities whereby the app
should or should not give a notification when a change of physiological arousal is
detected (see Figure 7D). Users can define their own message that will be displayed
when their PCEA reaches a predefined level. This level can also be set by users in the
setting page (Figure 7E, both options are in the middle section of the screen).
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Figure 7 (A-E). UI of the revised version of the Sense-IT smartphone app.
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3.5.2 The Wearable App

The wearable app uses the accelerometer (movement) and PPG (HR) sensors on the
smartwatch to monitor the user. Sensor events are registered as fast as possible by
the hardware via the Android sensor manager API and registered on the smartwatch
app. With the hardware used in this study, this comes down to once per second. A
sensor event contains data fields associated with the event. In the case of an HR
registration, these data fields include the sensor that generated the event, the
accuracy of the event, the timestamp of the event, and the value of the event in
beats per minute. The accuracy value is a value between −1 (no contact) and 3 (most
accurate) that is determined by Wear OS. The Sense-IT app is currently set to include
all measurements with value 1 and higher. These measurements are sent through
the device APIs as data events and are received by the mobile phone for further
processing.
The wearable app is also responsible for presenting the GUI on the smartwatch.
Based on data from the sensors and the result of the algorithm of the app on the
mobile phone, the screen of the watch presents the current state of the
measurements via 1 of the 4 available watch faces. Figure 8 shows the available
watch faces after the final revision in this study. The user can alternate between
them and choose the one they like via the Wear OS settings.
Figure 8. Available watch faces after the last revision in this study.
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4. Discussion
4.1 Primary Findings
This paper describes the development and usability testing of Sense-IT, a wearable
biofeedback app for Android-based devices that can be used in the daily practice of
a mental health clinic for personality disorders. The app is meant to support BPD
patients in increasing their level of emotional awareness. The app was tested on
usability by patients, therapists, and UCD experts.
The concept of a biosensor-informed app for emotional awareness enhancement
was appreciated by both patients and therapists; the prototype was judged as
promising by all user groups. After 1 iteration in the first cycle of testing with
patients, basic functionality of the Sense-IT system was rated as acceptable. This
waived the need for a major revision before starting the consecutive rounds of
testing with mental health care professionals and UCD experts. Still, results after
finishing all 3 testing cycles made clear that the app should be considered a
candidate for increased scrutiny and continued improvement [39]. In total, 30
usability problems and/or needs were identified (Multimedia Appendix 1). All 3 user
groups brought up usability problems and suggestions for improvement. UCD
experts identified most of these usability problems (20 in total). Patients identified
11 issues, and therapists identified 9 issues. There was some overlap between them:
8 issues were mentioned by at least 2 groups. The UCD experts brought to our
attention 14 themes or problems that were not mentioned by the other groups, the
patients 6, and the therapists 2. Most usability problems and needs could be
addressed in the software revision that followed after the 3 cycles were finished.
This resulted in the version of the Sense-IT app presented at the end of the results
section.
Results of the 3 cycles of testing favor the use of ambulatory biofeedback to improve
emotional awareness in patients suffering from BPD and low emotional awareness.
To our knowledge, the Sense-IT is one of the first scientifically grounded apps that
can be used in clinical research and/or clinical settings for longer periods of time
without requiring extensive support by researchers and/or developers. Although it
may be a quite simple app from a technological perspective, from a mental health
perspective, it is a real innovation. This applies to both the way it was developed, as
to it being a new way of delivering treatment to patients. The use of consumer
technology to enable always available indices of physiological changes could prove
to be a relevant addition to existing therapeutic interventions, even if the
measurements and algorithms used are relatively crude and simple, and the
integrated sensors have limited resolution and less than perfect accuracy. There is
an ever-growing number of publications that introduce and discuss concepts of
biosensor-informed mHealth interventions on emotional/psychological awareness
[46-48]. However, at present, feeling the changes in the body is something patients
with mental health problems still mainly have to learn by purely subjective methods.
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We found 1 recent project in which – nonwearable – technology was used in a
mental health setting that aimed to “direct alexithymic persons to reflect on their
internal, somatic experiences as a source of information for interpreting and labeling
emotional experiences” [20]. Although there are numerous commercial companies
and startups that sell products and/or apps that claim to help to raise awareness
on—or even directly measure—emotion, emotional arousal, or stress, they generally
lack research that validates or supports their relevance for users and/or validity (see
the study by Peake et al [49] for just a select number of examples).

4.2 Limitations and Strengths
Of course, both the app and the study have their limitations. Regarding the choice of
hardware, research-oriented hardware that gives access to more advanced or
potentially better sources of physiological data such as EDA and/or HRV exists [50].
However, the use of HR as the main cardiovascular parameter for physiological
arousal is a defendable option. HR, such as HRV and EDA, is triggered by the
sympathetic nervous system [29,30]. Typical consumer wrist-based HR monitors
provide a fairly accurate measurement of HR even when deployed during physical
activity and movement [31]. Measuring HRV is much more susceptible for producing
artifacts under real-world conditions. Even producers of wearable technology such
as the E4, which is claimed to be able to measure HRV from PPG, stress that this is
only feasible in short scenario’s (ie, several minutes) that are free of movement.
We believe that with time, better (consumer) hardware with more and more
advanced sensors will become available, as will be the case for more accurate signal
processing algorithms that can be used in (validated) wearable devices [55].
Improving hardware or data processing algorithms is not what is at the core of our
project. However, the Sense-IT is first in providing a new, stable platform that can be
considered a new type of intervention in mental health practice.
Regarding the OS for which the app was built, the app is currently only available on
devices running Android and Wear OS. We did not develop a version for any other
OS, such as iOS, because in this study, the hardware was provided to the participants.
In addition, Android roughly has had a 75% market share worldwide over the last
years, in contrast to 22% market share for iOS [56].
More participants could have been included to ensure saturation of feedback and
overall group representativeness. To gather a relatively high number of relevant
remarks and comments without too many duplicates, we included 3 to 5 users per
group per iteration. On the basis of the literature, these numbers seem
proportionate, although more could have been better [51,52].
Regarding the selected use case scenario, it could be considered a limitation of this
study that it is exclusively focused on the use of the app with patients with BPD and
low emotional awareness. Of course, use of the app by other patient and nonpatient
groups with low emotional awareness seems feasible after context-dependent
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tailoring [53]. However, if an app works for one of the most challenging groups of
users in terms of emotional regulation, it could very well work well for others too
[54]. Since the start of the project, researchers from 2 other Dutch health care
institutions have joined our group and set up studies with the Sense-IT app within
their own settings and their specific patient groups. These studies concern the
usefulness, usability, and effect on clinical outcome measures of Sense-IT for
patients in forensic psychiatric care with aggression regulation problems, and for
adolescents in residential care have many conflicts because they struggle to detect
increasing levels of stress.
Considerable effort was made to ensure trustworthiness of this qualitative research
project—as, for example, discussed by Shenton [57]. We believe this to be one of the
strengths of this study. Shenton mentions 4 criteria for trustworthiness that were
originally formulated by Guba for assessing trustworthiness in naturalistic inquiries
[58]: credibility (in preference to internal validity), transferability (in preference to
external validity/generalizability), dependability (in preference to reliability), and
confirmability (in preference to objectivity). To ensure credibility, we adopted a
design science paradigm [32,59] to construct and simultaneously test a scientifically
informed approach in designing an mHealth app, using well-recognized research
methods. We developed early familiarity with the setting, patients, and therapists.
We used different methods and different types of informants. We stimulated
honesty in interviewing the participants and used UCD experts to also assess the app.
We previously published a detailed report on how this was done and provided a
description of the backgrounds, qualifications, and experience of the researchers
[28]. To ensure transferability, we have provided ample background data to establish
the context of study and gave a detailed description of the phenomenon of interest.
As mentioned in this section, we started collaborations with other researchers from
other settings to study the app in different environments. To ensure dependability,
we applied several overlapping methods and used an iterative design approach when
testing with the patients in which the results of the second cycle served as a test of
the correct interpretation of the results of the first one. In addition, with the
introduction of the EMP framework, we delivered an in-depth methodological
description that should allow others to repeat our study. Confirmability should be
evident from this and previous publication, in which our work was put up for
thorough peer review.
What this study added to the literature is an example of how development of an
mHealth app within a clinical mental health setting can be challenging, yet feasible,
and that it can result in a stable working prototype of an app. It also shows how the
use of the multiple user groups is of added value during design and realization. In
this study, the app was not yet tested for clinical effectiveness. Although this is
perhaps not so much a limitation of the study, as the usability and stability of the
app should be tested before using and testing it as a clinical intervention,
effectiveness is a matter that has to be addressed before the app can be
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recommended for use as an adjunct in psychotherapies. Plans to test it are scheduled
in future studies. Also, even though we were able to address many issues in the
version of the app presented here, it can still improve. We witnessed the value of
continuing improvement by iterative design. As a next planned step to further
optimize the UX, a graphically more advanced GUI for Sense-IT will be developed in
conjunction with a dedicated graphic/UX designer.

5. Conclusions
In this study, mHealth development within a clinical mental health setting proved to
be challenging, yet feasible and welcomed by targeted users. The Sense-IT app was
met with enthusiasm and openness by both patients with BPD and therapists, groups
that are both known to be reluctant to embrace technological innovations. The use
of the EMP framework and the involvement of multiple user groups proved to be of
added value during design and realization, as evidenced by the complementary
requirements and perspectives. If the app proves to be effective after further clinical
testing, Sense-IT would be one of the first broadly applicable technological
interventions in the treatment of BPD—and probably in general mental health
care—that is actually new as it is not the next form of talking cure (ie,
psychotherapy), medical treatment, or traditional skills or behavioral training. It
would support the treatment of BPD by directly addressing one of the most
important factors in BPD, namely limited emotional awareness [6]. In general, it
could enable patients to take therapy out of the therapist’s office into their lives far
easier.
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Summary and General Discussion

1. Introduction
Over the last decades, clinicians have come to acknowledge the presence of
alexithymia and an inherent lack of emotional awareness to be an important
element to address in treatment of patients with borderline personality pathology
(BPP) [1-3]. Clinicians reason that limited emotional awareness in patients who are
easily distressed and tend to react strongly and negatively to discrete emotional
events, can be considered a catalyst for severe emotional dysregulation [4, 5].
Considered independently, there exist extensive and ever-increasing bodies of work
on alexithymia, emotional awareness, and certainly BPP. Yet, there is a relative
scarcity of empirical work that offers an integrative account on the development and
status of alexithymia, its relation to emotional awareness and BPP. One could
conclude there is a lot we have come to know, and there is a lot more we still do not.
By employing what we did come to know, the options for effective treatment for BPP
have improved markedly. Over the last 30 years or so, several specialised
psychotherapeutic treatments for borderline personality disorder have been
developed [6]. However, despite these new treatments, BPP remains a source of high
levels of emotional burden and suffering [7, 8]. Addition of mHealth to current - still
traditional - forms of psychotherapy seems promising. Advances in mobile
technology, enduring and increasing staff shortages in mental healthcare, and
patient demand for contextualized, not-stigmatizing, and low-cost alternatives are
beginning to change the face of psychological assessment and interventions in an
increasing pace [9]. Currently, these rapid advances outpace the speed of academic
research. As a result, many to most mHealth apps currently available to users lack a
scientific basis and empirical support. There is a need for a proper scientific yet agile
approach to develop mHealth for clinical purposes.
The overall aims of this thesis were to add to the understanding of the role of
alexithymia and low emotional awareness, in particular with regard to borderline
personality pathology (BPP), and to develop an mHealth intervention to better
address alexithymia/low emotional awareness in treatment according to
scientifically sound principles, and by making use of what we’ve learned about
alexithymia in BPP. The research questions of this thesis are as follows:
1. What are the characteristics of a comprehensive, transtheoretical account
of the concept of alexithymia and its implications for patients and their
treatment that can be learned from the evolution and development of the
concept over time?
2. To what extent are alexithymia and low emotional awareness associated to
borderline personality pathology?
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3. Is it feasible to develop a biosensor-informed wearable app aimed to support
training of emotional awareness in patients with borderline personality
pathology by employing a design science paradigm5?
These three research questions were addressed in the three parts of this
dissertation: (I) (trans)theoretical account of alexithymia, (II) relationship between
alexithymia and borderline personality pathology, and (III) development of a
biosensor-informed wearable smartwatch/smartphone application to advance
treatment of alexithymia and low emotional awareness. This final chapter starts with
a summary of each chapter and continues with answering the three main research
questions. From there, what follows are a discussion of the main overall findings and
a transcending critical reflection on the whole of this thesis. Afterwards, implications
for research and clinical practice, general strengths and limitations, and possible
future directions are discussed. It concludes by sharing a personal reflection on the
position of a scientist-practitioner.

2. Summary
Part I: (Trans)theoretical account of alexithymia
In Chapter 2 we explored the origins and development of the concept of alexithymia
up until its present-day form. Based on a scoping review of the literature, we
described three ‘eras’ of alexithymia research with an emphasis on recent
developments. The concept of alexithymia emerged out of clinical observations (era
1) and became enriched with psychodynamic and later cognitive theories that drew
on research on personality and personality traits (era 2). In the current, third era
there is a gradual shift towards a more medically oriented, affective-neuroscientific
approach. There is consensus that a lack of emotional awareness is at the core of
alexithymia. We discussed the most common diagnostic tools and provided some
guidelines for the psychotherapeutic treatment of alexithymia. One guideline is that
it is essential for the clinician to accurately tailor interventions to the level of
emotional awareness of the patient. In case of alexithymia, that would be at the level
of personal bodily experiences. We concluded that despite the developments and
advances in the understanding of alexithymia, there is a need for deepening the

5

“a system of ‘scientific habits’ used by a group of scientists for the solution of scientific problems” 10.
Masterman, M., The Nature of a Paradigm, in Criticism and the Growth of Knowledge: Proceedings of
the International Colloquium in the Philosophy of Science, London, 1965, A. Musgrave and I. Lakatos, Editors. 1970,
Cambridge University Press: Cambridge. p. 59-90.
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knowledge of the psychological and neuroscientific processes underlying
alexithymia.

Part II: Relationship between alexithymia and borderline personality
pathology

To find out whether an association between borderline personality pathology and
low emotional awareness or alexithymia indeed exists, we conducted a metaanalysis that was described in Chapter 3. This study was the first meta-analysis to
systematically review and analyse the evidence on the association between BPP and
emotional awareness – including alexithymia. Using PsycInfo, Web of
Science/MEDLINE, and Scopus, the term “borderline personality disorder” was
searched for in conjunction with “emotional awareness,” “emotional selfawareness,” “emotion recognition,” “alexithymia,” “emotional processing,”
“emotional granularity,” “emotional intelligence” or “emotion regulation.” All
references in the included studies were reviewed for additional relevant articles.
Thirty-nine studies, involving 8321 subjects in total, were then evaluated in a random
effects meta-analysis to assess the association between BPP and emotional
awareness. The analysis showed an overall moderate positive association between
BPP and emotional awareness, along with high heterogeneity. When including only
studies in which a patient group with borderline personality disorder was compared
to healthy controls, the overall association between BPP and emotional awareness
was moderate to strong. Comparison of studies using instruments for emotional
awareness and those using alexithymia instruments yielded no significant
differences, meaning the overall association was not dependent on whether
alexithymia or emotional awareness was assessed. Regarding the specific
characteristics of alexithymia, strongest associations were found for difficulties in
identifying and describing emotions, or affect awareness, rather than for externally
oriented thinking. This supported the view that (at least) regarding BPP, ‘alexithymia’
is more about affect awareness than externally oriented thinking. The results of the
meta-analysis supported a moderate relationship between low emotional
awareness and BPP.
The results of the meta-analysis affirmed the clinical assumption of a relationship
between BPP and alexithymia. However, they did not provide further direction on
the nature of this relationship. Tentative explanatory models of borderline
personality pathology (BPP) accredit alexithymia a key role in the broad
psychological dysfunction and the detrimental behaviours that covary with
increasing levels of BPP [3].
In the study described in Chapter 4, we explored these interrelationships and
preliminarily tested the assumption that alexithymia functions as a transmission
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mechanism between borderline personality pathology and several indices of
emotional dysregulation. We conducted a quantitative cross-sectional study in a
population of adult psychiatric in- and outpatients who were in voluntary treatment
for one or more psychological disorders. Self-injurious behaviours (SIB), dissociative
experiences and depressive symptoms were used as indices for emotional
dysregulation. Seventy-one patients (predominantly female and between 18 and 59
years of age) completed questionnaires on all variables. They also completed a
structured clinical interview on alexithymia. BPP was assessed by using a
dimensional, continuous scale, as a growing body of research shows that personality
disorders are better represented dimensionally [11-16]. Regarding BPP, Spearman
rank correlations confirmed data from other studies in the field, showing likewise
associations with alexithymia, depressive symptoms, dissociative experiences, and
SIB. Regarding alexithymia, our study confirmed associations of alexithymia with
depressive symptoms and dissociative experiences. However, results of the study did
not confirm a robust relationship of alexithymia with SIB. Apart from one weak
positive association between alexithymia (measured by interview) and direct selfinjurious behaviour in the past year (rs = .25, p < .05), none of the SIB measures
correlated with either measure of alexithymia. This outcome was unexpected, as
robust positive associations between SIB and alexithymia consistently have been
reported in the literature [17]. Regarding the main question, i.e., whether
alexithymia acts as transmission mechanism between BPP and other variables,
results of the study provided only limited support for the proposed explanatory
model. Most notably, the study provided no support that alexithymia mediates the
association between BPP and SIB. There was also no support for alexithymia
mediating between BPP and dissociative experiences. However, the study did
provide support for partial mediation by alexithymia in the relationship between BPP
and depressive symptomatology.

Part III: Development of a biosensor-informed wearable application to
advance treatment of alexithymia and low emotional awareness
Taking into account what we had learned so far, we decided to proceed with
developing an mHealth intervention. This led to a set of two consecutive studies.
Both studies were carried out within a setting for clinical treatment of personality
disorders. In both studies we included patients in treatment and mental health
professionals working at the treatment centre as ‘prospect users’ of the app.

The first of the two studies was described in Chapter 5. Via a tailored user experience
design (UXD)-framework, we investigated the needs and requirements amongst
BPD-patients in clinical treatment and their therapists regarding an ambulatory
biofeedback app aimed to support patients in learning to better recognize changes
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in their emotional arousal. The study was grounded on a ‘design science’ paradigm
[18, 19] and utilized a user centered, participatory design approach. We included 3
persons per group (6 in total). We combined two well-known, yet different User
Centered Design (UCD) frameworks for eHealth development into a framework that
helped to structure our approach and to support our goal. The model supported us
in making explicit the stage of development (or ‘elements’), describing the output
(or ‘products’) needed as input for the next phase of design, and the appropriate
methods to obtain that output. This enabled us to map the context in which the app
would be employed and visualised the prospect users of the future app. The study
yielded a set of personas, user needs and design requirements, and mental models
of the target user groups for a wearable biofeedback app. The results of the study
showed that although the user needs of both the patient group and the therapist
group converged to a considerable degree (for example that both stressed the need
the application being discreet and unobtrusive), there also were some fundamental
differences between groups. An example of the latter is that whereas therapists
favoured a deep structure to organize the app, the patients advocated a broad
structure. We also learned that if further development is to result in one userfriendly e-coach, it will need to incorporate (at least) two separate user
environments. Within these user environments, it is important that the ‘look and
feel’ is highly customizable per user. One other important requirement is that the
application should include a function that enables patients to share their recorded
data with their therapists.
In the subsequent UCD study described in Chapter 6, we continued and expanded
the iterative approach on designing and testing the app with the goal to deliver a
working version of the app that could be used in studies to test for clinical
effectiveness. As in the previous study, this study involved close collaboration with
and co-creation by (new) patients and mental healthcare professionals. In addition,
we also included UCD experts as ‘users’. After expanding our UXD framework, the
app’s usability was further tested and developed in tandem via a cyclic
developmental process using multiple methods with multiple user groups (3-5
persons per group, per cycle). After 1 iteration in the first cycle of testing with
patients, the basic functionality of the app was rated as acceptable. This waived the
need for a major revision before starting the consecutive rounds of testing with
mental health care professionals and UCD experts. On the Subjective Usability Scale
(SUS), the patients rated the app as “Good” (average score of 78.8), whereas the
therapists rated the app as “OK” (average score of 59.4). On a cognitive walkthrough,
the UCD experts judged the app’s overall usability as between “OK” and “acceptable”
(average score of 0.87). After finishing 3 testing cycles, in total 30 usability problems
and needs were identified. All three user groups brought up usability problems and
suggestions for improvement, of which some overlapped. UCD experts identified 20
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usability problems. Patients identified 11 issues, and therapists identified 9 issues.
Eight issues were mentioned by at least 2 groups. The UCD experts brought to our
attention 14 themes or problems that were not mentioned by the other groups; the
patients identified 6, and the therapists 2 unique themes. Most usability problems
and needs could be addressed in the software revision that followed after the 3
cycles were finished. This process resulted in a stable prototype of the app that met
most of the identified user requirements.

3. Answers to the research questions
What are the characteristics of a comprehensive, transtheoretical
account of the concept of alexithymia and its implications for patients
and their treatment that can be learned from the evolution and
development of the concept over time?

Our study reviewing the available evidence over time demonstrated the one most
salient characteristic of alexithymia is the lack of emotional awareness. The
fundamental deficit in alexithymia is a limited, and in extreme cases non-existent,
ability to consciously experience emotion [20]. This conclusion is in line with the
viewpoints brought forward by all leading authors on the topic, including Lane et al.
[5, 20-26] and Taylor, Bagby, and Parker [27].
Regarding the other characteristics of alexithymia in the original definition by Sifneos
and Nemiah [28-30], there is still debate and research needed. But we can suggest
some other components of a comprehensive model of alexithymia. First, there is
accumulating evidence that the other original characteristics, i.e., a concrete,
operational thinking style and a restricted fantasy life, are not at the core of the
phenomenon [31, 32]. Although most contemporary researchers seem to have taken
notice of this evidence and are ready to move forward [5], Taylor, Bagby and Parker
[27] made a clear statement of disagreement on this point. They defend that the
original definition of alexithymia as once coined by Sifneos and Nemiah [28-30],
including all four characteristics, should be retained. Given the steadily accumulating
evidence, a tentative conclusion would be that the characteristics of an operational
thinking style and a restricted fantasy life can be best conceptualised as important
associated features of alexithymia. Second, alexithymia is best represented on a
spectrum of emotional awareness ability [5, 33-35]. It is no ‘on-or-off’ phenomenon.
There is compelling support for alexithymia being a concept that can be best
measured dimensionally.
Third, although it may appear unidimensional
phenotypically, alexithymia is most likely a multidimensionally determined
phenomenon [5, 35]. In other words, different patients might have different kinds of
neurocognitive impairments, despite presenting a similar phenotypic appearance of
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low emotional awareness. Phenotypical expression on a unidimensional spectrum representing only quantitative differences - does not preclude the presence of
certain – qualitatively different - subtypes of alexithymia [36], such as ‘affective
agnosia’ or ‘anomia’ [5, 35, 37]. Variables expressed as continua might mask
underlying, latent class taxons, and a categorical variable can appear dimensional as
a result of its phenotypic interaction with other variables [38]. For this reason, the
pursue of research on potential ‘levels’ (of emotional awareness, for example)
and/or certain ‘subtypes’ of alexithymia [37, 39] is warranted. Fourth, alexithymia
deserves a transdisciplinary account integrating psychodynamic, cognitivedevelopmental, affective-neuroscientific, biophysiological, and genetic views [5, 21,
26, 40]. The original definition of alexithymia was based on a clinical description of
the phenomenon. Since then, multiple explanatory models have emerged. The
recent trend is towards a neuroscientific explanatory model. However, there seems
to be no single account that offers a superior explanation. There is sense to every
model, from every era [21, 26]. Accounts from different theoretical perspectives
seem rather compatible and complementary than mutually exclusive. Fifth, although
this is one of the other topics of ongoing debate regarding the definition of the
construct, most authors agree that the concept of alexithymia does not include a lack
of physiological response to emotional stimuli. If there is no primary (physiological)
emotional reaction, it is deemed out of place to still speak of a ‘limited level of
emotional awareness’. Due to its multileveled, multidimensionally determined
nature, it is important to distinguish alexithymia from other phenomena or types of
disorder that involve a lack of emotional responding. The difference between a
reduced experiencing of feelings and or not being emotionally aroused by emotioninducing events, is important here [21, 27]. “Emotions play out in the theatre of the
body. Feelings play out in the theatre of the mind” (Damasio, p. 28) [41]. Alexithymia
concerns a deficit in emotional awareness, so in feeling. Sixth, given the previous
conclusion alexithymia concerns an emotional deficit on the level of ‘feelings’, not
on the level of physiological responses, one can conclude that treatment of
alexithymia starts with focusing on bodily reactions. Whether a given person has the
anomia or agnosia version of alexithymia, however, will have a major bearing on how
it should be treated from there on.

To what extent are alexithymia and low emotional awareness associated
to borderline personality pathology?

Available evidence suggests there is a clear relationship between
alexithymia/emotional awareness (EA) and borderline personality pathology (BPP).
The more the core characteristics of borderline personality disorder are present, the
more likely it is there will be problems with identifying, verbally labelling, and using
emotions in everyday functioning - and vice versa. Our studies, presented in chapters
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3 and 4 underscored the existing evidence of alexithymia being related to many of
the problems and dysfunctional behaviours typically presenting in patients with high
levels of BPP (i.e., self-injurious behaviours, dissociation, depressive symptoms). And
this evidence provides a strong argument for addressing alexithymia in any
treatment of BPP: tackling alexithymia in BPP could help tackling these problems and
behaviours.
However, behind proof of the point that BPP and alexithymia ‘coincide’, there is little
to state about the specific relationship between alexithymia and BPP with any
reasonable certainty. The evidence to date, including that resulting from our metaanalysis, is mostly correlational. It is still as likely that alexithymia/low EA ‘leads’ to
borderline pathology, as that borderline pathology ‘leads’ to alexithymia/low EA. Or
yet, that one or more still unidentified variables ‘lead’ to both. Current theories
assume that alexithymia is a predisposing or precipitating factor to many
psychological disorders, including BPP. In chapter 1, we showed there is indeed
ample evidence to assume that the relationship of BPP to alexithymia is not unique,
and alexithymia is a transdiagnostic phenomenon. Results of a recent study by
Weissman, Nook [42] provided additional empirical support for this assumption
demonstrating how alexithymia/low emotional awareness in adolescent females
mediated the general psychopathology or ‘p’ factor. Based on evidence of BPP being
(in part) genetically endowed [43, 44], and/or ‘sculpted’ by adverse early childhood
experiences [45-47], some researchers argue it is likely that BPP is a precursor to an
early arrest in the development of emotional awareness, resulting in the
development of alexithymia. To our knowledge, there are no published studies by
other scholars where any or more of these hypotheses have been tested. In our
cross-sectional study described in chapter 4, we exploratory tested the latter
hypothesis. Results provided no support that alexithymia functions as a transmission
mechanism between BPP and SIB, or between BPP and dissociative experiences. It
did, however, provide support for partial mediation by alexithymia in the
relationship between BPP and depressive symptomatology. Although results of the
exploratory study in this chapter indicate that targeting alexithymia in BPP might not
so much be a ‘prerequisite’ when the main goal is to decrease SIB or dissociation [25,
32, 87], they do support the recommendation of other scholars to add interventions
to improve affect awareness in BPP, at least when aiming to decrease depressive
symptoms. Also, as robust positive associations repeatedly and consistently have
been reported in other studies [17], it seems premature to conclude that successful
treatment of alexithymia will have no benign effect on the level of SIB. In addition.
this all makes clear that more robust, longitudinal studies are warranted to study
causal relationships between BPP, alexithymia, and known sorts of emotional
dysregulation and self-injurious behaviors.
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Possibly, we argue, the best answer for now is that it is reasonable to assume a clear
relationship between alexithymia and BPP, but that the nature of this relationship is
complex. This complexity immediately shows when taking into account emotion
regulation and other aspects of mental functioning [48]. Such a conclusion is in
accordance with a viewpoint that has been gaining momentum in recent years and
that has started to permeate the way of thinking in the whole field of mental health
care. What it comes down to is that perhaps the ‘truth’ is that almost everything
relating to psychopathology and mental health care is best conceived as ‘simply
being complex’, and impossible to be explained by any given single (research)
approach or paradigm [49]. This viewpoint should not be taken as an encouragement
to forfeit further inquiry and to rest on our laurels. According to Scheepers [49], who
advocates this viewpoint, what we need to do is make efforts to integrate evidence
from all domains and different paradigms to reach better understanding of
psychopathology.

Is it feasible to develop a biosensor-informed wearable app aimed to
support training of emotional awareness in patients with borderline
personality pathology by employing a design science paradigm?

A most concise answer would be: ‘yes, it is’. Our design and development studies,
described in chapter 5 and 6, suggest that a scientifically grounded, human centered,
design science approach can successfully steer development of a functioning
mHealth app within a clinical mental health setting for patients with severe
personality disorder. However, reviewing both the number of published design and
empirical studies on employable ambulatory, ‘just-in-time adaptive’ biofeedback
interventions such as Sense-IT, deductive reasoning would lean towards a ‘no’ as an
answer. Despite vastly increased interest in the popular media in recent years, few
empirical studies have been published on these specific type of ambulatory
biofeedback apps, also referred to as ‘biocueing’ apps [50, 51]. To date, Sense-IT
appears to be one of the few available wearable biofeedback apps that can be
applied in real-world scenarios [51-54]. Moreover, it is one of the very few developed
for, and in cocreation with, patients in mental health care. In a recent systematic
literature review, Ter Harmsel, Noordzij [51] identified just two effectiveness studies
examining a biocueing intervention to enhance emotion regulation in a psychiatric
population. Of course, biocueing is still relatively novel. Still, the review by Ter
Harmsel et al. also identified just seven published papers examining effectiveness of
‘traditional’ ambulatory biofeedback interventions in a psychiatric population.
According to the systematic review, a first study on ambulatory biofeedback to
enhance emotion regulation was published in 2007. On the same note, in a scoping
literature review on technology-based psychosocial interventions for people with
borderline personality disorder in 2020, Frías and Solves [54] found fifteen studies
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that met their inclusion criteria. One was the design study on Sense-IT described in
chapter 6. Criteria for their search encompassed all types of technology, including
for example eHealth, artificial intelligence, computing, medical (e.g., functional
magnetic resonance imaging) software, and clinical research at any testing stage. The
authors concluded that there is a growing, but still incipient amount of technologybased psychosocial interventions for BPD supported by some kind of clinical
evidence.
However, this research question was not put forward with the intention to answer it
by a mere ‘yes’ or ‘no’. Rather, I will answer this third research question by providing
a description of what, and to what extent, makes employing a design science
paradigm feasible, by highlighting the insights obtained in our studies.
A first insight is that adopting design science principles within a research approach
involves a (partial) paradigm shift. It is ‘disruptive’, to use a term rather popular these
days. It provides a novel perspective on and a new way to conceptualise academic
research, which enables researchers to obtain new insights and innovative ideas. Yet,
it also requires to let go - at least some - of the structures and certainties of the
‘previous’ research paradigm of the explanatory, natural sciences [18]. Natural
science theorizes and justifies - for example by empirical testing, while design science
builds and evaluates - for example by iterative testing [18]. In our studies, we
attempted to combine both types of science. These ‘strange bedfellows’ create
‘productive tensions between divergent, or exploratory, and convergent, or
evaluative, problem-solving modes’ [55]: where design research lacks the top-down
theory of the natural science approach, the behavioral science approach can step in
with evidence-driven approaches; where behavioural science frames problems too
narrowly and may overly adhere to what’s worked in the past, design research can
stretch thinking beyond the tried and true to construct, not just select, solutions. On
a same note, we believe the hybrid use of qualitative and quantitative research
methods helped to gain a more well thought-out perspective on the development of
the app, as it required assessing the quality of our work not just on aspects as internal
and external validity, reliability, and objectivity; but also on credibility,
transferability, dependability, and confirmability [56].
A second insight is that it was essential to have a fitting design framework in order
to efficiently develop a scientifically grounded biofeedback application in the
circumscribed context. This insight led to the development of a tailored UCD
framework for the specific context, users and use-case scenario. Combining
principles of both natural and design science, we devised a framework that included
involvement of multiple user groups, of multiple methods of gathering both
qualitative and quantitative data in an iterative, co-creational process, utilizing
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multiple sources, measuring multiple aspects [57, 58]. Our EMP-framework helped
us to cover the ‘middle ground’ between science and practice [19], i.e. to strike a
balance between allowing for complexity while reducing fuzziness, between
maintaining flexibility in design as well as certain scientific rigor, between a topdown and a bottom-up approach, between applying principles of design science and
those of natural science [59].
A third insight is that in involving prospect users and other stakeholders early in
development helps to bring the ‘human touch in high tech’. The participatory design
(PD) really impacted the development of our app. PD is broadly recognized as a
valuable asset of UCD and typically recommended in scholarly literature on UCD and
participatory design [60-64]. The input by users vastly differed from our initial
thoughts on potential designs and features. During the design and testing phases of
the app, users favoured simplicity in design with limited in-app functions over more
elaborate, more complex design options we as researchers had in mind. We also
noted the added value of involving multiple (groups of) stakeholders, as the input of
each group partly verifies, complements and opposes that of the other. It makes for
a more complex, rich set of data, that actually helped to end up with a clean and
fairly simple design.
Retrospectively, we found validation of our human-centered design (science)
approach in a recent extensive and thorough narrative scoping review on methods
for human-centered eHealth development [60]. In their paper, the authors of the
review suggest that effective human-centered eHealth development requires a
tailored approach, in which “…researchers need to select the most suitable research
methods for their research objectives, [taking into account] the context in which
data are collected, and the characteristics of the participants”. Moreover, they stress
the specification of a separate methods and a products section in a given design
framework, per phase of development – just as we did in our EMP-framework. In
general, they encourage the use of an iterative approach and the inclusion of
multiple stakeholders, the involvement of actual patients. Next, they state that
multiple methods should be combined to “paint a full picture of the current situation
and possibilities of eHealth”. However, they are adamant that “not everything goes”,
and stress the importance of careful selection of the methods and products per
phase of development. In our view, our design studies ‘tick all the boxes’ mentioned
in the review. The studies delivered a stable prototype version of the biofeedback
app. The app’s basic ability “to cue users when physiological values are in a specific
‘at risk’-range, and allowing just-in-time behavioural support”, make Sense-IT a
potentially effective treatment supplement for persons “with low emotional
awareness and externalizing behaviour” [51]. Although research on the app’s clinical
effectiveness is pending, experiences during usability testing were generally positive.
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In sum, we therefore conclude that the results of our studies attest to the feasibility
to develop a biosensor-informed wearable app aimed to support training of
emotional awareness in patients with borderline personality pathology by employing
a design science paradigm.

4. Strengths & limitations
The research presented in this thesis has several strengths and limitations. An overall
strength is that we used a hybrid research methodology combining theoretical
analysis, empirical research and design science to approximate the complexity of
daily practice in mental health care [55, 65]. The research designs of our studies
involved the use of multiple methods, and multiple measures in multiple iterations.
Multiple disciplines such as clinical psychology, academic (health) psychology,
human media interaction, and information technology were brought together;
multiple user groups were involved in a co-creational process; and multiple research
methods and techniques from multiple research paradigms were combined. With
our approach, we believe the research in this thesis to be on the frontier of a current
paradigm shift taking place in mental health care research that more openly
acknowledges the multidetermined complexity of reality, and values all different
kinds of research methodologies next to top-down, quantitative, randomised
controlled empirical studies, and thus really adding to existing knowledge [49, 55,
59, 66].
A second strength is that we broadly applied one of the foremost ‘tips’ on using UCD
‘to bring epic wins to healthcare’ [64] – what happens to also be the leading guideline
for the treatment of alexithymia and increasing emotional awareness: reach out to
and contact those involved in the topic early on, and try to meet everyone ‘at their
own level’ [59, 64, 67, 68].
However, four overarching limitations of the studies in this dissertation need to be
mentioned. First, all studies can be said to be ‘exploratory’ in a way, which limits
generalizability and reliability of results. For example, although the literature review
in chapter 2 was thorough, it was not a systematic review. The meta-analysis in
chapter 3, then, was systematic, but included mainly smaller quasi-experimental or
correlational studies, since there were no publications on large, methodological
rigorous studies on emotional awareness, alexithymia and BPP (e.g., RCT’s).
Heterogeneity was high, indicating substantial differences in associations across
studies. The cross-sectional study in chapter 4 was kept exploratory due to
limitations on resources and had a relatively small sample size. Comparing outcomes
to those of similar studies with bigger sample sizes gives reason to assume our
analyses were not able to detect significant associations due to low power. The
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design studies also had relatively small sample sizes, although these are generally
considered to be adequate to yield representative results. All studies in this thesis,
and even those included in the meta-analyses, were all based on cross-sectional
data, which makes it impossible to make inferences about causality - although
hypothesizing about causality using cross-sectional data is not a bad practice per se,
according to Hayes and Little [69]. Generalizability of the results and products of our
design studies could also be questioned since we targeted a specific group of users.
However, by designing for a specifically challenging population of end-users in terms
of emotion regulation, both the design framework and the app could actually be
suitable for a broad range of settings and users. The argument here is if it can cater
to the individual needs of those most challenging and demanding, it should work for
others [70].
A second limitation is ‘the other side of the coin’ of one of its main strengths:
applying design science principles in behavioural science research is still a relative
novelty. Knowledge on which user centred design methods work best, when, for
whom, has just started to develop [60]. Despite the proliferation of studies using
UCD, there is little evidence for the effectiveness of UCD strategies, including
participatory design [59]. This implies the claimed effectiveness and efficiency - and
with that, its right to exist – are mainly based on assumptions and experiences of
researchers that have yet to be empirically tested. We found one paper by DeSmet
et al. [62], who did a meta-analysis on the effect of participatory design for the
effectiveness of serious digital games for healthy life-style promotion. Interestingly,
they found large differences between studies, and no overall higher effectiveness of
serious digital games for healthy life-style promotion developed with participatory
design.
Third, a large part of the data on personality traits and other characteristics in our
studies came from self-report questionnaires. This may have negatively impacted
validity and reliability, as self-report questionnaires are known to be subject to
several biases in responding, and may mainly assess how participants judge personal
characteristics to be instead of what their characteristics are [71]. This self-report
method is especially troublesome when used to assess the level of emotional
awareness in alexithymic patients, as it actually requires patients to have intact
awareness. Although we also used a semi structured interview to assess alexithymia
and used a mix of methods in the design studies, several traits were still assessed by
using self-report questionnaires.
Fourth, the combination of practice-based research methods and approaches in this
thesis may also be a strength that bears a potential limitation at the same time. The
wide scope of the research in this thesis, and the ‘agile’ approach in developing the
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app, led to coming across some empirical gaps that were overcome by taking some
theoretical leaps. The problem that may pose here is that ‘a little learning is a
dangerous thing’ (Pope, 1774). Although we made strong efforts to bridge these gaps
by being thorough and transparent in our reasoning, we are cogently aware of the
fact that in these instances, our research relied on limited empirical evidence. For
example: we used cross-sectional data in mediation analyses to theorize about
psychological mechanisms regarding the role alexithymia in the interrelationship
between BPP and emotion dysregulation (e.g., self-injurious behaviours). Another
example in which we had to make inferences based on theory rather than empirical
evidence is the use of continuous heart rate measurements as a reflection a state of
physiological arousal, which in turn was assumed to be a proxy of emotional arousal.
Although we attempted to improve the accuracy of inferences made upon the data
by incorporating a movement sensor-based algorithm to continuously predict types
of physical activity, we were again cogently aware that we were building on only
partly documented empirical evidence.

5. Recommendations for research
Based on the outcomes and findings in this thesis, a multitude of recommendations
for future research can be dispensed. As dealing with the daily complexity of matters
is perhaps the one most salient finding that stretches out on all levels of our work,
we will take this as a focus for providing a selection of recommendations and
directions, starting with a broad, encompassing view on the whole of the thesis,
gradually zooming in on some of its aspects.
First, to achieve more clarity and better overall understanding of the concepts of
alexithymia, emotional awareness, borderline personality pathology - which includes
each one’s biological, psychological, and social basis-, their mutual relationships and
those to other concepts, it is recommended to pursue research on the placement
and ordering of these concepts in one or more of the integrative transdiagnostic,
transtheoretical, transdisciplinary frameworks such as the Research Domain Criteria
(RDoC) or HiTop model [36, 72, 73]. RDoC describes criteria for the study of mental
disorders based on dimensional, functional constructs with levels of information
ranging from genomics and brain circuits to behavior and self-reports [1]; HiTop
constructs psychopathological syndromes and their components/subtypes based on
the observed covariation of symptoms, grouping related symptoms together and
thus reducing heterogeneity. It also combines co-occurring syndromes into spectra,
thereby mapping out comorbidity [36]. Having an overarching transcendent
framework can help to structure assumptions, theories and empirical findings, to
maintain an overview and hopefully aid in resolving some of the long-standing
discussions on all of the matters mentioned above (e.g., [68, 74]). Measurements
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should be dimensional by default [14, 16, 36, 75], yet allowing for a taxonomy of
subtypes [37-39].
Second, subsequent or simultaneous research should pay respect to and ideally
focus on the whole of underlying psychological, neurobiological, and social
determinants of each concept and their interrelations, in order to elucidate the
mechanisms operating in alexithymia, borderline personality pathology and
between the two phenomena. Again, developing or adopting a theoretical
framework for this purpose is advised as it helps to structure ideas and test
hypotheses, and to integrate findings across all conceptual domains. For alexithymia,
an example of such a model is the Three Process Model (TPM) [35]. This model
extends and elaborates upon the concept of affective agnosia. The model contends
that there are three interrelated, partially dissociable neurocognitive processes that
can contribute to individual differences in emotional awareness: affective response
generation, affective response representation (conceptualization), and cognitive
control processes that modulate conscious accessibility. According to the authors,
this model did not only help to shift focus from a clinical description of the concept
to a mechanistic model of its underlying neurobiological determinants, but it also
enables further investigation and description of brain-body interactions, their
relevance to systemic medical disorders and their implications for more effective
treatments. We agree the TPM looks promising and could, for one, veritably add to
the process of elucidating and perhaps over time even resolving the complex matter
of ‘response coherence’ discussed in chapter 1. Combining concept-specific models
as the TPM with encompassing models like RDoC and HiTop seems feasible [35].
Analogue to known best practices in User Centred Design [60], such an approach
would enable a combined top-down and bottom up approach for optimal results.
Third, next to these recommendations for further fundamental research, there is a
need for practical, practice-based research on the clinical effectiveness of the SenseIT app for treating alexithymia (as an adjective to usual treatment for borderline
pathology). To best capture the complexity of alexithymia and BPP and to really tailor
interventions to the specific needs of the individual, actual involvement of patients
in real clinical settings is deemed essential [49]. Future studies ideally would entail
both single case design studies as one or more randomized clinical trials. That way
both potential working mechanisms as an index of overall effectiveness could be
assessed. These studies on effectiveness of the current app would be coupled to or
combined with iterative design studies, ensuring further development of the app.
This way, summative and formative evaluation would go hand-in-hand [55].
Since the overall architecture of the app, including its basic functionality and
algorithms, are still at an early stage of development and therefore rather simple,
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future design research could focus on either incorporating more sophisticated
algorithms for processing of sensor data (e.g. AI machine learning, incorporation of
third party algorithms), expanding basic functionalities (e.g. inclusion of just-in-time
adaptive interventions, more options for personalisation), including better hardware
with more accurate and more diverse biosensors (e.g. EDA, HRV, respiration), and/or
extended connectivity to other relevant e-health apps, online platforms (e.g. social
media, electronic patient files), or hardware (e.g. domotics, VR). Of course, all efforts
should include a participatory design.
Fourth, to better address and test hypotheses on underlying mechanisms within
alexithymia, borderline personality pathology, and those that operate between
them, all types of research should incorporate a mixed methods approach, and
include longitudinal data next to or instead of cross-sectional data. Preferably,
alexithymia, as each other variable in the study, should be measured not only by selfreport measures, but also by performance tests, and structured interviews [74, 7679]. More elaborate, complex analyses such as moderated mediation, mediated
moderation, or analyses beyond these [69] should not be refrained from in testing
presumed relationships between alexithymia and BPP. Given the (partially)
undecided aetiology of both alexithymia and BPP, studies could further investigate
BPP as a relative causal factor of alexithymia, and vice versa. However, given the
results of our own work, the occurrence of alexithymia across disorders and
syndromes, and the compelling and rather convincing fundamental theoretical
framework on alexithymia [74, 80], perhaps the latter hypothesis is most likely to be
proven right in the future.

6. Recommendations for practice
Over time, the concept of alexithymia has been a topic of inquiry for clinicians from
psychodynamic,
cognitive-developmental,
affective-neuroscientific,
biophysiological, and genetic orientations. Nowadays, alexithymia is presumed to be
multidimensionally determined, transdiagnostic phenomenon. Accounts from
different theoretical perspectives have proven to be overall compatible and
complementary rather than contrasting and mutually exclusive [26]. The most
salient characteristic of alexithymia is ‘a lack of emotional awareness’.
Phenotypically, alexithymia is best represented on a unidimensional spectrum of
emotional awareness ability, where it covers the area around the negative extreme
of the spectrum. Assuming its multidimensional determined nature, there likely exist
subtypes of alexithymia. These subtypes are presumed to differ not only in severity
by quantity, i.e., the ‘degree’ of lacking emotional awareness, but also qualitatively.
Two examples of these alexithymia subtypes are ‘affective agnosia’ or ‘anomia’. As
knowledge on subtypes in alexithymia has just recently started to develop, no real
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differentiated strategies exist on how to treat different types of alexithymia.
However, one general rule applies: effective treatment of alexithymia requires
therapists to meet patients at their personal level of emotional awareness [20].
Given that alexithymia in essence concerns an emotional deficit in ‘feeling the
feeling’ and not of lacking physiological emotional responses, treatment of
alexithymia best starts with focusing on bodily reactions to emotional events that
patients experience. How to go from there depends on idiographic, patient individual
characteristics. In case of an ‘anomia type’ of alexithymia, for example, therapy can
be more ‘reflective’ and ‘verbal’ when helping the patient to find ‘words for her
emotions’ than in case of an ‘agnosia type’, where a bodily-oriented psychotherapy
or other type of treatment (e.g. [81]) may be most effective.
It is interesting to point out some of the similarities between this process of gaining
insight by allowing for complexity in research and clinical practice, and the process
of increasing emotional awareness in patients with alexithymia. Like researchers and
clinicians, patients with alexithymia must learn how to recognize, comprehend, and
then adopt the new sources of information into their daily functioning. In case of
patients with alexithymia, this concerns bodily emotional reactions and (eventually)
feelings. Studies suggest awareness of emotional arousal can be improved [81, 82].
Patients with high levels of BPP and/or those with alexithymia tend to focus less on
this aspect of their emotional experience, despite an intact physiological response
to emotional triggers [74, 83-85]. This is where ambulatory biofeedback can help
[83]. This new source of information provides ‘data’ that is usually first experienced
as completely incompatible with the old and preferred source of information (i.e.,
cognitive reason). However, being ‘gradually exposed’ to this new type of personal
data and being supported in in recognizing and labelling it [20, 42, 86], this
‘emotional data’ starts to complement the ‘data of reason’. By a referential process,
nonverbal components (such as images, but also more distant representations as
sensory experiences and patterns of autonomic arousal) and verbal components
within emotion schemas are connected [68]. When one can experience how the two
sources interact, this increments the richness of the total set of data. It allows for a
transformation of the meanings represented in the nonverbal modes and for
translation into logically organized speech [68, 84]. Indeed, the sum becomes greater
than its parts. According to the theory of dialectical behaviour therapy (DBT) [46], it
is where an individual is able to allow and handle this ‘complex’ of conscious reason
and emotion that ‘wisdom’ emerges.
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7. Overall conclusion
The current thesis delivers a comprehensive account on the background,
development and current status of alexithymia and emotional awareness. It provides
a systematic overview on how these phenomena relate to BPP and explores
relationships to other clinical variables. To our knowledge, the meta-analysis
described in chapter 2 was the first study to bring together and systematically
examine the association of emotional awareness and borderline personality
pathology (BPP). We also explored the associations of alexithymia and BPP with
several of the key symptoms targeted in the treatment of BPP, such as self-injurious
behaviours, dissociative experiences and negative mood symptoms. Furthermore, in
this thesis we developed a mHealth biofeedback app to support the treatment of
alexithymia. To our knowledge, it is one of the first in general and one of the very
few to be at a stage of development ready for further research on clinical
effectiveness, and broader dissemination and implementation in the foreseeable
future.
The thesis does not provide any definite answers on any of the topics – but it adds
to the existing knowledge. In fact, the depiction of the overall complexity of
alexithymia, its treatment and the development of an mHealth intervention
therefore may be considered the main gains. We learned what could be (part of) a
contemporary definition of alexithymia, what seems to be part of it and what seems
not to be, but also that there is still a lot about the construct of alexithymia that is
unclear or unknown. We experienced that our tailored framework and chosen design
methods were helpful in developing the Sense-IT app – but we do not yet know for
certain if these were more, comparably, or less efficient and effective than other
possible frameworks and research methods. We know that our biocueing app is
experienced as potentially useful by both patients and therapists. As a next step, we
need to implement it in therapy and test its clinical effectiveness.

8. Personal reflections from the perspective of a scientist practitioner

I want to end this general discussion with some personal reflections. My reflections
relate to the topic of complexity, a topic that recently has been gathering renewed
interest in the fields of both science and practice of mental health [19, 49]. Here, the
term ‘complexity’ refers to matters being multi-level, multiple interdependent,
interactional. It should not be taken as a pejorative term (for an elaboration
regarding this matter see for example [49, 65]). To order my thoughts and structure
my line of thinking, I drew inspiration from the work of French philosopher Edgar
Morin [65]. Mind, however, that what follows is not intended as an interpretation or
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application of his compelling work on complexity. What follows are no more than my
personal reflections from the perspective as a scientist-practitioner. A professional
role I highly identify myself with. To provide the reader with some guidance, I will
first provide a short description of what I consider to be a scientist-practitioner. This
conception is very much inspired by the definition provided by Hutschemaekers [87].
I will then reflect on the thesis on a more conceptual level regarding complexity, to
conclude with some reflections on complexity with regard to the role of scientistpractitioner.
The scientist-practitioner model is founded on the ideology that trained professional
psychologists should be knowledgeable in both research and clinical practice.
Emphasis should be placed on the successful integration of both [88]. A scientistpractitioner is not just a practitioner in mental health care who also engages in
scientific research, e.g., doing a PhD-study. It is also not a scholar in social sciences
who happens to have a second occupation as a therapist. A scientist-practitioner is
a practitioner amongst practitioners; a scientist amongst scientists, but also a
scientist amongst practitioners, and a practitioner amongst scientists [87]. He/she
applies scientific knowledge and logic in daily practice, and involves intuitive wisdom,
clinical experience and is thoroughly aware of the importance of including, not
excluding, context when doing research. He/she knows how to value efficacy as well
as effectiveness. What characterizes the scientist-practitioner is that he/she is in a
constant process of (self)reflection. In using knowledge from science and practice,
the scientist-practitioner is critically aware of the limits of both. A scientistpractitioner is in a constant state of doubt, and thus modest about their role and
abilities. Mind, his/her doubts and modesty are no signs of personal insecurity.
Rather, they reflect the opposite: professional self-confidence allowing
methodological doubt [87]. The role of a scientist-practitioner is, indeed, complex.
The same can be said about the field of mental health in which he/she operates [49].
And thus, I contend, also is the foundation on which this thesis rests.
With its shifts in research focus from fundaments of essential psychopathology to
clinical care, to research designs, design frameworks, and app development, this
thesis shows how combining science and clinical practice can lead, and in our opinion
has led, to a whole that is greater than the sum of its parts. However, following the
French philosopher and sociologist Morin [65] in his treatise on complexity, I also
contend that this whole is sometimes less than the sum of the parts, and that it
contains elements of uncertainty and conflict.
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The whole is greater than the sum of the parts
“A principle which is widely acknowledged and intuitively recognized at all
macroscopic levels, since a macro-unity arises at the level of the whole, along with
emergent phenomena, i.e., new qualities or properties.” [65]
The main strength of this complex, scientist-practitioner approach is that it has
delivered not just an overview of known theories on concepts as alexithymia and
BPP, a test of some of these theories, and a new psychological treatment
intervention. It has delivered more. The whole is really more than the sum its parts.
For example, on a more abstract, metacognitive level of reflecting, it made clearer
the complexity of psychological constructs and elucidated the merits and limits of
empirical testing and statistical analyses. What is considered to be a confounding
variable or an artefact in one paradigm, is an essential part of context and thus
research in another [49, 55]. It shed light on the ways by which acquisition of
knowledge is determined by so many factors besides the type of research design,
chosen instruments and type of data analysis, like the context of the research,
personal experiences, personal background, mere coincidence, or luck, to name a
few. It helped to recognise and to (partially) accept the simultaneous connectedness
and disconnectedness of physiology and mind, of the (un)relatedness of theory and
practice… It brought realization and appreciation of both the general ability and the
personal opportunity to come to an understanding of all this, and a realization of
that there is so much in it that I will not be able to ever comprehend fully. Through
experience, I believe that a new paradigm of interdisciplinary, transtheoretical, and
transmethodological research will bring uncomfortable, but productive tension to
researchers. If we are to produce more impactful outcomes, it may very well be the
result of recognizing where design and creative invention can extend insights from
natural science - and vice versa [55]. Despite still working systematic and keeping in
control of the process, I see the outcome of every study, like every psychotherapy,
to be partially unique. Replication of studies would perhaps yield comparable, yet
very likely not the exact same results. Differences in clinical settings, backgrounds of
participants, of researchers, ever changing societal and sociocultural factors…these
aspects all weigh in. The development – or emergence - of our ambulatory biocueing
app to enhance emotional awareness in patients as a final ‘hands-on’ product can be
regarded as an example of this.

The whole is less than the sum of the parts
“Some of the qualities or properties of the parts are inhibited or suppressed
altogether under the influence of the constraints resulting from the whole” [65]
The broad-based, encompassing approach did not just deliver synergetic processes.
In fact, it also brought about several inhibitory, even counterproductive processes.
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Even if the balance is tipped to an overall positive outcome, the effects of these latter
processes deserve a closer look.
Although it stands to reason that we strived to meet standards of trustworthy and
good quality research in every study, the use of a diversity of methods and
approaches had a somewhat restraining effect the overall level of depth that could
have been reached per single study, had it been part of a uniform research approach.
It resulted, for example, in the use of rather small sample sizes in our cross-sectional
and design studies; the decision not to include and control for potentially
confounding variables in our meta-analysis that could have accounted for the high
heterogeneity in our analysis; the decision to stay with a cross-sectional
observational design instead of a (longitudinal) experimental design; the decision to
not include a multiple baseline, single case experimental design to test the mHealth
app.
However, perhaps even more inhibitory than these restraints imposed on the
separate studies by the whole of the thesis design, were the translations needed to
transpose the outcomes of one type of study to another. Translating hardly ever goes
without some loss or malformation of the original data. To get an idea of the
potential detrimental implications of these effects, one just needs to think of the
popular ‘whisper challenge’. At every step in the process there is some loss of
information, of preciseness, of efficiency. Translations require making presumptions.
Presumptions then ‘legitimize’ transposing of data. Some of the required
translations in this thesis concerned translating theory to variables that can be
measured in empirical research (operationalization), translation of results from
empirical studies into input that can be applied to design an mHealth app,
translations of quantitative self-report data of participants into theory that can add
to the understanding of a construct (induction), of group level data into information
that can then be applied to individuals (deduction), the matter of how to translate
psychological mechanisms into physiological variables (operationalization), and
measurements of those physiological measurements back to psychological
mechanisms (induction), et cetera.

The whole contains elements of uncertainty and conflict
“One cannot with any certainty isolate or circumscribe a single system from among
the systems of systems of systems with which it is interlocked and in which it is
nested. This uncertainty is also due to the fact that, in the living world, we have to do
with polytotalities whose every term can be conceived of both as part and as whole.”
… “Every system contains forces that are antagonistic to its own perpetuation. These
antagonisms are either virtualized/neutralized, constantly controlled/repressed, or
made use of and incorporated.” [65]
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This thesis’ most noticeable strength was arguably its biggest limitation as well.
Doing justice to the complexity of our project required concessions to be made at
every step. However, while attempting to bridge the gaps by making compromises,
many of the contrasting views, methods, requirements, and opinions remained. At
many points in the process of translating and transposing knowledge and outcomes,
there was no ‘middle ground’ to stand on. Decisions had to be made for one or the
other. This was encountered when attempting to align the needs of therapists with
those of patients, or those of managers; the professional views and practices of
practitioners and those of scientists; the theoretical principles held by experts on
user centered design with those on respectively academic psychology, biological
psychology and signal processing, or computer science; the principles of traditional
social science research designs versus more recent research designs employing
single case design studies and longitudinal ESM, et cetera.
Every decision regarding every aspect had its advantages and disadvantages, its pros
and cons. A pro in one field or domain, often proved a con in at least one other. Being
thorough meant being slow, keeping agile meant cutting corners and being sloppy,
using dimensional measures of pathology meant lacking a clear classification of
disorders. Targeting a broad group of patients restricted the drawing of conclusions
because of too much heterogeneity, while targeting a select, homogeneous group of
patients restricted drawing of conclusions due to statistical restriction-of-range;
doing research in a natural environment restricted drawing conclusions due to all
the possible artefacts and confounders present, while doing research in a controlled
environment would have restricted drawing conclusions due to limited ecological
generalizability.
Arguably, the most palpable of conflicts in the whole of this thesis result from the
juxtaposition of practice and science. For everyday decision making, mental health
care practitioners are bound to rely on all kinds of rules-of-thumb, many stemming
from at one time known but now irretraceable resources, a principle often referred
to as 'making use of experience and clinical intuition' [87]. Although assumed a quite
effective approach overall, it can lead practitioners to lose touch with the careful and
delicate scientific base of the profession. And when that happens, risks are they will
gradually start going around like a bull in a China shop. Conversely, there is the risk
that one can apply scientific principles and methods in a too stringent manner in
clinical practice. By subjecting the complex chaos of clinical practice to the
sophisticated, highly structured, reductionistic moulds of science, its significance for
the daily lives of our patients can easily get lost [19, 65, 89]. Taking as an example
the enormous projects in genetic-biological research in psychiatry in the last 20 to
30 years, it is now clear that these studies may have been successful in increasing
our understanding of psychopathology on a real fundamental level, but they have
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added little to our understanding on how we can improve the practice of diagnosing
psychopathology - and virtually nothing on how which we can improve treatment
[49, 90, 91].

The complexity of the role of the scientist-practitioner
During the course of my PhD-trajectory I often referred to my role in it all as being ‘a
jack of all trades - and master of none’. Whereas (natural) scientists are said to
occupy the ‘high ground of theory’, and practitioners operate ‘in the swamp of
practice’, scientist-practitioners need to cover the middle ground between
descriptive theory and actual application [19]. They need to operate in different
contexts, adapting and reconciling different paradigms. Scientist-practitioners (or is
it: scientists-practitioner?) “have to operate within [at least - YD] two reputation
systems: the academic reputation system, which rewards rigorous research; and the
professional reputation system, which rewards relevant research outcomes and
professional training” [19]. It is a ‘double hurdle’ to take. Exactly at the intersection
of science and practice is where the scientist-practitioner operates. There are ample
reasons why he/she defends that position. One is that from a science perspective, in
refraining from a transdisciplinary, transtheoretical, clinically applied science
approach, not only conflicts, uncertainty, and translational errors are reduced.
Refusing to allow for complexity will limit the formation and testing of theories, the
application of science to practice, and the infusion of real-world mental health care
challenges into the domain of science [91].
From the perspective of the practice of mental health care, practitioners would be
once again left with just working with clinical theories and justifying them mainly on
the basis of personal experiences and believes. Although clinical reasoning is
valuable and relatively effective in daily practice, it is also known to be seriously
impacted by biases [92]. Theories need to be not only formed, but also tested. Of
course, not all development and innovation start with a good theory. Some of
today’s most effective treatments in mental health care are the result of trial-anderror, others even by sheer serendipity. A trial-and-error approach would imply
randomly changing elements in the delivery of therapy, and by endless iterations
discovering what works and what doesn't. The process can be quite effective, for
example, when left to artificial intelligence (AI). AI machine learning (ML) has already
shown its potential in varying domains, including healthcare [91]. Still, as an only
means, it would fall short. The downside of this approach to improvement and
innovation, is that can become a bootstrapping black box. Clinicians will have no
access to the arguments on the basis of which decisions are made by the self-learning
algorithm, as there is no traceable record of data and there is no theory explicated.
Although appliance of AI/ML can and probably will be of value for the field of mental
health care, it can easily create a fear amongst mental healthcare professionals that
245

7

Chapter 7

they will lose insight and control over what happens in therapy. We encountered a
fear of loss of control as one of the barriers of adoption of technology in our own
research described in Chapter 5.
What then to leaving innovation in mental health to serendipity? It certainly is not
an uncommon contributor to the progress made in treatment of psychopathology.
The therapeutic effects of almost all psychotropic drugs prescribed by psychiatrists
today were discovered by chance. One of the most well-known psychotherapies for
PTSD, ‘eye movement desensitisation and reprocessing (EMDR), was also discovered
by accident when its founder was on a hike [93]. Clearly, the formation of a theory is
not always a necessary first step. The same can be said for conducting empirical
research. Even without research into the effectiveness both EMDR and drugs, like
for example Prozac, would still have their effect - although we would never find out
to what extent (which can turn out to be actually quite limited! [94, 95]), or whether
there are (lethal) limits to its use. So, by and large, formation of theory and empirical
testing seem essential to advance practice of treatment. From an ethical perspective,
the distress of patients is also too serious to just wait and hope for an accidental
discovery.
As will be evident, as a scientist-practitioner, I’m convinced academic research in
design sciences can effectively combine description-driven and prescription-driven
research. The ‘shared paradigm’ of these sciences holds that their ultimate goal is
the development of tested and grounded technological rules to be used by the
professionals in their field [19, 55].
In this thesis, the attempt to do justice to the complexity of daily practice in our
studies resulted in an end-product formed by combination of rather crude and
simple intermediate products. In a way, the whole project resembles a bit the
challenge of a baking layered cake under pressure of time and with limited resources.
Although the combination makes for a complex whole, to deliver this ‘culinary tour
de force’ we had to keep its separate layers quite simple. It is the final product that
should impress. This brings up the question: does it?
I believe it does. Although the results of our studies did not come close to providing
definite answers, we believe our work does add to the understanding of alexithymia,
especially with regard to borderline personality pathology. I learned relationships
between alexithymia, BPP, emotion regulation and other aspects of mental
functioning are complex [48]. This conclusion fits with recent development in
viewing and thinking about the broader spectrum of psychopathology as being
‘simply complex’ [49]. Nearing the end of my personal reflections, I want to gently
point to the fact that this perspective on psychopathology is not new at all. In the
early 1900’s, influential psychiatrist Karl Jaspers proclaimed that the appropriate
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scientific method in psychopathology is characterized by pluralism. In hindsight,
Jaspers, who also popularized the famous distinction between scientific explanation
(Erklären) and humanistic understanding (Verstehen), was a true scientistpractitioner avant la lettre. He stressed how proper investigation of psychopathology
would involve the application of various different methods, appreciating both their
strengths and shortcomings, and applying those that are the most suited for specific
circumstances [89].

Closing statement
Having arrived at the end of it, I still defend my statement on being a ‘jack of all
trades’. However, as with the concept of alexithymia, its definition has (again)
changed over time - at least to me it has. I am convinced the essential strength of
the scientist-practitioner is to indeed be someone who knows just enough from
many learned trades and skills to be – and not seldomly a little bit more than that.
Someone who is open to all sorts of input and wide collaboration, who chooses not
to focus on a single element, but who embraces complexity. Yet, with that, he or she
is very well a master in its own right: a master of integration. Someone who is able
to bring together knowledge from multiple disciplines, either in a practical or
theoretical manner. And someone who does so in close contact with others. That
brings me to formulating a new statement, by which I will conclude: a scientistpractitioner can only attain the status of a master, when being part of a team of
other masters: his colleagues, friends and family.
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Samenvatting (Summary in Dutch)

Samenvatting
In de afgelopen decennia zijn behandelaren in de GGz de aanwezigheid van
alexithymie en een geringe mate van emotionele gewaarwording gaan erkennen als
een belangrijk element binnen de behandeling van patiënten met borderline
persoonlijkheidspathologie (BPP). Behandelaren veronderstellen dat een beperkte
emotionele gewaarwording kan werken als een katalysator bij patiënten die bekend
staan om hun hoge emotionele gevoeligheid en sterke reacties op emotionele
gebeurtenissen, en daarmee kan bijdragen aan ernstige emotionele ontregeling.
Afzonderlijk beschouwd, is er veel onderzoek gedaan en is er veel geschreven over
respectievelijk alexithymie, emotionele gewaarwording en zeker BPP. Er is echter
relatief weinig empirisch werk dat een integratief beeld geeft van de ontwikkeling
en status van alexithymie, en de relatie ervan met emotionele gewaarwording en
BPP. Je zou kunnen concluderen dat er al veel is dat we inmiddels weten, en dat er
nog veel meer is dat we (nog) niet weten.
Door gebruik te maken van wat we hebben geleerd, zijn de mogelijkheden voor een
effectieve behandeling van BPP aanzienlijk verbeterd. In de afgelopen 30 jaar zijn er
verschillende gespecialiseerde psychotherapeutische behandelingen voor
borderline persoonlijkheidsstoornis ontwikkeld. Ondanks deze nieuwe
behandelingen blijft BPP gepaard gaan met hoge niveaus van emotionele last en
lijden. Toevoeging van mHealth aan huidige - traditionele - vormen van
psychotherapie lijkt veelbelovend. Vooruitgang in mobiele technologie,
aanhoudende personeelstekorten in de zorg en de vraag van patiënten naar op hen
en hun context afgestemde, niet-stigmatiserende en betaalbare alternatieven
maken dat het werkveld van psychologische diagnostiek en behandeling in
toenemend tempo aan het veranderen is.
Momenteel overtreft de snelheid waarmee deze ontwikkelingen plaatsvinden, de
snelheid van academisch onderzoek. Een gevolg hiervan is dat veel tot de meeste
mHealth-apps die momenteel beschikbaar zijn, een wetenschappelijke basis missen
en een gebrek aan empirische bewijs van hun bruikbaarheid en nut. Er is behoefte
aan een goede wetenschappelijke, maar toch ‘agile’ aanpak voor het ontwikkelen
van mHealth-toepassingen.
De algemene doelstellingen van dit proefschrift waren om bij te dragen aan het
begrip van de rol van alexithymie en lage emotionele gewaarwording, in het
bijzonder met betrekking tot borderline persoonlijkheidspathologie (BPP), en tevens
om een mHealth-interventie te ontwikkelen om alexithymie/lage emotionele
gewaarwording gerichter te kunnen adresseren in behandeling - dit laatste volgens
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wetenschappelijk verantwoorde principes, en door gebruik te maken van de ons
beschikbare kennis van alexithymie in BPP.
De onderzoeksvragen van dit proefschrift zijn als volgt:
1. Wat zijn de kenmerken van een omvattende, trans-theoretische visie op het
concept van alexithymie en de implicaties ervan voor patiënten en hun behandeling,
als we kijken naar de evolutie en theoretische doorontwikkeling van het concept in
de loop van de tijd?
2. In hoeverre zijn alexithymie en lage emotionele gewaarwording geassocieerd met
borderline persoonlijkheidspathologie?
3. Is het haalbaar om een biosensor-geïnformeerde wearable app te ontwikkelen die
gericht is op het ondersteunen het verbeteren van emotionele gewaarwording bij
patiënten met borderline persoonlijkheidspathologie, door gebruik te maken van
een design science paradigma?
Deze drie onderzoeksvragen werden behandeld in de drie delen van dit proefschrift:
(I) (trans)theoretische beschrijving van alexithymie, (II) relatie tussen alexithymie en
borderline persoonlijkheidspathologie, en (III) ontwikkeling van een biosensorgeïnformeerde draagbare smartwatch/smartphone applicatie om de behandeling
van alexithymie en lage emotionele gewaarwording te bevorderen.

Deel I: (Trans)theoretische beschrijving van alexithymie
In hoofdstuk 2 wordt de oorsprong en ontwikkeling van het concept van alexithymie
besproken. Op basis van een uitgebreide review van de literatuur identificeerden we
drie 'tijdperken' van alexithymie onderzoek. Alle drie de tijdperken worden
besproken, maar we besteden met name ook aandacht aan recente ontwikkelingen.
Het concept van alexithymie kwam voort uit klinische observaties (tijdperk 1) en
werd verrijkt met psychodynamische en later cognitieve theorieën die gebaseerd
waren op onderzoek naar persoonlijkheid en persoonlijkheidskenmerken (tijdperk
2). In het huidige, derde tijdperk is er een geleidelijke verschuiving naar een meer
medisch georiënteerde, affectief-neurowetenschappelijke benadering op te
tekenen. Er is consensus dat een gebrek aan emotionele gewaarwording de kern is
van alexithymie. We bespreken voorts de meest voorkomende diagnostische
hulpmiddelen en geven ook enkele richtlijnen voor de psychotherapeutische
behandeling van alexithymie. Eén richtlijn is dat het essentieel is voor de clinicus om
interventies nauwkeurig af te stemmen op het niveau van emotionele
gewaarwording van de patiënt. In het geval van alexithymie zou dat op het niveau
van eigen lichamelijke ervaringen zijn. We concluderen dat ondanks de
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ontwikkelingen en vorderingen in het begrip van alexithymie, er behoefte is aan
verdieping van de kennis van de psychologische en neurowetenschappelijke
processen die ten grondslag liggen aan alexithymie.

Deel II: Relatie tussen alexithymie en borderline
persoonlijkheidspathologie

Om uit te zoeken of er inderdaad een verband bestaat tussen borderline
persoonlijkheidspathologie (BPP) en een lage emotionele gewaarwording of
alexithymie, hebben we een meta-analyse uitgevoerd. Deze staat beschreven in
hoofdstuk 3. Deze studie is voor zover bekend de eerste meta-analyse die al het op
dat moment beschikbare onderzoek naar de associatie tussen tussen BPP en
emotionele gewaarwording – waaronder ook onderzoek naar alexithymie is
gerekend - systematisch heeft beoordeeld en geanalyseerd. Er is gezocht binnen
PsycInfo, Web of Science/MEDLINE en Scopus naar de (Engelse vertaling van de)
term 'borderline persoonlijkheidsstoornis' in combinatie met de (Engelse vertalingen
van de) termen 'emotionele gewaarwording', 'emotioneel zelfbewustzijn',
'emotieherkenning', 'alexithymie', 'emotionele verwerking”, “emotionele
granulariteit”, “emotionele intelligentie” of “emotieregulatie.” Van alle studies die
op basis van de zoekopdracht werden geïncludeerd voor analyse, werden alle
referenties doorzocht op mogelijk andere geschikte studies. In totaal negenendertig
onderzoeken, met daarin een geheel van 8321 proefpersonen, werden uiteindelijk
geanalyseerd middels een random effects meta-analyse naar het verband tussen
BPP en emotionele gewaarwording. De analyse van de data over alle studies toonde
aan dat er een matig sterk positief verband bestaat tussen BPP en emotionele
gewaarwording. Er werd ook een hoge heterogeniteit onder de studies gevonden.
Wanneer in de analyse alleen studies werden meegenomen waarin een
patiëntengroep met borderline persoonlijkheidsstoornis werd vergeleken met
gezonde controles, was de gemiddelde associatie tussen BPP en emotionele
gewaarwording matig tot sterk. Een vergelijking van onderzoeken waarin
emotionele gewaarwording, dan wel alexithymie gemeten werd, leverde geen
significante verschillen op. Dit impliceert dat over het geheel bezien, de associatie
met BPP niet anders was wanneer in een onderzoek een test voor ‘alexithymie’ of
‘emotionele gewaarwording’ gebruikt werd. Wanneer er gekeken werd naar
associaties tussen borderline persoonlijkheidspathologie en de afzonderlijke
kenmerken van alexithymie, werd gevonden dat verbanden met de kenmerken
‘moeite met het identificeren’ en ‘moeite met beschrijven’ van emoties, oftewel
‘affectieve gewaarwording’, sterker waren dan die met ‘extern georiënteerd
denken’. Dit ondersteunde de opvatting dat met betrekking tot BPP, het voorkomen
van alexithymie meer gaat over lage affectieve c.q. emotionele gewaarwording, dan
om extern georiënteerd denken. De resultaten van de meta-analyse ondersteunen
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het bestaan van een ‘matig sterke’ relatie tussen (lage) emotionele gewaarwording
en borderline persoonlijkheidsproblematiek.
De resultaten van de meta-analyse bevestigden de klinische veronderstelling dat er
een verband bestaat tussen BPP en alexithymie. Ze geven echter geen verdere
informatie over de aard van deze relatie. Binnen de bestaande, maar niet
wetenschappelijk getoetste theorieën over borderline persoonlijkheidspathologie
(BPP) wordt alexithymie echter een sleutelrol toebedeeld als het gaat om het
verergeren van psychologische dysfunctie en toename van schadelijk gedrag bij
hogere niveaus van BPP.
In hoofdstuk 4 beschrijven we een verkennende studie waarin we de aanname
toetsen dat alexithymie functioneert als een transmissiemechanisme tussen
borderline persoonlijkheidspathologie en verschillende indicatoren van emotionele
ontregeling. We voerden een kwantitatieve cross-sectionele studie uit bij een
populatie van volwassen psychiatrische patiënten die op dat moment ambulant of
klinisch behandeld werden voor een of meer psychische stoornissen.
Zelfbeschadigend gedrag (SIB), dissociatieve ervaringen en depressieve symptomen
werden gebruikt als indices voor emotionele ontregeling. Eenenzeventig patiënten
(voornamelijk vrouwen en tussen 18 en 59 jaar) vulden vragenlijsten in over alle
variabelen. Ze voltooiden ook een gestructureerd klinisch interview over
alexithymie. BPP werd gemeten met behulp van een dimensionale, continue schaal,
aangezien
een
toenemend
aantal
onderzoeken
laat
zien
dat
persoonlijkheidsstoornissen het beste dimensionaal gemeten kunnen worden. Met
betrekking tot BPP bevestigden Spearman-rangcorrelaties de bevindingen uit andere
onderzoeken in het veld. We vonden in ons verkennende onderzoek vergelijkbare
associaties met alexithymie, depressieve symptomen, dissociatieve ervaringen en
SIB. Wat betreft alexithymie, bevestigde onze studie associaties van alexithymie met
depressieve symptomen en dissociatieve ervaringen. De resultaten van de studie
bevestigen echter geen robuuste relatie van alexithymie met SIB. Afgezien van een
zwak positief verband tussen alexithymie (gemeten middels het klinisch interview)
en direct zelfbeschadigend gedrag in het afgelopen jaar, correleerde geen van de
SIB-metingen met een van beide metingen van alexithymie. Deze uitkomst was
onverwacht, aangezien in de bestaande literatuur consistent een robuuste positieve
associatie tussen SIB en alexithymie vermeld wordt. Wat betreft de hoofdvraag bij
dit onderzoek, namelijk of alexithymie fungeert als transmissiemechanisme tussen
BPP en andere variabelen, boden de resultaten van het onderzoek slechts beperkte
ondersteuning voor het voorgestelde verklarende model. Het meest opvallende was
dat de resultaten geen ondersteuning boden voor de aanname dat alexithymie de
associatie tussen BPP en SIB medieert. Er werd ook geen ondersteuning gevonden
voor de aanname dat alexithymie een mediërende rol heeft in de relatie tussen BPP
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en dissociatieve ervaringen. De studie bood wel ondersteuning voor gedeeltelijke
mediatie door alexithymie in de relatie tussen BPP en depressieve symptomatologie.

Deel
III:
Ontwikkeling
van
een
biosensor-geïnformeerde
smartwatch/smartphone-applicatie die de behandeling van alexithymie
en lage emotionele gewaarwording kan ondersteunen.

Rekening houdend met de bevindingen uit de hiervoor beschreven onderzoeken,
besloten we om door te gaan met het ontwikkelen van een mHealth-interventie. Dit
leidde tot twee opeenvolgende onderzoeken. Beide onderzoeken zijn uitgevoerd in
een setting voor klinische behandeling van persoonlijkheidsstoornissen (Scelta,
GGNet). In beide onderzoeken werden zowel patiënten als GGz-professionals van
het behandelcentrum nauw bij het onderzoek betrokken als 'toekomstige
gebruikers' van de app.
De eerste van de twee studies staat beschreven in hoofdstuk 5. Via een op maat
gemaakt user experience design (UXD)-framework, onderzochten we in een klinische
setting de behoeften van patiënten met een borderline persoonlijkheidsstoornis en
alexithymie en die van hun therapeuten als het gaat om een ambulante biofeedbackapp die bedoeld is om patiënten te ondersteunen bij het leren herkennen van
veranderingen in hun emotionele spanning. Het onderzoek was gebaseerd op een
'design science'-paradigma en maakte gebruik van een gebruikersgerichte,
participatieve ontwerpbenadering. We hebben 3 personen per groep opgenomen (6
in totaal). Om volgens een gestructureerde aanpak aan dit doel te kunnen werken,
hebben we twee gangbare User Centered Design (UCD)-frameworks voor eHealthontwikkeling als uitgangspunten genomen voor de ontwikkeling van een nieuw
framework. Het framework bood ondersteuning bij het expliciteren van het
ontwikkelingsstadium (of ‘elementen’), het beschrijven van de output (of
‘producten’) die nodig is als input voor de volgende ontwerpfase, en de geschikte
methoden om die output te verkrijgen. Dit stelde ons in staat om de context waarin
de app zou worden ingezet in kaart te brengen en de potentiële gebruikers van de
toekomstige app goed in beeld te krijgen. Het onderzoek leverde een reeks
persona's, gebruikersbehoeften en ontwerpvereisten op voor de wearable
biofeedback-app, alsook mentale modellen van de beoogde gebruikersgroepen. De
resultaten van deze studie tonen aan dat de gebruikersbehoeften van de betrokken
patiënten en therapeuten in aanzienlijke mate overeen kwamen (zo benadrukten ze
bijvoorbeeld dat de applicatie discreet en onopvallend moest zijn), maar dat er ook
enkele fundamentele verschillen waren. Een voorbeeld van dit laatste is dat waar
therapeuten de voorkeur gaven aan een diepe structuur om de app te organiseren,
de patiënten voorstander waren van een brede structuur. Ook hebben we geleerd
dat als de verdere ontwikkeling moet leiden tot één gebruiksvriendelijke e-coach,
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deze (minimaal) twee aparte gebruikersomgevingen moet kennen. Binnen deze
gebruikersomgevingen is het dan van belang dat de ‘look and feel’ per gebruiker in
hoge mate te personaliseren is. Een andere belangrijke vereiste is dat de applicatie
een functie moet bevatten waarmee patiënten hun geregistreerde gegevens kunnen
delen met hun therapeut.
In de daaropvolgende UCD-studie die in hoofdstuk 6 wordt beschreven, hebben we
de iteratieve benadering van het ontwerpen en testen van de app voortgezet en
uitgebreid. Het doel van deze studie was om een werkende versie van de app op te
leveren die in verdere onderzoeken kan worden gebruikt en getest kan worden op
klinische effectiviteit. Net als in het vorige onderzoek is er in dit onderzoek cocreatief gewerkt met (nieuwe) patiënten en GGZ-professionals. Daarnaast werden in
dit onderzoek ook UCD-experts toegevoegd als ‘gebruikers’ van de app. Na
uitbreiding van ons UXD-framework, is de bruikbaarheid van de app verder getest en
doorontwikkeld via een
cyclisch ontwikkelingsproces. Binnen
het
ontwikkelingsproces werd gebruik gemaakt van meerdere ontwerp- en
testmethoden, uitgevoerd bij meerdere gebruikersgroepen (3-5 personen per groep,
per cyclus). De basisfunctionaliteit van de app werd na één iteratie in de eerste
testcyclus met patiënten als acceptabel beoordeeld. Dit maakte dat er geen verdere
grote herzieningen hebben plaatsgevonden in de opeenvolgende testrondes met
professionals in de geestelijke gezondheidszorg en UCD-experts. Op de Subjective
Usability Scale (SUS) beoordeelden de patiënten de app als 'Goed'. De therapeuten
beoordeelden de app als 'OK'. Tijdens een cognitieve walkthrough beoordeelden de
UCD-experts de algehele bruikbaarheid van de app tussen "OK" en "aanvaardbaar".
Na het afronden van drie testcycli, werden in totaal 30 bruikbaarheidsproblemen en
-behoeften geïdentificeerd. Alle drie de gebruikersgroepen kwamen met
bruikbaarheidsproblemen en suggesties voor verbetering. Een deel hiervan
overlapte. UCD-experts identificeerden 20 bruikbaarheidsproblemen. Patiënten
identificeerden 11 problemen en therapeuten identificeerden 9 problemen. Acht
van de geïdentificeerde problemen werden benoemd door ten minste 2 van de 3
groepen. De UCD-experts brachten 14 thema's of problemen naar voren die niet
door de andere twee groepen werden benoemd; de patiënten identificeerden 6; de
therapeuten 2 unieke thema's. De meeste bruikbaarheidsproblemen en -behoeften
konden worden aangepakt in de softwarerevisie die volgde nadat de 3 cycli waren
voltooid. Dit proces resulteerde in een stabiel prototype van de app die voldeed aan
de meeste geïdentificeerde gebruikersvereisten.
Een overkoepelende conclusie is dat het huidige proefschrift een uitgebreid
overzicht biedt van de achtergrond, ontwikkeling en huidige status van alexithymie
en emotionele gewaarwording. Het biedt een systematisch overzicht van hoe deze
verschijnselen zich verhouden tot BPP en toont onderzoeksbevindingen over de
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relaties van BPP en alexithymie met andere relevante klinische variabelen. Voor
zover bekend, was de meta-analyse in hoofdstuk 2 de eerste studie die het verband
tussen emotioneel bewustzijn en borderline persoonlijkheidspathologie (BPP) op die
manier onderzocht. We onderzochten ook de associaties van alexithymie en BPP met
verschillende belangrijke symptomen van BPP, zoals zelfbeschadigend gedrag,
dissociatieve ervaringen en stemmingsklachten. Verder hebben we in een mHealth
biofeedback app ontwikkeld om de behandeling van alexithymie te bevorderen.
Voor zover wij weten, is het een van de eerste en daarmee weinige apps die
inmiddels in een ontwikkelingsstadium is waarin gericht verder onderzoek naar
klinische effectiviteit kan worden gedaan, en bij goede resultaten ook bredere
verspreiding en implementatie kan plaatsvinden in de nabije toekomst.
Het proefschrift geeft nergens definitieve antwoorden, maar voegt wel iets toe aan
de bestaande kennis. We leerden wat (onderdeel van) een hedendaagse definitie
van alexithymie zou kunnen zijn, maar ook dat er nog veel onduidelijk en/of
onbekend is over het construct. We hebben ervaren dat het door ons ontwikkelde
ontwerp-raamwerk en de daarin gekozen ontwerpmethoden behulpzaam waren bij
het ontwikkelen van een app. We weten echter nog niet of deze nu meer, gelijk of
minder efficiënt en/of effectief zijn dan andere mogelijke raamwerken en
onderzoeksmethoden. We weten dat onze biofeedback-app als potentieel nuttig
voor therapie-doeleinden wordt ervaren, maar we moeten nog onderzoek doen naar
de feitelijke klinische effectiviteit ervan. De weergave van de algehele complexiteit
van alexithymie, de huidige behandelmogelijkheden ervan en de ontwikkeling van
een mHealth-interventie kunnen daarom als de belangrijkste opbrengsten worden
beschouwd.
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Dankwoord
Tja, wie niet te bedanken?! Dat dit proefschrift er nu is, is aan zoveel mensen te
danken, dat ik bijna niet weet waar te beginnen. In de 10 jaar die zijn verstreken
sinds de start, is er zoveel gebeurd. Ik heb nieuwe levens mogen verwelkomen, maar
ook afscheid moeten nemen. Paden zijn samengekomen. Er zijn verbindingen
gemaakt. Sommige paden zijn weer uiteengegaan. De verbondenheid heb ik
proberen te behouden. Ik wil hier dan ook vooral stilstaan bij de mensen die er voor
me zijn, of zijn geweest. Mensen die me met van alles geholpen hebben, maar met
wie ik op de eerste plaats verbonden ben geraakt.
Uiteraard zou ik nergens zijn geweest zonder de niet aflatende steun van mijn
promotoren, mijn co-promotor en mijn ZBP-ZOR, oftewel ‘zeer belangrijk persoon
zonder officiële rol’ in mijn hele promotietraject.
Om met die laatste te beginnen: Randy, wat heb jij veel voor mij betekend. Voor de
ontwikkeling van de app - en daarmee voor mijn proefschrift, maar op nog veel meer
vlakken. Je hebt me wegwijs gemaakt in de wereld van human media interaction,
computer science, creative, industrial design, en alles wat daar nog bij komt. Waar
het kon, liet je me vrij de afdeling verkennen; waar het nodig was redde je me weer
net op tijd en voorkwam je dat ik dat ik verloren raakte in voor mij te digitale praat
over machine learning, JSON files en andere hogere wiskunde. Het meest
waardevolle dat ik aan je te danken heb is echter toch weer op mijn terrein, dat van
de emoties. We hebben veel gelachen samen, en soms ook bijna gehuild - helaas niet
alleen om de soms bizarre dingen die we tegenkwamen in de begeleiding van
studentenprojecten. Ik heb er een vriend bij. Ik hou van je.
Matthijs, dank voor hoe je me altijd weer aan het denken zette als ik weer te kort
door de bocht ging met mijn aannames en interpretaties. Jouw default mode is om
indrukwekkend onderbouwde vraagtekens te zetten bij wat de hele wereld voor
waar aanneemt; en daarom ben je een fantastische onderzoeker. Nog meer
dankbaar ben ik voor hoe je me weer in mezelf liet geloven als ik weer eens te veel
aan het twijfelen raakte over mijn werk, mijn redenaties, en boven alles: mezelf.
Jouw tweede natuur is compassievol zijn; en daarom ben je een fantastisch mens.
Bovendien heb je een Brekr. Ik heb er een vriend bij. Ik hou van je.
Ernst, mijn eerste promotor. Ik zal maar beginnen met te verklappen dat ik ook van
jou hou. Ik ben niet zo van de idolen, maar zoals ik een keer heb laten ontvallen: van
jou, Gerben, Matthijs en Randy zou ik zomaar eens een poster boven mijn bed
hebben kunnen hangen. Of dat zo is, verklap ik niet. Voor mij ben je een ster: een
entiteit die door het heelal schiet en onmetelijke hoogtes bereikt. Een helder punt,
een baken dat verlichting brengt in donkere nachten. In de donkerste nacht van mijn
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hele promotietraject heb jij me gered. Daar kan ik je niet genoeg voor bedanken –
dus ik laat het dan ook maar hierbij. Het schijnt dat sterren zware kernen hebben,
maar daar kan ik vanaf de aarde alleen maar over filosoferen. Misschien is dat ook
enkel projectie. Ik hou van je.
Gerben, mijn tweede promotor. Je tart al mijn kennis uit de persoonlijkheidsleer.
Hoe kan iemand met zo’n status, zó benaderbaar zijn? Hoe kan iemand zó intelligent
en tegelijkertijd zó aardig en bescheiden zijn? Hoe kan iemand die het altijd
onmetelijk druk moet hebben gezien al zijn taken en verplichtingen, toch altijd tijd
voor me vrij hebben kunnen maken? Je status is mythisch. Niet alleen bij mij, ook
onder studenten. Ik heb meermaals gefluister gehoord: ‘professor Westerhof is zo
empathisch en intelligent, dat hij de zinnen gewoon voor je afmaakt voordat je het
zelf kan doen’. En ja, ik ben ervan overtuigd dat die mythische status mede te danken
is aan je imposante bos haar. Ik hou van je.
De lezer van dit dankwoord heeft het misschien al door: mijn interesse voor
alexithymie is waarschijnlijk ingegeven door het feit dat ik zelf vól van emoties ben
en die ook de hele dag sterk voel. Van wie hou ik nog meer?
Ik hou van mijn paranimfen en UT-collega’s: Gert-Jan, the Iceman, mijn sidekick sinds
jaren (of ik de zijne?) bij het mastervak PCBT. Het geheim van je Wim Hofskwaliteiten zit ‘m bij jou niet in het ademen. Het is gewoon je grote hart voor zoveel,
waardoor dat ijsbad in no-time in een hot tub verandert. Saskia, de andere PCBTcollega. De slimmere, meer serieuze en boven alles wijzere van ons drieën. De vrouw
die empathie en altijd ‘het goede zien’ in de mens, moeiteloos weet te combineren
met een donkere ziel - wat een geweldige combinatie! In discussies verlies ik het
eigenlijk altijd van je, al laat je me soms winnen. Het enige waar ik denk ik toch echt
een punt heb, is dat je misschien af en toe wat vlees moet eten. Het zal je ‘optimisme’
over de toekomst van onze planeet niet significant schaden, voorspel ik. Ik ga er
(tegen beter weten in) graag de discussie met je over aan.
Jurrijn, jij hebt ook een plekje in mijn hart. Het samen schrijven gaat ons goed af. We
blijken verschillende passies te delen. Zo houden we beiden van het psychologenvak;
houden we er beiden van om ons werk grondig te doen en dit uitvoerig te
documenteren; slaan we allebei een goed verzorgde lunch of diner niet snel af en
laten we dat het liefst vergezeld gaan van een glas met goede, rijke inhoud. Onze
kracht zit hem denk ik in dat we niet alleen gelijkenissen hebben, maar dat we elkaar
ook goed aanvullen. Ik zou dit hier kunnen toelichten met voorbeelden over dat we
verschillen in aandacht voor details versus de grote lijn, of dat de een toch het liefst
werkt in de praktijk en de ander misschien toch in het lab. Echter, liever spreek ik
snel weer eens af om het er over te hebben onder het genot van een goed glas
whiskey - of zo je wilt, whisky.
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Een apart landgoed in mijn hart hebben Silvia, mijn ‘GGNet-moeder’, Yolanda, ‘mijn
favoriete tante binnen GGNet’, en al mijn andere professionele opvoeders en
voogden: Thom, Lucy, Widel, Bas, Caroline, Roelof, Hans, Erik(✝ Marieke, Els, Linda,
Astrid, Katinka, Anton & Jan, Paul & Marc, Joost… Dank voor alle wijsheid en warmte
die ik van jullie mocht ontvangen en alle groei die ik door jullie kon doormaken. Ik
hou van jullie.
Dank aan al mijn andere collega’s bij GGNet die me de ruimte gaven om onderzoek
te doen, en daardoor zelf een stapje harder moesten lopen. Jullie zijn net met een
paar honderd personen te veel om allemaal bij naam te noemen. Dank ook voor het
aanhoren en verdragen van al mijn wellicht te gepassioneerde en te gedetailleerde
vertogen over alexithymie en technologie, en het ongevraagd toesturen van allerlei
papers en hoofdstukken. Spoiler: ik ga er niet mee stoppen.
Evenzeer dank aan alle collega’s van de vakgroep PHT. Helaas hebben we elkaar door
de coronapandemie een tijdlang niet kunnen ontmoeten in de gangen van de
Cubicus. Ik heb dat contact echt gemist. Gelukkig maakte de online ontmoetingen –
vooral de informele met de hele vakgroep – veel goed. Toch hoop ik dat corona vanaf
nu niet meer impact zal hebben dan een seizoensgriepje…
Bijzondere dank aan de mensen van Bestuur en Directie binnen GGNet die me niet
alleen de kans gaven om onderzoek te doen, maar ook interesse toonden in wat ik
te verkondigen had en die me zijn gaan ondersteunen vanuit hun
bewonderenswaardige kennis en kunde. Ik vind het een eer om vanuit de rol van
beleidsprofessional met jullie samen te mogen werken. Ik leer elke dag van jullie.
Rob en Jochanan (bestuurders); Peter, Chantal, Rouchdi en de andere directeuren:
ik hou van jullie.
En natuurlijk ben ik ook veel dank verschuldigd aan alle secretaresses, zowel bij de
universiteit als GGNet. Dank voor alle ondersteuning: alle hulp bij het plannen van
talloze afspraken met de begeleiders en de deelnemers aan de studies, het keer op
keer regelen van ruimtes, bestellen van materialen… en nog veel meer van dat. Ik
vraag je: wie kan er nu niet van secretaresses houden?! Ik niet in elk geval. Talitha,
Daniëlle (UT), Gwenda, Dorien, Jokelien, jullie weten dat ik het over jullie heb.
Dank aan alle patiënten die hebben meegewerkt aan het onderzoek. Het is dankzij
jullie dat de app er nu is. Het is natuurlijk ook aan jullie te danken dat ik me kon
bezighouden met de onderwerpen en het werk waar ik zo van hou. Ik hoop dat we
met de opbrengsten ervan, jullie weer verder kunnen helpen.
Kp-groep 2019 B: ik hou van jullie allemaal, ongeacht of je nu een groepswerker,
voorman of plant bent.
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Dan komen we aan bij de mensen met wie mijn verbindingen los staan van mijn
werkzame leven. Ik kan alvast waarschuwen: ik heb bij jullie niks om mijn liefde voor
jullie achter te verbergen. Mijn dankbaarheid is 100% voor wat jullie zijn in mijn
leven.
Mijn dierbare vrienden, die er zijn om het met me te vieren wanneer de zon schijnt,
maar die er ook voor me zijn als het stormt. Ik had dit traject nooit zonder jullie door
kunnen komen.
Mark, Jeroen, Mark, Rolf: ik heb nagedacht met welke herinneringen aan mooie en
bijzondere momenten ik de vriendschap met ieder van jullie hier zou kunnen eren.
Ik noem er geen één. Het zijn er gewoon te veel. Ik hou van jullie.
Rik: we delen het Batenburgs bloed. En nu dan eindelijk ook dat we een
promotietraject hebben afgerond. Ondanks dat ik wel eens iets kleins - zeg zoiets
als de dag van je bruiloft - half was vergeten, zijn we al meer dan 35 jaar vrienden. Ik
koester dat.
Herman: Mede dankzij jou was mijn studententijd het neusje van de zalm. En
tegenwoordig leer ik dankzij jou bij over bordspellen.
Lieve: Je bracht en brengt altijd wat rust in mijn leven. Oh, en de laatste nieuwtjes
over iedereen die we nog kennen van de studie :)
Dan dank ik mijn moeder, die nog net heeft mogen meemaken dat ik aan dit traject
begon, maar van wie we helaas niet lang daarna afscheid hebben moeten noemen.
Lieve Jos, het ging jou nooit om prestaties of status, dus ik kan er vrede mee hebben
dat je hier vandaag niet bij bent. Toch had ik het eindresultaat graag met je gevierd.
Ik hou van je.
Dank aan mijn vader Geert en zijn vrouw Anita. Wetenschappelijk onderzoek en
psychologie zijn niet helemaal jullie dagelijkse kost, maar dat heeft jullie niet in de
weg gestaan om trots te zijn op wat ik doe. Ik ben trots op jullie, op wat een leuke
opa en oma jullie voor de meisjes zijn, en hoe jullie altijd weer bereid waren om bij
te springen als dat weer eens nodig is. Pa, ook al heb ik straks misschien meer tijd:
voel je vooral vrij om de tuin onder handen te nemen als jullie weer eens komen
oppassen. Ik hou van jullie.
Magda en Wim, wat zijn jullie toch fijne schoonouders en geweldige grootouders
voor de meiden! Ik heb jullie interesse in mijn onderzoek altijd zeer gewaardeerd.
Het aantal keer dat jullie me gevraagd hebben naar de laatste updates, en interesse
en zorg toonden in hoe het met mij ging in al dat wetenschappelijk geweld naast een
baan en gezin, is significant meer geweest dan wie dan ook! Dank. Ik hou van jullie.
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Als laatste dank ik mijn vriendin, aka toekomstige vrouw, en onze twee dochters:
mijn drie ‘vrouwtjes’, de blonde bolletjes van wie ik stiekem toch wel het aller-,
allermeest hou. Liefste Leandra, het leven met iemand bij wie het rode mannetje aan
de knoppen zit, kan toch echt niet altijd makkelijk zijn. Zeker als die dan ook nog eens
aan het promoveren is… En het ergste is: je kent me niet anders! Ik ben benieuwd
wat we gaan meemaken nu dit klaar is. Ik ben je zo dankbaar voor je steun en liefde.
Je hebt me zoveel ruimte en tijd gegeven om dit te kunnen doen.
Jynthe en Ise, ik zal eerlijk bekennen dat papa regelmatig best heel blij was als jullie
even op de studeerkamer kwamen om ‘ook te werken’ of om met mij te
‘contenderen’ op de spelcomputer. Ik ben blij dat ik nu weer meer tijd zal hebben
om ook andere dingen samen te kunnen doen met jullie!
Ik sluit af met het refrein uit een popsong uit mijn lijst met hardloopliedjes. Het kwam
elke keer weer voorbij als ik even tijd vond om een rondje te maken op de Posbank.
Mensen die me volgen op Strava zullen een idee hebben van hoe vaak ik dit
inmiddels heb gehoord. Het is speciaal gericht aan iedereen die ik hier genoemd heb.

I'll never forget you
You'll always be by my side
From the day that I met you
I knew that I would love you 'til the day I die
And I will never want much more
And in my heart I will always be sure
I will never forget you
And you'll always be by my side 'til the day I die
…
I can't hide my connection with you
(Zara Larsson)

271

A

Publications and presentations
Articles
Koelen, J. A., & Derks, Y. P. M. J. (2022). Het lichaam als (gedempte) klankkast voor emotie.
In Het lichaam en psychisch functioneren (pp. 73-101). Bohn Stafleu van Loghum,
Houten.
Lentferink, A., Noordzij, M.L., Burgler, A., Klaassen, R., Derks, Y., Oldenhuis, H., Velthuijsen,
H., & Van Gemert-Pijnen, L. (2021). On the receptivity of employees to just-in-time
self-tracking and eCoaching for stress management: a mixed-methods approach,
Behaviour & Information Technology, 41:7, 1398-1424.
Derks Y.P., Klaassen R., Westerhof G.J., Bohlmeijer E.T., Noordzij M.L. (2019). Development
of an Ambulatory Biofeedback App to Enhance Emotional Awareness in Patients
with Borderline Personality Disorder: A Multi-cycle Usability Testing Study. JMIR
mHealth and uHealth, 7(10), e13479.
Derks, Y. P. M. J., De Visser, T., Bohlmeijer, E. T., & Noordzij, M. L. (2017). mHealth in Mental
Health: How to efficiently and scientifically create an ambulatory biofeedback ecoaching app for patients with borderline personality disorder. International Journal
of Human Factors and Ergonomics, 5(1), 61-92.
Derks, Y., Westerhof, G., Koelen, J., & Bohlmeijer, E. (2016). Gewaarworden van de mate van
emotionele gewaarwording van de patiënt: Handreiking voor de diagnostiek van
emotional awareness en alexithymie. PsyXpert, 3.
Derks, Y. P., Westerhof, G. J., & Bohlmeijer, E. T. (2017). A meta-analysis on the association
between emotional awareness and borderline personality pathology. Journal of
personality disorders, 31(3), 362.
Derks, Y., Westerhof, G., & Bohlmeijer, E. (2014). Emotionele Gewaarwording. In: B. van
Heycop ten Ham, M. Hulsbergen, & E. Bohlmeijer (Eds.). Transdiagnostische
Factoren: Theorie en Praktijk (pp 182 – 210). Amsterdam: Boom.
Van den Bos, P., Mol, B.A.W., Derks, Y.P.M.J., Zwijnenburg, K., & Egger, J.I.M. (2010). Het
psychopathieprofiel: een verfijnde kijk op psychopathie met de PCL-R en de MMPI2. Gz-Psychologie, 1, 28-34.
Zwijnenburg, K, Egger, J.I.M., Mol, B.A.W., Van den Bos, P., & Derks, Y.P.M.J. (2009).
Psychometrische kwaliteiten van de Psychopathic Personality Inventory (PPI) bij ter
beschikking gestelden delinquenten. Expertise en Recht, 3, 62-67.
Mol, B., Van Den Bos, P., Derks, Y., & Egger, J. (2009). Executive functioning and the twofactor model of psychopathy: No differential relation? International Journal of
Neuroscience, 119(1), 124–140.

272

Presentations (selection)
Female Autism Network of the Netherlands, Deventer, 2022. Oral presentation ‘Voelen van
het gevoel: alexithymie en emotionele gewaarwording’.
KNP Congres, 13th edition, online, 2021. Seminar 'Passie, Positie, Politiek'. Poster
presentation ‘Project Sense-IT’.
EFCAP, 2021, online seminar 'Innovatie in de forensische (jeugd)zorg’. Oral presentation
‘Sense-IT: een app om eigen emoties beter te leren herkennen’.
Radboud UMC, afdeling Psychiatrie en Anesthesiologie, Pijn en Palliatieve Geneeskunde. Oral
presentation ‘Alexithymia, Research and Treatment’.
Autisme Kenniscentrum, Dr.Bosman, 2020, Utrecht. On request workshop ‘Alexithymie in de
behandelkamer’, as presented at VGCt. Co-presenter: M. Voskamp.
Nationale eHealth Week, online, 2020. Webinar ‘Wearables’. Interview by M. van der Zalm.
Specialistenmiddag GGNet, online, 2020. Symposium ‘Technologie in de GGz’. Keynote
presentation ‘Technologie als knooppunt in de zorg’.
Supporting Health by Tech, 8th edition, Groningen, 2018. Workshop ‘Sense-IT: an emotional
awareness coach. Using real-time bio-feedback to support training in emotional
awareness for borderline patients with alexithymia’. Co-presenters: dr.ir. R. Klaassen
and dr. M.L. Noordzij.
4TU/Wearables in practice (WiP), Enschede, 2017. Seminar ‘Physiology and Emotions’.
Central workshop ‘Sense-IT: Reall time biofeedback’. Co-presenter dr.ir. R.Klaassen.
GGNet, Ulft, 2018. Seminar ‘Wij Zijn GGNet’. Oral presentation ‘Sense-IT. An emotional
awareness coach’. Co-presenter: dr. ir. R.Klaassen.
Universita Cattolica Del Sacro Cuore, Milano, 2017. Work conference. Oral presentation
‘Sense-IT’.
NVPMT, 2017, Nijmegen. seminar ‘Ont-moeten’. Oral presentation ‘U Voelt er niets van!’. Copresenter: M. Voskamp.
VGCt, 2017, Soest. Symposium ‘Voorjaarsworkshops: Transdiagnostische Factoren’.
Workshop ‘Alexithymie in de behandelkamer’. Co-presenter: M. Voskamp.
Psychiatrisch Ziekenhuis Duffel, 2016, Duffel, Belgium. Symposium ‘Transdiagnostische
Factoren’. Keynote presentation ‘Emotionele gewaarwording’.

273

A

About the author
Youri Derks was born on the 11th of January 1982 in Batenburg, the
Netherlands. He completed his master’s degree in clinical
psychology in Nijmegen in 2006. During his time at the university
of Nijmegen, Youri also completed the courses of the
Neuropsychology master track and worked parttime as a
workgroup teacher in a BA Methodology & Statistics course. For
his master thesis, which was about psychopathy, he had the
opportunity to join a research group at the forensic hospital (TBS)
of the Pompestichting, Nijmegen, and to co-author three journal papers.
Youri entered clinical practice with his internship in 2004 at the ‘Praktijk voor
Persoonlijkheidsstoornissen (PPS)’, now known as Scelta, GGNet. After completion, he
continued working there as a master’s level psychologist for two years. He then started
working as a behavioral expert for the behavioral expertise unit of the criminal investigation
department of the police force in Gelderland. Next to his duties for the criminal investigation
department, he provided basic level psychology training to police officers and completed a
bachelor’s course in criminal law at the Radboud University. During his employment for the
police force, he soon started to combine his work there with working for Scelta, GGNet, again.
He fully returned to GGNet in 2009 to start his training to become a licensed healthcare
psychologist (GZ-psycholoog).
After completing his training as a GZ-psycholoog in 2011, Youri started working in a team of
mental health care professionals specialized in diagnosis and treatment of patients with early
childhood trauma and/or severe PTSD. In 2013, he started his PhD-studies. He also started to
provide guest lectures at the National Police Academy, teaching detectives about ADHD and
ASD.
Since 2018, he has been also working parttime as a teacher and MA-course coordinator at
the department of Psychology, Health and Technology at the University of Twente, teaching
students about the principles of (positive) cognitive behavioral therapy and providing guest
lectures on several other topics such as psychodiagnostics, personality disorders,
schizophrenia spectrum disorders, and psychodynamic therapy.
In 2019, he started his training to become a clinical psychologist at GGNet and RCSW
Nijmegen. He aims to complete his training in August 2023.
Being one of the founders of the Sense-IT app, Youri partakes in the Sense-IT consortium with
clinicians and researchers from different institutes and universities.
In 2021 he was appointed the role of ‘strategic policy (healthcare) professional’ (‘strategisch
beleidsprofessional’) and joined the corporate steering group ‘Technology’ at GGNet.

274

