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From trees to tinnitus

“If a tree were to fall on an island where there were no human beings would 
there be any sound?” – "e Chautauquan (1883)

"e answer provided to the infamous question postulated by "e Chautauquan was no. 
Sound is the transformation of vibrations that travel through a medium (e.g. air) into 
coherent neurological signals, and consequently cannot exist outside an interpreter of 
sound. "e corollary that may follow – “If a human being were to hear a tree fall, would 
there be any tree?” – is at the heart of this dissertation as we seek to better understand the 
experience of phantom sounds, speci!cally tinnitus. 

What is tinnitus?
Current tinnitus de!nitions (e.g. Baguley et al., 2013; Cima, 2018; Pawel J. Jastrebo# et 
al., 1994; Langguth, 2011; Table 1) converge in specifying a lack of an acoustic source 
while sound is perceived. In other words, authors agree that tinnitus is the perception 
of a sound without a corresponding acoustic origin. Di#erent from the experience 
of other phantom acoustic perceptions such as voices or music, tinnitus is limited to 
sounds without explicit semantic meaning (e.g. tones, hissing, or chirping). Transient 
tinnitus experiences may subside within seconds, minutes or days (i.e. acute tinnitus), 
though for some its experience, whether continuous or intermittent, becomes chronic. 
Persistent tinnitus that does not spontaneously remit over a signi!cant period of time 
(considered to be at least 3 months) may be classi!ed as chronic tinnitus (Fuller, 2021). 
Chronic tinnitus may take a toll in the life of those who experience it. Sleep disturbance, 
concentration di$culties, suicidal thoughts, depressive symptomatology, anxiety, anger, 
avoidance environments perceived as too silent or loud, and decreased quality of life are 
some of the reported e#ects of tinnitus (Hall et al., 2018). Such chronic tinnitus that 
is associated with emotional reactivity and related disability can be further classi!ed as 
Chronic Disabling Tinnitus (Fuller, 2021). "e current work then utilizes the de!nition 
of Chronic Disabling Tinnitus as the unremitted perception of a sound (for at least 3 
months) that is without semantic meaning nor corresponding acoustic origin, which 
produces signi!cant emotional reactivity and related disability.
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1Table 1: Example of tinnitus de!nitions

De!nition Author

“An auditory phantom perception, and therefore cannot be associated 
with any sound measurement” (p. 216)

Jastrebo# et al. (1994)

“A common and distressing condition that is typically characterized by the 
perceived sensation of sound in the absence of an external stimulus”  
(p. 1635)

Langguth (2011)

“!e conscious perception of an auditory sensation in the absence of a 
corresponding external stimulus” (p. 1600)

Baguley et al. (2013)

“!e symptom itself, tinnitus aurium, can be de"ned as the phantom 
perception of continuous sound or noise in the absence of an external  
(or adequate) source” (p. 369)

Cima (2018)

“Tinnitus is the conscious awareness of a tonal or composite noise for 
which there is no identi"able corresponding external acoustic source, 
which becomes Tinnitus Disorder ‘when associated with emotional 
distress, cognitive dysfunction, and/or autonomic arousal, leading to 
behavioural changes and functional disability’” (p. 1)

De Ridder et al. (2021)

Epidemiology
A review of 35 tinnitus prevalence studies found that estimates for tinnitus vary widely, 
between 5.1 to 42.7% (McCormack et al., 2016). Variability in estimates were in part 
attributed to di#erences in the geographical location of the study, population demographics, 
tinnitus assessment and heterogeneous reporting (Biswas & Hall, 2020; McCormack et 
al., 2016). Recently, a standardized tinnitus assessment was created to be used across 
Europe in an attempt to provide a more accurate picture of tinnitus epidemiology. Biswas 
et al. (2020) included and 11 427 participants representing 11 di#erent languages across 
Europe. "e prevalence was estimated to be 14.7%, ranging from 8.7% (Ireland) to 
28.3% (Bulgaria), without di#erences between genders (Biswas et al., 2020). Higher 
tinnitus prevalence was con!rmed with increased age and worsening hearing. "e authors 
further investigated tinnitus severity (i.e. self-reported level of annoying, worrisome or 
bothersome tinnitus), !nding it prevalent in 1% of the participants, ranging from 0.6% 
(Ireland) to 1.4% (Romania), with a di#erence between women (1.4%) and men (1%). 
Moreover, the role of lifestyle risk factors (e.g. alcohol consumption, smoking, obesity) 
have contradictory !ndings and are yet to be fully understood (Biswas & Hall, 2020). As 
with previous reports, current epidemiological !ndings in the tinnitus !eld are restricted 
to the geographical location in which the study is conducted (mostly in developed 
countries) as well as the assessment methods of tinnitus.
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Assessing tinnitus
"e subjective tinnitus experience cannot be directly observed or measured, thus mostly 
relying on patient self-report assessments. As audiological features of the tinnitus percept 
(e.g. loudness, pitch, location) do not adequately explain tinnitus severity (Andersson, 
2003), assessments methods evolved to include and re%ect tinnitus related distress, 
disability, coping, attention and beliefs (Table 2). 

Table 2: Tinnitus related self-report assessments

Assessment Author Purpose Sub-scales Recall 
Timeframe

Tinnitus 
Questionnaire 
(TQ)

Hallam 
(1988)

Measure 
psychological 
aspects of tinnitus 
complaints and 
distress

Emotional distress, 
cognitive distress, 
intrusiveness, auditory 
perceptual di$culties, 
sleep disturbance, somatic 
complaint. 

One week.

Tinnitus Handicap 
Questionnaire 
(THQ)

Kuk et al. 
(1990)

Measure level of 
perceived tinnitus 
related handicap.

Physical, health, 
emotional status, social 
consequences hearing and 
communication, personal 
viewpoint.

No 
timeframe 
speci!ed.

Tinnitus Handicap 
Inventory (THI)

Newman 
et al. 
(1996)

Measure level of 
perceived tinnitus 
severity.

Functional, emotional and 
catastrophic responses.

No 
timeframe 
speci!ed.

Tinnitus 
Coping Style 
Questionnaire 
(TCSQ)

Budd 
and Pugh 
(1996)

Measure tinnitus 
related coping 
strategies and style.

Maladaptive coping, 
e#ective coping, and 
passive coping.

No time 
frame 
speci!ed.

Tinnitus Vigilance 
and Awareness 
Questionnaire 
(TVAQ)

Cima et al. 
(2011)

Measure heightened 
attention towards 
tinnitus

No time 
frame 
speci!ed.

Fear of Tinnitus 
Questionnaire 
(FTQ)

Cima et al. 
(2011)

Measure tinnitus 
related fear

No time 
frame 
speci!ed.

Tinnitus 
Functional Index 
(TFI)

Meikle et 
al. (2012)

Measure tinnitus 
severity and 
treatment related 
change

Tinnitus intrusiveness, 
sense of control, quality 
of life, sleep, hearing, 
concentration, relaxation, 
and emotion.

 One week.

Such a list of assessments contributes towards a comprehensive picture of those who 
experience tinnitus and shed light into the high heterogeneity of  experience (e.g. Henry 
et al., 2012; Schlee et al., 2016). However, self-report assessments have limitations, which 
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1hinder the accurate portrayal of tinnitus. High levels of reading di$culty in the tools 
have been reported to potentially a#ect tinnitus assessment (Atcherson et al., 2011). 
Furthermore, e#ects of the psychological state during assessment have been documented 
to in%uence responses (Belli et al., 2008; Brüggemann et al., 2016; Das et al., 2012; 
Langguth et al., 2011). More importantly, bias associated with memory reconstruction 
(i.e. recall bias) can be in%uenced by the setting of the assessment (e.g. hospital), the 
recency of the experience, and the averaging of experiences within longer (or unspeci!ed) 
time frames (Shields et al., 2016; Stone & Shi#man, 1994).

Underlying cognitive and behavioral mechanisms of Chronic 
Disabling Tinnitus  
Despite the limitations, a comprehensive assessment of the tinnitus experience allows 
for insights into the underlying cognitive and behavioral mechanisms which may 
explain tinnitus disability. Whereas tinnitus triggers (e.g. excess earwax, increased stress, 
ototoxicity) and audiological features of the tinnitus percept (e.g. loudness, pitch, 
location) do not adequately predict disability (Andersson, 2003; Wallhäusser-Franke et 
al., 2017), the role of fear, attention and avoidance have been postulated to play a major 
role in the development and maintenance of Chronic Disabling Tinnitus (Table 3). A 
brief description of each model follows.
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Table 3: Overview of tinnitus models

Model Fundamental assumptions Core prediction
Habituation model 
(Hallam et al., 1984)

Decrease response to the 
tinnitus perception (i.e. 
habituation) can be achieved 
through repeated exposure.

Habituation is disrupted due to 
heightened attention in moments of 
high physiological arousal (e.g. due 
to daily stressors).

Neurophysiological 
model (Pawel J. Jastrebo# 
et al., 1988; Pawel J. 
Jastrebo#, 1990)

"rough classical conditioning 
the tinnitus perception is 
associated with aversive 
emotional responses.

Weakening the association between 
tinnitus perception and emotional 
responses is essential for habituation. 
"us, extinction, the presentation 
of the conditioned stimulus without 
the unconditioned stimulus, results 
in decrease tinnitus disability and 
distress.

Cognitive Behavioural 
Model (McKenna et al., 
2014)

Automatic evaluations of the 
tinnitus percept are at the core 
of dysfunctional responses.

Improvements in tinnitus distress 
and disability are achieved through 
altering the negative automatic 
thoughts on the tinnitus meaning 
and controllability. 

Fear Avoidance model 
of tinnitus (Cima, 
Crombez, et al., 2011; 
Kleinstäuber et al., 2013)

Associative learning 
processes and catastrophic 
misinterpretations of the 
tinnitus percept are responsible 
for a downward spiral of 
emotional and behavioural 
reactions. Avoidance plays a 
pivotal role in the development 
and maintenance of distress 
and disability. Opposed to the 
downward spiral, a neutral or 
positive interpretation of the 
tinnitus percept is expected 
elicit a functional response.

Improvements are expected with the 
use of exposure therapy in order to 
facilitate extinction of the learned 
associations between fear and 
tinnitus.

!e Habituation model
"e model speci!es that crucial to Chronic Disabling Tinnitus is the habituation process 
(Hallam et al., 1984), more speci!cally, the failure to habituate to the tinnitus percept. 
Habituation is de!ned as the decrease in responses (e.g. physiological arousal) to a repeated 
or continuous exposure to the stimulus (e.g. tinnitus). "us, habituation may be hindered 
when attention is continuously directed towards the percept due to a#ective learning 
associations.  "e model assumes that tinnitus features (e.g. pitch, intensity) are constant, 
and thus can be classi!ed as a repeated or continuous stimulus. In reality, tinnitus features 
%uctuate (Cederroth et al., 2019) and may be experienced as new stimulus whenever 
changes are perceived, and hence not a repeated or continuous stimulus. 
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1Avoidant behaviours were later incorporated into the model to help explain disability and 
decreased quality of life (e.g. avoidance of environments perceived as too silent or loud; 
Figure 1; Kröner-Herwig et al., 2003). "e model further elaborates on the avoidant 
behaviours as the result of operant learning, which refers to the change in frequency of 
behaviour through positive or negative reinforcement or punishment (Skinner, 1938). 
In the context of the Habituation model, an individual may avoid situations where 
heightened physiological arousal (e.g. fear) is expected or experienced. "e avoidance 
of these experiences (i.e. removal of negative stimulus) provides immediate relief (i.e. 
negative reinforcement). According to the model, reduction of physiological arousal 
before entering such environments is a necessary part in reducing tinnitus distress by 
weakening the negative association (Mckenna, 2004). It should be noted that strategies 
to decrease physiological arousal (e.g. relaxation techniques) may act as an avoidance 
strategy in itself, hindering the habituation process by not challenging the originally 
created association between tinnitus and heightened physiological arousal (i.e. fear).

Figure 1: "e Habituation model

Note: adapted from Kröner-Herwig et al. (2003).
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Neurophysiological model 
Building upon the Habituation model, the Neurophysiological model (Figure 2) further 
assumes that the habituation process is hindered due to an aversive emotional state being 
associated (i.e. conditioned) with the tinnitus percept (Pawel J. Jastrebo# et al., 1988; 
Pawel J. Jastrebo#, 1990). Central to the model is classical (i.e. Pavlovian) conditioning, 
where two previously unrelated stimuli are paired (Pavlov, 1927). More speci!cally, a 
neutral stimulus (Conditioned Stimulus; CS) is paired with a biologically relevant one 
(Unconditioned Stimulus; US) which elicits a response (Unconditioned Response; UR). 
Successful pairing results in responses (Conditioned Response; CR) to the CS in the 
absence of the US. Despite the model’s reliance on classical conditioning paradigms, there 
is a lack of clarity on the model’s proposed associations (Baguley et al., 2013). Moreover, 
the research which provides the theoretical underpinnings is based on animal models and 
thus focused on tinnitus perception generation and limited in the explanation of tinnitus 
disability and distress.

Figure 2: "e Neurophysiological model

Note: adapted from Jastrebo# (2011; p. 579).
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1Nonetheless, treatment based on the Neurophysiological model is aimed at appeasing the 
patients’ emotional reactions through psycho-education while utilizing sound therapy to 
reduce tinnitus perception (Tinnitus Retraining "erapy; Pawel J. Jastrebo# & Hazell, 
2004). "e use of sound therapy relies on the generation of sounds that mask the 
characteristics of the tinnitus percept while psycho-education is used to deconstruct any 
tinnitus-related fears. Limited evidence for the e$cacy of this particular treatment exits 
(Cima et al., 2019). More speci!cally, masking of tinnitus perception may provide short-
term relief, thus avoiding the feared stimulus and working as negative reinforcement. 
Furthermore, distress and disability potentially increase as patients may become 
dependent on sound generation to avoid tinnitus perception (Mckenna & Irwin, 2008).

Cognitive Behavioural model
Contrary to the Neurophysiological model, the Cognitive Behavioural (CB) model of 
tinnitus aims at explaining tinnitus distress through the cognitive process of appraisal 
(Figure 3; McKenna et al., 2014). According to Lazarus (1991) appraisal, can be divided 
into primary – appraisal of the causal attributions (e.g. what causes tinnitus) – and 
secondary – appraisal of controllability (e.g. what can it be done to reduce tinnitus). 
"e dual appraisal model may then explain the negative tinnitus evaluation (e.g. tinnitus 
as a result of irreversible hearing damage), which in turn increases physiological arousal 
leading to active monitoring of and selective attention towards the tinnitus percept. 
Safety behaviours are the direct result of such appraisals. Beliefs that loud environments 
may further increase tinnitus severity may lead to the avoidance of such environments or 
to other coping strategies (e.g. ear plugs).

Consequently, the CB model justi!es treatments that focus on tinnitus appraisal (e.g. 
through CBT) and reducing physiological arousal (e.g. relaxation, mindfulness). Some 
indirect support for the model may be inferred from the e$cacy of treatments, such as 
mindfulness based cognitive therapy (McKenna et al., 2017) in reducing tinnitus related 
distress. However, studies to test the model itself are lacking with only limited evidence 
for the separate components (McKenna et al., 2014).
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Figure 3: "e Cognitive Behavioural model 

Note: adapted from McKenna (2014).

Fear Avoidance model 
As the name suggests, fear – trough catastrophic misinterpretations of tinnitus (e.g. 
indication of brain damage) – is the hinge which pivots patients into a pathological spiral 
instead of a path to recovery (Cima, Crombez, et al., 2011; Kleinstäuber et al., 2013). "e 
role of fear in the development and maintenance of chronic disability has been supported 
in the !eld of chronic pain  (e.g. Meulders, 2020), from where the model originates  
(Lethem et al., 1983; Vlaeyen & Linton, 2000, 2012). Parallels between pain and tinnitus 
have been stipulated for decades (e.g. Møller, 1997). A starting point between similarities 
stems from the observation that the chronic experiences from both !elds are characterized 
by the lack of identi!able source and (further) physical harm (D. De Ridder et al., 2011; 
Møller, 1997, 2007). Furthermore, severity of chronic pain and tinnitus are marked by 
oversensitivity to speci!c stimuli, such as light touch and soft sounds respectively (Møller, 
1997). More interestingly, chronic experiences of pain and tinnitus are not necessarily 
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1associated with distress and decreased quality of life. Fear, attention and avoidance 
contribute to the pathological expression of these experiences. Successful treatment for 
both chronic experiences are similar, relying on Cognitive Behavioural "erapy (CBT) 
with a highlighted role of exposure during treatment (e.g. Fuller et al., 2020; Vlaeyen et 
al., 2012). "e model is further elaborated on in the next. 

From fear to freedom
Or in the night, imagining some fear,  
How easy is a bush supposed a bear! – Shakespeare (1605, 5.1.1)

"e FA model postulates that the pathological cycle is triggered through negative 
misinterpretations of tinnitus. As in the name of the model, fear is thought to play a 
pivotal role in the development of Chronic Disabling Tinnitus. Tinnitus-related fear, 
increased attention and relentless monitoring follow. "e result is defensive mechanisms, 
such as the avoidance of stimuli that are deemed threatening, which in turn increases 
disability, distress, and decreased quality of life (Figure 4). Avoidance (i.e. an adaptive 
behavioural response to fear; Watson & Rayner, 1920), also highlighted in previous 
models, takes a fundamental role in the development of disability as individuals may 
avoid common situations in daily life. Environments perceived to have higher levels of 
sound (e.g. restaurants, bars, social gatherings, movie theatres) are avoided due to the 
perceived threat of potential tinnitus worsening. On the other hand, moments in which 
the tinnitus perception may be more salient due to silence (e.g. evening and night times), 
are also avoided and maladaptive strategies may be employed (e.g. masking of the tinnitus 
percept), a#ecting not only the one who perceives tinnitus, but those close to them (Hall 
et al., 2018).

Alternatively, tinnitus may be perceived as a relatively harmless experience. In this case, no 
detrimental cycle is initiated, and the individual may continue with a normal, unaltered 
daily life. "e crucial moment of tinnitus experience in which the path to recovery 
or pathological cycle diverge is postulated to be dependent on the learned association 
between tinnitus and fear. 
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Figure 4: Fear Avoidance model (replicated from Cima et al., 2018)

Fear is an emotional response resulting from the perception of threat to health or safety. 
Fear serves as an adaptive response by motivating animals to avoid harm. Examples are 
easily observed from mice to men: fear of heights, predators, or the dark. While some fears 
may be innate (e.g. fear of snakes), others may be learned (e.g. fear of %ying). Learned fear 
holds evolutionary bene!ts as a harmful experience (e.g. pain resulting from a snake bite), 
produces anticipatory defensive behaviours (e.g. avoiding snakes). Some events may not be 
learned fast enough from a !rst-hand experience (e.g. a poisonous snake bite may end one’s 
life). As such, indirect learning without undergoing the experience (e.g. through observation 
or verbal communication) provides an added bene!t in the evolutionary process. 

"e process of creating (or re-creating) associations through observation (i.e. social 
learning; Bandura et al., 1967) adds yet another layer to the process of fear acquisition. 
Overall, humans may acquire fear from a variety of sources, such as personal experiences 
(i.e. classical or operant conditioning), observation and verbal instructions derived from 
cultural norms. Beliefs (e.g. tinnitus may signal a brain tumour vs. tinnitus as benign) 
can then be passed on and may become ingrained in a population. Such a rich learning 
environment and innate capacity to learn fear occasionally leads to maladaptive fear 
responses to unharmful and unthreatening events or experiences (e.g. fear of %ying). 
Sustained maladaptive fear associations and responses may lead to the development of 
pathological cycles that reverberate through one’s life (as illustrated in the FA model).



General introduction

15   

1Biologically salient negative experiences, such as pain, are powerful motivators to seek 
safety and trigger avoidance behaviours. More speci!cally, pain may quickly create 
fear of stimuli which then are avoided due to potential harm. Pain is a naturally feared 
stimulus, and biologically imperative in the evolutionary process. "e universality of 
pain led to comprehensive development of associate learning paradigms which robustly 
support the FA model. While the evidence on the relationship between fear and pain is 
rich in the !eld of chronic pain (e.g. Vlaeyen & Crombez, 2020), the development of 
fundamental research to support the FA model in the tinnitus !eld is in its infancy. "us, 
the fundamental research of the FA model was based on fear of pain. Currently there is 
no evidence that tinnitus is as naturally as feared as pain, hampering the adaptation of 
the FA model. "e origins of Chronic Disabling Tinnitus fear are not yet clear, though it 
has been suggested by the di#erent models to rely on learned associations processes (i.e. 
classical conditioning, operant conditioning, social learning).

As in the Neurophysiological model, classical conditioning is postulated to be one integral 
mechanism in the development of Chronic Disabling Tinnitus. More speci!cally, fear 
conditioning, which relies on the pairing between a neutral (CS) and a biologically salient 
(US) stimulus which elicits a fear response (UR). A powerful US elicits an innate UR. In a 
successful association, the contingent pairings of CS and US will result in a motivational 
change of the CS, which activates the representation of the US, and hence starts eliciting 
an anticipatory conditioned response (CR) in the absence of the US. An example 
may be drawn from the !eld of chronic pain where a normally innocuous movement 
(proprioceptive CS; e.g. bending over) has occurred with a pain (US), leading to fear 
of the bending over. "is type of conditioning can be and is reliability re-created in lab 
setting with healthy participants, where fear of movement is established, and avoidance 
of the movement is measured (for a review on fear conditioning in the context of pain see 
Meulders, 2020). Moreover, the experience of the feared CS (e.g. bending over) without 
the expected negative outcome (e.g. pain), provides the opportunity for the formation of 
new CS – no-pain-US associations, thereby challenging dysfunctional expectations and 
weakening the previously made association (i.e. extinction). 

An unanswered question is whether we can simply substitute tinnitus for pain and 
establish learned fear of tinnitus sounds in a similar way.  Currently, paradigms in 
tinnitus experimental studies are limited to animal models (e.g. Brozoski et al., 2012; 
Pawel J. Jastrebo# et al., 1988). Animal studies have supported the correlations between 
hearing damage (i.e. loss of outer hair functioning) and tinnitus, as it may trigger 



Chapter 1  

16

related hyperactivity (i.e. in the dorsal cochlear nucleus; Kaltenbach et al., 2002). Such 
paradigms, however, are severely limited in the understanding of tinnitus distress and 
disability. Moreover, even establishing that animals have acquired tinnitus perception is 
challenging and restricted by behaviour experiments. "e clear role of tinnitus in classical 
conditioning models (e.g. US, CR) remains unclear and it is not known if the experience 
of tinnitus is as naturally feared as pain (and thus a possible US). Furthermore, the creation 
of tinnitus in humans within lab conditions remains a challenge as it is not known if the 
experience of a constant and even loud tone may lead to reliable fear conditioning. 

Treating tinnitus
Currently, a common cure for tinnitus perception does not exist, and since tinnitus does 
not automatically translate into su#ering (as the majority of individuals with chronic 
tinnitus do not su#er from Chronic Disabling Tinnitus), a cure, albeit desirable, may not 
be necessary. However, Cognitive Behaviour "erapy (CBT) is highly recommended for 
the treatment of tinnitus (Cima et al., 2019), with a recent Cochrane review reporting 
potential bene!ts of CBT on reducing the negative impact of tinnitus on quality of life 
(Fuller et al., 2020). 

With a long tradition, CBT aims at the complex relationship between behaviour, 
cognition and emotion (Beck, 1979; Ellis & Grieger, 1977). CBT is an umbrella term that 
includes therapeutic approaches stemming from both behaviour, and cognitive therapies. 
Learned associations are challenged through behavioural techniques (e.g. exposure), while 
cognitive techniques modify the relationship between thought (e.g. catastrophizing) and 
emotion (e.g. fear). By combining cognitive and behavioural methods, CBT encompasses 
various psychological intervention techniques that, in the case of tinnitus, are aimed at 
reducing the impact of tinnitus rather than altering tinnitus features (i.e. loudness). 
Altering cognitions and responses by targeting di#erent steps of the pathological cycle 
(i.e. catastrophizing, fear, avoidance) can be achieved through the delivery of di#erent 
techniques (e.g. psychoeducation, exposure) making CBT a %exible and adaptive 
treatment option. "e variety in techniques allows for tailored treatment approaches, 
resulting in unique combinations of techniques in function of the patient, therapist and 
setting di#erences. On the other hand, increased variability decreases replicability in 
research and treatment, with CBT treatment protocols potentially di#ering signi!cantly. 
"us, the role that each potential variation within treatment delivery (e.g. techniques, 
setting, length) plays is yet to be fully understood. 
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1From bench to bedside to bench
Given the current state of tinnitus research and treatment we have identi!ed three points 
of interest to further develop the !eld. "ey fall within the topics of (1) testing of a 
tinnitus fear conditioning paradigm in humans; (2) improving tinnitus assessment; and 
(3) the investigation of CBT components in order to better understand what works best 
form whom. We will subsequently expand on each point and draw the objectives of this 
dissertation.

1. Developing a tinnitus fear conditioning paradigm for human participants
In order to develop a comprehensive understanding of tinnitus development, maintenance 
and treatment, the systematic investigation of the role of tinnitus-related fear seems 
promising. Fundamental knowledge on the underlying learning mechanisms of tinnitus-
related fear is still in its infancy. "e main obstacle when adapting the FA model from 
pain to tinnitus is that the stimuli (pain and tinnitus) may translate di#erently into 
fundamental paradigms. Pain is considered a naturally aversive and negative experience 
whereas the experience of tinnitus may not as easily or universally trigger immediate 
alarm as pain might. Pain, when considered a representation of a serious (i.e. threatening) 
bodily harm (e.g. nerve damage), may act as a US, therefore creating a functional CS – 
US association. "e implication for tinnitus research is that tinnitus itself may not be 
perceived as threatening nor used to consistently trigger an aversive response (US). Like 
pain, tinnitus threat must be associated with a perception of serious (potential) harm (e.g. 
damaged hearing, brain tumour). "erefore, a fear learning paradigm for tinnitus may 
be adapted as follows: tinnitus, conceptualized as a perception of a neutral sound (CS), 
acquires fear responses (CR) experienced due its association with an aversive (threatening) 
event (US). In other words, a neutral sound becomes a signal for a threat to well-being. 

Considering fear associations in tinnitus research, an ecologically relevant US is necessary. 
Due to (1) the report of reduced sound tolerance on those su#ering from Chronic 
Disabling Tinnitus (Baguley, 2003), (2) the avoidance of loud sounds due to the fear 
of triggering or worsening tinnitus perception (Kleinstäuber et al., 2013), and (3) the 
common reporting of tinnitus after experiencing of loud sounds (Gilles et al., 2013), 
loud sounds may be considered threatening (e.g. causing hearing damage and increased 
tinnitus) and thus provide a viable US. Consequently, a potentially replicable fear learning 
paradigm may be achieved in the tinnitus !eld. 
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Objective:

Adapt/create an associative learning model for the !eld of tinnitus in order to establish a 
replicable fear learning paradigm with healthy human participants.

2. (Re)Assessing tinnitus
Assessing tinnitus has proven a challenge, with audiological measures of tinnitus pitch, 
type, or intensity not translating into tinnitus distress (Andersson, 2003; Figueiredo et 
al., 2010; Henry, 2016; Rabau et al., 2015). Such measures do not provide insight into 
the toll that Chronic Disabling Tinnitus may take on one’s life (e.g. social isolation, 
annoyance, fear). Instead, patient self-report must not be seen as the next best thing, 
but the most adequate assessment of Chronic Disabling Tinnitus. In other words, it is 
not speci!c tinnitus features that de!ne the pathology but the entirety of the tinnitus 
experience, following a patient centered, rather than disease centered, approach to research 
and treatment. 

Research in the !eld of chronic pain, in which a lack of direct measure has also been 
debated, has produced substantial arguments for the use of self-report tools as a valid 
technique for pain assessment (Robinson et al., 2013). We are then left with properly 
providing the patient with an accurate method to measure each individual’s unique 
tinnitus experience. Hence the use of standardized self-report questionnaires to 
operationalize tinnitus. Many have been developed and improved upon, such as the 
Tinnitus Questionnaire (TQ; Hallam et al., 1988), Tinnitus Functional Inventory (TFI; 
Meikle et al., 2012) the Tinnitus Handicap Inventory (THI; Newman et al., 1996, 1998) 
and the Tinnitus Disability Index (TDI; Cima, Vlaeyen, et al., 2011). Independently 
from each conceptualization and objective, these tools are susceptible to the same issues 
of commonly used self-report questionnaires: recall bias, reading di$culty, and current 
psychological state. 

Novel methodological approaches, namely Ecological Momentary Assessments (EMA) 
and End-of-Day Diaries (EDD), increase ecological validity and reduce the in%uence 
of recall bias by: (1) shortening the time between experience and assessment and (2) 
eliminating the arti!cial settings of self-report assessments (e.g. hospitals, laboratories, 
clinics). While EDD relies on once-a-day administration of questionnaires, EMA aims 
to reach information that is still in working memory by prompting participants with 
short and simple questions during their daily life. Previously, such methodologies were 
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1implemented at painstakingly e#orts and costs, but the development of a#ordable 
technology to a wider population (i.e. smartphones) made these methodologies more 
accessible for researchers and clinicians alike, providing an increasingly used alternative 
in the tinnitus !eld (e.g. Gerull et al., 2019; Goldberg et al., 2017; Schlee et al., 2016; 
Timmer et al., 2018).

EMA is an attractive tool in investigating tinnitus, with the added bene!t to understand 
%uctuations during the day and further decreasing the risk of recall bias when compared 
to EDD. "ese potential bene!ts come at a cost since it relies on participants to remain 
in possession of their smartphone at all times. Participants must allow themselves to be 
interrupted in the midst of activities and research on the detrimental value of increased 
screen time is not lacking. Higher levels of stress, anxiety, depression (Elhai et al., 2017; 
Vahedi & Saiphoo, 2018) and lower wellbeing (Horwood & Anglim, 2019) have been 
associated with smartphone use. Furthermore, simply answering to an EMA prompt may 
elicit a cascade of events when reminders of unanswered emails, messages or tasks are 
readily available and highlighted by smartphones. Beyond that, increased awareness to 
negative experiences (i.e. tinnitus for patients su#ering from Chronic Disabling Tinnitus) 
has been thought to negatively impact well-being as well. Conversely, EDD’s minimize the 
burden of screen time while also potentially sacri!cing recall bias and ecological validity 
when compared to EMA (Schneider & Stone, 2016). EDD’s have been an established 
methodology for decades (e.g. Verbrugge, 1980), though its use in tinnitus research is 
scarce and a direct comparison between the tools in the !eld of tinnitus is lacking.

"e development of technology and increased availability of smartphones has made novel 
assessment methods (EDD and EMA) viable alternatives to questionnaire and interview 
methods of measuring tinnitus. Nevertheless, these methodologies are yet to be fully 
tested within the !eld of tinnitus and must be better understood before being applied to 
wider use. We identi!ed two main areas of focus in regard to this area. First, following 
one of the main principals of healthcare – Primum non nocere ("rst, do no harm) – we seek 
to explore the possible negative e#ects that EMA may have on well-being and tinnitus 
experience by !lling the gap of previous studies on the matter. Second, we seek to compare 
EMA and EDD methodologies in the hope of making a substantiated recommendation 
for the use of either methodology.
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Objectives:

Investigate whether EMA negatively a#ects tinnitus experience.
&

Investigate whether EMA provides a more accurate measure of tinnitus experience when 
compared to diary assessments.

3. CBT for tinnitus: what works for whom?
Finding a cure for tinnitus has challenged the !eld, with a lack of consensus on tinnitus 
de!nition, treatment and resource allocation (McFerran et al., 2019). Despite lack 
of consensus, the literature has repeatedly shown that, even without a common cure, 
meaningful improvement in tinnitus distress and quality of life can be achieved through 
the use of CBT (Fuller et al., 2020). In tinnitus, CBT aims at breaking, altering or 
recreating learned associations between tinnitus and maladaptive responses (e.g. 
avoidance) as well as identifying and modifying cognitive interpretations in the tinnitus 
experience (e.g. fear). 

"e variety of CBT techniques and combinations is an issue that does not only pertain 
to the tinnitus !eld. In an attempt to increase reproducibility of interventions, Michie 
et al. (2013) established a taxonomy that expands to 93 possible behavioural change 
techniques. Even with such detailed framework, authors of the recent Cochrane review 
(Fuller et al., 2020) point to the lack of availability of detailed protocols used in CBT 
interventions. Furthermore, mode of delivery (e.g. face-to-face, videocall), length and 
frequency of sessions, setting (e.g. hospital, clinic), delivery agent (e.g. therapist, chat-
robot) and unit of delivery (i.e. group or individual) create an in!nite number of possible 
CBT protocols that preclude the consideration of equivalent treatment.  "us, whereas 
CBT has been shown to be an added value in tinnitus treatment, lack of replicable 
protocols hinders the capacity for research to understand what works best and for whom, 
preventing more tailored approaches to be designed.

Tailoring of treatments can be accomplished in di#erent degrees, such as the stepped care 
in the CBT approach used by Cima et al. (2012), which delivers care as needed (by steps) 
according to severity (increasing in treatment complexity). More tailored approaches 
can be reached through strati!cation or matching (Linton et al., 2018). Strati!cation, 
di#erent from stepped care, classi!es patients according to severity levels from the !rst 
visit. "is approach curbs the assumption made by stepped care, in which most patients 
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1will recover with little to no treatment (i.e. !ltering out the less severe cases at each step). 
Further tailoring can be achieved through matched care. Expanding on the severity-based 
strati!cation, matched care includes individual risk factors which are then the focus of 
treatment. 

It must be clari!ed that tailored treatment does not necessarily translate to individual 
treatment. Individual treatment simply refers to receiving a treatment in an individual 
setting (i.e. alone). "erefore, an individual treatment is not, by de!nition, tailored and 
vice versa, with tailored treatment sometimes being delivered in group settings. Beyond 
potentially reducing the costs of treatment delivery, group treatment may allow for social 
learning processes to be used as a powerful agent of change, particularly within CBT. 
Group-based CBT has the added bene!t of changing behaviour, cognitions and emotions 
through increased availability of social learning cues (Bandura et al., 1967). "ese cues, 
such as observing another patient being exposed to the feared stimulus (e.g. loud noise, 
tinnitus) without the expected negative outcome (e.g. anxiety, loss of control) challenges 
previously learned pathological associations. Moreover, observing someone else expose 
themselves to a feared stimulus (i.e. vicarious extinction of fear; Rachman, 1977) may 
lead to superior fear reduction when compared to the standard extinction of undergoing 
the experience themselves (Golkar et al., 2013, 2016). Hence, beyond the behaviour 
and cognitive techniques employed in CBT, the additional layer of yet another learning 
mechanism, may prove bene!cial.

Group-based CBT has had some positive results in the tinnitus literature (e.g. Cima et al., 
2012), but it is not yet known if the group-based treatment is a contributing part of CBT 
for tinnitus or for whom it may be more bene!cial. Group and individual CBT methods 
applied to tinnitus were previously compared by Fuller et al. (2020) in the context of a 
meta-analysis. Both individual and group-based CBT were more e#ective than wait list 
control or “active comparison” conditions and no di#erence between individual or group-
based treatment was found. "ese comparisons were made on the results from separate 
studies, using either individual or group-based CBT and no study has compared one 
speci!c treatment protocol under each condition.  

Objective:

Contrast and compare individual to group-based CBT in the treatment of tinnitus
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Summary
With a brief account of the current state of the tinnitus !eld we have identi!ed three areas 
of interest in which a novel contribution to the !eld would more likely result in direct 
progress in tinnitus research and treatment. From each area of interest speci!c objectives 
were derived as follows:

"e !rst objective of the current work relies on the adaptation/creation of an associative 
learning model for the !eld of tinnitus in order to establish a replicable fear learning 
paradigm with healthy human participants (Chapter 2). 

Two objectives were drawn from the area of tinnitus assessment. "ey were to (1) 
investigate whether EMA negatively a#ects tinnitus experience and to (2) investigate 
whether EMA provides a more accurate measure of tinnitus experience when compared 
to EDD assessments. "ese objectives are respectively re%ected in the studies reported on 
Chapters 3 and 4 of the current PhD dissertation.

In the area of tinnitus treatment, the current CBT approach and desire to tailor treatment 
inspired the investigation of contrasting and comparing individual to group-based CBT 
for tinnitus (Chapter 5).

With the results reported in each study, Chapter 6 o#ers a synthesis and general discussion 
on the overall !ndings of the current body of work. Future research perspectives are 
drawn and a statement on the impact of this dissertation is made.
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Abstract
Introduction Fear associations to a previously neutral sound may explain Chronic tinnitus 
experience. Replicable fundamental research of the associative learning models at the core 
of development of chronic tinnitus is yet to be created for human participants. "is 
study aims at introducing a novel tinnitus relevant di#erential conditioning paradigm 
with healthy participants. Method Two acoustically equivalent probes presented for 5s 
at 50 dB were presented to participants where one probe predicted a second aversive 
acoustic probe at 98 dB for 1s. Expectancy ratings, heart rate acceleration and Skin 
Conductance Response (SCR) were collected from 62 participants (82% females, Mage 
= 20.65). Audiological measures, Acoustic Stapedial Re%ex "resholds (ASRT) and 
Loudness Discomfort Levels (LDL) changes were explored within the paradigm. Results 
Expectancy ratings indicated di#erential fear acquisition and indiscriminate extinction 
and reinstatement to the two acoustic probes. Heart rate acceleration and SCR measures 
did not converge with expectancy ratings. LDL increased during the experiment while 
ASRT remained unchanged or decreased. Conclusion Support for the role of fear in the 
development and maintenance of tinnitus is found. "e paradigm sets the foundations 
for future research on the underlying mechanisms of chronic tinnitus to be investigated 
within healthy human participants.
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1. Introduction
Tinnitus, the perception of sound (e.g. ringing, hissing) without corresponding acoustic 
source, a#ects between 11.9-30.3% of individuals (McCormack et al., 2016). Despite 
being a relative common and harmless experience, 1-6% of individuals su#er from 
it (Davis and Refaie, 2000; Gallus et al., 2015; Kim et al., 2015), with a number of 
physical (e.g. sleep di$culties) and psychological (e.g. fear, distress) complaints (Hall et 
al., 2018). Characterizations of tinnitus (e.g. loudness, lateralization, chronicity, somatic 
modulation) have failed to explain tinnitus distress and disability (e.g. Ward et al., 2015). 
An explanation for the development and maintenance of chronic tinnitus may be found 
in the Fear Avoidance (FA) model of tinnitus (Figure 1; Cima et al., 2011; Kleinstäuber 
et al., 2013) – adapted from pain (Lethem et al., 1983; Vlaeyen and Linton, 2012, 2000). 
While there are other perspectives, such as the Habituation model (Hallam et al., 1984), 
Neurophysiological model (Jastrebo#, 1990; Jastrebo# et al., 1988), and Cognitive 
Behaviour model (McKenna et al., 2014), it is FA model that holds the biggest promise 
by being robustly supported in parallel !elds (i.e. chronic pain). Vital to the FA model 
is the role of speci!c tinnitus-related fear, as opposed to audiologic characteristics, in 
triggering the dysfunctional cycle. "e model further predicts that those who do not 
hold catastrophic (mis)interpretations of the tinnitus percept and associated fear more 
easily recover. "us, the onset of chronic disabling tinnitus may lie in the development of 
learned fear responses to the tinnitus percept (i.e. fear conditioning).

Figure 1: Fear Avoidance model (replicated from Cima et al., 2018)
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Associative learning, speci!cally fear conditioning, a particular type of classical (Pavlovian) 
conditioning, relies on the contingent pairing of a neutral (conditioned stimulus = CS), 
like a bell, and a biologically salient (unconditioned = US) stimulus, like shock or pain, 
which elicits a fear response (unconditioned response UR). After repeated pairings, the 
CS in itself will elicit fear responses (conditioned response = CR). In other words, it is 
learned that if the CS occurs, the US will or might follow, and fear responses ensue, even 
in the absence of the US. In the case of chronic pain for example, a normally innocuous 
movement (CS) (e.g. bending over), has co-occurred with a painful event (US). "e 
individual learns that bending signals pain and fear for this movement (CR) ensues, even 
in the absence of such intense pain. Such a direct translation between CS, CR and US, to 
movement, fear and pain, has made a fear conditioning paradigm a particularly fruitful 
tool in the !eld of chronic pain research, which helped in providing robust foundations 
for the FA model (for a review on fear conditioning in the context of pain see Meulders, 
2020). Moreover, the tenets of Cognitive Behavioural "erapy (CBT) can be investigated 
in fear learning paradigms. Exposure techniques, for example, are commonly used in 
CBT to diminish fear responses and entail the experience of the feared stimulus (e.g. bell) 
without the expected negative outcome (e.g. pain). "is can be replicated in fear learning 
paradigms through extinction phases, where the CS+ is repeatedly presented without the 
US, challenging the previously learned association. Furthermore, a single presentation of 
the US without CS after extinction adds another layer to test for the strength of the fear 
association made during acquisition. 

Considering hypothesized parallels between chronic pain and chronic tinnitus disability 
(e.g. Cima et al., 2011; Kleinstäuber et al., 2013), an associative learning paradigm for 
tinnitus might be adapted as follows: tinnitus, conceptualized as a perception of a neutral 
sound (CS), acquires fear responses (UR) experienced due its association with an aversive 
event (US). In translating fear associations to tinnitus research, a biologically relevant 
US is necessary. "e choice of a loud sound as an US can be based on three reasons: (1) 
the overlap of hyperacusis (i.e. reduced sound tolerance) and chronic tinnitus (Baguley, 
2003), (2) the avoidance of loud sounds due to perceived triggering or worsening of 
tinnitus (Kleinstäuber et al., 2013), and (3) the perception of tinnitus after the experience 
of loud sounds (Gilles et al., 2013). "e focus of this study is to test such a novel fear-
learning paradigm.

"e investigation of associative learning models (i.e. fear conditioning) often employ 
di#erential conditioning paradigms  (for a review on methodological considerations 
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for fear conditioning paradigms see Lonsdorf et al., 2017). "ese paradigms employ a 
stimulus that is paired with a US (the CS+) and a stimulus which is not (the CS-), such 
that only the CS+ signals the occurrence of the US. Conditioned fear is then measured 
by the di#erences between responses elicited by CS+ and CS-, removing the need for a 
control group and controlling for inter-individual di#erences. Assessments of fear are 
achieved through self-reported expectancy ratings (i.e. expectancy of US after CS+/-) 
and/or physiological responses (i.e. fear potentiated startle, heart-rate acceleration, 
skin conductance response). While expectancy ratings are often used and regarded as 
an accurate measure of fear (Boddez et al., 2013), self-report biases and contingency 
awareness may in%uence responses. Physiological responses are resistant to self-report 
bias. Skin Conductance Response (SCR) and Heart Rate (HR) acceleration are capable 
of measuring the di#erence between CS+ and CS- in fear conditioning paradigms. 
Nevertheless, SCR and HR acceleration measurements may not converge as they 
re%ect di#erent dimensions of fear (e.g. expectancy and a#ective components). Finally, 
Fear Potentiated Startles (FPS), defensive re%exes that may be probed through sudden 
sensory input, may increase during threatening circumstances (e.g. Aslaksen et al., 2016) 
providing yet another complementary measure of fear.

In the current study, we hypothesize that after repeated presentation of a neutral sound 
(CS+) followed with a short delay by the same sound at higher intensity (US), the CS+ 
will elicit fear responses (as measure by self-reported expectancy ratings and physiological 
responses) in healthy participants even in absence of the US. A di#erent auditory stimulus 
that is not paired with the US (CS-) will not elicit these fear responses. At a second phase we 
expect a reduction (i.e. extinction) of fear, that is, a decreased fear di#erentiation between 
CS+ and CS-, after repeated presentation of CS- and CS+ without US. Reinstatement 
of fear is tested by one single presentation of US after extinction followed by repeated 
presentations of both CS+ and CS-, for which we expect an increased di#erence in fear, 
which is to diminish over time. Furthermore, FPS in the form of Acoustic Stapedial 
Re%ex "resholds (ASRT) are explored within the paradigm as well as changes in sound 
tolerance. 

2. Method
2.1. Participants
Participants were recruited through advertisement %yers and posters placed in the 
university buildings of KU Leuven, as well as online (e.g. social media). Healthy adult 
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volunteers (between 18-55 years old) were eligible to participate if they reported (1) 
absence of signi!cant hearing loss measured by pure tone audiometry, (2) absence of acute 
or chronic tinnitus as de!ned by the perception of sound(s) in your head or ears (such 
as ringing or buzzing) in the absence of any corresponding external source, (3) absence 
of a cardiovascular disease, mental/or neurological disorder, (4) not being asked by their 
doctor to avoid stressful situations, and (5) being pro!cient in the English language. 
Written informed consent was obtained prior to the start of the study and compensation 
was either course credit or !ve euros (to be chosen by the participant). "e study was 
approved by the KU Leuven’s Social and Societal Ethics Committee (SMEC; G-2019 
07 1693), and the hypotheses and main analysis were pre-registered (https://aspredicted.
org/8fp3y.pdf ).

2.2. Hearing thresholds
Formal audiometry with hearing thresholds and audiogram were conducted for both ears. 
A pure tone average (PTA) was calculated at 500, 1000, 2000, 4000, and 8000 Hz for 
each ear. Participants were excluded if the PTA in one or both ears exceeded 20 dB HL. 
A more sensitive averaged PTA of higher frequencies (1000, 2000 and 4000; PTAhigh) was 
further calculated if normal hearing thresholds were established by all participants.

2.3. Sound tolerance 
Sound tolerance was measured through Loudness Discomfort Level (LDL) test. "e test 
utilizes the presentation of a 1 s white noise at 40 dB with stepped increases of 5 dB until 
participant indicated to stop or maximal level was reached (never exceeding 100 dB) for 
each ear. LDL was measured for 125, 250, 500, 1000, 4000, 6000 and 8000 Hz.

2.4. Expectancy measures
Expectancy ratings were recorded on a Visual Analog Scale (VAS), with anchors set at 
0, 50 and 100%. "e question – “How much do you expect a loud sound to follow?” – was 
presented during each CS.

2.5. Physiological fear measures
Skin Conductance Response (SCR) was measured continuously at 1000 Hz. Based on 
Sjouwerman & Lonsdorf (2018), skin conductance data was resampled to 100 Hz o&ine. 
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SCR was scored trough-to-peak in a response window of 1-5 s after stimulus onset. 
Responses smaller than 0.02 µS are scored as an amplitude of 0 µS. Log transformations 
of SCR were performed when distributions violated normality assumptions of the 
statistical analyses. Based on recommendations of Lonsdorf et al. (2019), non-responders 
were de!ned as those who held a response of 0 for at least three out of the !ve US during 
the acquisition phase.

Heart Rate (HR) responses were captured by assessing the interpolated HR in the !rst 
5 s after CS onset and segmenting that signal into 0.5 s epochs. HR acceleration was 
measured by subtracting the mean HR of the second prior to CS onset from every 0.5 s 
epoch (if data for the second prior to CS was missing, the !rst available epoch was used 
instead). To assess the conditioned preparation for defensive action, we measured the 
maximum HR acceleration within a time window of 1-5  s after CS onset (Burger et al., 
2016; Van Diest et al., 2009).

Fear potentiated startles were adapted to the paradigm by exploring Acoustic Stapedial 
Re%ex "reshold (ASRT). While eye-blink startles have been previously used, an 
acoustically speci!c re%ex response would raise ecological validity of the paradigm. 
Located in the middle ear, the stapedius muscle contraction may be triggered by loud 
noises, making it an objectively measurable re%ex that may further clarify the role of fear 
in auditory perceptions. ASRT, was measured with 1 s pure tone (contralateral) and 1s 
pulsed tone (ipsilateral) of 1000 Hz. Stimulus level was increased by 5 dB from 80 dB 
with a 2 s break between probes (never exceeding 100 dB). Once the ASRT was exceeded 
(deviation of 0,02 ml), the stimulus level presentation was repeated and then recorded. To 
our knowledge, the ASRT are yet to be utilized in the context of fear learning. As such, 
ASRT responsiveness is explored in the current study.

2.6. Procedure
Audiometry, LDL and ASRT measurements were recorded at baseline (T0), after 
acquisition (T1) and at the end of the experiment (T2) in a di#erent audiometric 
soundproof room from the experimental paradigm set-up (Figure 2). 
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Figure 2: Sequence of events in the experimental design. Audiometry, Loudness Discomfort Levels 
(LDL) and Acoustic Stapedial Re%ex "resholds (ASRT) performed at a separate room from the 
experimental set-up.  

Two acoustically equivalent probes served as conditioned stimuli (CS). "e probes were 
a warble (4 kHz, modulated by 100 Hz, moderation frequency of 20 Hz) and a pure (4 
kHz) tone counterbalanced as CS+ and CS-. Both CS+ and CS- were presented for 5 s at 
50 dB. "e US was an acoustic probe equal to the CS+ however presented at almost twice 
the intensity (98 dB) for 1 s. A black screen with a !xation cross was presented for each 
8 s intertrial interval (ITI).

Acquisition relied on a delayed di#erential conditioned paradigm of 20 trials. Ten CS+ 
and CS- were counterbalanced and delivered at a pseudo-random sequence (i.e. never 
exceeding two successive presentations). A 100% reinforcement schedule was used where 
the US immediately followed CS+. Extinction comprised ten trials of CS+ and CS- at 
a pseudo-random order without US. Reinstatement was tested through a single non-
contingent presentation of the US (8 s after the last CS of the extinction phase and before 
the !rst CS of the reinstatement phase) and followed by another ten trials of CS+ and 
CS- at a pseudo-random delivery order.

2.7. Apparatus
Acoustic stimuli were presented via an external soundcard (Fireface UCX; RME, 
Haimhausen, Germany), connected to DD45 transducers embedded in Peltor caps. "e 
set-up was calibrated with a Brüel & Kjaer Sound (Nærum, Denmark) level meter 2260 
and a Brüel & Kjaer arti!cial ear 4153 using the %at plate (mono calibration of right 
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side). Due to binaural summation, stimuli were calibrated at 3 dB lower. CS stimuli 
were calculated from 80 dB. In order to correct for environmental low band noise in the 
echoic room, “A peaks” (dB A) were averaged from original sounds (Warble = 46.6 dB A 
equivalent average; Pure = 47.3 dB A equivalent average). US stimuli were calibrated to 
approximately 95dB A peak (Warble = 94.6 dB A peak; Pure = 94.7 dB A peak). 

Formal audiometry and Loudness Discomfort Level (LDL) tests were carried-out 
through the Audiometer Madson Astera by Otometrics (Natus Medical Incorporated, 
California, USA) type 1066 with TDH-39 headphones. ASRT tests utilized the Madsen 
Zodiac Diagnostic & Clinical Stand-Alone by Otometrics (Natus Medical Incorporated, 
California, USA) type 1096 SA, TDH-39P headphones (Telephonics, New York, USA) 
and diagnostic probe (with shoulder strap).

SCR was recorded with a Coulbourn Instruments Isolated Skin Conductance Coupler S71-
23 (Coulbourn Instruments, Pennsylvania, USA), through isotonic disposable electrodes 
(EL507; Biopac Systems Inc., California, USA) connected at the hypothenar eminence of 
the non-dominant hand. HR responses were recorded through gelled disposable electrodes 
(Kendall H66LG; Covidien, Dublin, Ireland) attached to the chest in a triangle, with one 
underneath each collarbone and one under the participants lowermost left rib. "e signal 
was recorded at 1000 Hz, using the Isolated Bioampli!er Model V75-04 (Coulbourn 
Instruments, Pennsylvania, USA) with a band pass !lter of 1000 Hz. 

Randomization and data acquisition were controlled by custom‐made stimulus 
presentation software A#ect5 (Spruyt et al., 2010) through a Microsoft Windows 10 
based PC (Intel® Core™ i7; 8GB ram; Radeon RT250) connected to a Dell P2014H 20” 
WXGA++ monitor.

2.8. Analysis
"ree main hypotheses are tested in this study: during acquisition we (1) hypothesize that 
after repeated presentation of CS+ followed by the US, the CS+ will elicit fear responses (as 
measured by expectancy ratings, SCR, and HR) while the CS-, never paired with the US, 
will not elicit these fear responses; (2) extinction of fear responses to the CS+ are expected 
after repeated presentation of CS- and CS+ but this time without the presentation of the US; 
and (3) reinstatement of fear is expected after a single presentation of US after extinction.

First, visual inspection of raw physiological data was used in order to exclude artefacts 
and carried out through PhysioData Toolbox software (Sjak-Shie, 2017) running on 
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MATLAB Release 2016a ("e MathWorks, Inc., Natick, MA, USA). Next, multilevel 
mixed model analyses were used to assess each hypothesis by testing whether the 
conditioning procedure resulted in successful di#erential fear- and extinction learning 
as measured by expectancy ratings, SCR and HR responses. All multilevel mixed models 
were created using maximum likelihood modeling. Intercepts were allowed to vary 
randomly across participants. Random slopes were added in a second step to see whether 
this improves model !t. An AR1 variance-covariance matrix was added to see whether 
this improves model !t. "e independent variable Trial, signifying trial number within 
each session, was group mean centered. CS type was dummy-coded, using CS- trials 
as the reference category. To account for possible non-linear learning rates, linear and 
loglinear time curves were !tted to all models and either of these variables were removed 
if this resulted in a better model !t according to BIC estimates. Alterations to the basic 
model (e.g. random slopes, loglinear time curve, AR1 matrix) are stated in the analysis 
when it resulted in an improved model. 

Potential changes in ASRT responsiveness and sound tolerance levels (as measured by the 
LDL) were analysed through multilevel modeling in order to explore changes in LDL and 
ASRT over time (i.e. T0, T1 and T2). All analyzes were conducted through SPSS 26.0.

3. Results 
Sixty-two participants (51 females and 11 males; Mage = 20.65) aged between 18 and 25 
years participated in the study (Table 1). All participants showed normal hearing thresholds 
(PTAhigh). Inspection of expectancy ratings revealed that 19 participants recorded higher 
US expectations for CS- than CS+ on the !nal trial (non-learners). Eight participants’ 
SCR recordings were eliminated from analysis due to excessive artefacts (4 in the warble 
as CS+ condition and 4 in the pure tone as CS+ condition. As a result of a programming 
error, no physiological data was recorded during sections of the last two CS- trials of 9 
participant and the last CS+ trial of 11 participants during the reinstatement phase. 

Table 1: Summary of demographic characteristics, State Trait, Skin Conductance Response (SCR) 
non-responders, and Pure Tone Average of high frequencies (PTAhigh) for all participants per group.

CS+ tone type
Warble (n = 30) Pure (n = 32)

Mean age (SD) 20.83 (9.95) 20.47 (2.02)
Female (%) 26 (86.7) 25 (78.1)
Non-learners (%) 13 (43.3) 6 (18.7)
SCR Non-responders (%) 12 (46.2) 10 (35.7)
PTAhigh (SD) 5.00 (4.28) 6.61 (5.02)
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Figure 3: Mean US expectancy ratings, heart rate acceleration, and skin conductance per phase for 
CS+ and CS-. Error bars: 95% con!dence interval.
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3.1. Acquisition
Participants reported signi!cantly higher expectancy ratings for CS+ trials compared to 
CS- trials (Figure 3), as re%ected by the main e#ect of CS type, b = 11.07, t(101.93) = 
3.92, p < .001. Over the course of the acquisition phase, there was a main e#ect of Trial 
(b = -5.66, t(336.90) = -5.08, p < .001) and a signi!cant CS-type*Trial interaction (b = 
6.61, t(343.24) = 4.12, p  < .001). 

Participants’ heart rate acceleration did not re%ect di#erential fear learning. Participants 
did not display stronger heart rate acceleration for CS+ trials compared to CS- trials 
(b = .01, t(124.67) = .03, p = .979). While heart rate acceleration in response to CS 
presentation increased over time (Figure 3), as re%ected by the main e#ect of Trial, b = 
.40, t(236.73) = 2.10, p = .037, this increase did not di#er between CS+ and CS- trials 
(CS type*Trial), b = -.08, t(236.73) = -.31, p  = .755. 

Participants’ SCR did not re%ect di#erential fear learning. Figure 3 suggests that 
participants did not display stronger SCR for CS+ trials compared to CS- trials (CS-
type main e#ect), (b < -.01, t(164.72) = -.58, p = .562). Participants’ SCRs displayed 
signi!cant habituation over time, as displayed by signi!cant reduction of SCRs over time, 
b = -.01, t(164.72) = -4.47, p < .001, irrespective of CS type, b = -.00, t(84.50) = .792, 
p = .430. 

3.2. Extinction
A random slope was added to the extinction model for expectancy ratings as this improved 
the model !t. US expectancy ratings indicated successful extinction of fear. Speci!cally, a 
main e#ect of trial indicated a general decrease in expectancy ratings over time, b = -7.65, 
t(129.35) = -6.10, p < .001. A steeper extinction curve was observed for the CS+ trials 
compared to CS- trials, which is supported by the signi!cant CS-type*Trial interaction (b 
= -3.10, t(272.32) = -2.14, p = .034). A non-signi!cant CS-type e#ect, b = 4.77, t(83.55) 
= 1.82, p = .073, indicated a lack of general distinction of safety (CS-) and threatening 
(CS+) probes. 

Heart rate acceleration did not di#er between CS-types (b = .31, t(134.36) = .63, p = 
.531). Moreover, there was no decrease in acceleration over time, as seen by the lack 
of a main e#ect of Trial, b = -.01, t(264.56) = -.047, p = .963, for either CS-type (CS-
type*trial), b = .33, t(264.56) = .96, p = .340.
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However, SCR extinction was con!rmed through the main e#ect of Trial, b = -.01, 
t(116.49) = -5.22, p < .001, though there was no di#erence in the decrease, as evidenced 
by the interaction CS-type*Trial, b = .00, t(116.49) = 1.15, p = .251. No discrimination 
between CS-type, b = .00, t(40.87) = -.21, p = .832, was observable. 

3.3. Reinstatement
While slight increases in CS+ and CS- are observed when comparing the last trial of 
extinction with the !rst trial of reinstatement, no di#erence between CSs is con!rmed. 
"e expectancy ratings model for the reinstatement phase included loglinear time curve 
for better !t. A decrease of expectancy ratings over time, as indicated by a main e#ect 
of Trial (b = -60.69, t(343.36) = -3.86, p < .001), though no di#erence in the decrease 
is observed between CS+ and CS- trials as the CS-type*trial interaction failed to reach 
signi!cance (b = -2.99, t(343.36) = -1.35, p = .893). Furthermore, indiscriminate 
expectancy between CS-types is revealed by the lack of main e#ect of CS-type (b = 2.30, 
t(281.49) = .398, p = .691). 

Heart rate acceleration did not support reinstatement as re%ected by the lack of Trial main 
e#ect (b = -.26, t(260.34) = -.83, p = .408), with CS+ trials and CS- trials holding no 
di#erences over the duration of the phase (CS-type*trial interaction: b = .03, t(262.00) 
= .067, p = .947). Participants did not have di#erent heart rate acceleration for CS+ or 
CS- trials, as seen by the results of the main e#ect of CS-type (b = .17, t(126.23) = .26, 
p = .793).

Similar to expectancy ratings, a slight increase from the last trial of extinction and the 
!rst trial of reinstatement phase depicted in Figure 3 are observed, though no di#erence 
between CS+ and CS- is con!rmed. Loglinear time curve was added to the basic SCR 
model to improve !t. Extinction after reinstatement is con!rmed through the decrease 
of SCR through time, as seen by the main e#ect of Trial (b = .-01, t(144.84) = -2.02, p 
= .045), although there was no di#erence in the decrease of CS+ trials and CS- trials, as 
seem by the CS-type*Trial interaction (b < -.01, t(145.09) = -.43, p = .666). Furthermore, 
there was no di#erence between CS-type (b < .01, t(57.44) = .524, p = .602). 
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3.4. Loudness Discomfort Levels (LDL) and Stapedial Acoustic 
Re! ex " resholds (ASRT)

Over 70% of participants reach the maximum probe available for LDL at 125 Hz (60 
dB) at all testing timepoints and so this frequency was eliminated from analysis. Figure 
4 shows mean LDL at each measurement point for each frequency. " ose who exceeded 
the maximum threshold (18.1% of all tests) were recorded at the next theoretical level: 
105 dB for all frequencies except at 250 Hz (90 dB) and at 8 kHz (85 dB). Left and right 
LDL were averaged per participant and tested through multilevel modeling for an e# ect 
of time. 

Figure 4: Mean Loudness Discomfort Levels (LDL) and mean Acoustic Stapedial Re% ex thresholds 
(ASRT) at baseline (T0), after acquisition (T1) and after reinstatement (T2).

Nineteen participants (32%) did not record ASRT at least once at maximum threshold 
(100 dB). One participant did not present ASRT at any point. When ASRT was not 
detected at maximum level (13% of all tests) data was recorded at the next theoretical 
test threshold (105 dB). Figure 4 depicts mean for ipsilateral and contralateral ASRT 
measures at each time point. 

" resholds of LDL at 4 kHz (equal to the frequency of CS and US) increased at each 
measurement point (main e# ect of time estimates are depicted in Table 2). Moreover, this 
habituation pattern is generalized to LDL at all frequencies with the exception of 1 kHz. 
Speci! cally, the threshold of the right ear (! rst test conducted).
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Table 2: Summary of results from multilevel mixed models for Loudness Discomfort Levels (LDL) 
at each frequency tested. "e regression estimate (b) refers to main e#ect of time.

Frequency (Hz) Estimate (b) df t p
250 .93 65.43 3.14 .003
500 1.33 62.78 3.55 .00
1 k -.02 67.83 -.06 .952
2 k 1.19 66.54 3.62 .001
4 k 1.01 133.65 2.70 .008
8 k .84 68.90 2.66 .010
Ipsilateral ASRT did not respond to time, b = -.24, t(59.06) = -1.22, p = .228, while contralateral 
ASRT decreased through time, b = -.50, t(62.63) = -2.27, p = .026.

4. Discussion
"e FA model, long established in pain research, has been adapted to tinnitus in order 
to provide a framework for a better understanding of the development and maintenance 
of chronic disabling tinnitus. While pain-related fear learning research has supported 
the FA model, its application in the area of tinnitus is in its infancy. "e development 
of a tinnitus-relevant fear learning paradigm with healthy participants may allow for 
underlying mechanisms to be explored. "e current study introduced a novel paradigm 
relying solely on acoustic probes to study di#erential fear learning that is ecologically valid 
to chronic tinnitus patients. We hypothesized that after repeated presentation of CS+ 
followed by the US, the CS+ will elicit fear responses while the CS-, which is never paired 
with the US, will not elicit these fear responses. While fear expectancy corroborated the 
hypothesis, physiological responses indicated quick habituation (SCR) and indiscriminate 
fear learning (heart rate acceleration). Fear reduction was also investigated through the 
extinction of fear responses to the CS+ after repeated presentation of CS- and CS+ 
without US. Interestingly, extinction was observed in expectancy ratings and SCR to both 
CS+ and CS-, while heart rate acceleration indicated no extinction. Lastly, reinstatement 
of fear was expected after a single presentation of US after extinction. Similarly, to the 
extinction phase, expectancy ratings and SCR indicated indiscriminate fear reinstatement 
while hear rate accelerations remained high. Additionally, noise tolerance levels (LDL) 
increased at each timepoint, opposing ASRT which remained constant or decreased.

We found support for di#erential fear learning through US expectancy ratings at 
acquisition. Physiological measures diverged as heart rate acceleration indicated 
indiscriminate fear learning while habituation patterns were observed for SCR. 
Furthermore, indiscriminate extinction and reinstatement of fear were also con!rmed 
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through expectancy ratings and supported by SCR. Indiscriminate fear learning was also 
con!rmed through heart rate acceleration during acquisition whereas patterns observed 
during extinction and reinstatement did not support the fear reduction observed in 
expectancy ratings and SCR. Despite the lack of di#erential fear learning indicated by the 
physiological measures, previous research on expectancy ratings indicates its strength as 
an accurate measure of fear, holding face validity, diagnostic validity, predictive validity 
and construct validity (Boddez et al., 2013).  Moreover, recording of expectancy ratings 
are less subjected to measurement errors. Small movement artifacts, electrode placement, 
room temperature or sweatiness of a participant’s hand may a#ect SCR measurement. 
Quick habituation patterns, as observed in the study, are a further limitation of SCR  
(“Publication recommendations for electrodermal measurements,” 2012). Similarly, heart 
rate acceleration may have been in%uenced by external factors such as walking between 
the soundproof audiometric rooms or water intake beforehand (Heathers et al., 2018). 

"e change of context for the measurement of ASRT and LDL might have played a 
signi!cant role in the absence of di#erentiation of US expectancy ratings between CS+ 
and CS- trials at the start of the extinction phase, despite the observed di#erential fear 
learning observed during acquisition. Beyond the interruption of the task, the repeated 
stimuli presented by the ASRT and LDL tests may have served as an extinction of fear 
due to its similarity with the US (in frequency and/or intensity). Participants who 
reached the 100 dB probe limit in both LDL and ASRT tests, potentially lessened the 
negative valence of the US in the experiment. "us, the fear measured subsequently, at 
extinction and reinstatement phases, may have been associated to the context rather than 
the CS+. Moreover, the relatively small number of trials may have not been enough for 
full awareness of the contingencies between CSs and US. It is important to note that 
a higher number of trials also signi!es a larger burden for the auditory system, more 
speci!cally repeated high intensity (> 75 dB) sounds can be harmful to the inner ear hair 
cells (Services USDoHH, 1990; Ward et al., 1981). Further limitations may include the 
aversiveness of the US, which may have failed to elicit adequate UR in all participants, 
and the assumption of the CSs as neutral stimuli.

Exploratory analysis of sound tolerance levels (LDL) indicated increased habituation to 
loud sounds at each subsequent measuring point – after acquisition (T1) and after the end 
of the experiment (T2). An exception to this pattern was found in the !rst test conducted 
(1 kHz, right ear at baseline), which indicated an overestimation by participants. A second 
measure of the 1 kHz frequency during the !rst battery of tests would be advisable for 
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future research and clinical practice. Despite this exception, the habituation pattern was 
generalized to all frequencies and not speci!c to 4 kHz (the frequency of CSs and US). 
Congruent with the physiological responses, which appear to indicate indiscriminate 
fear learning. "is is discordant to the !ndings of ASRT, which did not increase with 
time. In fact, contralateral ASRT decreased, indicating sensitization. Interestingly, the 
ASRT, thought to be a possible objective measure of sound tolerance, contrasted with 
the subjective measure of sound tolerance (LDL). "e 5 dB stepped increases used in the 
current study may not have been sensitive enough to achieve a better understanding of 
ASRT. Further research on the responsiveness of ASRT to threat is warranted. 

Our !ndings on sound tolerance are limited due to the lack of consistent fear learning 
e#ects and the use of 5 dB step increases, reducing measurement sensitivity. Further 
research with multimodal paradigms and more precise operationalization of ASRT and 
LDL may test these hypotheses and further elaborate on the role of ASRT in sound 
tolerance. Nevertheless, these !ndings indicate the strength of this novel tinnitus relevant 
paradigm. Participants successfully acquired fear responses to previously neutral acoustic 
stimuli by the presentation of the same stimuli at a higher intensity. By building the basis 
for future research to expand and improve on the current paradigm, tinnitus research may 
develop its own fundamental research that fully supports the FA model. 
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Abstract
Introduction: Ecological momentary assessment (EMA) is a method capable of assessing 
tinnitus experience throughout the day, enabling the exploration of daily dynamic 
changes of tinnitus expression. However, the e#ects on patients’ tinnitus experience itself 
are still largely unknown. "is study seeks to test the hypothesis that the use of EMA 
negatively in%uences tinnitus experience in participants with severe tinnitus. Method: A 
multiple-baseline single-case experimental design included four severely a#ected tinnitus 
volunteers who were recruited online and randomized into di#erent phasing schedules. 
Baseline phase (A) ranged from 11-24 days, followed by an EMA phase (B) for the 
remainder of the 33-day schedule. End-of-day diary assessments of tinnitus experience 
(e.g. annoyance, intrusiveness, mood) were visually inspected, and complemented 
with inferential statistics (randomization tests and Tau-U). Results: End-of-day diary 
data revealed no change in broadened median between phases. Nevertheless, tinnitus 
experience scores improved as variability decreased and a signi!cant improvement in 
stress was observed through weighted Tau-U statistics. Conclusion: Findings of this study 
corroborate that EMA assessment does not negatively a#ect tinnitus experience. On the 
contrary, participants may have improved. "e underlying mechanism of improvements 
are still to be uncovered. Findings are limited to severely a#ected tinnitus su#erers at 
present. 
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1. Introduction
Tinnitus is de!ned as the perception of sound(s) (e.g. ringing or buzzing) in the ear 
or head without a detectable corresponding physical source. While nearly 20% of the 
adult population reports tinnitus, it is only a small subset (1-6%) who su#er from it, 
experiencing severe distress and disturbances in numerous aspects of daily life (Davis 
and Refaie, 2000; Cima, Crombez and Vlaeyen, 2011; Kim et al., 2015; Bhatt, Lin and 
Bhattacharyya, 2016; McCormack et al., 2016; Hall et al., 2018). "ere is currently no 
cure for chronic tinnitus and, while treatment options are varied, Cognitive Behavioural 
"erapy (CBT) approaches are strongly recommended for treatment (Cima et al., 2019) 
with a recent Cochrane review emphasizing the positive e#ect it has on quality of life 
(Fuller et al., 2020).

"e Fear Avoidance (FA) model of chronic pain (Lethem et al., 1983; Vlaeyen and 
Linton, 2000, 2012) provides the underpinnings for CBT by predicting the development, 
maintenance and increase of chronic pain disability, and has successfully been applied to 
tinnitus as well (Cima, Crombez and Vlaeyen, 2011; Kleinstäuber et al., 2013). "e 
model states that a pathological cycle may start with catastrophic misinterpretations 
about the tinnitus perception that feed into tinnitus-speci!c fear, heightened attention 
and constant monitoring, avoidance of stimuli that are expected to increase tinnitus, 
which in turn increases disability, distress, and decreased quality of life (Figure 1). In 
an alternative to the detrimental spiral, tinnitus may be perceived as a common and 
harmless sensation, leading to continuation of valued activities, thereby confronting 
stimuli that may increase tinnitus (e.g. exposure) and eventual recovery. Research has 
supported the negative role of tinnitus catastrophizing, fear and attention in regards to 
quality of life (i.e. disability; Cima, Crombez and Vlaeyen, 2011). Beyond the tinnitus 
!eld, exposure techniques have been long supported in literature and are considered the 
golden standard for their e#ectiveness in reducing psychological distress associated with 
other chronic conditions, such as pain (Vlaeyen et al., 2001; Woods and Asmundson, 
2008; e.g. Hedman-Lagerlöf et al., 2018) and anxiety disorders (Meuret et al., 2012; e.g. 
Carpenter et al., 2018). Exposure techniques may take di#erent forms but rely on the 
repeated confrontation with the fear-provoking stimuli. Simply put, fear and catastrophic 
thoughts are reduced by confronting the patient with the distressing experience (e.g. 
tinnitus) without the anticipated negative outcome (e.g. loss of control), thus violating the 
expected prediction (Craske et al., 2014; for a detailed review on underlying mechanism 
of inhibitory learning and exposure see Craske, Hermans and Vervliet, 2018).  Despite 
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empirical support, mechanisms behind these exposure components of CBT and, more 
speci!cally, the role of attention to tinnitus are still debated, with competing techniques 
and therapies recommended in standard practice (e.g. masking, sound enrichment 
therapy, TRT). Controversies also exist about the rise of novel assessment methodologies 
(e.g. Ecological Momentary Assessment) and technologies (e.g. TrackYourTinnitus app, 
Schlee et al., 2016) that aim to capture tinnitus %uctuations by repeatedly assessing 
participants throughout the day.

Figure 1: Fear Avoidance model (replicated from Cima, van Breukelen and Vlaeyen, 2018) 

Ecological Momentary Assessment (EMA) has been under scrutiny for potentially 
increasing attention to tinnitus (e.g. Henry et al., 2012; Schlee et al., 2016). Worries 
exist that the repeated daily measurements will lead to increase in awareness of tinnitus 
with detrimental e#ects on patients and their disability due to tinnitus. EMA attempts 
to capture in-the-moment experiences in real-life situations by randomly delivering 
questions throughout the day, thereby avoiding common limitations of standardized self-
report questionnaires such as possible fallacies of recalling and reconstructing experiences 
(Stone and Shi#man, 1994). EMA questionnaires are designed to be rapidly answered 
and items may focus on di#erent dimensions of an individual’s life, including well-
being (e.g. happiness, stress, sleep), daily activities (e.g. current location, social contact, 
environmental noise), and tinnitus experience (e.g. annoyance, anger, distraction). 
Technological advances and the rising use of smartphones has enabled EMA to be 
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commonly delivered through purpose-built apps, increasing its research applications. 
Despite the growing use of EMA the e#ects of it on tinnitus experience are still widely 
unknown. 

1.1. Previous research
Henry et al. (2012), the !rst to look into the potential e#ects of EMA on tinnitus subjects, 
used personal digital assistants (PDAs) and 24 participants who underwent a 2-week long 
EMA phase. Reactivity to EMA was analysed through pre- and post-EMA group mean 
measurements of the Tinnitus Handicap Inventory (THI; Newman, Jacobson and Spitzer, 
1996; Newman, Sandridge and Jacobson, 1998), where an observed worsening was not 
statistically signi!cant. Moreover, the researchers evaluated the individual trajectories of 
participants’ EMA responses by plotting and visually inspecting the daily scores over time. 
"e authors observed a high degree of intra- and inter-individual di#erences and nearly 
half of the participants (54.2%) were classi!ed as “consistent” where no clear trend could 
be visually !tted. Six (25.0%) participants were observed to have an “improving trend” 
while the remaining !ve participants (20.8%) were found to “worsen” during the EMA 
phase. "e lack of statistical support prevents a more accurate trend !tting. Furthermore, 
the absence of a control condition (i.e. baseline phase) hinders the interpretability of the 
data. For instance, an “improving trend” may be deceiving, as baseline data could have 
revealed a steeper improvement trend before the introduction of EMA (Figure 2). Beyond 
these limitations, the interpretation of the individual data sheds light into the group level 
analysis. "e stipulated improvement and worsening of individual participants within 
the group may cancel each other out when analysing group means, and true e#ects might 
therefore remain undetected. In other words, EMA may have signi!cant negative or 
positive e#ect on a particular subset of participants.
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Figure 2: Example of possible baseline trends (A) prior to intervention phase (B) with higher 
distress levels re%ected through higher scores on y-axis. From top to bottom graphs respectively 
indicate worsening, improving and no change after intervention onset. 

More recently, Schlee et al. (2016) investigated the potential e#ects of EMA on 
tinnitus loudness and distress. Data gathered online through an EMA delivery app for 
smartphones was analysed. From 857 volunteers who participated in data collection, 
linear regression was applied with participants who used the app for at least one month 
(n=66). No signi!cant association between EMA use and tinnitus loudness or distress was 
observed. "e lack of reactivity was further supported by a di#erent group-level analysis 
in which the average !rst and last !ve assessments were compared through a t-test. "e 
same test was conducted for the remainder of participants who had completed the EMA 
from anywhere between 5 and 30 days. While no signi!cant change was found using 
group level analysis, the authors observed high intra- and inter-individual di#erences, 
congruent with !ndings from Henry et al. (2012). While linear regression analysis is a 
methodological improvement to visual inspection of trend, the reliance on group level 
analysis continues to limit the interpretability of data as participants high variability in 
scores at the individual level may o#set each other’s when combining the data.
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1.2. Single-Case Experimental Design (SCED)
As group studies fail to acknowledge the idiosyncratic nature of tinnitus, individualized 
research designs o#er an alternative that thrives on such variability. Previous group-based 
research has supported lack of reactivity in scores of tinnitus handicap, distress and 
loudness to EMA, but it has also emphasized the high degree of divergence in tinnitus 
experience. Such individual variability remains hidden when interpreting results from 
group level analysis, possibly omitting signi!cant individual e#ects, thereby limiting the 
generalizability of group-!ndings to a speci!c patient’s pro!le. As such, the conclusion 
that tinnitus su#erers may lack EMA reactivity excludes subgroups (e.g. severe tinnitus 
su#erers) who could potentially bene!t or worsen from its utilization.

In order to bridge the gap in knowledge about the e#ects of employing EMA, the 
current study uses a Single-Case Experimental Design (SCED) to investigate whether 
EMA in%uences tinnitus experience. Di#erent from non-experimental designs (e.g. case-
studies),  SCED relies on repeated measurements of the dependent variable (e.g. tinnitus 
experience) over time during at least two di#erent levels of the independent variable 
(e.g. with/without EMA) (Morley, 2018). Recent guidelines (i.e. Tate et al., 2016) have 
emerged as the result of a growing interest in SCEDs. Alternatively to group-based 
designs and congruent with the push for individualized treatment and research (Schork, 
2015), SCEDs can equally investigate causal relationships between variables (i.e. EMA 
and tinnitus experience). By repeatedly assessing individuals before (baseline phase: A) 
and after the introduction of an intervention or manipulation (phase: B), usually at a 
random starting point within a prede!ned time window, changes between phases’ level, 
trend and variability are inspected for each participant and statistically analysed (i.e. 
randomization tests, Tau-U). Furthermore, the multiple observations at baseline create 
robust control conditions, despite the high intra- and inter-individual variance, which 
allows for addressing the limitations of previous research.

Building on previous !ndings, a speci!c subgroup is analysed in this study. "e FA model 
illustrates the role of constant monitoring and unwarranted attention to the tinnitus 
percept and its pathological progression. As higher levels of attention towards tinnitus 
haven been associated with higher degrees of tinnitus severity (e.g. lower quality of life; 
Cima, Crombez and Vlaeyen, 2011), it is hypothesized that severe tinnitus su#erers 
respond negatively to the use of EMA (e.g. increased tinnitus annoyance, increased stress 
levels, decreased sleep quality). 
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2. Method
2.1. Study design
An AB multiple-baseline SCED where baseline phase (A) always precedes an experimental 
phase (B) was employed. Within the di#erent SCED possibilities, the utilization of a 
multiple-baseline design across participants limits confounding factors by requiring 
di#erent individuals to undergo an AB schedule with randomized B phase onset.

End-of-day diary assessments were continuously gathered throughout both phases, while 
during phase B, EMA was added, which included real-time assessment, equivalent to 
those assessed in the diary. Data was gathered through a purpose-built app (TinNotes) 
developed in-house by Maastricht University’s Instrumentation Engineering department. 
TinNotes ran on iOS devices and noti!ed participants daily (at 8pm) for the completion 
of the diary assessment and, during phase B, also delivered daily EMA at 7-random time 
points with at least 30-minutes in-between prompts. "e participant was able to set a 
sleeping schedule and to snooze EMA prompts twice for 5-minutes each time, after which 
the assessment was cancelled. Data was sent directly to Maastricht University’s servers 
when the device was connected to the internet. Six di#erent AB schedules were randomly 
determined through a Single Case Data Analysis app (SCDA; https://tamalkd.shinyapps.
io/scda/). Five consecutive observation points were considered minimally necessary per 
phase, and 23 potential phase B (EMA introduction) onset points were available, totaling 
33 potential diary assessments per participant. According to the regulated randomization 
principle (Koehler and Levin, 1998), after the six randomized schedules were created, 
each participant was randomly assigned to a schedule and unaware of phase B onset 
day. "e study was pre-registered (Lourenco, Cima and Vlaeyen, 2019) and approved 
by Maastricht University’s Ethical Review Committee Psychology and Neuroscience 
(ERCPN-204_23_02_2019). Reporting of the study follows the guidelines established 
at SCRIBE (Tate et al., 2016).

2.2. Participants
Recruitment took place through an advertisement published in the newsletter of the 
Dutch national tinnitus patient association (Stichting Hoormij). "e research was also 
announced at the annual symposium of the association. Compensation for participants 
who completed the study was 75€ (seventy-!ve euros). Inclusion criteria included: 
(1) own and use an iPhone; (2) self-reported tinnitus;  (3) not currently undergoing 
treatment for tinnitus or psychological, psychiatric or any other kind of therapy 
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addressing psychological, social, emotional, and or behavioral problems; (4) absence 
of severe anxiety or depression; (5) able to read and write in Dutch. Participants were 
excluded if: (1) the criteria for severe tinnitus was not met, as measured by the Tinnitus 
Questionnaire (TQ > 59; Hallam, Jakes and Hinchcli#e, 1988), or (2) met the criteria 
for severe Anxiety or Depression, assessed through the Hospital Anxiety and Depression 
Scale (HADS-A > 14 or HADS-D >14; Zigmond and Snaith, 1983). Participants were 
blinded to the study’s objective and were invited to test a new tinnitus tracking app. After 
data collection ended participants were debriefed to the true objective of the study. 

Participants who completed the screening online and met inclusion criteria (n=175) were 
systematically contacted to participate. "e !rst six participants who !lled out the survey 
at T0 were randomly allocated to an AB schedule (Table 1). Participants were instructed 
to download the app and login via a unique code that allowed the app to deliver the 
speci!c AB schedule. Participants’ codes were encrypted, and the key was maintained in 
a secure server.

Table 1: Six randomly created schedules where baseline (A) and EMA phase (B) required a 
minimum of !ve consecutive observations per phase. PP = participant.

Observation
1 … 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 … 33

PP 1 A … A A A A A A A A A A A A A A B … B
PP 6 A … A A A A A A A A A A A B B B B … B
PP 2 A … A A A A A A A A A B B B B B B … B
PP 3 A … A A A A A A A A B B B B B B B … B
PP 4 A … A A A A B B B B B B B B B B B … B
PP 5 A … A B B B B B B B B B B B B B B … B

2.3. Measurements

2.3.1. Primary outcomes 
"e end-of-day diary assessments were the primary study endpoints gathered by the 
TinNotes app. Compiled of 15 questions on a 7-point Likert scale and one qualitative 
question, the diary items were extracted and adapted from existing questionnaires (e.g. 
TFI, TQ) by a group of four specialists which included researchers and therapists. "e 
questions were delivered in a di#erent order every day of the week. Each question assessed 
a di#erent aspect of tinnitus experience, including avoidance, annoyance, intrusiveness, 
invasiveness, fear, sadness, pleasantness, distraction, masking and anger. It also included 
questions about overall well-being, assessing happiness, feeling stressed, sleep quality, 
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activity level, anxiousness and social interaction (qualitative). Treatment !delity was 
assessed through the completion rate of EMA, with at least a 75% completion rate 
required.

2.3.2. Secondary outcomes 
Standardized questionnaires were collected before baseline (T0) and after EMA (T1) 
phases.

Tinnitus Functional Inventory (TFI; Meikle et al., 2012): "e TFI is a 25-item self-
report measure of impairment in daily functioning. Respondents use 10-point Likert 
scales to indicate what tinnitus related experiences they have had over the previous week. 
"e TFI has subscales on intrusiveness; reduced sense of control; cognitive interference; 
sleep disturbance; auditory di$culties attributed to tinnitus; interference with relaxation; 
reduced quality of life; and emotional distress. A total score, with a maximum of 100 can 
be calculated with higher scores re%ecting greater levels of interference in daily activities. 
"e TFI has excellent psychometric properties and was speci!cally designed to be used 
as an outcome measure in clinical trials with a 13 point change deemed as clinically 
signi!cant (Meikle et al., 2012). A Dutch version of the TFI was recently developed and 
validated for use with Dutch speaking patients (Rabau, Wouters and Van de Heyning, 
2014).

Tinnitus Questionnaire (TQ; Hallam, Jakes and Hinchcli#e, 1988; Meeus, Blaivie and 
Van de Heyning, 2007): "e TQ is a 52-item measure of tinnitus-severity. Each question 
is rated on a three-point scale and assesses psychological distress associated with tinnitus. 
"e TQ is widely used in tinnitus research (Hall et al., 2016) and has good psychometric 
properties (Fackrell et al., 2014). A Dutch version has been developed and validated for 
use (Meeus, Blaivie and Van de Heyning, 2007).

Fear of Tinnitus Questionnaire (FTQ; Cima, Crombez and Vlaeyen, 2011): "e FTQ 
is a 17-item self-report measure of a person’s feared outcomes of living with subjective 
tinnitus. A higher total score on the FTQ is associated with higher levels of interference in 
daily activities of living. A recent analysis of the psychometric properties reported that it is 
a reliable and valid measure (Fuller et al., 2019) and has demonstrated that it is responsive 
to clinical change (Cima et al., 2012).

Tinnitus Catastrophizing Scale (TCS; Cima, Crombez and Vlaeyen, 2011): adapted from 
the 13-item Pain Catastrophizing Scale  (Sullivan, Bishop and Pivik, 1995) for use with 
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tinnitus patients – the word “pain” being replaced by the word “tinnitus”. Participants 
are asked to respond on a !ve-point Likert-type scale (0 = Not at all; 1= to a small extent; 
2 = to some extent; 3 = to a large extent; 4 = always) to statements describing thoughts 
and feelings that might be related to their tinnitus. Higher levels of catastrophizing as 
measured by the TCS has been found to be closely related to poorer quality of life (Cima, 
Crombez and Vlaeyen, 2011).

Hospital Anxiety and Depression Scale (HADS; Zigmond and Snaith, 1983): "e HADS 
is a widely used scale to screen for depression and anxiety. "ere is a total of 14-items 
with a 4-point Likert scale. Each subscale has a possible score of 21, with higher scores 
indicating higher levels of anxiety (HADS-A) and depression (HADS-D). "e scale was 
used for screening with scores over 14 for any of the subscales indicating the presence of 
severe depression and/or anxiety. 

Demographic and tinnitus characteristics data were gathered through the ESIT-SQ 
(Genitsaridi et al., 2019): developed by the Tinnitus Research Initiative (TRI) and 
the European School for Interdisciplinary Tinnitus research (ESIT), the Screening 
Questionnaire (ESIT-SQ) is a comprehensive self-report tool for healthy individuals and 
tinnitus patients that provide demographic and multidisciplinary information on tinnitus 
relevant variables. Translated into six languages, this tool o#ers a standardized assessment 
for tinnitus research across Europe.

2.3.3. Analysis 
Each item of the end-of-day diary was analysed per participant. For the purpose of this 
study the end-of-day diary items on social interaction and activity level were removed 
from analysis as they are treatment speci!c goals of CBT and do not pertain to this 
study’s main hypothesis. Visual inspection of annoyance and stress items were selected to 
illustrate !ndings with the remaining individual visual analysis presented as supplemental 
material. 

"e end-of-day diary scores were plotted over time. Visual inspection of the data was 
carried out in order to determine changes in level and variability. "e broadened median 
(Rosenberger and Gasko, 1983) was utilized due to its resistance to outliers and plotted 
for change in level inspection. Visual inspection of variability was aided by including 
range lines per phase. Randomization tests were calculated for each participant with a 
combined p-value calculated (Onghena and Edgington, 2005). Monte Carlo sampling 
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(1000) was used with the test statistic de!ned as A-B due to the dependent variables’ 
projected increase (worsening) after EMA introduction, while inverted items’ (happiness, 
tinnitus pleasantness and sleep quality) test statistics was de!ned as B -A. Visual analysis 
and randomization tests were carried out through a purpose-built web-application which 
provides an interface for the shiny SCDA software, which utilizes the R packages SCRT, 
SCVA and SCM (https://tamalkd.shinyapps.io/scda/; Bulté and Onghena, 2013). Tau-U, 
a more conservative analysis of non-overlap statistics, was utilized to detect and correct for 
baseline trend when comparing phases. Tau-U enables con!dence intervals and p-values 
to be calculated by following the “S” sampling distribution (Parker et al., 2011). "e web-
application ‘Single Case Research: web based calculators for SCR analysis (Version 2.0)’ 
(Vannest et al., 2016) was utilized for Tau-U calculations.

3. Results
Data was retrieved from the server after the completion of the study. An unknown 
error caused the app to malfunction for two participants, from whom the data was not 
included for analysis. One participant completed less than half of the EMA delivered 
(44.8%) compromising treatment !delity and thus the data was not included for analysis. 
"ree participants completed the study with over 83.3% and 91.7% compliance rate on 
end-of-day diary and EMA respectively. Participants who completed the study had been 
allocated to schedules 1 (PP 1), 2 (PP 6) and 4 (PP 3). Participants’ demographic and 
tinnitus characteristics are presented in Table 2.

Table 2: Demographic and tinnitus characteristics

Age Sex HADS Tinnitus
A D Duration Location Daily

"uctuation
Type

PP 1 55 Female 10 8 5 months Both ears, worse 
in left

Stable High pitch 
tone

PP 6 49 Female 12 9 10 years Both ears, worse 
in left

Sometimes %uctuates High pitch 
tone

PP 3 66 Male 7 4 12 years Right ear Stable High pitch 
tone
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3.1. Diary assessments
Visual inspection of the end-of-day diary scores for items on tinnitus annoyance and 
stress levels are presented in !gure 3. P-values for the combined randomization tests 
and weighted Tau-U analysis are presented in Table 3 (individual Tau-U tables are 
presented as supplemental material). No statistically signi!cant worsening was found by 
randomization tests, while Tau-U analysis revealed a statistically signi!cant improvement 
in stress levels. 

Table 3: P-values for combined Randomization Tests (RT) and weighted Tau-U analysis per item.

Item RT Tau-U
Anger .767 .588
Annoyance .521 .677
Anxiety .603 .297
Avoidance .486 .262
Distraction .541 .792
Fear .496 .435
Happiness† .228 .549
Interference .640 .683
Invasiveness .514 .533
Pleasantness† .220 .282
Sadness .534 .335
Sleep quality† .147 .644
Stress .112 < .001**
†inverted items (test statistic = B -A)
*p-value < .05
**p-value < .001
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3.2. Standardized assessments
Change in standardized questionnaires were calculated for each participant (Table 4). 
No participant had clinically meaningful improvement or worsening according to the 
TFI. Analyses of the TFI sub-scales (Table 5) revealed that in participant 6 (PP 6) 
overall worsening was mainly associated with decreased sleep quality (Sl), though visual 
inspection of diary data for sleep quality revealed no shift in level and variability.

Table 4: Scores before baseline (T0), after EMA phase (T1) and change (∆) of the Tinnitus 
Questionnaire (TQ), Tinnitus Functional Index (TFI), Tinnitus Catastrophizing Scale (TCS), and 
the Fear of Tinnitus Questionnaire (FTQ).

TQ TFI TCS FTQ
T0 T1 ∆ T0 T1 ∆ T0 T1 ∆ T0 T1 ∆

PP 1 68 60 -8 48.8 40 -8.8 37 20 -8 12 10 -2
PP 6 78 72 -6 67.6 80 12.4 31 20 -11 14 11 -3
PP 3 66 71 5 58 63.6 5.6 37 42 5 10 10 0

Table 5: Score change (∆) of the Tinnitus Functional Index (TFI) sub-scales: Intrusive (I), Sense 
of Control (Sc), Cognitive (C), Sleep (Sl), Auditory (Au), Relaxation (R), Quality of Life (Q), and 
Emotional (E).

TFI
∆ I ∆ Sc ∆ C ∆ Sl ∆ Au ∆ R ∆ Q ∆ E

PP 1 13.33 -10 -13.33 -20 10 -3.33 -25 -16.66
PP 6 -10 -3.33 -6.66 60 20 16.66 17.5 3.33
PP 3 33.33 16.66 -20 -10 10 -13.33 15 10

4. Discussion
"e aim of this study was to investigate whether tinnitus monitoring induced by the 
use of EMA negatively a#ects overall tinnitus experience. In order to mitigate previous 
research limitations (e.g. lack of control condition), the present study employed a SCED 
with participants su#ering from severe tinnitus. 

Change in tinnitus experience was primary assessed through visual inspection of end-
of-day diary data, showing no meaningful and consistent shift in level in any variable. 
Visual inspection also revealed that while one participant’s (PP 1) scores at baseline 
presented a %oor e#ect on the item regarding tinnitus pleasantness, all other items and 
participants presented adequate variation of scores and patterns that did not show %oor 
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and ceiling e#ects. "is lack of negative reactivity of tinnitus experience to EMA was 
further con!rmed through randomization tests, which rendered no signi!cant change for 
each variable. While level remained similar between phases, improvement was observed 
through variability decrease in all variables for at least two participants with the exception 
of tinnitus invasiveness and pleasantness. Decrease in variability of answers has been 
previously reported in literature and it is not attributed to instrumental e#ects (Vachon 
et al., 2016). Surprisingly, Tau-U analysis indicated a signi!cant decreased stress-levels 
after EMA introduction. Overall, EMA may have had a positive e#ect on participants’ 
experience by increasing awareness of their current state during the day and allowing 
them to rate it on a scale. Such a monitoring exercise may lead to a more accurate 
re%ection of overall daily experiences, which is then reported on the end-of-day dairy. 
Furthermore, in the parallel !eld of chronic pain, monitoring of pain sensations have 
previously demonstrated potential long-term bene!ts when compared to distraction 
techniques for patients (Nouwen et al., 2006) and highly fearful individuals (Roelofs 
et al., 2004). "ese !ndings also !t the clinical bene!ts of exposure, in which increased 
tinnitus awareness is evoked to change threat-expectancies, leading to decreased safety-
seeking and fear-responding.

Closer analysis of Tau-U calculations revealed that one participant’s (PP 3) stress 
improvement outweighed other participants’ lack of changes. More speci!cally, the 
change found may have been heavily in%uenced by changes in level and variability 
across most items of that participant observed in the one week.  Due to the number of 
observations and the robust baseline established, caution in interpretation of the e#ects 
is warranted in that improvements reported during observations 23-27 of PP 3 might be 
due to external in%uences. 

Standardized outcomes (TQ and TFI) revealed no clinically signi!cant changes. Moreover, 
one participant’s (PP 6) TFI score increase was mainly attributed to worsened quality of 
sleep, though diary data showed that there was no change in level or variability when 
comparing phases.  Consequently, sleep quality worsening is not likely due to EMA. 
"e remaining assessments (TQ, TCS and FTQ) of the participant indicated marginal 
improvements, which may also be observed in most items of the end-of-day diary. 

Despite the dissonant result on the TFI, special consideration must be given to its 
interpretation. "e TFI was developed to assess clinical change and is thus favoured 
over the TQ (Jacquemin et al., 2019). Nevertheless, as with other self-report measures 
of subjective experiences, the TFI is susceptible to fallacies such as memory recall and 
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reconstruction. Retrospective self-reports may be in%uenced by biases in reconstruction 
of events according to the individual’s own beliefs, behaviours or knowledge acquired 
after the event, as well as the current emotional state and physical location at the time 
of assessment (Stone and Shi#man, 1994; Kahneman et al., 2004). Highly variable 
experiences such as tinnitus, further increase the burden of assessment, challenging 
individuals to quantify (e.g. average) it over a longer time period. "e lack of convergence 
between the TFI and other assessments – for PP 6 – highlights the possible discrepancies 
that can result from retrospective self-reports of highly variable and subjective experiences 
(i.e. tinnitus).  Novel approaches were developed to tackle these limitations, and as such 
this study favours end-of-day diary use, which decreases the timeframe of recall, therefore, 
reducing the risk of bias. 

Tinnitus fear and catastrophizing, as measured by the FTQ and TCS respectively, revealed 
no meaningful negative change. According to the FA model, increase at any point of 
the pathological cycle strengthens the negative experience of tinnitus. A hypothetical 
monitoring e#ect induced by EMA must not exceed the current monitoring level of 
severely a#ected tinnitus su#erers. Interestingly, two participants demonstrated a decrease 
in tinnitus fear and catastrophizing. Exposure techniques reduce fear and catastrophic 
thoughts by repeatedly confronting the individual with the distressing experience without 
the expected negative outcome.  Although speculative, the EMA-induced monitoring 
may have increased the number of instances where violation of expectations occurred (i.e. 
exposure). While the reported changes in fear and catastrophic misinterpretations may 
not be considered meaningful at this point, !ndings may pave the way for future research 
on the underlying mechanism of potential EMA-induced improvements. 

At the time of the study, the app was limited to iOS devices only. Research on the 
di#erences between Android and iOS users in a tinnitus population have been previously 
conducted. Pryss et al. (2018) found small but signi!cant di#erences in age and tinnitus 
duration. Android users were found to be slightly older and perceived tinnitus for longer 
when compared to iOS users. However, meaningfulness of previous !ndings is based 
on group-level analysis and therefore limited for the current study. Although di#erent 
operational systems for smartphones are not expected to have an e#ect on the !ndings, 
future research which includes Android users is warranted.

"e multiple-baseline SCED employed in the current study made it possible to create 
control conditions (i.e. baseline), which was lacking in previous research. Moreover, the 
minimum number of participants recommended for a multiple-baseline AB design was 
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reached (Kratochwill et al., 2013). Only a subset of tinnitus su#erers was selected, and the 
focus on severe tinnitus is considered a strength of this research, which aims at untangling 
previous !ndings in the !eld by following novel standards for individualized medicine 
and research (Schork, 2015).

5. Conclusion
"e present study corroborates and expands on previous !ndings regarding EMA reactivity 
in tinnitus su#erers (Henry et al., 2012; Schlee et al., 2016). Inter- and intra-individual 
tinnitus experience variability is narrowed in the present study by including only severe 
tinnitus su#erers using single-case methodology. "ese participants were not observed to 
have meaningful negative reactions to EMA utilization. Contrary to expectations, slight 
improvements after EMA onset were observed. "e underlying mechanism of the EMA-
induced improvements are still to be uncovered. 
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Abstract 
Objective Traditional methods of self-report assessments are susceptible to bias (i.e. 
memory, recall, recency). Ecological Momentary Assessment (EMA) may curb these biases 
by repeated momentary assessment of the participant throughout the day. High costs and 
participant burden may however impede the use of EMA. End-of-Day Diary (EDD) 
provides an attractive alternative to EMA, though no direct comparison has been carried-
out in the tinnitus !eld. Design 4,732 data entries were collected from nine participants 
undergoing Cognitive Behavioural Treatment (CBT) for tinnitus. Eleven equivalent 
EMA and EDD items were collected for approximately 3-months. Tinnitus experience 
(i.e. anger, annoyance, avoidance, distraction, fear, invasiveness, pleasantness and sadness) 
and wellbeing (i.e. anxiety, happiness and stress) were correlated and means compared 
(t-tests). Results All variables presented adequate correlation (r > .68) between the EMA 
and EDD counterparts. Small (< 3.9%) signi!cant daily mean di#erences between EMA 
and EDD were found for six variables (tinnitus anger, invasiveness, pleasantness, sadness, 
as well as anxiety and stress) with worse results reported in EDD. Conclusion "e small 
signi!cant e#ects found may be attributed to the large number of data points. When 
EMA is not possible or recommended, EDD provides a viable alternative to assess tinnitus 
experience daily. Further research on the underlying mechanisms of tinnitus experience 
and recollection is warranted.
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1. Introduction
"e use of Ecological Momentary Assessment (EMA) has risen with the development of 
technology and growing availability of smartphones. "e increased use of EMA has been 
re%ected in a variety of research !elds, including suicidal ideation (e.g. Kleiman et al., 
2017), substance use (e.g. Jones et al., 2019) and chronic pain (e.g. May et al., 2018), to 
name but a few (for a comprehensive review on EMA we guide the interested reader to 
Shi#man et al., 2008). EMA aims at capturing experiences during real-life activities and 
situations by assessing individuals at several random times during the day. "e advantages 
of these in-the-moment assessments are threefold: (1) reduced recall bias, (2) increased 
ecological validity, and (3) the exploration of symptom %uctuation (Schneider & Stone, 
2016). Recall bias refers to any unwanted bias associated with the cognitive processes of 
memory reconstruction (e.g. mood, setting, recency) and summation (i.e. average) of these 
experiences (Shields et al., 2016; Stone & Shi#man, 1994). Reducing the time between 
events and assessment reduces recall bias and focuses on reaching information that can 
be accessed in working memory. Increased ecological validity is achieved by assessing the 
participant during real daily-life situations, and thus outside a setting that may unduly 
in%uence responses (e.g. hospital, clinic, lab). Fluctuation patterns of experiences (e.g. 
stress, tinnitus annoyance) during the individual’s daily life may provide insights in the 
relationship of those variables with speci!c (e.g. social) or cyclical (e.g. sleep/awake) 
patterns. In order to capture such data, EMA is deployed several times during each day, 
requiring participants to remain in possession of their smartphone at all times, and allow 
interruption of activities in order to respond to the assessments. Such intrusiveness has 
been suggested to potentially produce negative outcomes in participants. Smartphone use 
has been associated with increased stress, anxiety, depression (Elhai et al., 2017; Vahedi 
& Saiphoo, 2018) and lower wellbeing (Horwood & Anglim, 2019). While symptom 
%uctuation during the day may be of importance to researchers and clinicians, daily 
average EMA scores can provide a broader daily picture. 

Similarly, to EMA, End-of-Day Diary (EDD) minimizes the e#ects of recall bias by being 
deployed once a day. An established methodology for decades (e.g. Verbrugge, 1980), 
EDD has been used in a variety of !elds, including chronic pain (e.g. Rost et al., 2016), 
eating behaviour (e.g. Debeuf et al., 2018), and emotionality during the COVID-19 
pandemic (Moroń & Biolik-Moroń, 2021). EDD’s bene!t of reduced burden to the 
participant potentially sacri!ces ecological validity when compared to EMA (Schneider 
& Stone, 2016). In order to make an informed choice between EMA and EDD a direct 



Chapter 4

78

comparison is warranted. Broderick et al. (2009) found little di#erences between both 
assessment methods  after one week, however the !ndings are limited to the !eld of chronic 
pain and fatigue as well as to the period of one week. Moreover, results diverged according 
to the experience being assessed (i.e. pain, fatigue), speci!cally when comparing the daily 
equivalence between EMA and EDD.  Research on di#erent experiences (i.e. tinnitus) 
and over longer time periods that usually comprise existent intervention protocols are 
warranted. 

"e assessment of tinnitus, the experience of phantom sounds (e.g. high-pitched tone, 
chirping), relies on self-report only, and a precise evaluation of the experience is paramount 
for the development of research and symptom management. EMA use within tinnitus is 
in its infancy, with studies exploring possibilities and limitations of its use (e.g. Gerull 
et al., 2019; Lourenco et al., 2019; Pryss et al., 2018; Schlee et al., 2016). However, 
its superiority to retrospective self-reports has been con!rmed (Goldberg et al., 2017). 
On the other hand, use of EDD, while common for decades, it is rarely utilized as an 
outcome measure within the tinnitus !eld. "e current study aims at comparing results 
from EMA and EDD assessments in tinnitus patients undergoing treatment, in order 
to provide recommendations for future research. More speci!cally, EDD mean values 
are compared to EMA means. Moreover, EMA gathered close (late in the day) to the 
EDD completion are compared with earlier-in-the-day EMA and EDD. "ese analyses 
elucidate if EDD accurately re%ects the overall daily picture, as illustrated by EMA.

2. Methodology
2.1. Participants
As part of a larger project on the e#ects of Cognitive Behavioural "erapy (CBT) on 
chronic tinnitus, we collected data from two subsequent clinical studies (duration of 
3-months each) in which both assessment methods were used: EMA and EDD. Studies 
within the project applied a Single-Case Experimental Design (SCED) approach. In 
such a design, a small number of participants are repeatedly and consistently assessed to 
establish an individual and unique control condition (baseline phase). Afterwards, each 
participant undergoes a manipulation phase (e.g. treatment onset), while maintaining 
the continuous assessment (for an in depth review of SCED we guide the interested 
reader to Kazdin, 2018; Morley, 2018). As such, these powerful designs rely on large 
amount of data from a small number of participants. Each study included six tinnitus 
patients undergoing specialised CBT for tinnitus which contained a variety of treatment 
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components (e.g. exposure, relaxation, psychoeducation) delivered twice a week in 2-hour 
treatment sessions for a total of 20 sessions (for detailed treatment protocol see Cima et 
al., 2012). Patients on the waiting list for CBT treatment from the Adelante Department 
of Audiology and Communication (Hoensbroek, "e Netherlands) were sequentially 
invited to participate in the project. Exclusion criteria comprised: (1) undergoing other 
tinnitus-related or psychological treatment during the time of the study; (2) commenced 
the use of hearing aid within three months of the start of treatment; (3) commenced 
or ceased the use of antidepressants, antipsychotics, anxiolytics, Ritalin, hormone 
replacement therapy, or medication to lower high blood pressure within three months of 
treatment; (4) unable to read and write in Dutch; (5) disclosed current suicidal intent or 
(6) had more than 40dB of uncorrected hearing loss in one or both ears as measured by 
calculating a Pure Tone Average (on the frequencies of 500, 1000 and 2000 Hz). 

Patients’ tinnitus severity was measured at baseline by the validated Dutch version (Meeus 
et al., 2007) of the Tinnitus Questionnaire (TQ; Hallam et al., 1988), which utilizes 52 
items on a three-point scale for a total score ranging from 0 (low severity) to 104 (high 
severity). Further characterization of the sample is provided through the Dutch (de Beurs 
et al., 2001) version of the Depression Anxiety and Stress Scale (DASS-21; Lovibond 
& Lovibond, 1995). Consistent of 21-items on a 4-point Likert scale, each sub-scale 
indicates levels of depression, anxiety and stress on a score from 0 (low) to 21 (high). 

Each of the two studies included were conducted consecutively starting in May 2019 and 
registered at the Nederlands Trial Register (trial numbers NL7826 and NL8056). Ethical 
approval was obtained from the Medical Ethical Committee at Maxima Medical Centre, 
Veldhoven, "e Netherlands (METC; NL63262.016.18).

2.2. Ecological Momentary Assessments (EMA) and End-of-Day 
Diary (EDD) 

EMA and EDD data were collected continuously throughout the duration of treatment 
(3 months). EMA and EDD were collected through purpose-built apps installed on 
participants’ smartphones. One study utilized an in-house developed app (TinNotes) by 
Maastricht University’s Instrumentation Engineering department, while the subsequent 
study utilized an equivalent third-party app (mEMA; ilumivu, Inc., Cambridge, MA, 
USA; www.ilumivu.com). EDD assessments were delivered at 8-pm with a 4-hour time 
limit for completion. EMA questions were prompted seven times during the day, at 
random points with at least 2-hours in between prompts. Participants had the option 
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to snooze the prompt twice for 5-mins each time, after which the questionnaire would 
not be available any longer and result in a missing EMA measure for that time-point. 
Individualized sleeping hours were set so that prompts would not be delivered during those 
hours. Participants had to complete at least 50% of EDD assessments to be included for 
analysis. Assessments comprised of 16 (EDD) and 17 (EMA) items, presented in random 
order, of which 12 had content-equivalence. Eleven of the equivalent items (Table 1) were 
rated on a 7-point Likert scale (0-6) and related to either tinnitus experience (i.e. anger, 
annoyance, avoidance, distraction, fear, invasiveness, pleasantness and sadness) or overall 
wellbeing (i.e. anxiety, happiness and stress). One item (Social Interaction; EMA - “Who 
are you with?”; Diary - “Who did you spend time with today?”) was descriptive and not 
included for analysis.

Table 1: Equivalent items of both assessment types: End-of-Day Diary (EDD) and Ecological 
Momentary Assessment (EMA).

EDD EMA
How angry did your tinnitus make you today? My tinnitus makes me angry
How annoying was your tinnitus today? My tinnitus is annoying
How anxious were you today? I feel anxious
How hard did you try to avoid your tinnitus today? I try to avoid the tinnitus
How distracting was your tinnitus today? My tinnitus is distracting
How afraid of hearing your tinnitus were you today? I am afraid of hearing my tinnitus
How happy were you today? I feel happy
How invasive was your tinnitus today? My tinnitus is invasive
How pleasant was your tinnitus today? How pleasant is your tinnitus?
How sad did your tinnitus make you today? My tinnitus makes me sad
How stressful has your day been? I feel stressed

2.3. Analysis
Pairwise comparisons using Spearman Rank Correlation between EMA and EDD were 
carried out between all equivalent items. EMA data of each item was plotted through 
time and a daily mean calculated. In order to compare EMA gathered proximally to 
EDD (delivered at 8-pm) and given the minimum 2-hour gap between EMA prompts, 
EMA delivered from 6-pm (2-hours before EDD delivery) was separated. Two new EMA 
means were calculated: (1) early EMA (before 6-pm), and (2) late EMA (after 6-pm). 
Paired t-tests between EMA means and EDD were conducted and corrected for multiple 
comparison (Holm, 1979). "e Holm method controls for family-wise Type I error, with 
corrections decreasing the threshold of signi!cance for each hypothesis tested. Following 
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convention, we considered p-values below 0.05 “statistically signi!cant”. Pairwise 
deletions were used to account for missing values. E#ect sized were calculated through 
Cohen’s D (Cohen, 1988).

Statistical analyses were performed with R version 4.0.1 (R Core Team, 2020) with 
supporting packages (Grolemund & Wickham, 2011; Tiedemann, 2020; Tierney, 2017; 
Wei & Simko, 2017; Wickham, 2019; Wickham et al., 2018, 2019).

3. Results
Nine participants (88.9% Men; Mean age = 58.11, SD = 9.98) were included for analysis 
for a total of 4,732 data entries (Table 2). From the original pool of 12 participants, 1 
participant dropped out due to personal reasons unrelated to the treatment. An unknown 
error with the TinNotes app deemed data for two other participants to be unreliable. 
Data for one participant, who had recently commenced the use hearing aid, was included 
for analysis as the use of the hearing aid was not continued during treatment. 

EMA %uctuations (Figure 1) show the di#erence between experience variability according 
to the time of day (e.g. decrease of tinnitus fear after 7-pm). Strong correlations (r > 
.70) were found for all but one (i.e. stress) EMA and EDD items (Figure 2). Paired 
t-tests (Table 3) indicated signi!cant di#erences between EMA and EDD daily means 
on six variables (i.e. tinnitus anger, anxiety, tinnitus invasiveness, tinnitus pleasantness, 
tinnitus sadness, stress). EDD reports for these variables were signi!cantly worse with the 
exception of tinnitus avoidance, which indicated no di#erences (Figure 3). Comparisons 
between EDD and early EMA (before 6-pm) indicate similar results of worse EDD scores 
for !ve variables (i.e. tinnitus anger, anxiety, tinnitus invasiveness, tinnitus sadness, stress). 
Moreover, EDD comparisons with late EMA (after 6-pm) indicated worse EDD scores 
for four variables (i.e. tinnitus anger, anxiety, tinnitus pleasantness, tinnitus sadness, 
stress) and improved scores for tinnitus avoidance.
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Figure 1: Mean Ecological Momentary Assessment (EMA) recording per hour.
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Figure 2: Correlation coe$  cient strengths.
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Table 3: Paired sample t-tests with adjusted p-values for equivalent variables of Ecological 
Momentary Assessment (EMA) and End-of-Day Diary (EDD) on a Likert scale (0-6).

Mean EMA (SD) Mean EDD (SD) p Cohen’s D
Anger 1.756 (1.723) 1.870 (1.748) < .001** .065
Annoyance 3.382 (1.931) 3.414 (1.932) .156 .017
Anxiety 1.575 (1.42) 1.648 (1.44) < .001** .050
Avoidance 1.454 (1.477) 1.422 (1.451) .156 -.022
Distracting 3.242 (1.891) 3.202 (1.855) .110 .065
Fear 1.403 (1.399) 1.425 (1.431) .170 .016
Happy† 2.503 (1.308) 2.507 (1.247) .815 .003
Invasiveness 3.461 (1.895) 3.522 (1.805) < .001** .033
Pleasant† 3.649 (2.271) 3.587 (2.28) .030* -.027
Sadness 1.869 (1.679) 1.956 (1.697) < .001** .051
Stress 1.831 (1.576) 2.102 (1.587) < .001** 10.172

Mean early EMA (SD) Mean EDD (SD) p Cohen’s D
Anger 1.885 (1.777) 1.997 (1.791) < .001** .063
Annoyance 3.337 (1.954) 3.372 (1.939) .348 .018
Anxiety 1.690 (1.447) 1.750 (1.452) < .001** .042
Avoidance 1.563 (1.514) 1.550 (1.485) .974 -.009
Distracting 3.199 (1.912) 3.175 (1.858) .920 .063
Fear 1.507 (1.43) 1.532 (1.463) .580 .017
Happy† 2.52 (1.354) 2.527 (1.283) .974 .006
Invasiveness 3.374 (1.893) 3.438 (1.792) .007* .034
Pleasant† 3.408 (2.294) 3.377 (2.3) .920 -.013
Sadness 2.007 (1.711) 2.066 (1.726) < .001** .035
Stress 1.988 (1.605) 2.211 (1.594) < .001** 10.140

Mean late EMA (SD) Mean EDD (SD) p Cohen’s D
Anger 1.386 (1.5) 1.503 (1.564) < .001** .076
Annoyance 3.511 (1.857) 3.534 (1.906) 1 .013
Anxiety 1.248 (1.285) 1.353 (1.361) < .001** .079
Avoidance 1.142 (1.317) 1.053 (1.28) .012* -.068
Distracting 3.365 (1.826) 3.276 (1.847) .080 .076
Fear 1.101 (1.259) 1.119 (1.287) 1 .014
Happy† 2.456 (1.164) 2.448 (1.134) 1 -.006
Invasiveness 3.709 (1.881) 3.762 (1.82) .296 .029
Pleasant† 4.339 (2.054) 4.19 (2.11) < .001** -.072
Sadness 1.475 (1.517) 1.639 (1.572) < .001** .106
Stress 1.379 (1.397) 1.789 (1.523) < .001** 10.279



Chapter 4

86

Mean early EMA (SD) Mean late EMA (SD) p Cohen’s D
Anger 1.87 (1.748) 1.756 (1.723) < .001** Paired 

Cohen’s D 
could not be 
computed due 
to unequal 
number of 
measures

Annoyance 3.414 (1.932) 3.382 (1.931) .003*
Anxiety 1.648 (1.44) 1.575 (1.42) < .001**
Avoidance 1.422 (1.451) 1.454 (1.477) < .001**
Distracting 3.202 (1.855) 3.242 (1.891) .004*
Fear 1.425 (1.431) 1.403 (1.399) < .001**
Happy† 2.507 (1.247) 2.503 (1.308) .163
Invasiveness 3.522 (1.805) 3.461 (1.895) < .001**
Pleasant† 3.587 (2.28) 3.649 (2.271) < .001**
Sadness 1.956 (1.697) 1.869 (1.679) < .001**
Stress 2.102 (1.587) 1.831 (1.576) < .001**
*p < .05; **p < .001; †inverted item

Comparison of early and late EMA indicated signi! cant di# erences in all but one (i.e. 
happiness) variables. Items on tinnitus anger, annoyance, fear, invasiveness, pleasantness, 
and sadness as well as levels of anxiety and stress improved after 6-pm, while tinnitus 
avoidance and distraction worsened.

Figure 3: Ecological Momentary Assessment (EMA) and End-of-Day Diary (EDD) distribution 
and box plot per variable.
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4. Discussion
"is study sets out to compare two similar but di#erent daily measurement methods, 
namely EMA and EDD in chronic tinnitus patients during a 12-week treatment. 
Generally, both methods provide quite similar results. All but one item (stress, r = 
.69) showed strong correlations between EMA and its EDD counterparts (r > .77). 
Nevertheless, EDD stress reports are signi!cantly higher than early-in-the-day EMA 
measures (where mean stress levels were at their highest). EDD painted a worse picture 
for another !ve variables when compared to EMA (i.e. tinnitus anger, anxiety, tinnitus 
invasiveness, tinnitus pleasantness, tinnitus sadness). EDD reports favoured negative 
experiences rather than recent experiences (i.e. EMA after 6-pm). Broderick et al. (2009) 
found similar results when comparing EMA and EDD of pain and fatigue experiences. 
Such occurrence is akin to the “experience memory gap” (Miron-Shatz et al., 2009), 
where recalled symptoms are reported as worse when compared to  real-time in the 
moment assessments (i.e. EMA). Such memory biases were studied in a recent review 
(Van Den Bergh & Walentynowicz, 2016), indicating that pain and fatigue experiences 
are overreported when assessments rely on longer recall periods. While these !ndings are 
signi!cant in the !eld of self-report assessments, no study with tinnitus complaints was 
included in the review and parallels must be drawn with caution.

"e large sample of data provided by novel methodological approaches (e.g. EMA, EDD, 
SCED) present both statistical opportunities and issues not commonly encountered. 
Despite correcting for multiple comparisons (i.e. Holm, 1979), which decreased the 
threshold for signi!cant results, the !ndings are still a#ected by the large number of data 
and traditional p-value selected (i.e. 0.05). As such, more conservative approaches that 
are beyond multiple comparison corrections may provide a more accurate picture of the 
results (i.e. lower p-value thresholds). In the current study, the largest signi!cant mean 
di#erence found in tinnitus related variables was tinnitus anger (1.63%), with stress levels 
(3.87%) holding the largest, although small, di#erence in wellbeing variables. Whether 
these statistical di#erences are clinically relevant are therefore questionable. Furthermore, 
while EDD results may have di#ered from early or late EMA, the daily EMA mean 
accurately re%ected the remaining variables (i.e. tinnitus annoyance, tinnitus avoidance, 
tinnitus distraction, tinnitus fear, and happiness). 

An exception was found in happiness levels, which did not signi!cantly di#er between 
EMA and EDD measures at any point. EMA and EDD measures of happiness strongly 
correlated (r = .80) even though both measures correlated weakly (r < .24) with other 
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variables. Despite this seemingly independent level of happiness from other experiences 
(e.g. tinnitus anger, tinnitus annoyance, anxiety, stress), accurate assessment of happiness 
remains a challenge, with the very de!nition of happiness still debated (Ludwigs et al., 
2019). As such, interpretations of happiness stability and independence are limited.

"e choice of variables to be measured, while theoretically driven and based on specialist 
consensus, lacked the insight from other key stakeholders and may further bene!t from 
initiatives acknowledging patient preferred outcomes (i.e. Hall et al., 2018). An added 
bene!t of EMA and EDD measures is that it may conform with the push for individualized 
medicine (Schork, 2015; Senn, 2018) due to its %exibility in incorporating di#erent 
items. "erefore, while the outcomes used in the current research are relevant within its 
theoretical framework, they are limited by the pool of specialist used to create the items. 
Further research utilizing a broader consensus of outcome variables, as suggested by Hall 
et al. (2018) may increase the relevance and use of EMA and EDD. Moreover, the choice 
of a 7-point Likert scale, while not directly inspired by standardized tinnitus self-report 
assessments, was made due to technical limitations of the TinNotes app. Further research 
incorporating other scales, speci!cally Visual Analog Scales (VAS), are recommended.

Additional limitations include the high proportion of men 40 years or older (88.89%) 
in the sample, limiting the generalizability of the !ndings. "e homogeneous sample 
follows epidemiological trends in tinnitus, with 80% of tinnitus diagnosed after the age 
of 40 (Stohler et al., 2019) and higher incidence detected in men (Fujii et al., 2011; 
McCormack et al., 2014, 2016). Despite the limitations, the current results add important 
knowledge on long-term EMA versus EDD comparisons and provide insights into using 
these methods in tinnitus patients (in addition to chronic pain and fatigue) 

5.Conclusion
Generally, EDD and EMA provide similar data. EDD measures signi!cantly di#ered 
from EMA daily averages for six out of eleven variables: tinnitus anger, anxiety, tinnitus 
invasiveness, tinnitus pleasantness, tinnitus sadness, and stress. "e di#erences support 
previous literature which found that longer recall periods associate with worse symptom/
experience recollection. Despite their statistical signi!cance, the e#ects were small and 
may be attributed to the large number of data entries. As such, the minor di#erences may 
not justify EMA as the measurement of choice as the added burden to participants may 
be of ethical or theoretical concern. When these arise, EDD provides a viable alternative 
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since it accurately and closely re%ects daily life experiences as measured by EMA daily 
mean. Nonetheless, when the use of EMA is necessary the minor di#erences found in 
the current study do not justify a correction of the data collected. EMA may better suit 
the need of closely investigating cyclical tinnitus patterns (e.g. sleep/awake) or possible 
daily correlates (e.g. work environment, presence of triggers). "e knowledge of speci!c 
correlates allows for the recognition of maladaptive patterns and emotional reactions 
which may be addressed during treatment. Moreover, the use of repeated assessments (i.e. 
EMA and EDD) is vital in the application of SCEDs which are tailored to the push for 
individualized research and treatment (Schork, 2015).

"e continuous development and understanding of tinnitus assessment must be 
prioritized as the lack of an objective measure of tinnitus entails an over-reliance on 
patient self-reports for research and treatment. Future research on accurate measurements 
of the underlying mechanisms of the tinnitus experience may pave the way for a broader 
understanding about the onset, maintenance and recovery of tinnitus disability.



Chapter 4

90

References 
Broderick, J. E., Schwartz, J. E., Schneider, S., & Stone, A. A. (2009). Can End-of-Day Reports 

Replace Momentary Assessment of Pain and Fatigue? Journal of Pain, 10(3), 274–281. 
https://doi.org/10.1016/j.jpain.2008.09.003

Cima, R. F. F., Maes, I. H., Joore, M. A., Scheyen, D. J. W. M., El Refaie, A., Baguley, D. M., 
Anteunis, L. J. C., van Breukelen, G. J. P., & Vlaeyen, J. W. S. (2012). Specialised treatment 
based on cognitive behaviour therapy versus usual care for tinnitus: a randomised controlled 
trial. !e Lancet, 379(9830), 1951–1959. https://doi.org/10.1016/S0140-6736(12)60469-3

Cohen, J. (1988). Statistical Power Analysis for the Behavioral Sciences. Routledge Academic.
de Beurs, E., Van Dyck, R., Marquenie, L. A., Lange, A., & Blonk, R. W. B. (2001). De DASS: Een 

vragenlijst voor het meten van depressie, angst en stress ["e DASS: A questionnaire for the 
measurement of depression, anxiety, and stress]. Gedragstherapie, 34(1), 35–53.

Debeuf, T., Verbeken, S., Van Beveren, M.-L., Michels, N., & Braet, C. (2018). Stress and 
Eating Behavior: A Daily Diary Study in Youngsters. Frontiers in Psychology, 9. https://doi.
org/10.3389/fpsyg.2018.02657

Elhai, J. D., Dvorak, R. D., Levine, J. C., & Hall, B. J. (2017). Problematic smartphone use: 
A conceptual overview and systematic review of relations with anxiety and depression 
psychopathology. Journal of A#ective Disorders, 207, 251–259. https://doi.org/10.1016/j.
jad.2016.08.030

Fujii, K., Nagata, C., Nakamura, K., Kawachi, T., Takatsuka, N., Oba, S., & Shimizu, H. (2011). 
Prevalence of Tinnitus in Community-Dwelling Japanese Adults. Journal of Epidemiology, 
21(4), 299–304. https://doi.org/10.2188/jea.JE20100124

Gerull, K. M., Kallogjeri, D., Piccirillo, M. L., Rodebaugh, T. L., Lenze, E. J., & Piccirillo, 
J. F. (2019). Feasibility of Intensive Ecological Sampling of Tinnitus in Intervention 
Research. Otolaryngology–Head and Neck Surgery, 019459981984496. https://doi.
org/10.1177/0194599819844968

Goldberg, R. L., Piccirillo, M. L., Nicklaus, J., Skillington, A., Lenze, E., Rodebaugh, T. L., 
Kallogjeri, D., & Piccirillo, J. F. (2017). Evaluation of ecological momentary assessment for 
tinnitus severity. JAMA Otolaryngology - Head and Neck Surgery, 143(7), 700–706. https://
doi.org/10.1001/jamaoto.2017.0020

Grolemund, G., & Wickham, H. (2011). Dates and Times Made Easy with lubridate. Journal of 
Statistical Software, 40(3), 1–25. http://www.jstatsoft.org/v40/i03/

Hall, D. A., Smith, H., Hibbert, A., Colley, V., Haider, H. F., Horobin, A., Londero, A., 
Mazurek, B., "acker, B., & Fackrell, K. (2018). "e COMiT’ID Study: Developing Core 
Outcome Domains Sets for Clinical Trials of Sound-, Psychology-, and Pharmacology-
Based Interventions for Chronic Subjective Tinnitus in Adults. Trends in Hearing, 22, 
233121651881438. https://doi.org/10.1177/2331216518814384

Hallam, R. S., Jakes, S. C., & Hinchcli#e, R. (1988). Cognitive variables in tinnitus annoyance. 
!e British Journal of Clinical Psychology, 27 ( Pt 3)(pt 3), 213–222. http://www.ncbi.nlm.
nih.gov/pubmed/3191301

Holm, S. (1979). Board of the Foundation of the Scandinavian Journal of Statistics A Simple 
Sequentially Rejective Multiple Test Procedure A Simple Sequentially Rejective Multiple 
Test Procedure. Source: Scandinavian Journal of Statistics Scand J Statist, 6(6), 65–70. http://
www.jstor.org/stable/4615733%0Ahttp://www.jstor.org/page/info/about/policies/terms.
jsp%0Ahttp://www.jstor.org



!e daily experience of subjective tinnitus: Ecological Momentary Assessment (EMA) vs End-of-Day Diary (EDD)

91   

4

Horwood, S., & Anglim, J. (2019). Problematic smartphone usage and subjective and psychological 
well-being. Computers in Human Behavior, 97, 44–50. https://doi.org/10.1016/j.
chb.2019.02.028

Jones, A., Remmerswaal, D., Verveer, I., Robinson, E., Franken, I. H. A., Wen, C. K. F., & Field, 
M. (2019). Compliance with ecological momentary assessment protocols in substance users: 
a meta‐analysis. Addiction, 114(4), 609–619. https://doi.org/10.1111/add.14503

Kazdin, A. E. (2018). Single-case experimental designs. Evaluating interventions in research and 
clinical practice. Behaviour Research and !erapy, November, 0–1. https://doi.org/10.1016/j.
brat.2018.11.015

Kleiman, E. M., Turner, B. J., Fedor, S., Beale, E. E., Hu#man, J. C., & Nock, M. K. (2017). 
Examination of real-time %uctuations in suicidal ideation and its risk factors: Results from 
two ecological momentary assessment studies. Journal of Abnormal Psychology, 126(6), 726–
738. https://doi.org/10.1037/abn0000273

Lourenco, M., Cima, R., & Vlaeyen, J. (2019). Tinnotes: An usability study. OSF. osf.io/avhb2
Lovibond, S. H., & Lovibond, P. F. (1995). Manual for the Depression Anxiety & Stress Scales (2nd 

Ed.). Psychology Foundation.
Ludwigs, K., Henning, L., & Arends, L. R. (2019). Measuring Happiness—A Practical Review (pp. 

1–34). https://doi.org/10.1007/978-3-030-15115-7_1
May, M., Junghaenel, D. U., Ono, M., Stone, A. A., & Schneider, S. (2018). Ecological Momentary 

Assessment Methodology in Chronic Pain Research: A Systematic Review. !e Journal of 
Pain, 19(7), 699–716. https://doi.org/10.1016/j.jpain.2018.01.006

McCormack, A., Edmondson-Jones, M., Fortnum, H., Dawes, P., Middleton, H., Munro, K. J., 
& Moore, D. R. (2014). "e prevalence of tinnitus and the relationship with neuroticism in 
a middle-aged UK population. Journal of Psychosomatic Research, 76(1), 56–60. https://doi.
org/10.1016/j.jpsychores.2013.08.018

McCormack, A., Edmondson-Jones, M., Somerset, S., & Hall, D. A. (2016). A systematic review 
of the reporting of tinnitus prevalence and severity. Hearing Research, 337, 70–79. https://
doi.org/10.1016/j.heares.2016.05.009

Meeus, O., Blaivie, C., & Van de Heyning, P. (2007). Validation of the Dutch and the French 
version of the Tinnitus Questionnaire. B-ENT, 3 Suppl 7, 11–17. http://www.ncbi.nlm.nih.
gov/pubmed/18228680

Miron-Shatz, T., Stone, A., & Kahneman, D. (2009). Memories of Yesterday’s Emotions: Does the 
Valence of Experience A#ect the Memory-Experience Gap? Emotion, 9(6), 885–891. https://
doi.org/10.1037/a0017823

Morley, S. (2018). Single-Case Methods in Clinical Psychology: A Practical Guide (M. Ciara & C. J. 
Main (eds.); Kindle Edi). Taylor & Francis.

Moroń, M., & Biolik-Moroń, M. (2021). Trait emotional intelligence and emotional experiences 
during the COVID-19 pandemic outbreak in Poland: A daily diary study. Personality and 
Individual Di#erences, 168, 110348. https://doi.org/10.1016/j.paid.2020.110348

Pryss, R., Reichert, M., Schlee, W., Spiliopoulou, M., Langguth, B., & Probst, T. (2018). Di#erences 
between Android and iOS Users of the TrackYourTinnitus Mobile Crowdsensing mHealth 
Platform. 2018 IEEE 31st International Symposium on Computer-Based Medical Systems 
(CBMS), 411–416. https://doi.org/10.1109/CBMS.2018.00078



Chapter 4

92

R Core Team. (2020). R: A language and environment for statistical computing (4.0.1). R Foundation 
for Statistical Computing. https://www.r-project.org/

Rost, S., Van Ryckeghem, D. M. L., Koval, P., Sütterlin, S., Vögele, C., & Crombez, G. (2016). 
A#ective instability in patients with chronic pain. PAIN, 157(8), 1783–1790. https://doi.
org/10.1097/j.pain.0000000000000582

Schlee, W., Pryss, R. C., Probst, T., Schobel, J., Bachmeier, A., Reichert, M., & Langguth, B. 
(2016). Measuring the moment-to-moment variability of Tinnitus: "e TrackYourTinnitus 
smart phone app. Frontiers in Aging Neuroscience, 8(DEC), 1–8. https://doi.org/10.3389/
fnagi.2016.00294

Schneider, S., & Stone, A. A. (2016). Ambulatory and diary methods can facilitate the measurement 
of patient-reported outcomes. Quality of Life Research, 25(3), 497–506. https://doi.
org/10.1007/s11136-015-1054-z

Schork, N. J. (2015). Personalized medicine: Time for one-person trials. Nature, 520(7549), 609–
611. https://doi.org/10.1038/520609a

Senn, S. (2018). Statistical pitfalls of personalized medicine. Nature, 563(7733), 619–621. https://
doi.org/10.1038/d41586-018-07535-2

Shields, A. L., Shi#man, S., & Stone, A. (2016). Recall bias: Understanding and reducing bias in 
PRO data collection. In EPro: Electronic solutions for patient-reported data (pp. 5–21).

Shi#man, S., Stone, A. A., & Hu#ord, M. R. (2008). Ecological Momentary Assessment. 
Annual Review of Clinical Psychology, 4(1), 1–32. https://doi.org/10.1146/annurev.
clinpsy.3.022806.091415

Stohler, N. A., Reinau, D., Jick, S. S., Bodmer, D., & Meier, C. R. (2019). A study on the 
epidemiology of tinnitus in the United Kingdom. Clinical Epidemiology, Volume 11, 855–
871. https://doi.org/10.2147/CLEP.S213136

Stone, A. A., & Shi#man, S. (1994). Ecological Momentary Assessment (Ema) in Behavioral 
Medicine. Annals of Behavioral Medicine, 16(3), 199–202. https://doi.org/10.1093/
abm/16.3.199

Tiedemann, F. (2020). gghalves: Compose Half-Half Plots Using Your Favourite Geoms (R package 
version 0.1.0.). https://cran.r-project.org/package=gghalves

Tierney, N. (2017). visdat: Visualising Whole Data Frames. !e Journal of Open Source Software, 
2(16), 355. https://doi.org/10.21105/joss.00355

Vahedi, Z., & Saiphoo, A. (2018). "e association between smartphone use, stress, and anxiety: A 
meta-analytic review. Stress and Health, 34(3), 347–358. https://doi.org/10.1002/smi.2805

Van Den Bergh, O., & Walentynowicz, M. (2016). Accuracy and bias in retrospective symptom 
reporting. Current Opinion in Psychiatry, 29(5), 302–308. https://doi.org/10.1097/
YCO.0000000000000267

Verbrugge, L. M. (1980). Health Diaries. Medical Care, 18(1), 73–95. https://doi.
org/10.1097/00005650-198001000-00006

Wei, T., & Simko, V. (2017). R package “corrplot”: Visualization of a Correlation Matrix (Version 
0.84). https://github.com/taiyun/corrplot

Wickham, H. (2019). stringr: Simple, Consistent Wrappers for Common String Operations (R package 
version 1.4.0.).



!e daily experience of subjective tinnitus: Ecological Momentary Assessment (EMA) vs End-of-Day Diary (EDD)

93   

4

Wickham, H., Averick, M., Bryan, J., Chang, W., McGowan, L., François, R., Grolemund, G., 
Hayes, A., Henry, L., Hester, J., Kuhn, M., Pedersen, T., Miller, E., Bache, S., Müller, 
K., Ooms, J., Robinson, D., Seidel, D., Spinu, V., … Yutani, H. (2019). Welcome to 
the Tidyverse. Journal of Open Source Software, 4(43), 1686. https://doi.org/10.21105/
joss.01686

Wickham, H., Hester, J., & Francois, R. (2018). readr: Read Rectangular Text Data (R package 
version 1.3.1.). https://cran.r-project.org/package=readr





CHAPTER 5

Better together. Group vs individual 
Cognitive Behavioural !erapy (CBT) for 
tinnitus: A multiple-baseline Single-Case 

Experimental Design

Under revision:

Matheus Lourenco, !omas Fuller, Saskia Ranson, Johan Vlaeyen & Rilana Cima. 

Better together. Group vs individual Cognitive Behavioural !erapy (CBT) for tinnitus: 
A multiple-baseline Single-Case Experimental Design. Ear and Hearing



Chapter 5

96

Abstract
Chronic tinnitus is best treated through Cognitive Behaviour "erapy (CBT). Both group 
and individual CBT for tinnitus are e#ective, but no study has directly compared the two. 
"e current study explores group vs individual CBT for tinnitus. A multiple-baseline 
single-case experimental design was employed in order to observe changes within/between 
individual and group treatments. Six participants started a 10-week CBT protocol and 
were equally divided into individual or group treatment. Participants were exchanged 
between treatments at random time-points. Diary data included 14 variables on tinnitus 
experience (e.g. annoyance, distraction) and wellbeing (e.g. happiness, stress). Five male 
participants (59-67 year old) completed treatment. Randomization tests comparing means 
between individual and group treatments did not reveal signi!cant di#erences. Analysis of 
data overlap and trend (Tau-U) revealed minor signi!cant improvements for 7 variables 
(50%) in group treatment as compared to individual treatment. Diminished happiness 
and activity levels were observed in participants who went from group to individual 
treatment. Low e#ect sizes and homogeneity of sample restrict the generalizability of 
data. Group CBT indicated potential bene!ts when compared to individual CBT. Social 
learning may be an underlying process in group delivery boosting tinnitus recovery. 
Findings are limited to male patients with chronic disabling tinnitus.  
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1. Introduction
Increasing incidence (e.g. Moore et al., 2019; Stohler et al., 2019) and high economic 
burden of chronic tinnitus (Maes et al., 2013) demand e#ective interventions to be 
applied. Chronic tinnitus, the persistent perception of sound (e.g. ringing, humming or 
hissing) in the ear(s) or head without corresponding external acoustic source, has no cure. 
However, Cognitive Behavioural "erapy (CBT) is strongly recommended (Cima et al., 
2019) with a recent Cochrane review supporting its positive e#ect on participant’s quality 
of life (Fuller et al., 2020). Based on the Fear Avoidance model (Figure 1) of chronic pain 
(FA; Lethem et al., 1983; Vlaeyen & Linton, 2000, 2012) adapted to tinnitus (Cima et 
al., 2011; Kleinstäuber et al., 2013), CBT aims to alter fear cognitions and responses by 
targeting di#erent steps of the pathological cycle (e.g. catastrophizing, fear, avoidance) 
through di#erent techniques (e.g. psycho-education, exposure, relaxation). CBT for 
tinnitus may take many forms, as di#erent combinations of techniques may be applied. 

Figure 1: Fear Avoidance model (reproduced from Cima et al., 2018).

Group treatment is an e#ective form of CBT delivery (e.g. Cima et al., 2012). Despite 
support for group-based CBT, it is not yet known if the group setting is vital for the 
e#ectiveness of CBT for tinnitus. Di#erences in method of treatment-delivery (i.e. group 
compared to individual therapy) have previously been explored by Fuller et al. (2020) in 
the context of a meta-analysis. "eir analyses revealed that both individual and group-
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based CBT were more e#ective than wait list control or “active comparison” conditions, 
but that there was no di#erence between individual or group-based delivery. In the meta-
analysis, results from studies, using either individual or group-based delivery of di#erent 
CBT protocols, were not compared directly in one single study. Furthermore, the studies 
reported mean group-level results, which limits insight in changes during treatment at 
the individual level. Tinnitus su#erers report high intra- and inter-individual di#erences 
(Henry et al., 2012; Schlee et al., 2016) which may unduly in%uence results, and which 
might not be accurately captured through group-level statistical analysis. 

To our knowledge there is no study directly comparing method of delivery of CBT for 
tinnitus. "e current study aims to examine the di#erences between individual and group 
treatment. A Single-Case Experimental Design (SCED) is employed to disentangle the 
treatment delivery methods by exploring the individual path of participants during CBT 
for tinnitus while alternating between group and individual treatment phases. 

2.Method
2.1. Participants 
Patients on the waiting list for CBT treatment from the Adelante Department of 
Audiology and Communication (Hoensbroek, "e Netherlands) were contacted and 
invited sequentially to participate in the study. First, patients who had previously 
volunteered for research on CBT for tinnitus, but could not participate due to scheduling 
con%icts, were contacted. All other patients on the waiting list for CBT for tinnitus were 
contacted next (i.e. those in the waiting list longest were invited !rst).

Potential participants were excluded from participation if they reportedly: (1) were 
currently undergoing other tinnitus or psychological treatment elsewhere; (2) commenced 
the use of hearing aids within the previous three months; (3) commenced or ceased the 
use of antidepressants, antipsychotics, anxiolytics, Ritalin, hormone replacement therapy, 
or medication to lower high blood pressure within the previous three months; (4) were 
unable to read and write in Dutch; or (5) disclosed current suicidal intent. In addition, 
they were excluded if (6) they showed uncorrected hearing loss of 40dB or more in one 
or both ears assessed by calculating the Pure Tone Average (PTA) on 500 Hz, 1000 Hz, 
and 2000 Hz. A total of six participants were included in the study (Figure 2). Eligible 
participants received study information by mail and were contacted by phone to evaluate 
inclusion/exclusion criteria and an appointment was set-up for signing informed consent. 
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Figure 2: Flow of recruitment for current study.
 

2.2. CBT for Tinnitus
"e center provides established CBT for tinnitus (for detailed protocol see Cima 
et al., 2012). Relying on a stepped care approach, patients !rst undergo audiological 
assessment, psycho-educational session, and a psychological intake, as a !rst step in triage. 
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A multidisciplinary team meeting of the involved professionals determines each patient’s 
treatment path. Patients are allocated to the more intensive second step of treatment 
with 2-hour sessions for approximately 10-weeks, if diagnostics showed more severe 
patient need. "e current study examined the second step of the stepped care approach 
with bi-weekly treatment delivery of 20 sessions in total. "erapists experienced with the 
protocol utilized at the rehabilitation centre followed the pre-established descriptions of 
each treatment session.

2.3. Design
An adapted multiple-baseline Single-Case Experimental Design (SCED) was utilized in 
order to examine di#erences in e#ects due to method of delivery by comparing changes 
in individual and group setting. Compared to traditional Randomized Control Trials 
(RCTs), the SCED is more appropriate for dissecting treatment components (e.g. 
method of delivery) as all participants undergo the isolated components (i.e. in this case, 
individual and group setting) during di#erent phases of the treatment (Krasny-Pacini & 
Evans, 2018). More speci!cally, after a baseline (phase A), each participant underwent 
the same treatment protocol in two di#erent sequential orders (BC vs CB): individual 
(phase B) or group (phase C). "e usual multiple-baseline design relies on a bi-phasic A-B 
design and randomizes the baseline length (A) to increase power for comparisons with a 
subsequent treatment phase (B). "e design utilized in this study randomizes the length 
of each treatment phase instead of baseline. "e adaptation takes into consideration the 
research question of comparing treatment settings to each other rather than comparing 
treatment e#ectiveness to a no-treatment baseline. "ree random paired schedules with a 
minimum of 14 observations per treatment phase (Figure 3) were randomly drawn using 
a dedicated Single Case Data Analysis app (SCDA; Bulté & Onghena, 2013; De et al., 
2020), from a total of 477 042 permutations (minimal possible p-value = 2.1 x 10-6). For 
each participant commencing the treatment in the group setting, a paired participant 
was allocated to the individual setting. At randomly designated start-dates of the relevant 
treatment-setting, paired participants switched settings. "is speci!c design guaranteed 
that a minimum of three participants were always allocated to group treatment, thereby 
maintaining the number of participants required to ensure true in-group experience. 
"e !rst treatment session took place on October 9th, 2019 for all participants. "e 
last treatment session was held on December 13th, 2019. "ree-month follow-up data 
collection, planned for March 2020, was disrupted by the COVID-19 pandemic and 
therefore was slightly delayed and took place from May to July 2020. No blinding was 
utilized.
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"e research was approved by the Nationally appointed Medical Ethical Committee 
at Maxima Medical Centre, in Veldhoven, the Netherlands, as part of a larger project 
(METC; NL63262.016.18) and registered at the Dutch Trial Register (NL8056). 
Reporting follows guidelines established at SCRIBE (Tate et al., 2016). 

Figure 3: Randomized paired schedules for each of the six participants.

2.4. Measurements

2.4.1. Diary outcomes
End-of-day diary (EDD) data were collected from baseline to the end of the treatment 
(79 days). "e diary was delivered through a purpose-built app installed on participants’ 
smartphones (mEMA; ilumivu, Inc., Cambridge, MA, USA; www.ilumivu.com). EDD 
assessments took place at 8pm every night (with a 4-hour time limit for completion), 
and consisted of 15 questions regarding di#erent aspects of the tinnitus experience (i.e. 
annoyance, interference, distraction, anger, invasiveness, sadness, activity levels, fear, 
avoidance, masking, pleasantness) and overall well-being (i.e. happiness, anxiety, sleep 
quality, social interaction and stress). All questions were rated on a 7-point Likert scale (0-
6), except for social interaction (“Who did you spend time with today?”), which presented 
the participant with seven mutually non-exclusive options (“nobody”, “partner”, “family”, 
“friends”, “colleagues”, “acquaintances”, and “strangers”). 

2.4.2. Standardized outcomes and self-reported goals
Standardized outcomes were collected prior to treatment onset (T0), after the end of the 
full treatment protocol (T1) and follow-up (T2).

Tinnitus Functional Index (TFI; Meikle et al., 2012) is an assessment of tinnitus 
impairment in daily functioning. "e TFI was speci!cally designed as an outcome measure 



Chapter 5

102

for clinical trials. Consisting of 25-items, this self-report tool relies on 10-point Likert 
scales to classify tinnitus-related impairment experienced over the previous week (e.g. 
“What percentage of your time awake were you annoyed by your tinnitus?”). Higher scores 
re%ect greater impairment and a 13-point change is considered clinically meaningful. "e 
tool is divided into eight subscales: intrusiveness; sense of control; cognitive interference; 
sleep disturbance; auditory di$culties due to tinnitus; interference in relaxation; quality 
of life; and emotional distress. "e Dutch version of TFI was used (Rabau et al., 2014). 

"e Tinnitus Questionnaire (TQ; Hallam et al., 1988) is a widely used questionnaire 
for the assessment of tinnitus-severity (Hall et al., 2016). Fifty-two items are rated on 
a three-point scale for an overall score indicating tinnitus distress (e.g. “!e noises have 
a#ected my concentration”). Meeus, Blaivie and Van de Heyning (2007) validated the TQ 
into Dutch.  Despite a minimal change of 5 points being commonly considered clinically 
relevant (Kleinjung et al., 2007), a more conservative 12 point change approach is used 
at present (Hall et al., 2018).

"e Fear of Tinnitus Questionnaire (FTQ; Cima et al., 2011) is a 17-item list of fear-
related statements regarding tinnitus experience (e.g. “I fear that my tinnitus is the result of 
a tumor”). "e tool is reliable, valid and responsive to clinical change (Fuller et al., 2019), 
with higher scores, obtained by the number of responder-selected items (judged to be true 
for them) in the list, being correlated with higher interference in daily life.

"e Tinnitus Catastrophizing Scale (TCS; Cima et al., 2011) is an adaptation of the Pain 
Catastrophizing Scale (Sullivan et al., 1995). "e TCS consists of 13-items on a 5-point 
Likert scale, the PCS aims at assessing catastrophizing cognitions and misinterpretations 
related to pain (e.g. “I feel I can’t go on”). Items have been adapted by replacing pain 
related items to tinnitus equivalents. "e TCS has been previously used in a large RCT on 
CBT for tinnitus patients (Cima et al., 2012) and it was shown that increased scores on  
the TCS are associated with decreased quality of life, increased tinnitus severity, increased 
fear for tinnitus and increased negative general a#ect .

"e Chronic Tinnitus Acceptance Questionnaire (CTAQ; Moreland, 2007) is a 20-
item self-report assessment on a 7-point Likert scale adapted from the Chronic Pain 
Acceptance Questionnaire (CPAQ; McCracken et al., 2004, 2005). "is scale assesses 
participation in everyday activities despite tinnitus experience as well as the acceptance 
of the tinnitus experience without avoiding it (e.g. “I am getting on with the business of 
living no matter what my level of tinnitus is”). Lower scores re%ect poorer levels of chronic 
tinnitus acceptance.
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"e Depression Anxiety and Stress Scale-21 (DASS-21; S. H. Lovibond & Lovibond, 
1995) is a widely used measure of emotional wellbeing. With excellent psychometric 
properties (Antony et al., 1998), the tool consists of 21-items on a 4-point Likert scale 
to measure symptoms of depression, anxiety and stress with higher scores indicating 
worsening of depression (e.g. “I felt I wasn’t worth much as a person”), anxiety (e.g. “I felt 
I was close to panic”) and stress (e.g. “I found it di%cult to relax”). A revised Dutch version 
(de Beurs et al., 2001) was utilized in the current study. 

Interpersonal Needs Questionnaire (INQ-15; Van Orden et al., 2012) is a 15-item, self-
report questionnaire, which uses a 7-point Likert-type scale. "e questionnaire measures 
an individual’s social disability/inclusion through two subscales: perceived interpersonal 
measures of relationship distress (perceived alienation; e.g. “!ese days, I feel like I belong”) 
and self-perceived burden to others (e.g. “!ese days the people in my life would be happier 
without me”). Higher scores are associated with higher levels of perceived alienation and 
burden.

Personal goals of treatment outcomes were set through a semi-structured interview 
performed at T0. Participants were asked to describe their tinnitus disability (e.g. how 
they were negatively impacted by their tinnitus) and then set personal therapeutic goals 
by answering the question: “What do you like to be improved at the end of the therapy?”

Goal attainment and maintenance were con!rmed at T1 and T2 by asking participants 
to describe the personal e#ect of treatment, whether tinnitus disability had diminished, 
and where was improvement noticed. Personal goals set at T0 were then discussed and 
progress evaluated.

2.5. Visual Inspection
Data collected from EDD was plotted through time with level (i.e. central tendency), 
variability and trend visually inspected. Broadened medians (Rosenberger & Gasko, 
1983), an outlier resistant alternative to means and more robust against outliers, were 
used to assist visual inspection of levels. Variability was inspected with the aid of range 
lines drawn from the highest and lowest scores per phase. Least Squares regression was 
used to visually inspect trend per phase. In%uence of outliers was reduced conservatively 
by removing a singularly occurring highest and/or lowest score on a particular item per 
phase per participant for the visual inspection of variability (trimmed range; Morley & 
Adams, 1991). "is approach was also applied for the inspection of trend.  
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Social interaction was separately analysed with each answer (“partner”, “family”, “friends”, 
“colleagues”, “acquaintances”, and “strangers”) recorded into dichotomous variables (0 
= no contact; 1 = contact). Each new variable was plotted through time and visually 
inspected for di#erences in level (broadened median) between phases B and C. 

2.6. Statistical Analysis

2.6.1. E#ect size calculations
Non-overlap of all pairs (NAP; Parker & Vannest, 2009) was utilized to calculate e#ect 
sizes between all phases. Cut-o#s for NAP e#ect sizes can be interpreted as small (<.66), 
medium (>.65 and <.93) or large (NAP > .92). At a second step, trend was taken into 
account when calculating NAP between individual and group phases by utilizing Tau-U 
(Parker et al., 2011), a combination of Kendall’s rank correlation test (Tau) and Mann 
Whitney statistics (U). 

2.6.2.  Randomization Tests (RT)
Di#erences between individual (B) and group (C) treatment were calculated through 
Randomization Tests (RT) with Monte Carlo sampling (1000) and test statistics de!ned 
as |B-C | (the absolute di#erence of the means of B phase observations and the means of 
C phase observations) since no speci!c direction of change was hypothesized (Onghena 
& Edgington, 2005). 

2.7. Standardized outcomes and self-reported goals
E#ects of the treatments were tested by examining changes in scores on the TQ and 
TFI. Di#erences between T0 and T1, as well as T1 and T2 were calculated for each 
participant. Personalized goals of treatment outcomes at T0 were assessed at T1 and T2. 

All other standardized outcomes (i.e. FTQ, TCS, CTAQ, DASS-21, INQ) from baseline 
are reported.

2.8. Software and output
All visual plots and analysis, as well as RTs, were calculated through the online SCDA app 
(Bulté & Onghena, 2013; De et al., 2020). NAP and Tau-U analyses utilized ‘Single Case 
Research: web based calculators for SCR analysis (Version 2.0)’ (Vannest et al., 2016). 



Better together. Group vs individual Cognitive Behavioural !erapy (CBT) for tinnitus

105   

5

Visual inspection plots of the end-of-day diary scores for all items are presented in the 
supplementary material.

3.Results
Demographic data of the 6 participants at onset of the study are presented in Table 
1. One participant (P5) commenced the use of hearing aid on October 2nd and was 
allowed to participate. Follow-up interview of this participant revealed that the hearing 
aid was seldomly used, speci!cally when in silence. Data for this participant was analysed 
as planned as changes were not attributable to the hearing aid by the participant. One 
female participant (50 years old) dropped out during the second week of treatment due 
to personal reasons unrelated to tinnitus. In order to maintain a minimal of 3 participants 
during group treatment, one patient (male, 49-years old) who was indicated for CBT for 
tinnitus and next on the waiting list, was added to and participated in group treatment, 
while exempted from data collection. Participant P2 missed the highest number of diary 
entries (26.3%) due to planned holidays. Nevertheless, EDD compliance rates ranged 
from 73.7-98.7% among participants. No adverse events were recorded during treatment.
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3.1. Diary scores

3.1.1 Visual inspection
Visual inspection of level of all variables (broadened median) revealed that all but one 
participant allocated to the ABC treatment setting order demonstrated no di#erences 
between phases or only a small improved level on all variables at the group (C) phase. 
However, participant P1, in the ABC order, revealed slight worsening during group 
treatment (phase C) for fear of tinnitus (Figure 4), while all other variables remained 
constant or improved as well. Participants in the alternative ACB order also revealed 
little to no change variables between phase levels. Most variables’ levels either remained 
constant or slightly improved at the individual phase (B). On perceived happiness 
and activity level, participants’ levels decreased in the individual phase (B).  No other 
consistent pattern of change could be identi!ed. All participants’ level of overall perceived 
social contact remained constant throughout the treatment. 

No discernible patterns in variability between phases can be seen. In one participant (P5) 
variability decreased in all but one item (activity level), while all other participants had 
no consistent pattern of change in variability across items. Tinnitus avoidance (Figure 5), 
interference, sadness and sleep quality scores were either stable or decreased in variability 
for all participants. Tinnitus pleasantness decreased in variability across all participants.

Similarly, clear trend patterns between ABC and ACB orders were lacking in the visual 
inspection. Tinnitus avoidance trend did not change between phases in all participants 
while all other items presented shifts for at least one participant (e.g. tinnitus annoyance; 
Figure 6). Participant (P5) trend improved on !ve items (activity level, anxiety, tinnitus 
pleasantness, sleep quality and stress), while participant (P2) trend improved on 4 items 
(tinnitus annoyance, anxiety, tinnitus distraction and tinnitus invasiveness) after changing 
treatment phase. Both participants’ improvements were recorded in the second treatment 
phase – group and individual, respectively. All other participants displayed changes in 
trends between phases without any discernable pattern.
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Figure 4: Fear of tinnitus broadened medians per participant per individual (B) and group (C) 
treatment phase.
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Figure 5: Tinnitus avoidance variability (ranged lines) per participant per individual (B) and group 
(C) treatment phase.
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Figure 6: Tinnitus annoyance trend (Least Squares regression) per participant per individual (B) 
and group (C) treatment phase. 
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3.1.2. E#ect sizes 
Low e#ect sizes (NAP) between baseline (A) and individual (B) treatment were similar to 
those between baseline (A) and group (C) treatment (Table 2). Without controlling for 
trend, data overlapped between individual and group treatment. By controlling for trend, 
Tau-U analysis revealed di#erent signi!cant changes between treatment orders (Table 3). 
Tinnitus anger, annoyance, fear, interference, invasiveness and sadness, as well as anxiety 
signi!cantly improved at the group (C) phase for the ABC treatment order. Participants 
in the ACB order signi!cantly improved tinnitus sadness and worsened in happiness and 
activity levels when in individual (B) treatment.

Table 2: Non-overlap of all pairs (NAP) e#ect sizes, and statistical signi!cance based on Tau-U 
analyses without controlling for trend.

Item A-B A-C B-C

Activity level† .462** .423** .461**
Anger .410** .403** .445**
Annoyance .440** .417** .423**
Anxiety .394** .340** .443**
Avoidance .224* .188 .436**
Distraction .579** .541** .428**
Fear .303** .216* .379**
Happiness† .524** .393** .300**
Invasiveness .664** .570** .368**
Interference .376** .314* .438**
Pleasantness† .532** .506** .446**
Sadness .379** .367** .464**
Sleep quality† .456** .410** .477**
Stress .360** .350** .500**
Note:  A – Baseline, B – Individual treatment, C – Group treatment
†inverted items
*p-value < .05
**p-value < .001
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Table 3:  Weighted Tau-U e#ect sizes, controlling for trend.

Item ABC (n = 3) ACB (n = 2)

Activity Level† -.071 -.400**
Anger -.200* -.222
Annoyance -.227* -.152
Anxiety -.205* -.066
Avoidance -.088 -.083
Distraction -.154 -.031
Fear -.304** -.046
Happiness† -.080 -.667**
Interference -.282* -.154
Invasiveness -.219* .103
Pleasantness† -.067 -.129
Sadness -.206* -.286*
Sleep quality† .064 .101
Stress .009 .040

Note:  A – Baseline, B – Individual treatment, C – Group treatment
†inverted items
*p-value < .05
**p-value < .001

3.1.3. Randomization Tests
No signi!cant di#erences between group and individual treatments for each variable were 
found in RTs (minimal possible p-value = 2.1 x 10-6; all p > .05). 

3.2. Standardized outcomes and self-reported goals
Scores of the TQ and TFI were calculated for each participant (Table 4). A consistent 
pattern emerged in the results from pre- to post-treatment phase, which included both 
individual and group settings in di#erent orders. Four out of !ve participants reported 
improvements from baseline to after treatment end (T1). "e level of improvement 
exceeded minimally clinically important di#erences for four participants on the TQ 
(12-point change), and three out of !ve participants on the TFI (13-point change), with 
only one participant (P1) not recording improvements in the TQ or TFI from T0 to T1. 
Sequential order of treatment setting did not have an e#ect on overall treatment outcome. 
Furthermore, most objectives set by participants were successfully achieved by the end of 
treatment (Table 5). 
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Follow-up assessments supported the initial patterns found with the exception of one 
participant (P3), where a clinically meaningful worsening was found in TQ (38 points) 
and TFI (19.2 points). Another participant (P4) who showed clinically meaningful 
improvements after treatment further improved at follow-up, reporting clinically 
meaningful improvements in both TQ (22 points) and TFI (19.6 points) scores.

Table 4: Change in scores of the Tinnitus Questionnaire (TQ) and Tinnitus Functional Index 
(TFI)

TQ TFI
T1 score (change) T2 score (change) T1 score (change) T2 score (change)

P1 87 (6) 77 (-10) 78.8 (12) 70 (-8.8)
P2 21 (-27*) 32 (11) 36 (-32*) 37.2 (1.2)
P3 47 (-14*) 85 (38*) 68.4 (-5.6) 87.6 (19.2*)
P4 49 (-19*) 27 (-22*) 43.2 (-26.8*) 23.6 (-19.6*)
P5 8 (-49*) 11 (3) 7.2 (-56.8*) 8 (0.8)
Note: T0 = baseline; T1 = after full treatment; T2 = follow-up  
*Clinically meaningful change [TQ (>12); TFI (>13)]
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4. Discussion
"e current study aims to examine the di#erences in patient improvements when 
comparing individual versus group treatment delivery of CBT for chronic disabling 
tinnitus. "e SCED employed is speci!cally suited to enable direct comparisons between 
individual and group treatment settings within subjects. Group based RCT’s fail to access 
the high inter- and intra-individual variability found in tinnitus experience (Henry et al., 
2012; Schlee et al., 2016). "e SCED allowed us to control for individual conditions 
which accounted for participants idiosyncrasies. Moreover, SCED enabled us to follow 
participants undergoing both treatment conditions of interest (group and individual 
CBT), allowing to test di#erences as a result of treatment type to be carried out in detail 
(e.g. assessment of di#erences in trend, variability and level). 

First, bene!cial e#ects of CBT were con!rmed on the standardized outcome measures 
collected before, and after treatment, and during follow-up. Moreover, clinically 
meaningful improvements on standardized tinnitus assessments (i.e. TQ and TFI) were 
found in four out of !ve participants. "e follow-up assessments were delayed with 
3 months due to the COVID-19 pandemic. Nevertheless, three of the participants 
improvements were not lost, with one participant improving further after end of 
treatment. Semi-structured clinical interviews con!rmed these changes, with all but 
one participant reaching the personalized goals set at the beginning of treatment. "ese 
!ndings con!rm the e#ectiveness of CBT for tinnitus, established by Cima et al. (2012), 
and are in line with current literature on CBT (Fuller et al., 2020) and guidelines (Cima 
et al., 2019) for tinnitus treatment.

Visual inspection of the data, as well as randomization tests between phases indicated no 
signi!cant di#erences between group and individual treatment. Analyses of data overlap, 
while accounting for trend, revealed low e#ect sizes but signi!cant di#erences between 
treatments. Participants who started treatment individually and subsequently joined 
group treatment, showed improvements in the latter when compared with the former. 
Half of the fourteen variables measured held signi!cant di#erences between phases 
(tinnitus anger, annoyance, fear, interference, invasiveness and sadness, as well as anxiety), 
favouring group treatment. Participants who underwent the opposite treatment order, 
group treatment followed by individual setting later, only improved further in scores 
on tinnitus sadness during individual treatment compared to group treatment. "us, 
while group setting increased bene!ts from treatment on half the variables, individual 
setting only provided increased improvements on tinnitus sadness. More importantly, 
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participants worsening happiness and activity levels was observed during subsequent 
individual treatment, when compared to group treatment. Despite the worsening captured 
by the EDD, these participants still recorded overall improvements in the standardized 
outcome measures and clinical interview (from pre- to post-treatment).  

"e small di#erences found between treatment settings is indicative of the potential 
bene!ts of group CBT. Unlike individual treatment, group-based treatment may enable 
social learning, such as observing another patient expose themselves through the feared 
stimulus (e.g. loud noise, tinnitus) and challenging the expected outcome (e.g. anxiety, 
loss of control).  Social learning allows for the development of knowledge without the need 
for !rst-hand experience, avoiding possible risks of these experiences. Some studies show 
that seeing someone else expose themselves to a feared stimulus (i.e. vicarious extinction 
of fear) can lead to superior fear reduction when compared to standard extinction (Golkar 
et al., 2013, 2016). 

While most participants improved, one participant (P1) did not bene!t from the 
treatment in either individual or group setting. Moreover, P1 held the highest fear of 
tinnitus, measured through the standardized questionnaire (i.e. FTQ) and EDD, where 
high variability was also observed. Fear of tinnitus is known to mediate recovery (Cima 
et al., 2017) and partly explains treatment e$cacy. Tinnitus avoidance, as reported by 
P1, did not abate during treatment as measured by the EDD and interview, which might 
explain why fear did not decrease, since the use of safety behaviours to avoid exposure to 
the feared stimuli may hinder fear extinction (Lovibond et al., 2009). Safety behaviours 
during tinnitus exposure are di$cult to assess, since these might be largely cognitive or 
interoceptive and therefore cannot be easily observed and controlled for (e.g. patients 
may use imagery to distract themselves from the tinnitus experience during an exposure 
exercise). As such, exposure to tinnitus may better resemble Interoceptive Exposure 
(IE), where the more covert cognitive strategies to avoid the full experience of fear (e.g. 
relaxation, distraction) may disrupt fear extinction (as reported by P1). 

As parallels from chronic pain research may be drawn and inspire the tinnitus !eld (e.g. 
the application of the FA model), fundamental research on the underlying mechanisms 
of chronic tinnitus are in their infancy. Associative fear learning paradigms have been 
developed and employed in the chronic pain !eld for decades, enabling the underlying 
mechanisms of change to be studied (for a review on the development and employment 
of fear conditioning in chronic pain see Meulders, 2020; Vlaeyen & Crombez, 2020). 



Better together. Group vs individual Cognitive Behavioural !erapy (CBT) for tinnitus

117   

5

While we are able to observe change in tinnitus experience through CBT, we are only able 
to speculate on the underlying mechanisms and associative learning models.

Beyond the inherent di$culty in controlling for covert safety behaviours in e$cacious 
exposure exercises, a limitation may be found in the uniqueness of the sample: i.e. !ve 
male participants aged between 59 and 66 years old. "is homogeneous sample serves as 
a double-edged sword. Naturally, our !ndings may not be generalizable to other tinnitus 
populations at the moment. On the other hand, our outcomes represent robust !ndings 
in a speci!c tinnitus population. "e e#ectiveness of CBT for this speci!c population is 
supported, with group setting presenting a more bene!cial treatment type, regardless of 
hearing aid use or tinnitus duration and location. Treatment response di#erences between 
gender have been previously observed, with men more responsive to the combined 
treatment of Tinnitus Retraining "erapy (TRT) and CBT (Van der Wal et al., 2020). 
As such, replication of the protocol with women is a natural step towards tailoring CBT 
for tinnitus. 

5.Conclusion
CBT for tinnitus is an e#ective treatment that may be o#ered in a variety of di#erent 
methods. Inspired by recent interest in more personalized research and treatment 
development (Schork, 2015; Senn, 2018), a SCED was used to explore the di#erences 
between group and individual treatment delivery settings of an established CBT for 
tinnitus protocol (Cima et al., 2012). To our knowledge the current study is the !rst to 
directly compare group versus individual CBT in tinnitus patients, revealing that group 
treatment is potentially more bene!cial to participants. While the bene!ts were observable 
though small, underlying mechanism of change (e.g. associative learning models) are yet 
to be fully explored through fundamental research in the tinnitus !eld. 



Chapter 5

118

References
Antony, M. M., Bieling, P. J., Cox, B. J., Enns, M. W., & Swinson, R. P. (1998). Psychometric 

properties of the 42-item and 21-item versions of the Depression Anxiety Stress Scales in 
clinical groups and a community sample. Psychological Assessment, 10(2), 176–181. https://
doi.org/10.1037/1040-3590.10.2.176

Bulté, I., & Onghena, P. (2013). "e Single-Case Data Analysis Package: Analysing Single-Case 
Experiments with R Software. Journal of Modern Applied Statistical Methods, 12(2), 450–478. 
https://doi.org/10.22237/jmasm/1383280020

Cima, R. F. F., Crombez, G., & Vlaeyen, J. W. S. (2011). Catastrophizing and Fear of Tinnitus 
Predict Quality of Life in Patients With Chronic Tinnitus. Ear and Hearing, 32(5), 634–
641. https://doi.org/10.1097/AUD.0b013e31821106dd

Cima, R. F. F., Maes, I. H., Joore, M. A., Scheyen, D. J. W. M., El Refaie, A., Baguley, D. M., 
Anteunis, L. J. C., van Breukelen, G. J. P., & Vlaeyen, J. W. S. (2012). Specialised treatment 
based on cognitive behaviour therapy versus usual care for tinnitus: a randomised controlled 
trial. !e Lancet, 379(9830), 1951–1959. https://doi.org/10.1016/S0140-6736(12)60469-3

Cima, R. F. F., Mazurek, B., Haider, H., Kikidis, D., Lapira, A., Noreña, A., & Hoare, D. J. (2019). 
A multidisciplinary European guideline for tinnitus: diagnostics, assessment, and treatment. 
HNO, February 2018. https://doi.org/10.1007/s00106-019-0633-7

Cima, R. F. F., van Breukelen, G., & Vlaeyen, J. W. S. (2017). Tinnitus-related fear: Mediating 
the e#ects of a cognitive behavioural specialised tinnitus treatment. Hearing Research, 1–12. 
https://doi.org/10.1016/j.heares.2017.10.003

de Beurs, E., Van Dyck, R., Marquenie, L. A., Lange, A., & Blonk, R. W. B. (2001). De DASS: Een 
vragenlijst voor het meten van depressie, angst en stress ["e DASS: A questionnaire for the 
measurement of depression, anxiety, and stress]. Gedragstherapie, 34(1), 35–53.

De, T. K., Michiels, B., Vlaeyen, J. W. S., & Onghena, P. (2020). Shiny SCDA.
Fuller, T. E., Cima, R. F. F., Van den Bussche, E., & Vlaeyen, J. W. S. (2019). "e Fear of 

Tinnitus Questionnaire. Ear and Hearing, 40(6), 1467–1477. https://doi.org/10.1097/
AUD.0000000000000728

Fuller, T. E., Cima, R., Langguth, B., Mazurek, B., Vlaeyen, J. W. S., & Hoare, D. J. (2020). 
Cognitive behavioural therapy for tinnitus. Cochrane Database of Systematic Reviews, 4. 
https://doi.org/10.1002/14651858.CD012614.pub2

Golkar, A., Haaker, J., Selbing, I., & Olsson, A. (2016). Neural signals of vicarious extinction 
learning. Social Cognitive and A#ective Neuroscience, 11(10), 1541–1549. https://doi.
org/10.1093/scan/nsw068

Golkar, A., Selbing, I., Flygare, O., Öhman, A., & Olsson, A. (2013). Other People as Means to 
a Safe End: Vicarious Extinction Blocks the Return of Learned Fear. Psychological Science, 
24(11), 2182–2190. https://doi.org/10.1177/0956797613489890

Hall, D. A., Haider, H., Szczepek, A. J., Lau, P., Rabau, S., Jones-Diette, J., Londero, A., Edvall, 
N. K., Cederroth, C. R., Mielczarek, M., Fuller, T., Batuecas-Caletrio, A., Brueggemen, 
P., "ompson, D. M., Norena, A., Cima, R. F. F., Mehta, R. L., & Mazurek, B. (2016). 
Systematic review of outcome domains and instruments used in clinical trials of tinnitus 
treatments in adults. Trials, 17(1), 270. https://doi.org/10.1186/s13063-016-1399-9



Better together. Group vs individual Cognitive Behavioural !erapy (CBT) for tinnitus

119   

5

Hall, D. A., Mehta, R. L., & Argstatter, H. (2018). Interpreting the Tinnitus Questionnaire 
(German version): what individual di#erences are clinically important? International Journal 
of Audiology, 57(7), 553–557. https://doi.org/10.1080/14992027.2018.1442591

Hallam, R. S., Jakes, S. C., & Hinchcli#e, R. (1988). Cognitive variables in tinnitus annoyance. 
!e British Journal of Clinical Psychology, 27 ( Pt 3)(pt 3), 213–222. http://www.ncbi.nlm.
nih.gov/pubmed/3191301

Henry, J. A., Galvez, G., Turbin, M. B., "ielman, E. J., Mcmillan, G. P., & Istvan, J. A. (2012). 
Pilot Study to Evaluate Ecological Momentary Assessment of Tinnitus (Henry et al, 2012). 279–
290.

Kleinjung, T., Ste#ens, T., Sand, P., Murthum, T., Hajak, G., Strutz, J., Langguth, B., & 
Eichhammer, P. (2007). Which tinnitus patients bene!t from transcranial magnetic 
stimulation? Otolaryngology–Head and Neck Surgery, 137(4), 589–595. https://doi.
org/10.1016/j.otohns.2006.12.007

Kleinstäuber, M., Jasper, K., Schweda, I., Hiller, W., Andersson, G., & Weise, C. (2013). "e Role 
of Fear-Avoidance Cognitions and Behaviors in Patients with Chronic Tinnitus. Cognitive 
Behaviour !erapy, 42(2), 84–99. https://doi.org/10.1080/16506073.2012.717301

Krasny-Pacini, A., & Evans, J. (2018). Single-case experimental designs to assess intervention 
e#ectiveness in rehabilitation: A practical guide. Annals of Physical and Rehabilitation 
Medicine, 61(3), 164–179. https://doi.org/10.1016/j.rehab.2017.12.002

Lethem, J., Slade, P. D., Troup, J. D., & Bentley, G. (1983). Outline of a Fear-Avoidance Model 
of exaggerated pain perception--I. Behaviour Research and !erapy, 21(4), 401–408. http://
www.ncbi.nlm.nih.gov/pubmed/6626110

Lovibond, P. F., Mitchell, C. J., Minard, E., Brady, A., & Menzies, R. G. (2009). Safety 
behaviours preserve threat beliefs: Protection from extinction of human fear conditioning 
by an avoidance response. Behaviour Research and !erapy, 47(8), 716–720. https://doi.
org/10.1016/j.brat.2009.04.013

Lovibond, S. H., & Lovibond, P. F. (1995). Manual for the Depression Anxiety & Stress Scales (2nd 
Ed.). Psychology Foundation.

Maes, I. H. L., Cima, R. F. F., Vlaeyen, J. W., Anteunis, L. J. C., & Joore, M. A. (2013). 
Tinnitus: A cost study. Ear and Hearing, 34(4), 508–514. https://doi.org/10.1097/
AUD.0b013e31827d113a

McCracken, L. M., Vowles, K. E., & Eccleston, C. (2004). Acceptance of chronic pain: component 
analysis and a revised assessment method. Pain, 107(1), 159–166. https://doi.org/10.1016/j.
pain.2003.10.012

McCracken, L. M., Vowles, K. E., & Eccleston, C. (2005). Acceptance-based treatment for persons 
with complex, long standing chronic pain: a preliminary analysis of treatment outcome in 
comparison to a waiting phase. Behaviour Research and !erapy, 43(10), 1335–1346. https://
doi.org/10.1016/j.brat.2004.10.003

Meeus, O., Blaivie, C., & Van de Heyning, P. (2007). Validation of the Dutch and the French 
version of the Tinnitus Questionnaire. B-ENT, 3 Suppl 7, 11–17. http://www.ncbi.nlm.nih.
gov/pubmed/18228680



Chapter 5

120

Meikle, M. B., Henry, J. A., Griest, S. E., Stewart, B. J., Abrams, H. B., McArdle, R., Myers, P. J., 
Newman, C. W., Sandridge, S., Turk, D. C., Folmer, R. L., Frederick, E. J., House, J. W., 
Jacobson, G. P., Kinney, S. E., Martin, W. H., Nagler, S. M., Reich, G. E., Search!eld, G., 
… Vernon, J. A. (2012). "e Tinnitus Functional Index. Ear and Hearing, 33(2), 153–176. 
https://doi.org/10.1097/AUD.0b013e31822f67c0

Meulders, A. (2020). Fear in the context of pain: Lessons learned from 100 years of fear 
conditioning research. Behaviour Research and !erapy, 131(October 2019), 103635. https://
doi.org/10.1016/j.brat.2020.103635

Moore, B. A., Moring, J. C., Hale, W. J., & Peterson, A. L. (2019). Incidence Rates of Tinnitus 
in Active Duty Military Service Members Between 2001 and 2015. American Journal of 
Audiology, 28(4), 866–876. https://doi.org/10.1044/2019_AJA-19-0029

Moreland, J. (2007). Illness representations, acceptance, coping and psychological distress in chronic 
tinnitus. University of Leicester.

Morley, S., & Adams, M. (1991). Graphical analysis of single-case time series data. British Journal 
of Clinical Psychology, 30(2), 97–115. https://doi.org/10.1111/j.2044-8260.1991.tb00926.x

Onghena, P., & Edgington, E. S. (2005). Customization of Pain Treatments. !e Clinical Journal of 
Pain, 21(1), 56–68. https://doi.org/10.1097/00002508-200501000-00007

Parker, R. I., & Vannest, K. (2009). An Improved E#ect Size for Single-Case Research: Nonoverlap 
of All Pairs. Behavior !erapy, 40(4), 357–367. https://doi.org/10.1016/j.beth.2008.10.006

Parker, R. I., Vannest, K. J., Davis, J. L., & Sauber, S. B. (2011). Combining Nonoverlap and 
Trend for Single-Case Research: Tau-U. Behavior !erapy, 42(2), 284–299. https://doi.
org/10.1016/j.beth.2010.08.006

Rabau, S., Wouters, K., & Van de Heyning, P. (2014). Validation and translation of the Dutch 
tinnitus functional index. B-ENT, 10(4), 251–258. http://www.ncbi.nlm.nih.gov/
pubmed/25654947

Rosenberger, J. L., & Gasko, M. (1983). Comparing location estimators: Trimmed means, medians 
and trimean. In D. Hoaglin, F. Mosteller, & J. Tukey (Eds.), Understanding robust and 
exploratory data analysis (pp. 297–336).

Schlee, W., Pryss, R. C., Probst, T., Schobel, J., Bachmeier, A., Reichert, M., & Langguth, B. 
(2016). Measuring the moment-to-moment variability of Tinnitus: "e TrackYourTinnitus 
smart phone app. Frontiers in Aging Neuroscience, 8(DEC), 1–8. https://doi.org/10.3389/
fnagi.2016.00294

Schork, N. J. (2015). Personalized medicine: Time for one-person trials. Nature, 520(7549), 609–
611. https://doi.org/10.1038/520609a

Senn, S. (2018). Statistical pitfalls of personalized medicine. Nature, 563(7733), 619–621. https://
doi.org/10.1038/d41586-018-07535-2

Stohler, N. A., Reinau, D., Jick, S. S., Bodmer, D., & Meier, C. R. (2019). A study on the 
epidemiology of tinnitus in the United Kingdom. Clinical Epidemiology, Volume 11, 855–
871. https://doi.org/10.2147/CLEP.S213136

Sullivan, M. J. L., Bishop, S. R., & Pivik, J. (1995). "e Pain Catastrophizing Scale: Development 
and validation. Psychological Assessment, 7(4), 524–532. https://doi.org/10.1037/1040-
3590.7.4.524



Better together. Group vs individual Cognitive Behavioural !erapy (CBT) for tinnitus

121   

5

Tate, R. L., Perdices, M., Rosenkoetter, U., McDonald, S., Togher, L., Shadish, W., Horner, 
R., Kratochwill, T., Barlow, D. H., Kazdin, A., Sampson, M., Shamseer, L., & Vohra, S. 
(2016). "e Single-Case Reporting Guideline In BEhavioural Interventions (SCRIBE) 2016 
Statement. Archives of Scienti"c Psychology, 4(1), 10–31. https://doi.org/10.1037/arc0000027

Van der Wal, A., Luyten, T., Cardon, E., Jacquemin, L., Vanderveken, O. M., Topsakal, V., Van de 
Heyning, P., De Hertogh, W., Van Looveren, N., Van Rompaey, V., Michiels, S., & Gilles, 
A. (2020). Sex Di#erences in the Response to Di#erent Tinnitus Treatment. Frontiers in 
Neuroscience, 14. https://doi.org/10.3389/fnins.2020.00422

Van Orden, K. A., Cukrowicz, K. C., Witte, T. K., & Joiner, T. E. (2012). "warted belongingness 
and perceived burdensomeness: Construct validity and psychometric properties of the 
Interpersonal Needs Questionnaire. Psychological Assessment, 24(1), 197–215. https://doi.
org/10.1037/a0025358

Vannest, K. J., Parker, R. I., Gonen, O., & Adiguzel, T. (2016). Single Case Research: web based 
calculators for SCR analysis (2.0). Texas A&M University. http://www.singlecaseresearch.org/
calculators/tau-u

Vlaeyen, J. W. S., & Crombez, G. (2020). Behavioral Conceptualization and Treatment of Chronic 
Pain. Annual Review of Clinical Psychology, 16, 187–212. https://doi.org/10.1146/annurev-
clinpsy-050718-095744

Vlaeyen, J. W. S., & Linton, S. J. (2000). Fear-avoidance and its consequences in chronic 
musculoskeletal pain: a state of the art. Pain, 85(3), 317–332. http://www.ncbi.nlm.nih.
gov/pubmed/10781906

Vlaeyen, J. W. S., & Linton, S. J. (2012). Fear-avoidance model of chronic musculoskeletal pain: 
12 years on. Pain, 153(6), 1144–1147. https://doi.org/10.1016/j.pain.2011.12.009





CHAPTER 6

General Discussion



Chapter 6

124

To see the forest from the trees
"ree main areas of interest for closer investigation were identi!ed from the current 
state of the tinnitus !eld in Chapter 1: (1) the testing of a tinnitus fear conditioning 
paradigm in humans; (2) improving tinnitus assessment; and (3) the investigation of 
CBT components in order to better understand what works best form whom. From 
these, 4 speci!c research questions were drawn, and each question was addressed in a 
dedicated chapter. "ey were: (1) the adaptation/creation of an associative learning model 
for the !eld of tinnitus in order to establish a replicable fear learning paradigm with 
healthy human participants; (2) the investigation of whether Ecological Momentary 
Assessment (EMA) negatively a#ects tinnitus experience; (3) the comparison between 
EMA and End-of-Day Diary (EDD) in measuring tinnitus experience; and, relating to 
tinnitus treatment, (4) contrasting and comparing individual to group-based Cognitive 
Behavioural "erapy (CBT) for tinnitus. Next, we provide an overview of the research 
!ndings followed by a critical discussion and future directions.

Tinnitus fear conditioning
"e tinnitus Fear Avoidance (FA) model explains the role of fear in the development and 
maintenance of Chronic Disabling Tinnitus. Clinical studies have shown the model to be 
valid, nonetheless, replicable experimental paradigms to investigate underlying associative 
learning processes in with human participants were lacking. A novel di#erential fear 
conditioning paradigm was introduced (Chapter 2). We repeatedly presented a neutral 
sound (CS+), conceptualized to be tinnitus-like, followed by a short delay and the same 
sound at higher intensity (US) to healthy human participants. "e CS+ produced fear 
responses (seen in self-reported expectancy ratings) in participants in absence of the US. 
A di#erent, but perceptually equivalent auditory stimulus that was not paired with the 
US (CS-) did not elicit these fear responses. In other words, during the !rst phase (i.e. 
acquisition phase), fear of a neutral sound was acquired, after pairing it with the same 
louder sound. "e !nding provides support that classical conditioning, increased fear 
responding towards a neutral sound can be acquired, which may provide support for the 
key role of fear in triggering the pathological cycle of the FA model. Classical conditioning 
has been previously proposed as the underlying mechanism of the Neurophysiological 
model, although de!nition of the learning components (e.g. CS de!nition) have been 
vague and unspeci!c (Baguley et al., 2013). Moreover, conditioning research focused 
solely on animal paradigms to study tinnitus generation (Jastrebo#, 1990; Jastrebo# et 
al., 1988, 1994).
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At a second phase (i.e. extinction phase) of the paradigm, the acquired fear responses 
decreased with repeated presentation of CS+ without US. Surprisingly, CS- evoked 
fear responses at the beginning of this phase also decreased. "is lack of di#erentiation 
between CS+ and CS- was also observed in the third phase of the experiment (i.e. 
reinstatement phase), where reinstatement was tested through a single non-contingent 
presentation of the US. "e unexpected lack of di#erentiation was postulated to be a 
consequence of conducting Acoustic Stapedial Re%ex "reshold (ASRT) and Loudness 
Discomfort Level (LDL) tests between experiment phases for assessment purposes. "ese 
tests include presentation of acoustic probes that were similar to the CS+/- and US, 
potentially interfering with the CS-US associations and thereby diminishing the fear 
responses to the US. Moreover, the change in context, necessary to conduct the tests 
between phases, potentially decreased the strength of the association formed at acquisition. 
Beyond reconsidering the use of ASRT and LDL tests between the experimental phases, 
improvement of the paradigm in future studies can be achieved through limiting change 
of context (i.e. moving between rooms) and augmenting the number of trials during the 
acquisition phase, thereby increasing opportunities for a more robust and enduring fear-
learning.

Findings, while not robustly establishing a fear learning paradigm, are promising and do 
not rule out the role of classical conditioning as a possible origin for Chronic Disabling 
Tinnitus. Despite the several limitations of the study, fear learning was observed in the 
fear expectancy ratings. On the other hand, physiological responses were inconsistent, 
indicating a quick habituation and indiscriminate fear learning to CS+ and CS-. Again, 
the limitations presented by the ASRT and LDL measurements as well as the change in 
context may have unduly in%uenced responses, speci!cally those after the acquisition 
phase (where change of context happened more often). Nevertheless, physiological 
measurements, including the ones used in the current study (Skin Conductance Response 
and Heart Rate acceleration) may be limited in explaining tinnitus disability. Given a 
threatening US, self-report measures of fear have stronger diagnostic, predictive and 
construct validity when compared to physiological measurements (Boddez et al., 2013).  
"erefore, an updated paradigm might take a step back in order to create a simpler 
approach with a lower number of outcome measures (i.e. threat expectancy only) and 
increased power through increased assessment points, number of trials and participants. 



Chapter 6

126

(Re)assessing tinnitus
Self-report tools that are widely used to assess tinnitus experience may be susceptible 
to bias (i.e. recall bias, reading di$culty, and current psychological state). Ecological 
Momentary Assessments (EMA) increase ecological validity and reduce the in%uence 
of bias. However, the unwarranted attention towards the tinnitus experience has been 
thought to be detrimental to the patients. Increased awareness of the tinnitus percept 
has been shown to be associated with increased Chronic Disabling Tinnitus (e.g. lower 
quality of life; Cima et al., 2011). "e use of EMA may exacerbate awareness of tinnitus 
in severe tinnitus su#erers by increasing attention to tinnitus, since it requires responding 
and re%ecting on disability intensively on a daily basis. Chapter 3 investigated these 
potential negative e#ects through a Single-Case Experimental Design (SCED).

Our !ndings supported and expanded on previous !ndings regarding EMA reactivity in 
tinnitus su#erers (Henry et al., 2012; Schlee et al., 2016) as participants did not show 
meaningful negative reactions to EMA. Interestingly, slight improvements in tinnitus 
experience (i.e. decreased tinnitus avoidance, annoyance, interference, fear, sadness, 
distraction, masking and anger), and overall well-being (i.e. happiness, stress, sleep quality, 
activity level, anxiety) were observed after EMA introduction. Important to note is that 
EMA reactivity was only tested in participants with severe tinnitus distress. It remains to 
be explored if such !ndings are replicable in individuals with varying levels of tinnitus 
distress. Furthermore, attentional processes which could have further helped explain 
the !ndings, were not measured. More importantly, the surprising potential bene!ts of 
EMA remain to be explored. As research into internet and app delivered interventions is 
growing exponentially (e.g. Beukes et al., 2017, 2018; Hesser et al., 2012), and given the 
impact of the COVID-19 crisis for tinnitus patients (Beukes et al., 2020), the potential 
of EMA to become part of a treatment is worth exploring. 

Replication studies including participants with di#erent levels of tinnitus-severity should 
include whether there is an added burden on participants while using EMA, posing 
ethical and theoretical concerns (e.g. increased screen time). End-of-Day Diaries (EDD) 
could be a promising alternative to EMA by providing equivalent assessments at a lesser 
cost, speci!cally in cases where EMA data is aggregated in the form of daily scores (e.g. 
means). 

As direct comparisons between EMA and EDD assessments in tinnitus patients had not 
been carried out, Chapter 4 compared EDD mean values to EMA means. Furthermore, 
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EMA gathered close in time to EDD was compared with earlier-in-the-day EMA and 
EDD. "e study focused on testing if EDD accurately re%ected the overall daily picture, 
as illustrated by EMA. Our results indicated that EDD and EMA provide similar data, 
though some signi!cant di#erences were found. EDD measures signi!cantly di#ered 
from EMA daily averages for six out of eleven variables: tinnitus anger, anxiety, tinnitus 
invasiveness, tinnitus pleasantness, tinnitus sadness, and stress. "e di#erences indicated 
worse scores (e.g. lower tinnitus pleasantness, higher anxiety) on EDD. "is is in line with 
previous literature revealing that longer recall periods are associated with worse symptom/
experience recollection  (Miron-Shatz et al., 2009). Despite statistical signi!cances, the 
e#ects were small and may be attributed to the large number of data entries (4,732). Such 
minor di#erences may not justify EMA as the measurement of choice given the added 
burden to participants. 

"ese !ndings are limited by the homogeneity of the population and external validity 
would be strengthened by successful replications in di#erent age groups and in participants 
with varying levels of tinnitus distress. Furthermore, a more extensie set of tinnitus 
experiences, beyond the ones utilized in the chapter (e.g. perceived tinnitus control) can 
potentially produce di#erent results due to the heterogeneity of experiences. While a 
preference for EDD is stated, EMA use is not to be dismissed.  EMA remains a powerful 
tool that may be of speci!c bene!t in understanding daily cyclical patterns in tinnitus 
experience (e.g. %uctuations from morning to night). Beyond these patterns, EMA may 
further elucidate the dynamic relationship between emotions (e.g. fear), individuals, and 
their environment (Shi#man et al., 2008). Reactions to speci!c situations and granular 
level insight into temporal chain reactions have the power to pinpoint clinically relevant 
triggers. Future research must focus on the relevant use of EMA or EDD pending research 
objectives and associated costs. 

Beyond replicating the study with a di#erent and wider population, other limitations of 
the original research may be further addressed. "e use of questions developed with the 
patient and potentially tailored to a patient’s individual need and acknowledging patient 
preferred outcomes is possible through the %exibility of EMA and EDD methodologies 
(i.e. Hall et al., 2018). Such tailoring may, for example, provide answers on how to 
accurately measure overt avoidance behaviour. Such as GPS location (e.g. avoidance of 
known restaurants, bars, concert halls), as well as the use of smartphone microphones 
to measure noise exposure. "e use of an adapted EMA delivery, that is prompted by 
the participant when he/she recognizes a trigger or catastrophic thought, has potential 
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when integrating EMA in ongoing interventions. Naturally, while promising and exciting 
methodological possibilities are theoretically possible, technological and budgetary 
constraints may limit the adequate deployment of such tools. "e use of smartphone 
microphones, for example, is limited to the quality of each individual smartphone used 
and dependent on the quality of the hardware (e.g. sensitivity of the microphone, battery 
life) and software (e.g. operating system) employed by the manufacturer, making it 
di$cult to standardize and compare.

Chapters 3 and 4 highlight the potential of alternative assessment methods to standardized 
questionnaires, namely individualized EMA and EDD. Findings highlight that EMA 
can be used with severe tinnitus su#erers without negative consequences and, when 
EMA concerns are present, EDD is an adequate alternative for tinnitus assessment. Both 
represent more ecologically valid methods of assessment. Beyond a reduction in bias, 
these methods facilitate the use of SCEDs. As observed in this dissertation (Chapters 3 
and 5), SCED relies on the frequent and repeated assessment of participants to establish 
a robust baseline condition. "ese designs are particularly useful in the !eld of tinnitus as 
they account for the high heterogeneity of tinnitus experiences. Coupling EMA or EDD 
with designs that focus on within-subject change and %uctuation, speci!cally SCED, 
provide promising avenues in tailored treatment research. 

CBT for tinnitus
Tinnitus can be treated successfully with CBT. While positive outcomes have been 
reported in both group and individual settings, no direct comparison with the same 
treatment protocol has been carried out (Fuller et al., 2020). Group treatment may 
provide added bene!ts, such as decreased treatment delivery costs and higher speed of 
recovery due to increased social learning opportunities. Chapter 5 aimed at comparing a 
successful CBT for tinnitus treatment protocol (Cima et al., 2012) between group and 
individual delivery setting. "is chapter revealed that participants experienced increased 
bene!ts when treated in group, compared to when treated on an individual basis, as 
measured on over half of the variables (tinnitus anger, annoyance, fear, interference, 
invasiveness and sadness, as well as happiness and anxiety). Moreover, participants who 
switched from group to individual treatment were less happy and had lower activity levels 
when compared to those who went the opposite direction (from individual to group 
treatment). 
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Overall, CBT proved an e#ective treatment for tinnitus up to nearly six-month follow up, 
supporting previous !ndings (Cima et al., 2012, 2019; Fuller et al., 2020). Nonetheless, 
one single participant did not record clinically signi!cant improvements – on neither the 
Tinnitus Questionnaire (TQ; Hallam et al., 1988), the Tinnitus Functional Index (TFI; 
Meikle et al., 2012) or self-reported goals. "e participant uniquely registered higher fear 
levels and variability as well as self-reported nonadherence to the treatment component, 
namely exposure (i.e. interoceptive avoidance of exposure sessions). "ese observations 
are consistent with the FA model and appear to underscore the bene!cial role of decreased 
fear by exposure on treatment outcomes. Conversely, the lack of treatment response also 
highlights the importance of individualized medicine. Studying speci!c e#ects of each 
individual treatment component (e.g. exposure, relaxation, psychoeducation) as well as 
possible combinations, contributes to achieving the most e$cacious treatment geared to 
speci!c groups and tailored to the individual needs of each patient.

Cognitive Behavioural Treatments for tinnitus should continue to be explored, as we 
strive to understand what component works best for whom. Chapter 5 focused on only 
one treatment variant (i.e. delivery setting) and results were limited to men in the sixth 
decade of their lives. Replicability of !ndings in samples including women and other age 
groups must be carried out. 
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Planting seeds
Despite growing evidence of the prominent role of fear in the acquisition, development 
and maintenance of Chronic Disabling Tinnitus, research within this perspective is 
scarce. A quick search of the literature (in March 1st, 2021) reveals that 4 articles have 
been published with the terms “fear” and “tinnitus” in the title, compared to over 950 
in a similar search with the terms “fear” and “pain” (dating back to 1975). "e earliest 
of the articles within the tinnitus !eld was published in a peer reviewed journal 10 years 
ago (Cima et al., 2011). During the same period 412 (of the 950) articles were published 
in the !eld of pain.  Resistance to adopting a psychological tinnitus model may be 
encountered as patients and healthcare providers call for cures and hope for relief through 
sophisticated technology (McFerran et al., 2019). Yet, the majority of individuals who 
perceive tinnitus do not su#er from it (Davis & Refaie, 2000; Gallus et al., 2015; Kim 
et al., 2015). "erefore, the elimination of the tinnitus percept solely, may not directly 
translate to diminished su#ering. Interestingly, reduction of tinnitus-related fear may be 
a path to diminished tinnitus perception. In the !eld of chronic pain, reduction in pain 
perception has been observed after diminished pain-related fear (de Jong et al., 2012). 
Growing literature on CBT for tinnitus is robust and consistent in diminishing tinnitus 
su#ering (Fuller et al., 2020). "is dissertation has highlighted the role of cognitions, 
behaviour and emotional reactions in Chronic Disabling Tinnitus. Current !ndings 
point towards a better understanding through the role of fear in its development (Chapter 
2) and recovery (Chapter 5). 

Hair of the dog
It has been long believed that “like cures like” (Latin: similia similibus curantur). 
Development of vaccines, for example, lie within a concept not too far from the one 
in the times of Hippocrates. Exposure techniques may be used in CBT protocols, and 
resonate strongly with this line of thought by using the feared stimuli as treatment to 
the fear responses. Following the FA model, the alternative to the pathological cycle 
(i.e. perceiving tinnitus as a threat to health and functioning) is the recovery path (i.e. 
perceiving tinnitus as a harmless experience). On the path to recovery, the continuation of 
valued activities follows, and with it, confronting stimuli that would otherwise be avoided 
due to the fear of increasing in tinnitus (e.g. silent or loud environments, or avoiding 
it by distraction). In other words, fear can be reduced by confronting the patient with 
the fearful experience (e.g. silent environment evoking tinnitus experience without the 
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option of distraction) without the expected negative outcome (e.g. increased tinnitus). 
However, since exposure takes the form of confrontation with the fear-provoking stimuli, 
and fear is the catalyst of the pathology, confronting patients with the fearful stimuli can 
be a challenge (as highlighted in Chapter 5). "e violation of the expected threatening 
prediction, which allows for the creation of a new and more adaptive association with 
tinnitus. "is process however can unintentionally be interrupted and avoided (for a 
detailed review on underlying mechanism of inhibitory learning and exposure see Craske 
et al., 2014, 2018). Adding to this, despite support for exposure techniques and the strong  
recommendation for CBT (Cima et al., 2019), competing techniques and therapies are 
often recommended instead (e.g. masking, sound enrichment therapy, TRT). "ese 
require less therapeutic e#ort, less initial patient discomfort by confrontation with fear 
and less agency from the patient, with a higher perceived sense of comfort. Similar to 
some CBT protocols, TRT utilizes psycho-education (e.g. deconstructing tinnitus threat 
misconceptions), yet, contrary to CBT-Exposure, avoidance of the tinnitus experience is 
favoured through masking and sound enrichment therapy (Jastrebo# & Hazell, 2004).

While exposure techniques have gathered support beyond the !eld of tinnitus, and 
especially in the !eld of chronic pain (e.g. Craske et al., 2018), !ndings on the detrimental 
e#ect of the utilization of safety-seeking behaviours during exposure (e.g. avoidance) are 
inconclusive (Meulders et al., 2016). Fundamental research in the !eld of tinnitus, which 
would provide a way into examining such e#ects, are lacking in part due to the absence of 
replicable human paradigms. Recent review !ndings, slightly, favour CBT over TRT (i.e. 
Fuller et al., 2020), however, the inconsistency, variability and availability of protocols 
utilized limit the interpretability of !ndings.

From whole to unit 

One for all, all for one – Dumas (1844)

Studies with broad inclusion criteria fail to acknowledge the idiosyncratic characteristics 
of tinnitus. "e high inter- and intra-individual variability may not be properly 
acknowledged when interpreting results from group-based analysis. Strong individual 
e#ects are lost in the search for a one-size-!ts-all solution. Given such limitations, there 
is a push for individualized medicine (Schork, 2015), warranting tailored designs for 
treatment and research. Following the call, half of the four studies here presented employed 
SCED to achieve meaningful results that would otherwise be impossible (Chapters 
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3 and 5). Unlike observational/non-experimental designs (e.g. case studies), SCED 
investigates causal relationships between variables through repeated measurements of a 
dependent variable over at least two di#erent conditions of a manipulated variable (e.g. 
treatment onset; Morley, 2018). Practically speaking, SCED usually works by repeatedly 
assessing individuals before (baseline phase: A) and after the random introduction of an 
intervention or manipulation (phase: B). E#ects are mainly examined through di#erences 
between phases in level (e.g. mean, median, broadened median), trend (e.g. Least Square 
Regression) and variability (e.g. range lines, trended range; Kratochwill et al., 2010). 
Robust statistical methods have been developed to further support the power of analyses 
on results from SCED (e.g. Randomization Test, NAP, Tau-U). Participants (or units) 
may be added to further increase power through multiple (i.e. simultaneous start) or 
sequential (i.e. di#erent start) baselines. "e growing use of SCED is re%ected in the 
emergence of published guidelines, such as the Risk of Bias in N-of-1 Trials (RoBiNT; 
Tate et al., 2013) and "e Single-Case Reporting Guideline In BEhavioural Interventions 
(SCRIBE; Tate et al., 2016). 

As we have seen in Chapter 5, SCED may prove an adequate and powerful solution 
to further study the individual components of CBT for tinnitus. Beyond the capacity 
to isolate components (e.g. exposure, relaxation, psychoeducation), SCED allows for 
an intimate exploration of potential pivoting moments in treatment phases within the 
participant (e.g. identifying triggers of cascading events, emotions, and reactions), as well 
as a better understanding of current treatment options (e.g. pinpointing when change 
happens and potential sequence of events/treatment components) while potentially 
creating new research questions. Perhaps, more importantly, is the capacity for SCED 
to robustly investigate treatment e#ectiveness in small samples and single individuals. 
Due to the wide variety of tinnitus aetiology, longevity and experiences, SCED rises 
as a promising method due to the capacity to isolate and investigate identi!ed cohorts 
of tinnitus patients, however small, and the possibility to perform meta-analyses over 
aggregated data of multiple studies with SCED. "ese analyses may strengthen external 
validity of treatment components, without losing individual case results. Creative and 
interesting investigations using SCEDs are continuously emerging, from analysing 
patterns of change within a chronic lower back pain intervention (Caneiro et al., 2019) 
to the e$cacy of supervision in increasing CBT competencies (Alfonsson et al., 2020). 
Future research within tinnitus may integrate the promising research from similar !elds 
(e.g. Caneiro et al., 2019), as well as deepen already existing !ndings within the !eld, 
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such as the bene!ts of Tinnitus Retraining "erapy (TRT; Jastrebo# & Hazell, 2004) 
or transcranial direct current stimulation (tDCS; Jacquemin et al., 2018). "us, SCED 
brings a new perspective within the !eld that may lead to new knowledge and the re-
assessment of existing theories, while also allowing for %exible study designs without 
compromising the quality of !ndings.

Naturally, some limitations are noticeable. SCED is not adequate when time periods for 
phases (i.e. baseline, treatment, follow-up) are not appropriate (Vlaeyen et al., 2020), 
such as acute care (e.g. emergency care) or longer follow-up periods (e.g. 1 year). More 
importantly, the generalizability of !ndings provided through SCED is often questioned. 
While group-designs seek to increase the generalizability of !ndings through a larger 
number of participants, statistical analysis of group averages (means) may not directly 
translate to treatment e#ects at the individual level (Kazdin, 2018) and may not even 
translate to the individuals within that group. Such may also be due to the less idiosyncratic 
measures utilized in group studies when compared to SCED. By placing the patient in 
the center of research and treatment, as it is done in SCED, generalizability is created 
through the replication of treatment protocols with idiosyncratic outcome measures. 
In other words, it is not the use of standardized questionnaire scores which de!nes the 
outcome of an intervention, but the robust individual di#erences between phases of each 
unit studied. Replicability, a long standing issue in social sciences (e.g. “Estimating the 
Reproducibility of Psychological Science,” 2015; Lilienfeld, 2017), is as always, the key 
to the future. SCED allows for health care providers, and not only researchers, to produce 
robust !ndings which in itself may be replicable. In SCED, the feasibility of small-scale 
research that is rich in information may contribute to a larger set of aggregate data which 
can provide important insights needed into future research and treatment.
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From tinnitus to trees

“"e objects of sense exist only when they are perceived; the trees 
therefore are in the garden... no longer than while there is somebody by 
to perceive them.” – Berkeley (1710)

"e original thought of Berkeley has inspired the question posed by "e Chautauquan 
which opens this PhD dissertation. "e corollary: “If a human being were to hear a tree fall, 
would there be any tree?” was presented and the original thought by Berkeley may provide 
insight into the answer. "e philosopher insisted that existence requires perception, 
creating the branch of idealism where to be is to be perceived (Latin: esse is percipi). While 
avoiding the philosophical debate that endured centuries and which is beyond the scope 
of this thesis, it is still possible to enrich ourselves from such a point of view. "us, the 
existence of tinnitus, as the trees for Berkeley, can only exist as long as there is one to 
perceive it. Applying this knowledge to the postulated corollary, one might only ascertain 
that if a human being were to hear a tree fall, the sound would exist, whilst the tree remains 
to be perceived.
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Impact statement
"e current body of work sought to develop three di#erent, but related, areas in the tinnitus 
!eld. First, we focused on new tools for assessing the tinnitus more accurately. Second, we 
investigated tinnitus treatment, more speci!cally, Cognitive Behavioural "erapy (CBT) 
for tinnitus and whether a group delivery would be better than individually delivered 
CBT. Lastly, we tackled the development of research into the role of fear in tinnitus.

"e investigation of new tools for assessing tinnitus was deemed necessary due to the 
limitations of assessing tinnitus. Due to the lack of a “de!nitive” measure of tinnitus, 
such as the results of blood sample analysis for certain conditions (e.g. hepatitis, HIV, 
etc), tinnitus relies solely on self-report measures. Traditional self-report measures (i.e. 
questionnaires) have limitations that can strongly in%uence results. One such limitation 
is that these questionnaires are subjected to biases. In other words, participants are 
in%uenced by their memory (e.g. remembering only negative experiences), mood (happy 
vs foul), and location (hospital vs home) when !lling out these questionnaires. Newer 
methods that are delivered through smartphone apps allow for assessing tinnitus in daily 
life, where it matters most, through small questionnaires and during longer periods of 
time (e.g. months). Although the possible negative side-e#ects of such strategies (e.g. 
extended screen time, excessive smartphone use) were yet to be investigated within the 
tinnitus !eld.

Tinnitus treatment delivery (group vs individual) has not been directly tested within the 
tinnitus !eld before. Previous literature has demonstrated the power of group treatment, 
speci!cally the use of learning through others (i.e. observational learning). Whether 
if group treatment has added bene!ts to the participants provides guidance for future 
treatment design and a better understanding of the tinnitus recovery process.

It is postulated that the role of fear in the development and maintenance of tinnitus 
is of vital importance. Inspired in research of other !elds (i.e. chronic pain), fear of 
tinnitus is believed to trigger a detrimental cycle where misinterpretations of the tinnitus 
experience (e.g. fear that tinnitus is a symptom of a tumour; i.e. catastrophic thoughts of 
the meaning of tinnitus), excessive and constant tinnitus monitoring, and maladaptive 
behavioural responses (e.g. avoiding silence or social situations; i.e. avoidance of non-
harmful activities) lead to a signi!cant decrease in quality of life. Some research on fear 
and tinnitus has been conducted, though research is still in its infancy. 
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Our !ndings were promising. New tools to measure the tinnitus experience were proven 
safe for use with those su#ering from severe tinnitus. Also, given the personal or !nancial 
burden of some of those tools for the researcher (i.e. Ecological Momentary Assessment, 
EMA), a di#erent method (i.e. end-of-day diary, EDD) has proven an adequate 
alternative. Regarding tinnitus treatment, group CBT was observed to be more bene!cial 
when compared to individual treatment. Finally, the challenge to investigate the role of 
fear in tinnitus was met with a novel experimental paradigm, which provides insights into 
learning fear of tinnitus, and by extension the development of chronic tinnitus.

Scienti!c advances from these !ndings are considerable. We have paved the way for the 
safe use of new tools and methodologies within the tinnitus !eld. "e use of EMA and 
EDD provides a di#erent perspective to the understanding of the tinnitus experience 
that is closer to the lived experience of those who su#er from it. "ese methods also 
make it possible for researcher and healthcare providers to pinpoint pivoting moments 
in the patient’s illness trajectory (e.g. trigger of emotional and behavioural cascades). 
"is approach is congruent with personalized medicine, where treatments are tailored to 
the individual in question. Bene!ting from the individualized treatment was the !nding 
that group CBT provides better care when compared to individual CBT. "is !nding is 
particularly relevant for at least two reasons: (1) tailored treatment does not necessarily 
mean individual treatment, and as such, group treatment may be part of a tailored 
treatment path; and (2) healthcare resources may be optimized in order to provide the 
best care under the least cost.

Within the !eld of tinnitus, fundamental research is mainly conducted with animal 
samples. Animal models provide insight into the possible workings within a physical 
model, it cannot account for the disability and distress that tinnitus has on human beings. 
Perhaps more di$cult to directly translate into direct patient outcome is the development 
of experimental research into the role of fear in tinnitus. While investigation in treatment 
outcomes are of paramount importance, the understanding of the underlying cognitive 
and behavioural mechanisms of change provide the pillars upon which such treatments 
stand. "e understanding of the development of chronic from acute tinnitus, as well 
as tinnitus distress and disability all hinge in the advance of theoretical models. "e 
contribution on this front may be the most substantial yet. While not without its 

limitations, our research may improve tinnitus research in human participants. 
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"ose who su#er from tinnitus directly bene!t from the research presented. All studies 
conducted may directly in%uence the treatment approaches to tinnitus patients. Beyond 
tinnitus, the !ndings of this body of work may be adapted and inspire similar !elds. 
"e growing incidence of chronic conditions may yet bene!t from models adapted from 
parallel !elds (as tinnitus has from chronic pain research). A culmination of a body of 
work from di#erent !elds may create a broader framework that could potentially help 
better understand similar disorders under a similar context. Currently and perhaps more 
importantly, the !nancial burden of such conditions (as tinnitus) to the healthcare system 
and the personal burden on the patients and their families may be reduced through the 
development of research and more e$cacious treatments. 

With that in mind, all the !ndings are (or will be) available to the public. Initiatives by 
the funding agencies and the author are taken to spread the knowledge produced. It is our 
hope to inspire future tinnitus research and push for newer ways of research which puts 
the individual in the center of care.
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No man is an Iland, intire of itselfe; every man is a peece of the Continent, a 
part of the maine; if a Clod bee washed away by the Sea, Europe is the lesse, 
as well as if a Promontorie were, as well as if a Manor of thy friends or of 
thine owne were; any mans death diminishes me, because I am involved in 
Mankinde; And therefore never send to know for whom the bell tolls; It tolls 
for thee.

—John Donne, Meditation XVII
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