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ABSTRACT  

The Tinnitus Functional Index (TFI) was developed in the USA as a standard for 

assessing the functional impact of tinnitus based on eight tinnitus-related domains. 

The finalised 25-item version was never formally validated. This PhD seeks to assess 

the psychometric properties of the questionnaire and evaluate its suitability as the 

tool of choice for use in the diagnostic and outcome assessment of tinnitus for 

clinical and research purposes in the UK. 

The primary objectives were to (i) determine whether the TFI is reliable, (ii) 

verify its factor structure, and (iii) evaluate its responsiveness to treatment-related 

change. These objectives were evaluated in two UK studies. The first was a 

prospective multi-centre longitudinal validation study in which 255 NHS patients 

were recruited from audiology clinics to complete the TFI over four different time 

points in a nine-month period. The second was a retrospective analysis of data 

collected on the TFI and a battery of other health questionnaires from 294 members 

of the general public who had previously participated in two-centre randomised 

controlled trial of a novel tinnitus device. Approaches to psychometric analysis 

included classical and modern test theories, including Rasch measurement theory. 

Both approaches led to similar conclusions. Seven of the eight subscales were 

reliable and valid in both studies, although not as sensitive as the original developers 

proposed. Classical testing showed the auditory subscale to be reasonably reliable, 

but Rasch modelling indicated that it did not measure the functional impact of 

tinnitus. The overall factor structure was not confirmed. The sleep and auditory 

subscales did not relate to the other subscales and did not fit the model. My 

recommendation is to calculate the composite TFI score using only six subscales. 
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The sleep subscale should be scored separately and the auditory subscale should not 

be used.  
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 INTRODUCTION CHAPTER 1.

Clinicians rely on self-report questionnaires as a primary means of determining 

tinnitus severity and success of treatment (Meikle et al., 2007). Despite this, there is 

no single questionnaire assessment tool that is routinely used in clinical practice or 

research that optimally provides both a scale of tinnitus severity and an assessment of 

treatment-related outcomes. Over the last eight years, in an international 

collaboration led by clinicians in the USA, the Tinnitus Functional Index (TFI) was 

designed to be used as both a diagnostic tool and a sensitive measure to treatment-

related change (Meikle et al., 2012). This thesis is concerned with evaluating the 

psychometric properties of the TFI for clinical and research use in the UK. 

1.1. THESIS OVERVIEW  

Chapter 1 describes the key literature on tinnitus. The first section provides a 

definition of tinnitus, conceptualising and categorising the different types of tinnitus 

and the symptoms associated with the levels of perceived tinnitus severity. The 

second section considers the challenges in assessing and quantifying tinnitus and the 

outcomes of tinnitus interventions. In this section, the role questionnaires currently 

fill within clinical and research settings is briefly discussed before a short 

introduction to Tinnitus Functional Index (TFI) (Meikle et al., 2012).  

Chapter 2 provides comprehensive information on the methodology used for 

evaluating and validating the psychometric properties of questionnaires. Explicit 

quality criterion for developing and evaluating questionnaires are essential, therefore 

outlined within this chapter are four validation topics proposed by Terwee et al. 

(2007) as essential in questionnaire validation. The methods used to assess the 

psychometric properties are critically reviewed, highlighting the strengths and 
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limitations with the different approaches, before identifying the key methods that 

will be used within the PhD. Consideration is given to the challenges of 

disentangling the precise definition of acceptability criteria for all of the methods. An 

a priori acceptability criterion was established for all of the validation methods 

identified.    

Chapter 3 provides an in-depth review of the development and validation 

steps of a select number of tinnitus questionnaires that are currently recommended 

for use in clinical practice and research, including the TFI. Each questionnaire is 

critically evaluated as a valid and reliable outcome measure using the quality criteria 

identified in Chapter 2. Throughout this chapter, information is provided on the 

content and psychometric properties of each questionnaire. A different version of this 

work has been published as a book chapter ‘Tools for tinnitus measurement: 

development and validity of questionnaires to assess handicap and treatment effects’ 

(Fackrell et al., 2014).   

Chapter 4 presents a major prospective clinical study involving 255 tinnitus 

patients recruited from 11 NHS audiology clinics from across the UK. I collected 

questionnaire data (TFI, Tinnitus Handicap Inventory (THI), questions on tinnitus 

history, perceived tinnitus severity, treatment and perceived change in severity) on 

four separate occasions over 9 months to assess the reliability and validity of the TFI 

as a measurement tool, in particular its utility as an outcome measure.  

Chapter 5 presents a retrospective analysis of a large research population of 

294 participants drawn from the general public. This large dataset enables evaluation 

of the TFI factor structure and its ability to reliably measure the functional impact of 

tinnitus. Key results pertaining to the reliability of the questionnaire, structure and 

items, are highlighted and discussed in relation its use in a research population. A 
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different version of this work has been accepted for publication in Hearing Research 

(Fackrell et al., 2016). 

Chapter 6 presents Rasch measurement theory using 540 participants from 

the previous studies (Chapter 4 and 5). Rasch analysis enables in-depth evaluations 

of the variability between person ability and item difficulty in all 25 items, each 

individual subscale and the proposed eight-factor second order model (providing a 

measure of the functional impact of tinnitus), (ii) the accuracy of the response 

options for each item, (iii) the item variance across groups, i.e. research and clinical 

populations, male and female, and finally (iv) to transform the raw data scores into a 

linear scores reflective of the model fit. Therefore, the Rasch measurement model 

provides a criterion for the structure of the responses, not just a statistical description.  

Chapter 7 brings together all the key findings from the thesis, identifying the 

limitations and strengths of each study. I make a number of recommendations on the 

use of the TFI as the tool of choice for use in the diagnostic assessment of tinnitus in 

UK clinics and research. Consideration is also given to the practicality of the 

transformation scores identified in the Rasch analysis and the implications for use in 

clinical practice and research. 

1.2. DEFINING TINNITUS  

Tinnitus, derived from the Latin ‘tinnire’ meaning ‘to ring’, is the conscious 

experience of sound in the absence of a corresponding external auditory sound 

stimulation (McFadden, 1982). Tinnitus can be chronic and disabling and was, in the 

earliest medical references, described as “an extremely irksome discomfort, which 

leads to a profound sadness in affected individuals” (Itard, 1821; translation by 

Stephens (2000), p.443). This emotional impact can significantly differ between 
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individuals, complicating tinnitus assessment and management (Langguth et al., 

2011).  

Although almost all the population will have experienced a momentary 

sensation of ‘phantom’ sounds once in their lifetime (Zeman et al., 2012) it is 

estimated that in the UK alone, 10-15% of the general population are currently 

experiencing continuous persistent tinnitus (Davis & El Rafaie, 2000). Of this group, 

20% find the experience sufficiently bothersome to seek guidance and treatment 

(Davis & El Rafaie, 2000). Tinnitus can affect anyone and occur at any age, but is 

more prevalent in older adults and in men (Davis & El Rafaie, 2000; Nondahl et al., 

2011).  

Tinnitus sounds are often described in the terms of ‘ringing or buzzing in the 

ears’, but these perceptual characteristics can vary between individuals (Andersson et 

al., 2005). Other descriptors include whistling, tinkling, clicking, roaring or tonal (a 

pool of undefined sound components) (Meikle & Taylor-Walsh, 1984; Stouffer & 

Tyler, 1990). These sounds can be perceived as either a continuous or an intermittent 

stream that varies in intensity, pitch and loudness. Location of the sound also varies, 

either presenting centrally in the head, in one or both ears. In general tinnitus is 

classified according to whether the source of the perceived noise has a physical 

sound source originating within the body (objective) (Lockwood et al., 2002) or can 

only be perceived by the individual and therefore lacks a specific origin (subjective) 

(Holmes & Padgham, 2011). Objective tinnitus accounts for ~5% of tinnitus case and 

is associated with abnormal functioning of the central auditory system, muscular or 

vascular abnormalities (Lockwood et al., 2002; Belli et al., 2012). Abnormal 

rhythmic muscle contractions or vibrations from turbulent blood flow pulsations in 

the middle ear can cause an audible ‘beating’ pulse (Lockwood et al., 2002; Henry et 
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al., 2005). In contrast, subjective tinnitus is unlikely to be explained by a single 

underlying pathological process. For the remainder of this report subjective tinnitus 

will be referred to simply as tinnitus.  

The incidence of persistent spontaneous tinnitus is closely associated with 

pathogenesis of the auditory system (Baguley, 2002; Henry et al., 2005; Nondahl et 

al., 2011). The majority of tinnitus patients also have hearing impairments, such as 

hearing loss (Gopinath et al., 2010; Nondahl et al., 2011). Other risk factors include 

medical conditions such as obesity and arthritis (Nondahl et al., 2011), and acute 

intoxication from medications (Crummer & Hassan, 2004; Yorgason et al., 2006). 

1.2.1. The multiple domains of tinnitus  

Domains are defined as a cluster of symptoms, feelings or limitations that are 

theoretically similar. Tinnitus is associated with a wide variety of domains that 

impact on daily life such as sleep difficulties (Andersson et al., 1999; Miguel et al., 

2014), concentration difficulties (Langguth et al., 2011; Pierce et al., 2012), cognitive 

impairments (Robinson et al., 2003; Stevens et al., 2007), impact on Quality of Life 

(QoL) (Kennedy et al., 2004; Zeman et al., 2014) and psychological well-being, such 

as stress, generalised anxiety and depression, (Hoffman et al., 2004; Gopinath et al., 

2010; Nondahl et al., 2011). The degree to which tinnitus distress is perceived can 

depend on all of these domains.  

In 1983, Tyler and Baker conducted an open-ended questionnaire study using 

a Nottingham tinnitus self-help association, where the responders listed the 

difficulties that resulted from their tinnitus, in order of importance or difficulty. Four 

domains of reported difficulties were observed: i) lifestyle (93% of cases), ii) general 

health (56%), iii) hearing (53%) and iv) emotional problems (69%). These four 
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domains are defined by fifteen of the most common difficulties attributed to tinnitus 

(Figure 1.1). Erlandsson and Holgers (2001) used the Nottingham Health Profile 

domains for subjective health status to predict tinnitus distress, and observed that, 

after the emotional domain (i.e. feelings of anxiety and depression), the sleep domain 

was the second highest predictor of tinnitus distress.  

The importance given to these complaint categories have been documented 

by Sanchez and Stephens (1997, 2000). They assessed complaint responses of 

tinnitus clinic patients using the same questionnaire as Tyler and Baker (1983) and 

then reassessed the same patient responses 18 months to five years later. They found 

some similar complaint responses to Tyler and Baker (9/15 complaints) but with five 

general domains relating to difficulties with tinnitus (sleep, auditory, health, 

situational, and psychological). Sanchez and Stephens (1997; 2000) demonstrated 

that the largest proportions of difficulties were connected with psychological 

problems. The importance placed on these difficulties only slightly varied over time 

(> 2% variation; Figure 1.2).  

Similarly, Kennedy et al. (2004) re-examined the difficulties identified by 

Tyler and Baker (1983) and redefined them into these general domains of tinnitus 

distress, but with the addition of a ‘tinnitus-specific’ domain, i.e. annoyance with 

tinnitus.  In general, there appears to be even distribution of the difficulties identified 

by people experiencing tinnitus suggesting that tinnitus distress can be equally 

affected by a number of different conditions (Figure 1.2). 
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Figure 1.1. Difficulties reported by tinnitus patients in open-ended questionnaire (Tyler 

and Baker, 1983). 

 

It is apparent that tinnitus is a highly heterogeneous condition with many 

possible co-morbid complaints that all impact on the distress perceived by the 

individuals (Langguth et al., 2011). A tinnitus questionnaire therefore needs to be 

broad in scope and cover multiple domains of tinnitus to be sensitive for general use 

in the tinnitus population. 

1.3. THE MEASUREMENT OF TINNITUS  

1.3.1. The importance of questionnaires  

Evidence-based assessment and treatment of tinnitus is important 

(Department of Health, 2009). However, tinnitus is notoriously difficult to measure 

objectively because it is an experiential phenomenon and can significantly differ 

between individuals. Objective measures include matching the pitch and loudness of 

tinnitus to an external sound.  
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Figure 1.2. Complaint domains for tinnitus patients. 

(a) The differences in complaint domains for tinnitus patients over five years. Reproduced from 

Sanchez and Stephens (2000). (b) Tinnitus difficulties reported by Tyler and Baker (1983) based 

on the six categories from Kennedy et al. (2004). Reproduced from Kennedy et al. (2004). 

 

However, it is not possible to determine or predict tinnitus distress or clinical 

need based on these measures (Jakes et al., 1985b; Andersson et al., 2005; Zeman et 

al., 2011). Across individuals who report tinnitus of similar psychoacoustic 

characteristics (the same matched pitch and matched loudness level for example), 

there can be significant variability in self-reported handicap or the difficulties that 

are attributed to their tinnitus.  

Self-report measures, especially questionnaires, are the primary way to 

quantify the severity of an individual’s tinnitus and to evaluate the effect of a clinical 

intervention (Meikle et al., 2007). Although, it is not a requirement to include a 

standard questionnaire in clinical practice (Hesser, 2010), most clinicians (83%) in 

NHS audiology departments in England use validated questionnaires to assess 
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tinnitus in adults (Hoare et al., 2015), including those recommended by the 

Department of Health (2009); i.e. the Tinnitus Handicap Inventory (THI) (Newman 

et al., 1996) and Tinnitus Questionnaire (TQ) (Hallam, 1996; 2008) which were used 

by 68% and 14% of clinicians surveyed. 

Questionnaires offer clinicians and researchers alike an approach to 

quantifying tinnitus by defining grades of tinnitus symptoms. This is vital for triaging 

patients effectively into the most appropriate interventions and for standardising 

selection criterion in research. Questions addressing different symptom domains can 

also form subscales, which, in turn help clinicians identify domains of concern and 

target interventions accordingly. Tinnitus questionnaires can be used as pre- and 

post-treatment outcome measures, providing evidence of changes in tinnitus severity. 

This is important within NHS services where there has been a move towards 

evidence-based commissioning; healthcare professionals need to demonstrate to 

third-party payers that their management approach is effective (NHS White Paper, 

2010).  

Tinnitus questionnaires are required to fill a dual role of measuring the 

functional impact of tinnitus and providing an assessment of treatment-related 

outcomes, but they fail to do both optimally. Some questionnaires are useful in the 

context of diagnostic assessment but inappropriate for use to sensitively measure 

change or vice versa (Meikle et al., 2008). For instance, the Tinnitus Handicap 

Questionnaire (THQ) was developed to evaluate treatment-related change, with less 

emphasis on its ability to discriminate between individuals (Kuk et al., 1990), whilst 

the THI was developed as a diagnostic tool and lacks the sensitivity to measure 

treatment-related changes (Meikle et al., 2007).  
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The current lack of a standardised validated questionnaire that is specifically 

developed for both purposes has led to difficulties in identifying and interpreting (1) 

the relative merits of the various interventions that are currently on offer or under 

investigation and (2) the most appropriate therapeutic approaches (Hesser, 2010). 

Consequently, the ability to confidently estimate the effectiveness of different 

tinnitus management approaches, compare across individuals or sub-populations 

between trials, and to confidently evaluate clinical audit across departments, is 

severely hindered by this lack of a standardised ‘all purpose’ questionnaire. The TFI 

(Meikle et al., 2012) has been identified as having the potential to address these 

problems. It was developed to provide (i) comprehensive coverage of the domains of 

tinnitus severity, (ii) reliable measurement of tinnitus severity that distinguishes 

between individuals and (iii) responsive measurement of change in tinnitus severity. 

The questionnaire underwent a systematic process of development to distil an initial 

item pool of 175 items through two prototypes (prototype 1 had 43 items, prototype 2 

had 30 items) to arrive at a final questionnaire containing 25 items each mapping 

onto one of eight functional subscales. The final 25-item version has never been 

directly subjected to formal psychometric evaluation. The only assessment of validity 

and reliability was based on analysis of a subset of data collected for the 30-item 

prototype 2 of the questionnaire (Meikle et al., 2012).  

1.4. AIMS AND OBJECTIVES  

This PhD specifically aims to examine the ability of the TFI to:  

(i) cover a broad range of problems and symptoms associated with tinnitus-related 

distress, in particular assess and confirm the reliability of the proposed eight-factor 

TFI structure reported by Meikle et al. (2012). 
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(ii) reliably measure tinnitus severity, distinguishing between individual differences 

in tinnitus-related distress from those whose tinnitus is ‘not a problem’ to those 

whose tinnitus is a ‘very big problem’.   

(iii) responsively measure changes in tinnitus-related distress over long time intervals 

similar to those used in clinics and research, in particular assess the ability to 

measure small changes over time above measurement error  

(iv) provide meaningful interpretations to the scores and the change in scores that 

would enhance clinical understanding of the scores and the importance associated 

with the change in scores.   
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 METHODOLOGY FOR EVALUATING CHAPTER 2.

PSYCHOMETRIC PROPERTIES OF A QUESTIONNAIRE  

2.1. INTRODUCTION 

Measurement in behavioural and social sciences is plagued with the problem that the 

attribute/trait/attitude in general cannot be directly measured because it is perceived 

by the individual alone. It is therefore important to assess whether patient-reported 

measures are reliable and valid measures of the underlying construct. Classical test 

theory plays a fundamental role is establishing reliability and validity, as does the 

hierarchical categories identified by Stevens (1946). Measurement instruments scales 

can be defined into one of four hierarchical categories: nominal, ordinal, interval or 

ratio. The majority of scales are assumed to employ interval-level measurement, such 

as zero to 100 scale and as such can be subjected to parametric tests and demonstrate 

approximate equality of intervals. A principal component of classical test theory is 

the concept of measurement error. The assumption is that every observed score is 

made up of the error in measurement and a “true” score that reflects the underlying 

construct. These need to be disentangled in order to reliably measure the degree to 

which tinnitus impacts on the different problem domains such as daily life, emotional 

well-being, concentration and sleep.  

 To be clinically useful any health-related questionnaire should ideally have 

the following properties: i) it should provide thorough assessment of the relevant 

presenting symptoms of the construct (i.e. the concept, attribute or variable that is the 

target of measurement) to support planning of treatments, ii) it should provide a 

reliable characterisation and quantification of individual differences in terms of the 

perceived severity (i.e. its diagnostic properties), and iii) it should have the capacity 
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to estimate responsiveness to changes in health status over time, to permit the 

assessment of the efficacy of different treatments and interventions (i.e. its evaluative 

properties) (Kirshner & Guyatt, 1985; Guyatt et al., 1992a; Jones & Kaplan, 2003; 

Hankins, 2008; Frei et al., 2011) (Table 2.1). 

In order to identify individual differences and changes in scores on a given 

questionnaire, the item choice must be considered with respect to the stated aims and 

objectives of the questionnaire (Kirshner & Guyatt, 1985; Kennedy et al., 2004). 

Although there may be a tacit assumption that a diagnostic tool can also successfully 

serve as an outcome measure, if the item choice were predominantly based on the 

diagnostic properties, i.e. items show variability between individuals, then the 

questionnaire will not efficiently evaluate variability over time (Kirshner & Guyatt, 

1985; Guyatt et al., 1992b; Meikle et al., 2007). This is also true of the choice of 

response scale. For example, coarse-grained, categorical units of measurement do not 

reliably detect the change in the construct, whilst fine-grained graduated units of 

measurement (defined by Stevens (1946) as an interval scale) are more sensitive to 

change and only measure the change between the category responses not the 

potential changes within the categories that can occur with categorical measurement 

units (Lipsey, 1983; Kirshner & Guyatt, 1985; Lipsey & Hurley, 2008).  

It is challenging to encompass both discriminative and evaluative properties in a 

single measurement tool due to the contradictory nature of their needs (Meikle et al., 

2007). Therefore it is important to be clear about the aims and elements behind the 

development of the questionnaire (Meikle et al., 2007; Terwee et al., 2007; Magasi et 

al., 2012). Measurement tools need to be psychometrically sound to ensure the 

integrity of study findings and clinical interpretations.  
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Table 2.1. A summary of the elements of diagnostic and evaluative properties 

  Diagnostic properties  Evaluative properties 

Item selection  Items should reliably reveal 

differences between individuals 

that are diagnostically relevant.  

Examined using content 

validity and response 

frequency.  

 Items should be sensitive to change 

tapping into areas related to health 

status change.   

Examined using content validity 

and response frequency. 

Item reduction   Delete items with high inter-

item correlations 

 Delete items that are insensitive to 

change to increase the likelihood of 

real treatment effects being 

observed.  

Response 

options  

 The response scale should 

facilitate interpretation by not 

including too many options 

(i.e. 0 – 100).  

High resolution can decreases 

response reliability 

 The response scale should include 

sufficient graduations to show 

small changes.  

The amount of response options 

are proportional to the items 

sensitive to change.  

High resolution numerical scales 

(0-10) are recommended.  

Reproducibility   High and stable variability 

between individuals 

 Small variability between replicate 

measures.  

Validity  Cross-sectional construct 

validity  

 Longitudinal construct validity 

Adapted from Kirshner and Guyatt (1985) 

 

Therefore identifying the essential types of psychometric properties and the level of 

sufficient evidence is paramount.  

The properties of validity, reliability, responsiveness and interpretability appear 

consistently across the literature and consequently form the basis (validation topics) 

for the methods outlined below (section 3.2). Although, there is some variation 

between the properties identified in the literature, for the most part, the majority are 

similar (Fitzpatrick et al., 1992; Lohr et al., 1996; Andresen, 2000; Frost et al., 2007; 

Mokkink et al., 2010a, 2010b; Scholtes et al., 2011; Reeve et al., 2013).  
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In 2007, Terwee et al. established a quality criterion framework using four 

overarching psychometric properties (validity, reliability, responsiveness and 

interpretation) to evaluate questionnaires. More recently, following Delphi 

(consensus) study conducted by the COnsensus-based Standards for the selection of 

health Measurement INstruments (COSMIN) group (Mokkink et al., 2010a, 2010b, 

2010c), this criterion was refined and updated to address the advancements in 

psychometric methodology (Terwee & Prinsen, 2014). Details are given in Tables 

2.2 - 2.5. This framework is adopted throughout this thesis. Within this framework, 

the methodology was informed by evidence targeted at the particular psychometric 

property. The methodology and criteria for assessing validity, reliability, 

responsiveness and interpretation inform the work presented in Chapters 3, 4 and 5.  

2.2. METHODS  

2.2.1. Validity  

2.2.1.1 Content validity 

Content validity is the degree to which all facets of a questionnaire are relevant to the 

population of interest and comprehensively represent the important aspect of the 

underlying target construct of the questionnaire (Haynes et al., 1995; Frost et al., 

2007; Terwee et al., 2007; Reeve et al., 2013). Facets include theoretical concept, 

item construction and content (questions), and recall period; all of which can affect 

the obtained data. Content validity is therefore fundamentally associated with 

evaluating aspects of questionnaire development and as such does not involve 

analysing any quantitative data from the questionnaire (Fitzpatrick, 1983; Streiner & 

Norman, 2008; Magasi et al., 2012).  
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Table 2.2. Essential criteria and statistical tests for evaluating the psychometric 

properties in over-arching concept of validity. 

 Concept and 

definition 

Statistical 

test 
Essential criteria Additional criteria  

V
a
li

d
it

y
 

Content validity 

“The extent to which 

the most relevant and 

important aspects of a 

concept/population are 

accounted for by the 

tinnitus questionnaire” 

— 

Clearly defined 

evidence-based 

framework for aims, 

concepts, and items 

that reflect the 

population/construct 

being measured.* 

— 

Structure validity#** 

“The degree to which 

the items measure a 

single underlying 

construct or multiple 

concepts within the 

questionnaire” 

Exploratory 

factor analysis# 

 

 At least 50% of the 

variance explained 

 Factor loading > 

0.40 

 Adequate sample 

size ≥100 

̶ Large unexplained 

variance (communalities 

< 0.5) 

̶ Large cross-loading if 

loading estimates > 0.3 

Confirmatory 

factor 

analysis** 

 

 S-B χ
2
/df ≤0.2  

p >0.05 

 SRMR ≤ 0.07 

 RMSEA < 0.06** 

 CFI & TLI > 0.95** 

 Factor loading ≥ 0.7  

̶ Loading < 0.4 poor fit 

̶ Factor intercorrelations < 

0.3  or > 0.85 poor fit  

̶ MIs >3.84 parameter 

cross-loading 

 

C
o
n
st

ru
ct

 v
al

id
it

y
 

 

Convergent  

“compare to other 

tinnitus 

questionnaires  

Pearson’s 

correlation  
 

Regression 

analysis  

 

Kappa statistics  

 Hypotheses about 

expected direction 

and strength * 

 At least 75% of 

relationships in 

accordance to 

hypotheses* 

Convergent       Discriminant 

Excellent ≥ 0.60 Inadequate 

Acceptable 0.30 – 0.59  

Inadequate ≤ 0.30  Excellent 

  
Discriminant 

“distinguish from 

other general 

health” 

S-B χ
2
 = Satorra-Bentler Chi-square: SRMR = Standardised Root Mean Square Residual: RMSEA = 

Root Mean Square Error of Approximation: CFI = Comparative Fit Index: TLI = Tucker Lewis Index; 

 = ideal criteria for acceptable psychometric properties; – = indication of poor fit. * criteria from 

Terwee et al. (2007); ** newly introduced criteria by Terwee & Prinsen (2014);# Criteria first 

introduced by Uijen et al. (2012). Underline = methods used in empirical studies (Chapter 4 & 5) 
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Table 2.3. Essential criteria and statistical tests for the evaluating psychometric 

properties in over-arching concept of reliability. 

 Concept and 

definition 
Statistical test Essential criteria Additional criteria  

R
el

ia
b

il
it

y
 

Internal 

consistency 

“The extent to 

which the items are 

inter-related or 

inter-correlated” 

Cronbach’s 

alpha (α) 

95%CIs 

> 0.95 

0.80-0.95 

0.70- 0.79 

0.60- 0.69 

< 0.60 

  Redundancy   

  Excellent    (+)* 

  Acceptable (+)* 

  Questionable  

  Unacceptable 

 Reported 95% CIs 

within α >0.70 - 

0.90  

 Reported sample 

size > 30 

Inter-item 

correlations 
 

 Desirable range 

within 0.15 to 0.50  

Reliability 

“How well can 

patients be 

distinguished from 

each other, despite 

measurement 

errors?”   

 

Intra-class 

correlations 

(ICC) 95% CIs* 
 

Weighted Kappa 

coefficients* 
 

Pearson’s 

coefficients* 

 Calculate ICC agreement if 

systematic error present* 

 Short time interval 1 to 3 

weeks 

 Reported 95% CIs 

within 0.40 - > 0.70 

 Identify unchanged’ 

groups using global 

rating of health-

status change  

 ICC calculated in 

appropriate 

population 

≥ 0.70  

0.40 – 0.69 

< 0.40 

Excellent(strong)* 

  Moderate  

  Poor (weak) 

Agreement 

“What is the extent 

of measurement 

error?”  

“How close are the 

individual scores 

from repeated 

measures?” 

Limits of 

agreement 

(LoA) 
 

Standard error 

of measurement 

(SEM) 
 

Smallest 

Detectable 

Change (SDC) 

 LoA with 95% agreement* 

 Reported SEM < LoA* 

 SDC comparable to LoA 

 Report LoA 95% 

CIs identify 

precision of LoA  

 SEM agreement 

reported if 

appropriate* 

 SDC group 

reported*  

ICC = Intra-class Correlation Coefficient; CI = Confidence Intervals; LoA = Limits of agreement; 

SEM = Standard error of measurement; SDC = Smallest detectable change;  = ideal criteria for 

acceptable psychometric properties. * criteria from Terwee et al. (2007). Underlined = methods used 

in empirical studies (Chapter 4 & 5).  
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Table 2.4. Essential criteria and statistical tests for the evaluating psychometric 

properties in over-arching concept of responsiveness. 

 Approach and 

definition 
Statistical test Essential criteria Additional criteria 

R
es

p
o
n

si
v
en

es
s 

“t
h

e 
ab

il
it

y
 t

o
 d

et
ec

t 
ch

an
g

e 
in

 s
co

re
s”

 
Floor and ceiling 

effects 

“The extent to which 

responses to the items 

are in the lowest and 

highest possible score 

options” 

Item response 

distributions  

 ≤15% respondents 

achieve the lowest 

or highest possible 

score*  

— 

Criterion based 

approach 

“Gold standard global 

rating of change as 

indicator of 

questionnaire ability to 

detect change” 

Descriptive 

statistics and 

distribution of 

scores in global 

rating of change 

subgroups  
 

Spearman’s rho 

correlations 

 A priori hypotheses 

of magnitude and 

direction of 

differences* 

 Spearman’s 

coefficient ≥ 0.50** 

 At least 75% of a 

priori hypotheses 

confirmed** 

— 

Receiver operator 

characteristic 

(ROC) curves 

 Area under the ROC 

curve; AUC ≥ 0.70* 

 Clearly define 

improved from 

unchanged  

Distribution-based 

approach 

“statistical 

characteristics as an 

indicator questionnaires 

ability to detect small 

change in scores, above 

error” 

SEM 
 

SDC 
 

Effect size (ES) 

 Report SEM and 

SDC*  

 SDC/SEM 

preferably smaller 

than minimal 

important change 

(MIC) value* 

 A priori 

hypotheses of 

magnitude and 

direction of ES 

≥0.20 

 

0.50 

 

≥ 0.80 

Small 

effect 

Medium 

effect 

Large 

effect 

ROC = Receiver Operator Characteristic; AUC = Area Under receiver operator Characteristic curve; 

SEM = Standard error of measurement; SDC = Smallest detectable change; ES = Effect size;;  = 

ideal criteria for acceptable psychometric properties. * criteria from Terwee et al. (2007); ** new 

criteria introduced by Terwee & Prinsen (2014). Underlined = methods used in empirical studies 

(Chapter 4 & 5) 
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Table 2.5. Essential criteria and statistical tests for providing interpretability of scores 

 Concept and 

definition 
Approach Statistical test Essential criteria 

In
te

rp
re

ta
b

il
it

y
  

Interpretability 

of the scores 

“assign 

qualitative 

meaning to 

relevant 

subgroups of 

scores providing 

a grading 

system” 

Distribution-based 

approach 

“statistical characteristics 

as indicator” 

Quartile analysis 

 Means and SD for 

relevant subgroups*  

 Subgroups categories 

are distinct p> 0.05  

 Integrate findings to 

identify clear distinct 

groups   

Criterion-based approach 

“mapping a gold standard 

s established cut-off 

criteria” 

Descriptive statistics 

and distribution of 

scores in subgroups 

 

ANOVA 

Reference anchor of 

patient experience 

“classifying scores based 

on global rating of 

perceived problem” 

Integrating approaches 

“the best possible range in 

each subgroup” 

ROC curve analysis 

 Optimal threshold 

identified  

 AUC < 0.70 

Minimal 

Important 

change 

“assign 

qualitative 

meaning change 

in scores that 

reflects patient 

perceived 

improvement or 

worsening”  

 

Criterion based approach 

“Using gold standard 

global rating of change to 

identify the minimal 

important change (MIC) 

score in the new tinnitus 

questionnaire”” 

Descriptive statistics 

and distribution of 

the differences in 

scores between time 

intervals  
 

Spearman’s rho 

correlations  

 

ROC curve analysis 

 Identify difference 

scores between 

unchanged, improved 

or worsened groups* 

 Spearman’s 

coefficient < 0.40 

 Identify optimal 

threshold value for 

improvements and 

worsening  

 AUC < 0.70 

 Identify MIC values 

that are adjusted for 

baseline values 

Triangulation of 

estimates 

“Combining MIC 

estimates and distribution-

based estimates from 

responsiveness and 

reliability”  

Visual anchor-based 

MIC distribution 

graph  
 

SEM 
 

SDC/ LoA 
 

ES 

 Identify an important 

change score (or 

range) that has 

external validity and 

accounts for error  

 Prioritise MIC 

estimates*  

 MIC values 

preferably higher 

than SEM and SDC 

values  

ANOVA = analysis of variance; SD = standard deviations; ROC = Receiver Operator Characteristic; 

AUC = Area Under receiver operator Characteristic curve; MIC = Minimal Important Change; SEM = 

Standard error of measurement; SDC = Smallest detectable change; LoA = Limits of agreement; ES = 

Effect size;  = ideal criteria for acceptable psychometric properties. * criteria from Terwee et al. 

(2007). Underlined = methods used in empirical studies (Chapter 4 & 5)  
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Terwee et al. (2007) define five aspects of content validity evaluation which are used 

to evaluate content validity in my critical review of current recommended tinnitus 

questionnaires and the TFI (Chapter 3). 

1) Purpose of the measurement; the intended purpose of the questionnaire 

should be clearly apparent (i.e. discriminative or evaluative).  

2) Target population; the population in which the questionnaire was originally 

developed to measure. 

3) Concepts; a clearly defined evidence-based conceptual framework to the 

items and concepts (domains/subscales) the questionnaire intends to measure. 

Patient and other expert opinions can ensure content is relevant and 

comprehensive (Magasi et al., 2012).  

4) Item selection and reduction; items must be representative of the concept to 

which they measure and are relevant to the population of interest. Items can 

be sourced from theory, patient and clinician perspectives and previous 

questionnaires (Streiner & Norman, 2008; Reeve et al., 2013). 

5) Item interpretability; item comprehension and the time of reference or time 

period. The readability of items should not be beyond the ability of 12 year 

olds to prevent misunderstandings and missing data. A time period should be 

clearly stated and justified (Reeve et al., 2013).  

2.2.1.2 Structural validity and confirmatory factor analysis 

Structural validity refers to the degree to which the items within the questionnaire are 

an adequate reflection of the construct being measured and whether all the items 

measure a single or multiple underlying constructs or a multi-dimensional construct, 

so that any composite questionnaire score is meaningful (Scholtes et al., 2011; Uijen 

et al., 2012; Mokkink et al., 2012). The structure of the questionnaire can be 



Chapter 2  Kathryn Louise Fackrell 

21 

 

determined using Confirmatory Factor Analysis (CFA) when an a priori hypothesis 

of the structure does exist. The TFI has a proposed eight factor structure (see 

Chapters 4 and 5).  When no a priori hypothesis of the structure exists, it can be 

determined using Exploratory Factor Analysis (and Principal Components Analysis) 

(see Chapter 3).   

 For the TFI, CFA was used to verify the second-order factor (i,e, functional of 

impact of tinnitus), the eight first-order factors (intrusiveness, sense of control, 

cognition, sleep, auditory, relaxation, QoL and emotional), and the relationship 

between those constructs and the observed variables (Figure 2.1). CFA therefore 

provides a measure of the extent to which they reproduce the covariance in the 

observed variables-factor pattern (covariance matrix) (Brown, 2006; Brown & 

Moore, 2012). The parameters of the modelled factor solution are therefore specified 

in advance. These include the second-order factor (i.e. functional impact of tinnitus), 

number of first-order factors (i.e. eight), the observed variable-factor patterns (which 

items load onto which factor and whether these are constrained to only load onto one 

factor) and any anticipated covariance between factors/observed variables and any 

unique (error) variance.  

Estimation methods  

In normally distributed data, Weighted Least Squares estimation is used for ordinal 

data (categorical), whilst maximum likelihood parameter estimation is used for 

interval data (continuous). To adjust for non-normality in the data, the robust 

weighted least squares estimation (ordinal) or the maximum likelihood estimation 

method with adjusted Satorra-Bentler Chi-square (S-B χ2
; interval) are used to 

provide more robust parameter estimates and goodness of fit indices (Satorra & 

Bentler, 1994; Hu & Bentler, 1998; Bentler, 2006).  
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Figure 2.1. The a priori TFI factor structure.  
The model represents the proposed relationships between the observed variables (items i.e. TFI 

1), the first order factors (F1 to F8) and the second-order factor (Functional impact of tinnitus). 

Unidirectional black arrows (→) represent the direct effects of the second-order latent construct 

onto the first-order factors; (ii) and the direct effects of the first-order constructs onto the 

observed measures; (iii) 25 observed variables: Variance is fixed at 1 on second-order factor and 

the first item on each factor. Unidirectional grey arrows (→) represent the residual variance (e) 

associated with each variable. F1 = Intrusiveness; F2 = Sense of control; F3 = Cognition, F4 = 

Sleep; F5 = Auditory; F6 = Relaxation; F7 = Quality of life; F8 = Emotional; 1 = fixed variance; 

e = residual variance (error and uniqueness terms).  

 

The TFI has an 11-point response scale which is considered as a continuous/interval 

scale (Muthén & Muthén, 2012), therefore the methods and criteria for establishing 

the fit of the model for interval data described below were used in Chapters 4 and 5.  

To examine the TFI structure, the model is first estimated with just the first-

order factors, allowing for examination of the correlations among the factors to be 

freely estimated and to assess model fit at this level. A second-order analysis should 

only be specified if the first-order factors correlate with each other and the model fit 

is deemed acceptable based on criteria.  

The first-order factor covariance indicates the magnitude and pattern in which 

the factors are related to one another and the degree of overlap in content. Although a 

degree of overlap is expected between factors that are purported to be measuring the 
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same underlying construct, i.e. second-order factor (functional impact of tinnitus), 

highly correlated factors (> 0.85) indicate that they are not measuring distinct 

constructs from each other (poor discriminant validity). In contrast, weakly 

correlated factors (< 0.30) indicate that they are highly distinct from each other, and 

potentially measuring an alternative underlying construct. Ideally the correlations 

should be approximately 0.6 to indicate a single second-order factor (Brown, 2006; 

Brown & Moore, 2012). 

The criteria for determining whether the eight-factor solution provides a good 

fit to the data is established through (i) goodness of fit indices, (ii) standardised 

parameter estimates (β; factor loadings) and (iii) misspecification parameter 

estimates.  

(i) Goodness of fit criteria  

Goodness of fit is determined using absolute fit indices and approximation fit 

indices. The absolute fit indices, S-B χ2 
(Satorra & Bentler, 1994) and Standardised 

Root Mean Square Residual (SRMR; Hu & Bentler, 1998; Bentler, 2006), both 

indicate the degree to which the discrepancies between the implied correlations 

(predicted by the model) and observed covariances deviate from the expected 

distribution values. The S-B χ
2
 is assessed relative to the degrees of freedom, and this 

estimate has a critical ratio cut-off of ≤ 2.0. Alongside this, a large S-B χ2 
with p < 

0.05 and SRMR that exceeds 0.07 (ideally it should be less than 0.06) taken together 

indicate poor fit and that the model should be rejected. Some caution is needed 

though in the interpretation of a significant S-B χ
2 

value, since it is strongly 

influenced by sample size and variability in the data (Hu & Bentler, 1998; Brown, 

2006). Approximation fit indices are used to assess additional parameters in the 
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model. Tucker-Lewis Index (TLI; Tucker & Lewis, 1973) and Comparative Fit Index 

(CFI; Bentler, 1990) assess the model fit to baseline assumptions. Values for both 

should exceed 0.90, and preferably exceed 0.95 (Hu & Bentler, 1999). Root Mean 

Square Error of Approximation (RMSEA; Steiger & Lind, 1980) measure the 

discrepancy per degree of freedom in the model. Ideally, RMSEA should be less than 

0.05, but values up to 0.08 are considered reasonable when the SRMR value is ≤ 

0.06. RMSEA confidence intervals should also fall within the desired criteria (Hu & 

Bentler, 1998, 1999; Brown, 2006). These estimates reflect the recommendations 

from Terwee and Prinsen (2014).  

It is important to note that although the majority of Structural Equation 

Model investigators refer to the specific threshold-values published by Hu & Bentler 

(1998, 1999) as the “gold standard” of “acceptable fit” in the approximation fit 

indices, this is not the case. Hu & Bentler (1998) cautioned against relying solely on 

the specific designated cut-off values as these thresholds-values may not reasonably 

work with different types of data, sample size and number of estimators. Although 

Terwee and Prinsen (2014) only provide recommendations based on the above fit 

statistics, consideration should be given to the factor loading and theoretical rational 

before making any adjustments to the model and in turn the questionnaire (Brown, 

2006; Byrne, 2012; Fabrigar et al., 2010). 

(ii) Standardised parameter estimates (factor loadings)  

Factor loading estimates provide an indication of the magnitude and pattern of the 

relationship between the latent constructs (factors) and the observed variables 

(items). Factor loadings exceeding 0.7 indicate that the majority of the shared 

variance was explained by the latent construct. Loadings below 0.4 are associated 

with measurement error or poor explained variance and were taken to indicate a 
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potential source of poor model fit (Floyd & Widaman, 1995; Brown & Moore, 

2012).  

(iii) Misspecification parameter estimates  

The Modification Index (MI) and Expected Parameter Change (EPC) identify any 

misspecification in the parameters of the model. Large modification indices 

exceeding 3.84 indicate that if a parameter was freely estimated, rather than fixed or 

constrained, the overall model fit would significantly improve (Brown & Moore, 

2012). The EPC value indicates the approximate direction or magnitude by the 

parameter would change in subsequent analysis if adjustments were made. Together, 

these estimates, supported by conceptual foundations, are used to decide which 

parameter should be adjusted (MacCallum et al., 1992; Brown & Moore, 2012).  

2.2.1.3 Construct validity 

Construct validity refers to the extent to which a questionnaire actually measures the 

target construct it purports to measure (Westen & Rosenthal, 2003; DeVon et al., 

2007). Construct validity is dependent on theory-based inferences about the meaning 

of test scores in relation to the hypothetical constructs (Cronbach & Meehl, 1955). 

For example, the extent to which observed associations with other measures are 

consistent with theoretically derived hypotheses concerning the relationship between 

the concepts being measured (Westen & Rosenthal, 2003; Reeve et al., 2013). The 

emphasis for construct validity is on clear specification of the theoretical construct, 

the identification of informative tests to measure the underlying theoretical construct 

and most importantly the hypothesised relations among the constructs (Cronbach & 

Meehl, 1955; Smith, 2005). Construct validity evaluations include two components: 

convergent and discriminant.  
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Convergent validity refers to the extent to which the construct of a new 

questionnaire corresponds with other questionnaire constructs that are theoretically 

similar. An observation of relatively strong relationship (high correlation 

coefficients) with measures of theoretically similar constructs is indicative of 

convergent validity. In contrast, discriminant validity assesses the extent to which the 

underlying construct of the new questionnaire can differentiate between constructs 

that are theoretically independent. Relatively weak relationships (low correlations) 

between theoretically distinct constructs suggest good discriminant validity (DeVon 

et al., 2007; Streiner & Norman, 2008). 

Typically, construct validity is examined using bivariate correlations to 

compare two measures (Pearson’s correlation coefficients and Spearman’s Rho 

correlations) but methods such as multi-trait-multimethod matrix (Campbell & Fiske, 

1959), multivariate regression, and Structural Equation Model techniques (such as 

CFA) can be used (Westen & Rosenthal, 2003). Bivariate correlations, partial 

correlations and multivariate regression analysis are used to assess convergent and 

discriminant validity in the empirical studies (see Chapters 4 and 5).  

In the guidelines for evaluating assessment tools, Andresen (2000) provides 

criteria for the correlation coefficients used in convergent validity: ≥ 0.60 indicate 

acceptable, whilst ≤0.30 indicate inadequate evidence of convergent validity, but 

does not provide similar criteria for discriminant validity. For the purpose of this 

thesis, the criteria for discriminant validity coefficients are the reverse of the criteria 

for convergent, e.g. ≤0.30 indicates acceptable discriminant validity. Given that 

construct validity is based on inferences, the main recommended criterion is that the 

direction and magnitude of the relationships are predefined, to reduce potential 

retrospective bias. Terwee et al. (2007) state that for acceptable construct validity at 
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least 75% of the results should correspond with the a priori hypotheses. They also 

suggest that the sample size should be at least 50 participants.  

2.2.2. Reliability 

Reliability is concerned with identifying the magnitude of the measurement error 

inherent in each and every measurement and the ability of measurement instruments 

to yield consistent results (Streiner & Norman, 2008; Bartlett & Frost, 2008; de Vet 

et al., 2011; Gregory, 2014). Variations in measurement (error) are complex, varied 

and are related to random error that occurs because of person performance for 

instance or systematic errors that occur because of the measurement instrument 

(Streiner & Norman, 2008; Scholtes et al., 2011; de Vet et al., 2011). Of the two, 

systematic measurement error is particularly important to identify as the magnitude 

of measurement differences can inflate reliability coefficients (Bland & Altman, 

1996a, 1996b; Hankins, 2008). The psychometric approaches to understanding 

reliability are complex and have been made all the more difficult to understand 

through the use of different terminology across authors for referring to the same 

approach. Here, the term “reliability” is used as an umbrella term for four 

measurement properties: internal consistency, standard error of measurement, 

reliability and agreement. It is important to note that the reliability estimates are not 

fixed properties of the questionnaire; these estimates reflect the characteristics of the 

scores and consequently the population in which they were measured (Feldt & 

Brennan, 1989). Therefore the population of interest should be considered when 

reviewing and evaluating questionnaires for use in clinical practice and research.  
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2.2.2.1 Internal consistency  

All measurements with multiple items need to establish internal consistency (Bland 

& Altman, 1997). There is misunderstanding in the concept of internal consistency 

(Hogan et al., 2000). Internal consistency is often referred to as the extent to which 

all items in a questionnaire are measuring the same underlying construct (Streiner, 

2003; Kottner & Streiner, 2010; Tavakol & Dennick, 2011). Although reasonably 

accurate, this does not clearly distinguish homogeneity from internal consistency. 

Homogeneity refers to the extent to which items are measuring a unidimensional 

structure. Internal consistency measures the extent to which the items are inter-

related or inter-correlated and assesses the error variance associated with persons and 

items (Cronbach, 1951; Cortina, 1993; Clark & Watson, 1995). Whilst the two 

concepts are linked, they do not necessarily go hand-in-hand. Internal consistency is 

necessary for homogeneity but it does not provide evidence of dimensionality. The 

less the items relate, the more unique the item content, the higher the error variance 

(Cronbach, 1951; Cortina, 1993; Schmitt, 1996; Streiner, 2003). To facilitate 

interpretation of the item responses and the composite questionnaire score, it is 

desirable to have a high degree of internal consistency. 

The most widely used measure of internal consistency is the coefficient alpha 

or otherwise known as Cronbach’s alpha (α) (Cronbach, 1951). Cronbach’s alpha is a 

generalisation of Kuder-Richardson formula 20 estimate (KR-20; Kuder & 

Richardson, 1937), designed to measures the inter-relatedness of polytomous items 

rather than dichotomous items (i.e. KR-20) (Cronbach, 1951; Streiner, 2003; Streiner 

& Norman, 2008). Cronbach’s alpha estimates the proportion of variance explained 

by the average correlations among all of the items. The data is essentially splits in 

two in every possible way, calculating the correlation coefficient for each split, 
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therefore providing the average of all possible splits similar to KR-20. Cronbach’s 

alpha is expressed as a coefficient between 0 and 1, with larger estimates (α>0.70) 

indicating highly related items with a large proportion of the variance attributed to a 

general factor with little item-specific variance (uniqueness) (Cronbach, 1951; 

Cortina, 1993; Streiner, 2003). That being said, coefficient alpha estimates need to be 

interpreted with caution. They are susceptible to the heterogeneity of the population, 

the number of items and presence of more than one trait being measured (Cortina, 

1993; Clark & Watson, 1995; Schmitt, 1996; Streiner, 2003; Streiner & Norman, 

2008; de Vet et al., 2011).  

Cronbach’s alpha is calculated based on the variance in the total scores, and 

as a consequence, the alpha estimates will be larger with a population that is varied 

(heterogeneous) than similar (homogeneous) since the variance will be larger (de Vet 

et al., 2011; Streiner, 2003). Furthermore, alpha estimates in short scales lack 

sufficient power to make meaningful interpretations about the relationships between 

the items (Schmitt, 1996), whilst in longer scales estimates are relatively invariant 

(Cortina, 1993; Peterson, 1994). Moreover, the dimensionality of the scale can inflate 

estimates. Although these estimates do not provide a measure of dimensionality, they 

do, fundamentally, assume homogeneity of the scale, and reliability will be 

overestimated in the presence of more than one underlying trait being measured 

(multidimensionality) (Cortina, 1993; Schmitt, 1996; Shevlin et al., 2000; Streiner, 

2003; Kottner & Streiner, 2010).  

If multidimensionality is suspected, factor analysis techniques should be 

conducted before alpha estimates are calculated for each component alone (subscale) 

(if they have a sufficient number of items >3 items) (Clark & Watson, 1995; Tavakol 

& Dennick, 2011; Agbo, 2014). Due to the complex nature of tinnitus, where there 
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are a wide variety of symptom domains, there is always a degree of heterogeneity 

among the items scales when the scale is designed to provide a composite score for 

an overall underlying construct (e.g. functional impact of tinnitus). Therefore as long 

as every item is an indicator of the whole, it can be expected that there are 

correlations between the items and the scale as a whole should be assessed (Streiner, 

2003; Kottner & Streiner, 2010). Although, given the number of items in the scale, 

the alpha estimates for the whole should still be interpreted with caution. 

Nevertheless, alpha is a useful estimate of internal consistency and will be reported 

in the following chapters (Cortina, 1993; Schmitt, 1996; Streiner, 2003).  

To enable interpretations of alpha estimates, the inter-item correlations 

(average and range) and alpha confidence intervals are reported (Clark & Watson, 

1995; Charter, 2003; Iacobucci & Duhachek, 2003; Keszei et al., 2010).  

Inter-item correlations show the strength of the association between all pairs 

of items. These correlations indicate the inter-relatedness of the item content, 

identifying items that are unrelated to the others or items that strongly related to each 

other forming a homogeneous structure or items that only related to certain other 

items to form separate factors. The average inter-item correlations, preferably within 

0.30 to 0.60, provide information on the total variance, and can reflect the breadth of 

the construct being measured. For example, broader higher-order constructs such as 

tinnitus are expected to have lower average values. The range provides information 

on the breadth of the inter-relatedness, with a narrower range, preferably between 

0.15 to 0.50, indicating less item uniqueness and high communality (Cortina, 1993; 

Clark & Watson, 1995). This is particularly important to assess since a wide range 

can indicate the presence of distinct dimensions which are known to inflate alpha 

estimates (Cortina, 1993; Shevlin et al., 2000).  
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Confidence intervals (CI) provide useful information about the precision of 

the alpha estimate and are more robust under varying conditions, such as test length 

and small sample size, than the single coefficient estimate (Iacobucci & Duhachek, 

2003). The CI gives the range in which the true point of the parameter estimate 

should plausibly be located, accounting for likely measurement error that occurs 

(Charter, 1997; Cumming & Finch, 2005; Bland, 2015). For the coefficient alpha (α), 

the upper and lower confidence intervals limits (95%) for a given test with k items 

and a sample size of n are calculated as; 

𝐿𝑜𝑤𝑒𝑟 𝑙𝑖𝑚𝑖𝑡 = 1 − (1 − 𝛼)𝐹𝐿 (0.975),[𝑑𝑓1,𝑑𝑓2]  (3.1) 

𝑈𝑝𝑝𝑒𝑟 𝑙𝑖𝑚𝑖𝑡 = 1 − (1 −  𝛼)𝐹𝑈 (1−𝐹0.975)[𝑑𝑓2,𝑑𝑓1] (3.2) 

In which F represents the F-ratio value for 95% CI in lower (L) and upper (U) 

limits, df1= (n - 1), and df2 = (n - 1)(k - 1) (Charter, 1997; Fan & Thompson, 2001; 

Iacobucci & Duhachek, 2003; Streiner & Norman, 2008).  

In terms of sample size requirements for alpha estimates, large sample sizes 

from 250 to 500 are recommended for more precise coefficient estimates from 0.7 to 

0.9 (95% CIs) (Iacobucci & Duhachek, 2003; Streiner & Norman, 2008).  

Recommended alpha estimates that indicate a good questionnaire tool range 

anywhere between 0.70 to as high as 0.95 (Bland & Altman, 1997; Streiner & 

Norman, 2008; Gregory, 2014). Peterson (1994) found in his review of behavioural 

research that in the majority of cases a score α=0.7 was considered acceptable, whilst 

a score α<0.5 was poor. Nunnally (1978) recommended different coefficient alpha 

scores depending on the purpose of the tool. For example, for decisions at group 

level (research), α≥0.80 are recommended, and for decisions at an individual level 

(clinical practice), alpha estimates should be at least 0.95. These latter estimates have 
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however largely been discredited as extreme and more likely to represent large item 

sets and unnecessary redundancy (Peterson, 1994; Charter, 2003; Streiner, 2003; 

DeVon et al., 2007; Terwee et al., 2007; Streiner & Norman, 2008; Tavakol & 

Dennick, 2011).  

The general consensus, and chosen criterion for this thesis, for acceptable 

internal consistency is that Cronbach’s coefficient (α) estimates (and CIs) should be 

within 0.7 and 0.95 and the inter-item correlations should fall within the range of 

0.15 to 0.50. 

2.2.2.2 Reliability and agreement 

The terms reliability and agreement parameters are often used interchangeably to 

define whether results are consistent in test-retest situations. However, they are 

distinct properties of measurement. Reliability compares the degree to which a 

measurement tool can distinguish people from each other despite measurement error, 

whilst agreement relates to the measurement error and the degree to which scores are 

identical or “agree” (described in section 2.2.2.4). Although conceptually different, 

both measure variance over time using the same tinnitus questionnaire assessing the 

same subjects (test-retest reliability/agreement). The following sections provide the 

methods and criterion to evaluate test-retest reliability/agreement.  

An important assumption for test-retest reliability and agreement is that no 

real change in the underlying condition will occur between administrations, therefore 

the time interval length is particularly important to clearly identify. Time intervals 

are dependent on recall bias, the stability of the characteristic, condition or attribute 

being measured, and the target population. For example since tinnitus has a variable 

natural history, a shorter time interval should be used, but not too short as to enable 
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recall of materials and original answers. Time interval ranges of 2 days to 2 weeks 

have shown no significant differences in reliability or agreement estimates (Marx et 

al., 2003). Therefore, for tinnitus, an interval range of 1 to 3 weeks is considered 

appropriate (Marx et al., 2003; DeVon et al., 2007; Terwee et al., 2007; Keszei et al., 

2010; Scholtes et al., 2011; Mokkink et al., 2012). Longer time intervals for 

reliability and agreement can be supported by the use of a global rating of health-

status change (improvement) to identify individuals who have experienced “no 

change” (an anchor-based method discussed in section 2.2.3).  

The sample size required for test-retest reliability is somewhat controversial, 

with the recommended number ranging from <50 to >400 (Nunnally, 1978; Charter, 

2003; Shoukri et al., 2004; Terwee et al., 2007; Streiner & Norman, 2008). Here, it is 

generally taken that 50 participants is sufficient (see Terwee et al., 2007; Streiner & 

Norman, 2008). 

2.2.2.3 Test-retest reliability  

The amount of variability between individuals’ scores and the amount of 

measurement error are both known to affect the ability to discriminate between 

individuals. For example, large measurement error in comparison to the variability 

between individuals reduces the ability to discriminate between individuals. There is 

too much measurement error to distinguish whether the differences between 

individuals are a product of error or genuine differences in true score. Therefore, the 

magnitude of the reliability coefficient is related to the variability of scores between 

individuals (true score) (σ
2

s) and total variance, i.e. the variability between 

individuals and measurement error (σ
2

err), such that:  

𝑅𝑒𝑙𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =  
𝜎𝑠

2

𝜎𝑠
2 +𝜎𝑒𝑟𝑟

2     (3.3) 
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Therefore reliability is expressed the proportion of variance that can be 

attributed to the true score. The formula is the basis for all intra-class correlations 

(ICCs), the primary recommended method for test-retest reliability.  

ICCs are the ratio of all variances ranging from 0 (unreliable measure) to 1 

(excellent reliability). They are sensitive to the occurrence of both random error and 

systematic bias between administrations. ICCs account for a systematic change in the 

mean and, as consequence, require all the observations to be close to identical. The 

ICC formula (3.3) is a measure of the consistency of the scores between the 

administrations (ICCconsistency) and although it does account for random error, 

including large differences in variance of the means, it does not necessarily identify 

potential systematic differences due to time. The following ICC formula is calculated 

in a way in which systematic bias between time can be accounted for.  

𝐼𝐶𝐶𝑎𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡 =
𝜎𝑠

2

𝜎𝑠
2+𝜎𝑡𝑖𝑚𝑒

2 +𝜎𝑒𝑟𝑟
2  

   (3.4) 

The additional term of variability between time points (σ
2
time) is now included 

in the denominator. This ICC is confusingly named “agreement” of the scores 

between the administrations, even though it is a reliability parameter. It is not a 

measure of test-retest agreement (2.2.2.4). 

ICCs are sample dependent, in that a homogenous sample (similar scorers) 

will have less variability between scores and the magnitude of the ICC will therefore 

be smaller, indicating less reliability to differentiate (Griffiths & Murrells, 2010; 

de’Vet et al., 2011; Altman & Bland, 2013; Bland, 2015). ICC estimates should be 

calculated in the specific population for which the questionnaire is intended.  

To determine the accuracy of ICC estimates, it is recommended that CIs for 

the ICCs are reported (Shrout & Fleiss, 1979; Atkinson & Nevill, 1998; DeVon et 
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al., 2007; Bartlett & Frost, 2008; Streiner & Norman, 2008; Kottner et al., 2011). 

This involves FisherzR transformations which identifies the upper and lower limits of 

standard error as ICC estimates. Initially, the ICC estimate and standard error are z-

transformed to remove skewness from the standard error before returning the 

identified limits back into ICC coefficients.  

Interpreting ICCs is reasonably straightforward. The ICCs estimate the 

proportion of variance in observed scores that can be attributed to the true score, 

generally ranging from 0 to 1. Therefore, an ICC estimate of 0.86 for example 

indicates that approximately 86% of the variability in the observed score can be 

attributed to the true score (Weir, 2005; Streiner & Norman, 2008; Bland, 2015). 

Establishing acceptable estimates for test-retest reliability is complicated by the fact 

that once again there are many suggestions in the literature regarding the 

interpretation of the estimates. The minimum standards for test-retest estimates range 

anywhere from 0.60 to 0.95, depending on the purpose of the tool, although the 

practicality of achieving these high scores has been questioned (Nunnally, 1978; 

Shoukri et al., 2004; Terwee et al., 2007; Streiner & Norman, 2008; Kottner et al., 

2011; de Vet et al., 2011). Based on recommendations by Fleiss et al. (2003), an ICC 

estimate <0.40 should be considered poor, between 0.40 and 0.74 moderate, and 

≥0.75 excellent (see also Andresen, 2000). Terwee et al. (2007) recommend that an 

ICC estimate >0.70 indicates high test-retest reliability.  

In Chapters 4 and 5, ICC estimates and CIs were reported for assessments of 

test-retest reliability. The criteria standards set by Fleiss et al. (2003) and Andresen 

(2000) were applied to both, with one exception that the upper limit reflects the 

recommendation from Terwee et al. (2007).  
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Others methods for test-retest reliability include Pearson’s correlation 

coefficients (denoted by r) and Kappa coefficient (Terwee et al., 2007; Streiner & 

Norman, 2008; de Vet et al., 2011). Pearson's correlations measure the relationship 

between variables using regression-based analysis whereby it measures the extent of 

which the scores can be fitted by a straight regression line, irrespective of the slope 

of the line. A “perfect” correlation does not require a 45
ο
 line. It just measures how 

closely the scores follow the line, reflecting any linear function between two tests. As 

such, it fails to account for systematic differences that can be inherent in 

measurement over time, i.e. a systematic large change in mean for all subjects at test 

two. Therefore, although Pearson’s can account for random error, if systematic errors 

are present, the coefficient correlation will overestimate reliability and should be 

interpreted with caution (Till, 1989; Atkinson & Nevill, 1998; Andresen, 2000; 

Streiner & Norman, 2008; de Vet et al., 2011). Pearson’s correlations were not used 

to evaluate reliability of the TFI (Chapters 4 and 5), but were accepted as evidence of 

reliability in the critical review (Chapter 3). Kappa coefficients are reliability 

parameters intended for categorical variables. The kappa coefficient (also known as 

Cohen’s kappa) examines the proportion of agreement whilst adjusting for chance 

between two observations (i.e. abnormal/normal) and therefore is not relevant within 

this thesis because all the questionnaires being used or evaluated have more than two 

response categories.  

2.2.2.4 Test-retest agreement 

The underlying assumption is that the difference between repeated measures should 

be zero without any interventions (or any changes to underlying condition). The 

preferred measurement parameters for evaluating agreement are Bland & Altman 

(1986, 2010) Limits of Agreement (LoA), the standard error of measurement (SEM), 
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and Smallest Detectable Change (SDC) (de Vet et al., 2006b, 2006a; Terwee et al., 

2007, 2009). For other references see (Streiner, 2003; de Vet et al., 2006a, 2006b; 

Terwee et al., 2007, 2009; Bland & Altman, 2010; Mokkink et al., 2010b; de Vet et 

al., 2011; Gregory, 2014). All these methods were used in Chapters 3, 4 and 5.  

2.2.2.4.1 Limits of Agreement (LoA) 

The seminal work on LoA by Bland and Altman (1986) explicitly separates bias (i.e. 

consistent tendency for one method to exceed the other) and random error from the 

observed scores between two repeated measures (Bland & Altman, 1986; Streiner & 

Norman, 2008; Bland & Altman, 2010; Griffiths & Murrells, 2010). The limits 

essentially indicate the extent to which scores can vary within people who experience 

a stable underlying construct. The LoA between two measures are summarised by 

calculating the mean difference between the two measures (systematic bias) and 

standard deviation of those differences (random error). The mean differences in 

scores are initially plotted against the subject mean to visually inspect the direction 

and magnitude of the data around the zero line. The assumption is that if there was 

complete agreement between the scores, the mean difference between the scores of 

two measures would be zero and assuming that the difference scores are normally 

distributed then 95% of differences would be within ±2 standard deviations of the 

zero difference score. LoA were calculated as 

𝐿𝑜𝐴 = �̅� ± 1.96 × 𝑆𝐷𝑑𝑖𝑓𝑓    (3.5) 

where �̅�  represents the mean difference in scores between the two 

administrations, the ±1.96 represents two standard deviations, whilst the 𝑆𝐷𝑑𝑖𝑓𝑓 

represents the mean difference in standard deviation. To identify the SD of the 

difference (and total variance) across multiple measures per individual, Bland and 
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Altman (2007) recommend calculating a one-way ANOVA using the differences 

scores as a response. The standard error (SE) and 95% CIs for the lower and upper 

limits of agreement estimates were calculated as; 

𝑆𝐸 𝑜𝑓 �̅� =  √(𝑆𝐷𝑑𝑖𝑓𝑓
2 /𝑛)    (3.6) 

𝑆𝐸 𝑜𝑓 �̅�  ± 𝑆𝐷𝑑𝑖𝑓𝑓 =  √(3 × 𝑆𝐷𝑑𝑖𝑓𝑓
2 /𝑛)   (3.7) 

𝐿𝑜𝐴 𝐶𝐼95 =  𝐿𝑜𝐴 ± (1.96 × 𝑆𝐸 𝑜𝑓 �̅�  ± 𝑆𝐷𝑑𝑖𝑓𝑓)  (3.8) 

where n is the sample size. This provides an indication of how precise the LoA 

estimates are (Bland & Altman, 2010). The limits estimates provide the degree of 

measurement error and any change in score greater than or equal to the value would 

represent real change in 95% of people. 95% agreement was taken as an indication of 

high test-retest agreement (Bland & Altman, 2010). 

Finally, an important assumption of the LoA is that since the variation 

between subjects has been removed leaving only measurement error, the differences 

should be normally distributed, and not affected by increasing mean values (Bland & 

Altman, 1999, 2010). The LoA values represent the entire range in scores (Bland & 

Altman, 2010). There should be no clear relationship between the variability and the 

magnitude and this can be tested using rank correlation coefficients (Kendall’s τ). If 

no relationship is present (coefficient is close to zero), then the differences are 

assumed to be normally distributed. If there is a relationship, in order to satisfy the 

assumption of constant SDdiff, a logarithmic transformation of the data is 

recommended before calculating the limits of agreement and then antilog the data to 

provide interpretation of the values with the above criteria would still apply (Bland & 

Altman, 1996a, 1996b).  
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2.2.2.4.2 Standard Error of Measurement (SEM) 

Measurement error is expressed as the standard error of measurement (SEM) and 

provides an absolute measure of the precision of individual scores within a test 

(Weir, 2005; Streiner & Norman, 2008). SEM is not only an integral parameter in 

reliability assessments but is also integral for identifying error in minimal important 

change scores since this knowledge enhances the clinical relevance of the outcome 

(section 2.2.4) (Cella et al., 2002; Crosby et al., 2003, 2004; Wyrwich, 2004; Terwee 

et al., 2009; Scholtes et al., 2011; Wyrwich et al., 2013). SEM is regarded as being 

relatively constant and so independent of the variability in the population. With the 

possible exception of extreme scores, the same SEM should apply for all scores 

across the scale (Wyrwich et al., 1999; Weir, 2005; de Vet et al., 2011; Gregory, 

2014).  

The most common way of calculating SEM is directly related to reliability 

estimates and is expressed as:  

𝑆𝐸𝑀 =  𝜎√1 − 𝑟    (3.9) 

where σ is the standard deviation of the observed scores and r is the 

reliability of the measurement (Stratford & Goldsmith, 1997; Wyrwich, 2004; Frost 

et al., 2007; Streiner & Norman, 2008; de Vet et al., 2011; Gregory, 2014). The 

reliability (r) is expressed as either the ICC estimate or alpha estimate for a given 

questionnaire from another study (Wyrwich et al., 1999; de Vet et al., 2011). The 

ICC calculated in one study is applied to the standard deviation from a different 

population. The variability in the population in which the ICC originates influences 

the magnitude of the ICC and therefore if the heterogeneity of new population was 

not similar (or the systematic bias was not accounted for), the obtained SEM value is 
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liable to either under- or over-estimate the degree of measurement error (Weir, 2005; 

de Vet et al., 2006b, 2011). Additionally, the SEM is the extent of measurement error 

between repeated measures. Therefore the use of alpha estimates seems redundant 

given that the estimates are based on a single measure (de Vet et al., 2011). The 

following two SEM formulas are based on the random error variance (the mean 

square error term) one of which can be identified from the ICCconsistency formula (3.3), 

the other makes use of the information provided in the limits of agreement (3.5);  

𝑆𝐸𝑀𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦 =  √𝜎𝑒𝑟𝑟
2     (3.10) 

𝑆𝐸𝑀𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦 = 𝑆𝐷𝑑𝑖𝑓𝑓/√2      (3.11) 

where σ
2

err is the random error and SDdiff is the SD of the mean differences, 

and √2 is included to account for the error in both of the measurements. These 

formulas are independent of the specific ICC and therefore the estimates are not 

susceptible to problems mentioned above, they are consistent across different studies. 

Nevertheless, neither formula accounts for the systematic bias in the measurement. 

The final formula includes the variability between time points (σ
2

time) and the 

variability caused by random error (Weir, 2005; de Vet et al., 2006b; Terwee et al., 

2009);  

𝑆𝐸𝑀𝑎𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡 =  √(𝜎𝑡𝑖𝑚𝑒
2 + 𝜎𝑒𝑟𝑟

2 )   (3.12) 

This final formula is recommended for use where possible as systematic bias, 

including the variability between time, is considered by some as part of measurement 

error (Weir, 2005; Terwee et al., 2007, 2009). Otherwise, either of the formulas for 

SEMconsistency (3.10 - 3.11) are acceptable to identify measurement error (de Vet et al., 

2006b; Terwee et al., 2007). Unlike other reliability parameters such as ICCs, SEM 
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is expressed in same units of measurement as original questionnaire scores and is 

therefore are reasonably easy to interpret (Stratford & Goldsmith, 1997; Weir, 2005; 

Streiner & Norman, 2008; de Vet et al., 2011). Essentially, the SEM value is 

dependent on the score range of the questionnaire of interest, but the general 

assumption is that larger SEM scores equal lower reliability.  

2.2.2.4.3 Smallest Detectable Change (SDC) 

Smallest Detectable Change (SDC) is derived from the SEM and, similar to LoA, it 

represents the smallest change in score that is beyond measurement error and must be 

overcome for a change to be considered real (de Vet et al., 2006a; Terwee et al., 

2007, 2009; Scholtes et al., 2011; de Vet et al., 2011). It is calculated as; 

𝑆𝐷𝐶𝑖𝑛𝑑 = 1.96 × √2 × 𝑆𝐸𝑀   (3.13) 

This represents the SDC at an individual level (SDCind) that can distinguish 

measurement error. The SDC score should be comparable to the LoA score to be 

deemed an acceptable score. Alternatively, Terwee et al. (2009) have proposed 

multiplying the SEM estimate by 4 to identify the smallest change as this accounts 

for the variability in individual scores over time and both Type I and Type II errors. 

This score is expected to be similar to or slightly higher than the estimates from 

SDCind (both are reported in Chapter 4).  

For group-wise assessments, the measurement error is reduced since averaging 

the results gives a more reliable interpretation of the amount of fluctuations in the 

scores. To identify the SDC in a group (SDCgroup), the SDC for individuals (SDCind) 

that is calculated using formula above (3.13) should be divided by √n (Terwee et al., 

2007; de Vet et al., 2011). The criterion for an acceptable SDCgroup estimate has not 

been identified. Therefore, the results of this calculation are treated with caution and 
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no inferences are made. No similar group-wise adjustments have been proposed for 

the LoA. 

2.2.3. Responsiveness  

Responsiveness refers to the questionnaire instruments ability to detect a change in 

scores, under circumstances in which the questionnaire is intended for use (Lipsey, 

1983; Scientific Advisory Committee of the Medical Outcomes Trust, 2002; Terwee 

et al., 2007; Revicki et al., 2008; de Vet et al., 2011; Reeve et al., 2013). To be 

considered a responsive measure for outcome assessment, the questionnaire needs to 

reliably identify small changes in scores that truly reflect changes in the construct of 

interest (Lipsey, 1983; Jacobson et al., 1999; Lipsey & Hurley, 2008). As a 

consequence, reliability estimates, SEM and SDC, are a necessary component of 

responsiveness (section 2.2.3). These parameters fall under distribution-based 

methods. Additional parameters are recommended to assess the ability of the item 

and scale to assess change (Terwee et al., 2007; de Vet et al., 2011). These include 

item response distributions, which identify the number of items exhibiting floor and 

ceiling effects, and a criterion-based approach using anchor-based methods which 

identifies a global rating of perceived health-status change and receiver operator 

characteristic (ROC) analysis. 

2.2.3.1 Identifying the items ability for change 

Floor and ceiling effects compromise the responsiveness of a questionnaire to 

meaningful changes (Terwee et al., 2007; Lipsey & Hurley, 2008). They are assessed 

at item level by examining the frequency of the responses to the lowest and highest 

possible scores, respectively. Floor effects limit detection of reductions in the 

functional impact of tinnitus. Ceiling effects limit detection of increases in the 
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functional impact of tinnitus. Terwee et al. (2007) identifies potentially problematic 

items as those rated at the lowest or highest possible response option (e.g. 0 or 10 on 

a 10-point scale) by more than 15% of respondents. 

2.2.3.2 Identifying the scales ability for change  

The criterion-based approach uses a “gold standard” measurement as an indicator of 

adequate changes in scores in the new questionnaire measure being evaluated. It 

examines the degree to which changes in scores on the gold standard are suitably 

reflected in the change in scores of the new questionnaire (de Vet et al., 2011).  

Although some work has been done to establish responsiveness of tinnitus 

questionnaires (see Chapter 3), there is no “gold standard” that is reliably responsive 

to small changes. In cases such as this, anchor-based methods are often used as a 

comparison measure of change (de Vet et al., 2011; Wyrwich et al., 2013). Anchor-

based methods are essentially external indicators that provide an interpretable 

measure of the optimal points of change or what patients consider an important 

change which can be used to map changes in scores. They can also determine the 

perceived level of the problem at baseline (see section 2.2.4.1). See Crosby et al. 

(2003) for other anchor-based methods. The most commonly reported anchor-based 

method for assessing change in scores is the global rating of perceived health-status 

change first introduced by Jaeschke et al. (1989). Participants would rate how much 

change they perceive in health status over a particular period of time or between two 

time points, such as baseline and end of study, on a 7- or 15-point scale (Jaeschke et 

al., 1989; Revicki et al., 2008; Wyrwich et al., 2013). In Chapter 4, participants rated 

their change in tinnitus on a 7-point scale (much improved (3), moderately improved 

(2), slightly improved (1), no change (0), slightly worse (-1), moderately worse (-2), 

and much worse (-3)).  
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To evaluate responsiveness using this approach, the mean change scores (SD) 

for the TFI between the baseline and follow-up assessments are calculated for each 

anchor rating group, and then inspected to ascertain the magnitude and direction of 

the changes in each group. To reduce risk of bias, a pre-defined hypothesis should be 

established about the expected (magnitude and direction) differences between 

groups. The change scores are then correlated with the anchor ratings using 

Spearman’s rank correlation coefficient to ascertain the strength of the relationship 

between the scores. There is no apparent criterion for an acceptable magnitude of the 

correlation coefficient, and given that measurement error increases with the number 

of measurements, then the correlations coefficients are not expected to be as high as 

those mentioned previously in this chapter (section 2.2.2).  

The final stage of assessing responsiveness is to use another anchor-based 

method, the ROC curve analysis, to establish whether the change scores based on 

global ratings of change can discriminate ‘improvement’ from ‘no change’ and 

‘worsening’ of symptoms.  

Based on external criteria, the anchor groups are normally divided into two 

classifications: (i) ‘no change’ versus ‘improvement’, and (ii) ‘no change’ versus 

‘worsening’. ROC curve analysis combines information on sensitivity (true positive 

rate) and specificity (true negative rate) to detect the threshold value used to classify 

individuals as ‘improved' (Riddle et al., 1998; Eng, 2005). Sensitivity would refer to 

the proportion of improved (or worsened) participants, according to the anchor, that 

are correctly classified according to their TFI score as improving (or worsening). In 

contrast, specificity would refer to the proportion of participants correctly classified 

by the TFI as showing no change (Eng, 2005; Uslu et al., 2008; de Vet et al., 2011). 
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ROC curve analysis provides a means to evaluate the sensitivity and specificity over 

the range of values.  

The ROC curve plots the sensitivity (y axis) vs 1 – specificity (x axis; which 

flips the graph horizontally) with the Area Under the receiver operator Characteristic 

curve (AUC) representing the TFI’s ability to discriminate between people who have 

improved (or worsened) from those who are unchanged. When presented with 

random scores, the AUC would be equal to the probability that the TFI will correctly 

identify improvement (Eng, 2005; Zou et al., 2007). If the ROC curve was a 

45˚diagonal line from 0,0 to 1,1, then the AUC would be 0.5 indicating that there 

was 50% probability that the questionnaire will be unable to identify people who 

have improved from those who do not, i.e. poor discrimination. A more prominent 

curve is therefore equivalent to a more accurate test, and AUC values of above 0.7 

are deemed appropriate for identifying changes in the scores (Eng, 2005; Zou et al., 

2007).  

ROC analysis is based on two classifications, therefore two separate ROC 

curves were calculated to examine the TFI’s ability to identify improving and 

worsening symptoms. It is important to highlight that this analysis also plays an 

integral part in the identification of a minimal important change score (section 2.2.4).  

Distribution-based methods are often used to identify and interpret change in 

scores (Wright & Young, 1997; Wyrwich et al., 2002; Crosby et al., 2004; Wyrwich, 

2004; Eton et al., 2004; Yost et al., 2011). Distribution-based methods are based on 

statistical properties of the sample and include methods such as the SEM (described 

in section 2.2.2.4), effect size (ES) and a paired t-test. See Crosby et al. (2003) and 

Husted et al. (2000) for other methods. Some recommend ES as a measure of 

responsiveness (Husted et al., 2000; Scientific Advisory Committee of the Medical 
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Outcomes Trust, 2002; Revicki et al., 2008), while others have recommend SEM 

(Terwee et al., 2007; Mokkink et al., 2010c). The SEM would provide much needed 

information on the precision of the TFI measurement. But conventional standards, 

such as one SEM is equivalent to a minimal important change score, should be 

interpreted with caution. The other methods provide only information on the 

magnitude of the score or the significance of the change. They do not determine the 

validity of the change score and/or account for any error in measurement (Mokkink 

et al., 2010b, 2010c; de Vet et al., 2011; Mokkink et al., 2012). One way in which 

this problem with ES could be elevated is to define a priori hypotheses about the 

expected magnitude of the differences between the groups and use a comparison 

instrument or global rating scale.  

During the development of the TFI, ES was calculated in this way and so it is 

conducted here for comparative purposes (Chapter 4). Using Lipsey’s criterion group 

approach (Lipsey, 1983), in which individual TFI scores are stratified based on their 

global ratings of change, the ES was calculated for those groups expected to differ 

and compared to a priori hypotheses (Chapter 4). The ES is calculated as;  

𝐸𝑆 =
𝑥1− 𝑥0

√∑(𝑥0−�̅�0)2 

𝑛−1

   (3.14) 

where X0 refers to pre-test score and X1 is the post-test score, divided by the 

SD of the pre-test scores (Crosby et al., 2003). The standard criterion for the ES 

estimates are: ≥0.20 is a small effect, 0.5 is a medium effect, and ≥ 0.80 is a large 

effect (Cohen, 1988). ES estimates can be used as evidence of identifying change if 

the direction and magnitude follow the expected pattern, but it is not recommended 

for use as a standalone evidence of change (Lipsey & Cordray, 2000; de Vet et al., 

2011; Meikle et al., 2012; Mokkink et al., 2012).  
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2.2.4. Interpretability  

TFI scores should be easily understood to enable clinicians and researchers to clearly 

identify and quantify the functional impact of tinnitus (Scientific Advisory 

Committee of the Medical Outcomes Trust, 2002; Mokkink et al., 2012). Despite it 

being an important property of a questionnaire, interpretability can be somewhat 

overlooked. Attention tends to focus on methods for identifying minimal changes in 

scores that are statistically and clinically relevant (section 2.2.4.2) (Wyrwich et al., 

1999; Crosby et al., 2004; de Vet et al., 2006b; Terwee et al., 2007, 2009; Mokkink 

et al., 2012). Guidance for the methods of interpretation is limited, but tend to 

highlight the distribution of scores and descriptive statistics (median, means, SD and 

range) from “relevant” population groups, including a normative population (Terwee 

et al., 2007; Reeve et al., 2013). This can provide clinicians with insights on what the 

different scores mean for different patient subgroups compared to each other and to 

the normative population (Lohr et al., 1996; Scientific Advisory Committee of the 

Medical Outcomes Trust, 2002; Terwee et al., 2007). Terwee et al. (2007) suggest 

using groups based on clinical diagnosis to aid interpretation of the scores, but do not 

provide information on how to use these comparisons to apply qualitative meaning to 

the scores. It would be beneficial, especially in tinnitus, to be able to interpret scores 

according to categories that define the different levels of impact as this enables 

clinicians and researchers alike to identify and quantify tinnitus severity.  

2.2.4.1 Identifying a grading system 

In order to facilitate interpretation of TFI scores and define grades of tinnitus impact, 

I used quartile analysis and anchor- based methods with the aim of cross validating 

and defining a final score range for each category of tinnitus impact. Quartile 

analysis is a distribution-based method in which patient population data is divided 
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into categories based on the distribution of the total score at baseline assessment 

(Lohr et al., 1996; Newman et al., 1998). These scores do not provide qualitative 

meaning related to patient experience as they are based merely on the statistical 

properties of the score.  

Anchor-based methods are used to assign participants into distinct grades that 

do have qualitative meaning related to patient experience (Hays & Woolley, 2000; 

Crosby et al., 2003; Yost & Eton, 2005; Revicki et al., 2008). The criterion anchor-

based approach involves mapping established cut-off criteria from an established 

questionnaire to the new questionnaire. Essentially this method would stratify 

individuals from their TFI score using their corresponding scores on an established 

tinnitus questionnaire, such as the THI. Descriptive statistics would then be 

calculated for each grading and differences in scores between grades would be 

compared using one-way ANOVA to establish whether the grades were distinct. To 

address the patient experience, responses to a global rating of perceived problem can 

be used to stratify participants and their questionnaire scores into distinct grades. 

Descriptive statistics and ANOVA can be calculated to establish the distinctive score 

range within each grade. The grading scheme can then be assigned descriptors that 

correspond to those used in the global question, e.g. ‘small problem’ to ‘very big 

problem’ (see Chapter 4 for further details).  

ROC curve analysis was used to identify the scores that best discriminate 

between the participants in each adjacent category (Riddle et al., 1998; Kaye & 

Darke, 2002; Eng, 2005; Copay et al., 2007; Uslu et al., 2008; Ward et al., 2014).  

In the case of anchor-based methods, the TFI would function as the 

diagnostic tool and the anchor would be the gold standard. ROC curve analysis 

synthesises this information into sensitivity and specificity for detecting the 
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difference in categories, i.e. ‘no problem’ versus ‘mild’ tinnitus, or ‘mild’ versus 

‘moderate’ tinnitus (Riddle et al., 1998; Eng, 2005). Sensitivity is equivalent to the 

probability that participants are correctly classified according to their TFI score as 

experiencing “mild” tinnitus (positive cases), whilst specificity refers to the 

probability that participants are correctly classified as not experiencing tinnitus, i.e. 

“no problem” (negative cases) (Eng, 2005; Uslu et al., 2008). AUC scores should be 

above 0.5 and values of more than 0.7 are desirable for establishing independent 

grades (Eng, 2005; Zou et al., 2007). ROC curve analysis provides a range of scores 

in which an optimal threshold (cut-off) was identified. In this case, rather than a 

balance between sensitivity and specificity, sensitivity is prioritised above specificity 

for the optimal threshold since it is more important as a diagnostic tool to identify the 

greater tinnitus symptomatology. The threshold provides the cut-off value for the 

range in each diagnostic category. For each set of adjacent diagnostic categories 

separate ROC curves were calculated (Chapter 4).  

2.2.4.2 Interpretation of change in scores  

It is important to not only identify the questionnaires ability to detect small changes, 

but to also provide clinically meaningful interpretations to those changes in scores 

(Jaeschke et al., 1989; de Vet et al., 2006b; Terwee et al., 2009; Revicki et al., 2008; 

de Vet et al., 2011; Wyrwich et al., 2013). For example, a detectable change in TFI 

score is possible without any corresponding change in the patient experience of their 

tinnitus, the patient may not feel better. To address this, the concept of the minimal 

clinically important difference (MCID) was proposed by Jaeschke et al. (1989) and 

defined as “the smallest difference in score in the domain of interest which patients 

perceive as beneficial and which would mandate, in the absence of troublesome side 

effects and excessive cost, a change in the patient's management.” (p. 409). It is the 
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process of identifying the smallest change in scores that is considered important from 

the perspective of a patient. MCID is also referred to as minimal important difference 

(Revicki et al., 2008), minimal clinically important improvement (Ward et al., 2014) 

or minimal important change (MIC, Terwee et al., 2007). For the sake of clarity, the 

former term used by Terwee et al. (2007) is adopted throughout the thesis.  

The most widely used approach to identify what is a meaningful change is to 

classify patients according to the amount of change experienced using their responses 

to a global rating of health-status change. The mean change in scores (difference) on 

the TFI between baseline and the follow-up points are calculated corresponding to 

each rating change category. It is recommended to triangulate the results of multiple 

methods for determining MIC, including relating the distribution-based methods 

identified in the previous sections (particularly the SEM and smallest detectable 

change). This can help to converge on a small range of values and include an 

assessment of measurement error (Crosby et al., 2004; Revicki et al., 2008).  

The basis of the first method comes from the methods used by (Jaeschke et 

al., 1989) where the MIC was identified as the mean change scores (follow-up – 

baseline) for the pooled ‘almost the same’, ‘a little’ and ‘somewhat’ improved and 

‘deteriorated’ groups. However, there are some limitations with this approach. The 

“almost the same” group is fundamentally indicating “unchanged” health-status 

(Juniper et al., 1994; Beaton et al., 2002; Revicki et al., 2008; Wyrwich et al., 2013). 

There was an explicit assumption that the mean change scores represent the same 

change for improvement as deterioration which might not the case. These concepts 

are fundamentally measuring different aspects of change which may not be equally 

important. It has been shown that larger change is needed to feel worse than better 

(Cella et al., 2002).  
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To identify the MIC values, the mean change scores for each category were 

plotted and then the difference score between the mean change scores for “no 

change” and “slightly improved” groups and for the “no change” and “slight worse” 

groups at each time interval were calculated (Chapter 4) (Redelmeier et al., 1996; 

Terwee et al., 2009; Meikle et al., 2012). The difference scores and MIC values for 

the ‘much-to-moderately’ improvements/worsening are also calculated and reported.  

ROC curve analyses were used to identify the TFI global scores that best 

identify improvements (i.e. slight, much to moderate) and worsening (slight, much to 

moderate) from no change based on global rating of change categories (section 

2.2.3.2 for detail on ROC). The AUC is expected to be reasonably high, above 0.7 to 

successfully discriminant change. In this case, the balance between sensitivity and 

specificity (optimal threshold) is employed as the value for identifying the MIC score 

(Zou et al., 2007).  

It is recognised that the MIC scores are influenced by the magnitude of the 

baseline values (Crosby et al., 2004; Ward et al., 2014). To account for this, the MIC 

values were calculated for each diagnostic category/subgroup (i.e. the “small 

problem” baseline score range) corresponding to the ratings of change category, such 

as improved (section 2.2.4.1 for grading). Optimal thresholds were calculated for 

each diagnostic category.  

The MIC and optimal threshold estimates identified were triangulated with 

the distribution-based methods, SEM and smallest detectable change to identify a 

single important change score or at narrow range of values that has both external 

validity and accounts for the variability. To identify the most appropriate important 

change score, it is recommended to visually examine the score distributions and 

prioritise the estimates identified using the anchor-based techniques (Terwee et al., 
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2007; de Vet et al., 2007; Revicki et al., 2008). For direct comparisons between all 

methods and change groups, estimates are visually depicted using a unique technique 

identified by de Vet et al. (2007), called the visual anchor-based MIC distribution 

(Figure 2.2). 

Initially, the distributions of the change scores on the TFI for the improved, 

unchanged and worsened groups are plotted. To ease comparisons across the 

distributions, proportional frequencies were used for the scores to make the curves 

independent of sample size. The anchor-based and distribution-based estimates are 

plotted with these distributions to clearly illustrate the extent of the differences 

(distance) between these estimates. The form of the curve indicates the extent of the 

relationship between the global change anchor and questionnaire, a flatter curve 

equates to weak relationship and indicates that there might be some misclassification. 

The preferred important change cut-off point should desirably account for both 

patient experience and measurement error, but priority can be placed on the MIC. 

Either way the choice should be justified (de Vet et al., 2007, 2011). 

2.3. SUMMARY  

A summary of the methods and criteria that are used in this thesis are provided in 

Tables 2.2 – 2.5. The essential criteria are informed by the criteria identified by 

Terwee and colleagues (2007, 2014) and were used in the critical review described in 

Chapter 3. The essential and additional criteria were both applied as standards for 

statistical analysis in Chapters 4 and 5.  
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Figure 2.2. Example of visual-anchor-based MIC distribution.  
Distributions (expressed in percents) of the changes in scores for patients who reported 

improvements (blue), no change (red) and worsening (green). Horizontal dashed lines represent 

optimal value from Receiver Operating Characteristic (ROC) analysis. Horizontal dotted lines 

represent Limits of Agreement estimates. 
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 PSYCHOMETRIC PROPERTIES OF FIVE CHAPTER 3.

STANDARD TINNITUS QUESTIONNAIRES: A REVIEW  

3.1. INTRODUCTION 

There are numerous questionnaires in existence which reputedly measure the range 

of psychosocial effects and aspects of tinnitus that affect everyday life (Newman et 

al., 2014). This Chapter reviews five commonly used questionnaires from the 

perspective of their development and psychometric evaluation. The questionnaires 

are: Tinnitus Questionnaire (TQ; (Hallam et al., 1988; Hiller & Goebel, 1992)), 

Tinnitus Handicap Questionnaire (THQ; Kuk et al., 1990), Tinnitus Reaction 

Questionnaire (TRQ; Wilson et al., 1991), Tinnitus Handicap Inventory (THI; 

Newman et al., 1996), and the Tinnitus Functional Index (TFI; Meikle et al., 2012). 

These have been identified in practice guidelines and expert opinions (Department of 

Health, 2009; Langguth et al., 2011; Landgrebe et al., 2012; Tunkel et al., 2014). 

The quality criteria relating to the psychometric properties are those identified 

in Chapter 2 (see Tables 2.2 – 2.5). Table 3.1 provides an overview of the 

characteristics of the five questionnaires.   

During development of the TFI, reliability and validity testing (i.e. factor 

analysis, effect size and convergent/discriminant validity) were conducted on 

prototypes 1 and 2. Evidence for the validation of the 25-item TFI comes from a 

post-hoc analysis of the 30-item prototype 2. In this chapter, the evidence provided is 

based on this re-analysis and from subsequent evaluations conducted in the USA 

(Henry et al., 2015) and Belgium (Rabau et al., 2014). 

 . 
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Table 3.1. Tinnitus questionnaires characteristics 

Questionnaire 

No of items 

Subscales 

 Original development 

Response options  Internal 

consistency 
n Population 

Total range Translations 

Tinnitus 

Questionnaire
a
 
 

 

52 items 1. Emotional and cognitive distress 

German, 

Dutch/French, 

Chinese 

0.94 

100 

Neuro-otology outpatients (UK) 
True, partly true, not 

true 

2. Intrusiveness 0.87 

3. Auditory Perceptual difficulties 0.89 
Royal National Throat Nose and 

Ear Hospital Clinic (London) 0 – 82 
4. Sleep disturbance 0.81 

5. Somatic complaints 0.75 

Tinnitus 

Handicap 

Questionnaire
b
  

27 items 1. Physical, emotional & social effects 

Dutch, French 

0.94 

275 

Iowa University Hospital  

0 – 100 2. Hearing and communication ability 0.88 Iowa VA Medical Centre 

0 – 100 3. Individual perception of tinnitus 0.47 The House Ear Institute 

Tinnitus 

Reaction 

Questionnaire
c
  

26 items 

No clear subscales 

 
French N/A 156 

VA Hospital 

Not at all (0) to almost 

all the time (4) 
General Audiology 

0 – 104 Research 

Tinnitus 

Handicap 

Inventory
d 

25 items 1. Functional Hungarian, Chinese- 

Cantonese, Chinese-

Mandarin, Italian, 

German, Danish, 

Turkish, Japanese 

0.86 

150 

Henry Ford Hospital (USA) 

Yes(4) Sometimes(2) 

No(0) 
2. Emotional 0.87 VA medical Centre (USA) 

0 – 100) 3. Catastrophic 0.68 196
*
 

Audiology Clinical/ Surgery 

(UK) 

Tinnitus 

Functional 

Index
e 

 1. Intrusiveness  0.85  Two VA Medical Centres  

 2. Sense of Control  0.82  
Hearing and Speech Institute 

25 items 3. Cognition  0.96  

0 – 10  4. Sleep Dutch 0.97 336  

0 – 100 5. Auditory  0.97  University Tinnitus Clinic 

 6. Relaxation  0.96   

 7. Quality of Life  0.93  
Tinnitus Management Clinic 

 8. Emotional  0.94  

a: Hallam et al., 1988; b: Kuk et al., 1990; c: Wilson et al., 1991; d: Newman et al. 1996; e: Meikle et al., 2012. * Sample size from factor analysis study (Baguley & 

Andersson, 2003) 
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3.2. VALIDITY OF THE FIVE QUESTIONNAIRES 

3.2.1. Content validity 

Aspects of content validity considered (i) measurement aims, (ii) target population, 

(iii) concept, (iv) item selection and reduction, and (v) item interpretability (Terwee 

et al., 2007).  

3.2.1.1 Measurement aims  

The TQ and THI aim to be diagnostic measures of tinnitus severity (Hallam et al., 

1988; Newman et al., 1996). Nevertheless, both are used internationally as outcome 

measures for the effectiveness of therapeutic interventions. They were not designed 

for this purpose. Response options and items were not selected to be specifically 

responsive to treatment-related changes. These questionnaires consequently lack the 

resolution to detect small changes in scores (Lipsey, 1983; Kirshner & Guyatt, 1985; 

Meikle et al., 2008; Lipsey & Hurley, 2008).  

The THQ was developed to be a diagnostic measure of handicap due to tinnitus, 

but the need for effectively evaluating treatment-related change was also considered. 

The THQ has high resolution response options (0-100), allowing for small changes in 

scores to be accounted (Kuk et al., 1990).   

The TRQ was developed to measure psychological distress in relation to tinnitus 

and the changes that occur before and after treatment (Wilson et al., 1991). However, 

it is not obvious how these aims influenced the development of the scale, for 

example a 5-point scale was chosen even though it potentially does not have a 

sufficient resolution to detect small changes.  

The TFI was developed for measuring the functional impact of tinnitus on daily 

life, discriminating people who are bothered by their tinnitus from those who are not, 
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and for measuring the changes over time or after clinical intervention (Meikle et al., 

2012). Both of the discriminative and evaluative components were considered 

throughout the development.  

3.2.1.2 Target population  

All five questionnaires clearly define the population of interest as people 

experiencing tinnitus and intended to measure the construct of tinnitus 

handicap/distress. The majority were originally developed with patients presenting at 

audiology clinics within hospitals (Table 3.1). However, item development and 

evaluations of the THQ, THI, TRQ and TFI, used data collected from Veterans’ 

Affairs (VA) hospitals and so are not representative of the wider clinical population. 

Those recruited from the VA sites tended to be male and experienced a range of co-

morbidities, such as Post-Traumatic Stress Disorder (PTSD) that could influence 

responses to the TFI items. Although the TQ development did not include VA 

hospital patients, it important to note that there is very little published information 

available on its validation and development. Apart from Hallam et al. (1988), the 

only information available is in the 2008 TQ manual, which provides limited 

information (Hallam et al., 1988; Hallam, 1996, 2008). Only the TRQ developers 

recruited from the general public.  

Questionnaires have been translated into different languages, including some 

psychometric evaluation in the target country. Notably, the majority of the reliability 

and validity assessments for the TQ have been conducted on the German translation 

in clinical populations (GHTQ; (Hiller & Goebel, 1992; Goebel & Hiller, 1998). 
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3.2.1.3 Concept 

All questionnaires were based on the clinical experience of the developers or 

previous qualitative patient data identifying potential domains of tinnitus (e.g. Tyler 

& Baker, 1983; Jakes et al., 1985). No direct evidence from patient perspective was 

included.   

Tinnitus Questionnaire  

The work conducted by Jakes et al. (1985) investigating tinnitus complaints and 

tinnitus loudness provided the theoretical basis for the TQ. In particular, the general 

tinnitus complaint dimensions of emotional distress and intrusiveness, and the 

specific tinnitus complaint dimensions of sleep disturbance, medication use and 

interference with auditory entertainment identified informed the development, 

although it is not apparent how these dimensions informed subsequent item selection.  

Tinnitus Handicap Questionnaire  

Kuk et al. (1990) used the four patient-reported domains of hearing, lifestyle, health 

and emotion identified by Tyler and Baker (1983). They also included one domain 

reflecting “others’ reaction to tinnitus”. It is unclear how this additional domain was 

derived. No other information was provided.  

Tinnitus Reaction Questionnaire  

Based on evidence suggesting links between tinnitus and stress, depression and 

anxiety, Wilson et al. (1991) identified psychological distress associated with tinnitus 

as an individual component that could specifically be relevant for evaluating 

psychological interventions.  
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Tinnitus Handicap Inventory  

During item selection, Newman et al. (1996) proposed a three-domain model 

reflecting the different aspects of tinnitus impact on everyday function; (i) mental, 

social and physical functioning, (ii) emotional response to tinnitus, and (iii) the 

desperation associated with tinnitus (catastrophic). It appears that it is largely based 

on the developers’ personal experience and opinion.  

Tinnitus Functional Index  

Only the TFI used expert opinions (tinnitus researchers and clinicians), beyond those 

of the developers, to create a conceptual framework that was relevant to the target 

population and comprehensively covered the construct. Patient perspective, however, 

was not considered. The TFI was intended to be broad in scope comprehensively 

covering multiple domains that impact on daily functioning.  

Thirteen domains were initially proposed by the 17 judges and four developers; 

(1) Emotional distress, (2) Social distress, (3) Unpleasantness, intrusiveness of 

tinnitus, (4) Persistence of tinnitus, (5) Interference with work activities, (6) 

Interference with leisure activities, (7) Disturbance of sleep and rest, (8) Disturbance 

of relaxation, (9) Auditory perceptual difficulties, (10) Somatic and physical 

complaints, (11) Cognitive interference, (12) Reduced Quality of Life, (13) Reduced 

sense of control.  

3.2.1.4 Item selection and reduction 

Tinnitus Questionnaire  

Item selection is only referenced once. The 52 items were based on adverse effects 

and complaints reported by tinnitus patients (Hallam et al., 1988; Hallam, 2008). 

There is no reference to item reduction, even though some items could be considered 
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redundant or of limited clinical relevance. For example, 11 of the 52 items are only 

used as baseline information and do not contribute to the total and subscale scores 

(Newman & Sandridge, 2004; Hiller & Goebel, 2004; Hallam, 2008). 

Tinnitus Handicap Questionnaire  

Kuk et al. (1990) generated 87 items based on the difficulties identified by Tyler & 

Baker (1983). The 87 items were reduced to the final 27-items through examination 

of response frequency distributions, inter-item correlations, and item-total 

correlations. Items were eliminated if they showed high inter-item correlations, or 

they showed low item-total correlations. The specific criterion cut-off values were 

not reported. In addition, some items were eliminated if they scored either 0 or 100 in 

over 50% of the cases, but this criterion was applied inconsistently.  

Tinnitus Reaction Questionnaire  

Wilson et al. (1991) briefly refer to the domains reported by Tyler & Baker (1983) as 

the principal foundation for item selection, supplemented with experienced gained 

from patient interviews (i.e. Ireland et al., 1985). The developers did not appear to 

conduct any item reduction.  

Tinnitus Handicap Inventory  

It appears the original 45-items were derived from “case histories of patients with 

tinnitus”, from Tyler and Baker (1983), and adapted from the Hearing Handicap 

Inventory for Elderly (HHIE, (Ventry & Weinstein, 1982)) and the Dizziness 

Handicap Inventory (DHI, (Jacobson & Newman, 1990)). No details of the 

procedure for item development were provided. The 45 items were reduced to the 

final 25-item version using response frequency distributions, item-total correlations, 

and content validity. Items were eliminated if high endorsement rates were found 
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(i.e. 85% of patients selected the same response), or if item-total correlations were 

≤0.50. There is little clarity on the items removed and on the decision behind the 

frequency distribution and item-total elimination criteria.  

Tinnitus Functional Index  

Meikle et al. (2012) reports that 175 items were sourced from nine widely used 

tinnitus questionnaires. Items that were ambiguous (i.e. referring to multiple 

subtopics), overly negative or duplications were excluded. On the consensus of 17 

experts, items were assigned to the initial 13 domains and rated for expected 

responsiveness. This formed the selection criterion for prototype 1.   

Of 175 items, 35 were judged most relevant. Eight items were added in order 

to maintain a minimum of three items on each domain making 43 items in prototype 

1, with a 0 – 10 response scale. Thirteen items were eliminated after examination of 

response frequency distributions, effect size and Principal Components Analysis 

(PCA) making 30 items for prototype 2. The same examinations were conducted on 

prototype 2, but none of these findings contributed to the removal of the final five 

items. This decision was based on “careful examination” of the items (content 

validity), with no further information provided.  

3.2.1.5 Item interpretability  

None of the questionnaires appear to use jargon terms or double-barrelled items but 

none were assessed for readability at the time of conception/development. Atcherson 

et al. (2011) subsequently examined readability of the THI, THQ, TRQ and TQ in 

the United States. It was not apparent which version of the TQ was investigated. The 

THI and THQ requires a reading ability equivalent to 13–14 year olds, while the 

TRQ requires a reading ability equivalent to 11–12 years, within the recommended 
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criteria (Terwee et al., 2007). There is no estimate of readability for the TFI. Only the 

TRQ and TFI included a time of reference in which patients are instructed to recall 

their problems over the past week. The remaining questionnaires leave the decision 

on the time of reference to the clinician, researcher or patient.  

3.2.2. Construct validity 

Evidence of convergent and discriminant validity were examined, in particular with 

respect to any predefined hypotheses about the expected correlations. 

3.2.2.1 Convergent validity 

All five questionnaires have shown high convergent validity with each other. 

However, for the TQ, THQ and TRQ, not all the predictions about the strength of 

these correlations were hypothesised a priori (Wilson & Henry, 1998; Baguley et al., 

2000)or they were too conservative in their predictions (Robinson et al., 2003) 

(Table 3.2). These findings do not meet the criterion established by Terwee et al. 

(2007) and so cannot be considered as good evidence of convergent validity. In 

contrast, the THI and TFI show good evidence of convergent validity. The THI 

showed an expected strong correlation with the THQ (r = 0.78) (Newman et al., 

1996), and the TFI showed an expected extremely strong correlation with the THI (r 

= 0.86).  

3.2.2.2 Discriminant validity 

The TQ, THQ, TRQ and THI have all shown acceptable discriminant validity with a 

range of measures. Robinson et al. (2003) appropriately predicted that these 

questionnaires would demonstrate moderate correlations with standardised measures 

of depressive symptoms, well-being, and internal attention and focus, see Table 3.2.  
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Table 3.2. Pearson’s correlation coefficients for the four tinnitus questionnaires and 

other general health measures as reported by Robinson et al. (2003). 

 TQ THQ TRQ THI HRSD BDI QWBS MSPQ 

TQ         

THQ 0.75        

TRQ 0.82 0.79       

THI 0.89 0.77 0.88      

HRSD 0.48 0.57 0.52 0.49     

BDI 0.51 0.62 0.66 0.59 0.71    

QWBS -0.37 - 0.48 - 0.39 - 0.37 - 0.49 - 0.59   

MSPQ 0.46 0.37 0.53 0.54 0.58 0.58 - 0.39  

TQ = Tinnitus Questionnaire (Hallam et al., 1988); THQ = Tinnitus Handicap Questionnaire 

(Kuk et al., 1990); TRQ = Tinnitus Reaction Questionnaire (Wilson et al., 1991); THI = Tinnitus 

Handicap Inventory (Newman et al., 1996); HRSD = Hamilton Rating Scale for Depression 

(Hamilton, 1960); BDI = Beck’s Depression Inventory (Beck et al., 1997); QWRS = Quality of 

Well-Being scale (Kaplan et al., 1996); MSPQ = Modified Somatic Perception Questionnaire 

(Main, 1983). 

 

The only exception was the THI, THQ and TRQ which showed moderately strong 

correlations with the BDI (r = 0.59, r = 0.62 and r = 0.66, respectively).  

Other evidence suggests that the TRQ is sensitive to generalised emotional 

distress (Wilson et al., 1991; Andersson et al., 2003), but as no prior assumptions 

were made the information for the TRQ is defined as indeterminate. Recent evidence 

has shown that there is an overlap in item content between the THI and the BDI, 

specifically 9 out of the 25 items on the THI are significantly associated with large 

beta values in the regression model with the BDI reflecting the similar properties of 

depressive symptoms such as concentration, sleep and emotional problems (Ooms et 

al., 2011; Zeman et al., 2014). Although neither study provided a priori assumptions 

about the strength of relationships, Ooms et al. (2011) did anticipate which items 

would overlap and that the somatic subscale in BDI would most likely be associated 
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with the THI. Therefore, given the consistency of this evidence, the THI is defined as 

having indeterminate discriminant validity with measures of depressive symptoms.  

The TFI 25-item prototype 2 was, as predicted, moderately associated with the 

BDI-primary care with distinctly lower correlations than those with the THI (r = 

0.56) (Meikle et al., 2012). This is modest evidence of discriminant validity. 

3.2.3. Structural validity  

Structural validity was generally examined using the data reduction technique of 

Principal Components Analysis (PCA). The TFI used a factor analysis estimation 

method known as Principal Axis Factoring. CFA was not conducted on any of the 

questionnaires.   

Tinnitus Questionnaire  

Apart from Hallam et al. (1988), the only evidence available is in the 2008 TQ 

manual (Hallam, 2008). The 1996 TQ manual (Hallam, 1996) where the revisions of 

TQ internal structure are reported, is out of print.  

Hallam et al. (1988) first reported a three-factor solution (based on 34 of the 51 

items); i) emotional distress, (ii) auditory difficulties and (iii) sleep disturbance, 

which together explained 80% of the variance. In 1996, Hallam revisited the factor 

structure. PCA with orthogonal rotations revealed a six-factor solution explaining 

55% of the variance, but only five factors were considered reliable (Table 3.1). The 

information provided on the 1996 revalidation, in particular the factor loadings, is at 

times contradictory and vague. Moreover, it is important to highlight that this PCA 

analysis was based on all 52 TQ items, not on the 41 items that contribute to 

calculate the total score. This could have a major impact on the resulting five-factor 

structure.  
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Tinnitus Handicap Questionnaire  

Following exploratory factor analysis using PCA, Kuk et al. (1990) identified three 

factors for the 27-item THQ (Table 3.1). Altogether these explained 57.6% of the 

variance; factor 1 (15 items: social, emotional and physical functioning) explained 

the majority of the variance (42.6%), whilst factor 2 (8 items: auditory and social 

functioning) and factor 3 (4 items; Individual perception of tinnitus) only explained 

9.4%, and 5.6% of the variance, respectively. The structural validity is questionable. 

Closer inspection of the factor loadings indicated that the majority of items loaded 

onto factor 1 and that there was unreported cross-loading between items on factor 1 

with items on factor 2 and factor 3. For five items there was also a large amount of 

unexplained variance (communalities > 0.5),  including three of the items on factor 3 

which also resulted in extremely low item-total correlation scores (r = 0.15). Instead 

of removing these items, the developers chose to maintain them even though they 

would undermine the global score.  

Tinnitus Reaction Questionnaire  

PCA and orthogonal rotation revealed a four-factor solution explaining 66.4% of the 

variance (Wilson et al., 1991; Table 3.1); factor 1: General distress (50%), factor 2: 

Interference (7.9%), factor 3: Severity (4.6%) and factor 4: Avoidance (3.9%). 

Again, the structural validity is questionable. The majority of items heavily loaded 

onto factor 1 and many others cross-load onto factors 2 and 3. Wilson et al. (1991) 

also inspected a two-factor solution, but not all the statistical findings are reported. 

Evidence for variance explained, potential cross-loading or redundant items cannot 

be reviewed. Although Wilson et al. (1991) recognised that the full scale was 

homogeneous, they still recommended use of the scores in the two factor solution.  
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Tinnitus Handicap Inventory  

Newman et al. (1996) predefined three domains; (i) functioning (12 items), (ii) 

emotional (8 items), and (iii) catastrophic (5 items). However, the structure was not 

subjected to statistical analysis at the time. In 2003, Baguley and Andersson 

investigated the three-factor structure using PCA with oblique rotations.  The item-

total correlations were high (r = 0.60) indicating the THI is tapping into a narrow 

construct. Baguley and Andersson (2003) observed that the structural validity is 

questionable. For example, most items loaded onto the Factor 1 (19 items), possibly 

indicating a unidimensional structure. Factors 2 and 3 each only consisted of 5 items 

with 4 items from factor 3 cross-loading onto factor 1. Altogether these factors 

explain 52.8% of variance.  

 So far, confirmatory factor analysis has only been conducted on the German 

translation of the THI, where the original 3-factor structure (with error covariance 

between two pairs of items) was found to have reasonably good fit, and better than 

the fit for a unidimensional structure (Kleinstäuber et al., 2015).  

Tinnitus Functional Index  

Meikle et al. (2012) used a thorough approach to identify the factor structure of the 

TFI and the items that should be maintained. PCA followed by Principal Axis 

Factoring (assessing both orthogonal and oblique rotations) revealed an eight-factor 

solution for prototype 1 which was replicated for the 30-item prototype 2 (79.5% of 

variance explained). The 25-item prototype 2 data was not subjected to confirmatory 

factor analysis; but Principal Axis Factoring with oblique rotations. Unsurprisingly, 

the same eight factors were clearly identified for both all the participants and a subset 

of only those that reported problems with their tinnitus (79.5% variance explained; 



Chapter 3  Kathryn Louise Fackrell 

67 

 

Table 3.2). Three items (Q2, Q21, Q22) had low loading estimates with their 

designated factor, less than the recommended value of 0.4. Two of which, from the 

QoL factor, also appeared to load on another factor (Cognitive). This does call into 

question the usefulness of these items as not only do they contribute less to the 

overall score but also are potentially confounding the results for the subscale. The 

remaining 22 items loaded onto their designated factor, demonstrated by the high 

loading values. However, it should be noted that all the items associated with the 

Sleep factor had negative loading values indicating that these items might not be 

directly related to the overall construct. This is not apparent in the results of the 

intercorrelations between the factors, in which Sleep moderately correlated with the 

other factors. The Auditory factor, on the other hand, had noticeably weaker 

correlations with all the other factors, indicating that it is potentially measuring a 

different construct. Meikle et al. (2012) recognised this and proposed that the TFI has 

two possible structures, either “a general tinnitus severity factor underlying all eight 

subscales...[or] a general tinnitus severity factor underlying seven of the eight 

subscales, with the Auditory subscale representing an underlying specific factor” 

(p.20).  

3.3. RELIABILITY OF THE FIVE QUESTIONNAIRES 

This was investigated by examining internal consistency, and reliability and 

agreement. 

3.3.1. Internal consistency  

Extremely high Cronbach’s alpha estimates were observed for the TRQ (α = 0.96; 

(Wilson et al., 1991)) and the TFI total scores (α = 0.97) Table 3.1 (Meikle et al., 

2012)). These extremely high scores exceed the criteria for good internal consistency 
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(α < 0.95) and indicate potential redundant items (Schmitt, 1996; Streiner, 2003; 

Tavakol & Dennick, 2011). Alpha estimates can be inflated by a multidimensional 

structure, which could be the case for the TFI (Shevlin et al., 2000; Kottner & 

Streiner, 2010). The alpha estimates for the TQ, THI and THQ total scores are 

consistently all just within the criterion (α = 0.95, α = 0.93, and α = 0.94, 

respectively) (Kuk et al., 1990; Newman et al., 1996; Hallam, 2008). This suggests 

that items in each questionnaire are reliably measuring the same underlying 

construct. Consistent with this were the item-total correlations which indicated that 

in general the majority of the questions in each questionnaire related to the overall 

construct, except for the items in the ‘Individual perception of tinnitus’ subscale of 

the THQ (factor 3), which again indicated poor consistency. High values could be a 

reflection of the complex nature of tinnitus handicap and inter-relations between the 

domains.  

In terms of the questionnaire subscales, all except two show good to 

acceptable Cronbach’s alpha estimates and fall within the acceptable criterion range 

(Table 3.1). Two subscales dropped below the criterion (α > .70) for poor internal 

consistency. The THQ’s ‘Individual perception of tinnitus’ subscale (Factor 3: 4 

items) had an unacceptably low alpha value (α = 0.47), whilst the THI’s catastrophic 

subscale (5 items) had a questionable alpha value (α = 0.68). Low scores could be 

due to the small number of items in the subscales, but given the other evidence 

against the validity of these subscales, it is more likely that this indicates a 

heterogeneous construct with poor inter-relatedness between the items (Tavakol & 

Dennick, 2011). If this is the case, the subscales would not be adding value to the 

overall construct of tinnitus handicap and could in fact be redundant (Cortina, 1993; 

Tavakol & Dennick, 2011). 
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3.3.2. Reliability and agreement 

Tinnitus Questionnaire  

Evidence of reliability is only available for the German translation of the TQ 

(GHTQ; (Hiller & Goebel, 1992; Goebel & Hiller, 1998)). Extremely high test-retest 

reliability was observed for the total (r = .94) and subscale scores (r =.86 to r = .93) 

for a 3 day interval (n: 60; Hiller et al., 1994). Although these scores provide good 

evidence of the GHTQ to reliably distinguish people with tinnitus from each other, 

they do not necessarily reflect the reliability of the original English TQ. There is no 

apparent evidence on agreement.   

Tinnitus Handicap Questionnaire  

Extremely high test-retest reliability has been observed for the THQ total score 

(Pearson's r = 0.89), and two of the subscale scores (functioning: r = 0.89 and 

hearing: r = 0.90) with 30 to 40 day interval between tests (Newman et al., 1995). 

The variability in these scores is stable across time. Changes can therefore be 

attributed to treatment-related effects rather than measurement error. In contrast, the 

‘individual perception of tinnitus’ subscale only showed moderate correlations with 

the other subscales (r = 0.50). This would provide additional evidence against the use 

of this subscale.  

Newman et al. (1995) calculated the limits of agreement by multiplying the 

standard deviation of the mean change in scores of repeated measures by ±2 standard 

deviations of the change scores. The levels of agreement for the THQ were ±20.0 for 

the total score, ±23.3 for factor 1, ±25.8 for factor 2 and ±44.8 for factor 3. Newman 

et al. (1995) found that for only two participants, out of a total of 32, the difference 

in test-retest scores were not within the agreement values for the THQ total and 
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factor 1 and 2 scores. Factor 3 showed a large amount of variability and did not show 

the same agreement (three outliers). Therefore, it would appear the THQ (total and 

factors 1 and 2) showed agreement for 95% of the observed differences. 

Consequently, this indicates acceptable agreement between the individual scores, the 

mean difference in scores was not included in the limits of agreement which could 

impact on the percentage agreement observed, and therefore there is some 

uncertainty in the evidence for agreement. The SEM consistency using reliability 

estimates was reported for each factor and the total scores, ranging from 7.4 to 15.5, 

with the largest error observed for factor 3. However, the authors did not provide the 

information on which reliability estimates were used to calculate the SEM.  

Tinnitus Reaction Questionnaire  

Wilson et al. (1991) provide evidence of extremely high test-retest reliability (r = 

0.88) over 3 days to 3 week time interval (n: 43 research population only), 

suggesting that despite measurement error the TRQ scores can be used to reliably 

discriminants between individuals. Although it should be noted that the sample size 

was below the recommended size (n≥50) and the estimates may not be representative 

of a larger clinical population. There is no apparent evidence on test-retest agreement 

or the SEM.   

Tinnitus Handicap Inventory  

Newman et al. (1998) observed high test-retest reliability for the THI total score (r = 

0.92) and subscales scores (r = 0.84 to r = 0.94) with a 3 week interval between tests.  

The THI shows stability over short time intervals.  

 To assess agreement, Newman et al. (1998) calculated the limits of agreement 

for total and subscales. The levels of agreement were ±19.5 for the THI total score 
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and ±8.1, ±9.8 and ±5.8 for the functional, emotional and catastrophic subscale 

scores, respectively. Newman et al. (1995) demonstrated that all participants, except 

one, test-retest difference scores were within the agreement values for the THQ total 

and subscale scores. It would appear the THI showed agreement for 95% of the 

observed differences. The total scores were not shown in a plot so could not be 

examined and similar to the THQ, the mean difference scores were not included in 

the limits of agreement. However, the SEM consistency was reported and indicated a 

mean score is unlikely to deviate more than 7.0 points between tests (Newman et al., 

1998). But again there was no clarification on which reliability estimates were used 

in the calculation. Therefore, some of the evidence for the agreement was not 

reported, creating uncertainty. Additionally, the sample size for both reliability and 

agreement (n=29) was below the recommended size.  

Tinnitus Functional Index  

Meikle et al. (2012) observed excellent test-retest reliability for the 25-item subset 

prototype 2 score (r = 0.78) with a 7 to 30 day time interval. The eight subscales had 

moderate to excellent reliability, ranging from r = 0.63 (QoL) to r = 0.90 (Auditory). 

This would suggest the TFI scores differentiate between individuals and shows 

stability over short time intervals. However, the sample size (n=37) was lower than 

recommended. Meikle et al. (2012) did not report which correlation coefficient was 

conducted and there were no measures of test-retest agreement.    

3.4. RESPONSIVENESS OF THE FIVE QUESTIONNAIRES 

Only the THQ and TFI response scales used interval measurement units. These are 

more sensitive to detecting changes than the categorical units of the TQ, THI and 

TRQ. The THQ’s 0 – 100 item response scale has however been criticised for being 
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too large a range and unwieldy for patients to complete (Newman & Sandridge, 

2004). 

3.4.1. Floor or ceiling effects  

No information was available on response distributions for the TQ. Response 

frequency distributions were investigated during development of the THQ, TRQ, 

THI and TFI. For the THQ and THI this was only used to detect which items to 

remove in the initial development and the analysis was not repeated after developing 

the questionnaire.  

Tinnitus Reaction Questionnaire  

Wilson et al. (1991) investigated the percentage of responses in the five response 

options for the individual items. Twenty-two items were identified as having floor 

and ceiling effects. Nine items were reported to have extreme floor effects with 50% 

- 83% of the participants selecting the “not at all” category. Thirteen items reported 

had more than 20% of participants endorsing the two highest options (a good deal of 

time, almost all of the time). The authors attributed these effects to reflecting the 

participant’s feelings. However, the ceiling effects could limit the detection of 

worsening tinnitus. More concerning are the extreme floor effects which could 

severely limit the detection of individual improvements in tinnitus, and as 

consequence limit the ability of the TRQ to detect change and be a reliable measure 

of outcome.  

Tinnitus Functional Index  

Meikle et al. (2012) found that four of the 25 items (1, 4, 6, 18) showed “mild ceiling 

effects” (p.16). These items were endorsed for the most severe response of 10 by 25 

to 34% of participants. Meikle et al. (2012) were not concerned with these “mild 
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ceiling effects” since the main aim of the measure is to evaluate improvements after 

treatments (p.16). In terms of the criteria established by Terwee et al. (2007), this is 

hardly a mild ceiling effect. In fact, following Terwee et al.’s criterion (2007), a 

further five items (3, 10, 11, 12, 24) showed ceiling effects with 17-18% of 

participants selecting the severe response (10), and four items (19, 21, 22, 25) 

showed floor effects with 16-27% of participants selecting the least severe response 

(0). What is concerning is that these effects are limiting both the detection of 

worsening tinnitus and improvement of tinnitus, therefore reducing the chances of 

the TFI being responsive to treatment-related changes. Three of the four items on the 

QoL subscale showed floor effects. In fact, one issue to consider in this analysis is 

the population that completed prototype 2. The majority of the participants from the 

two tinnitus clinics experienced more severe tinnitus, with relatively few reporting 

mild tinnitus, which could have contributed to the high levels of ceiling effects and 

therefore the results may not be representative of the wider clinical population. This 

needs re-investigation. 

3.4.2. The ability to detect changes in scores  

The GHTQ, THI, THQ and TRQ have been used to demonstrate treatment effects 

across a wide range of interventions and as a consequence all might be assumed to 

have the ability to detect changes over time and between different subgroups (Hoare 

et al., 2011; Henry et al., 2015).   

Unfortunately, the concept of responsiveness is still evolving, and the 

majority of the methods now applied were not routinely included in the development 

of questionnaires in the late 80s to early 90s. There is no gold standard for tinnitus. 

Only the GHTQ, THI and TFI scores have been examined using a global ratings of 

perceived change in tinnitus to identify the ability to detect change and a minimal 
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important change score. Only the THQ and THI report evidence for the degree of 

variability over time and the amount by which scores would have to change to be 

considered true changes in scores above that variability and measurement error 

(3.3.2). 

Tinnitus Questionnaire  

For no versions of the TQ (Hallam et al., 1988; Hallam, 1996, 2008), has any 

analysis been conducted to compare changes in the TQ with global ratings of 

perceived change (Newman & Sandridge, 2004). However, Adamchic et al. (2012a) 

have provided evidence using the GHTQ and Clinical Global Impression 

Improvement (CGI-I) ratings (Table 3.3). Moderate correlations were reported 

between the GHTQ scores and CGI-I scores (r = 0.52), consistent with the 

expectation that the correlation would be more than 0.3. This indicates that the 

GHTQ scores are reflecting the changes that are perceived by patients. The SEM 

indicated minimal measurement error (-4.7 points) and the mean change scores and 

ES (Cohen’s d) for each rating group followed an expected pattern, in which larger 

difference scores and ES were observed for the minimally better group (Mean: -6.7; 

d = 0.41) than the no change group (Mean -0.33; d = 0.02). However, against 

recommendations, there were no a priori predictions on the size of the effect for each 

group. ROC curves calculated between the minimally better/minimally worse and the 

no change groups indicated that the GHTQ can distinguish improved participants 

from those who did not change (AUC = 0.79, Optimal score = -5), but is less reliable 

at distinguishing worsening from no change (AUC = 0.6) (Adamchic et al., 2012a). 

Thus while there is evidence that the GHTQ can reliably detect changes, this would 

need to be re-examined in a UK population using the TQ.  
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Table 3.3. Clinical Global Questions to determine patients’ judgement about perceived treatment-related change 

a) RESET1  Clinical Global Impression 
 
b) TRI Clinical Global Impression 

 
c) TFI Global Question 

Verbal rating of their tinnitus loudness and 

annoyance for each ear where the tinnitus was 

perceived as compared to baseline. 

 
Rate the total improvement of their tinnitus 

complaints compared to before the beginning of 

treatment. 

 
All things considered, how is your overall tinnitus 

condition now, compared to your first visit to this 

clinic? 

1. Much better  1. Very much better  1. Much improved 

2. Somewhat better  2. Much better  2. Moderately improved 

3. No change  3. Minimally better  3. Slightly improved 

4. Somewhat worse  4. No change  4. No change 

5. Much worse  5. Minimally worse  5. Slightly worse 

  6. Much worse  6. Moderately worse 

  7. Very much worse  8. Much worse. 

RESET: Randomized Evaluation of Sound Evoked Treatment of Tinnitus trial study; TRI: Tinnitus Research Initiative database  
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Tinnitus Handicap Inventory  

Zeman et al. (2011) classified THI scores based on the CGI-I ratings (Table 3.3). 

Again a moderate correlation was reported between the THI scores and CGI-I scores 

(r = 0.46). However, no a priori predictions were made on the expected magnitude of 

the correlations.  

The mean change scores for the different rating categories were significantly 

different from each other and followed the expected pattern. Medium ES was 

reported for the minimally better group (d = 0.74), whilst a small ES was reported for 

the no change group (d = 0.26). Again no a priori hypotheses were made on the 

expected magnitude of the effects. The SEM of 7 reported by Newman et al. (1998) 

would indicate the ES could be measurement error. However this SEM was 

calculated on different population and therefore may not necessarily represent 

measurement error in a different population.  

There is some evidence that THI does have the ability to detect changes in 

scores, but with some degree of uncertainty.  

Tinnitus Functional Index  

Meikle et al. (2012) categorised the mean change scores using five ratings on Global 

Perception of Change at 3 and 6 months (Table 3.3). However, no correlations were 

examined between the rating groups and the TFI (25-item prototype 2). The TFI 

mean change scores followed a logical progression through the ‘much-to-moderate 

improved’ to ‘moderate-to-much worse’ groups in both 3 and 6 months, with the 

‘much-to-moderately improved’ group mean change scores being noticeably larger 

than the score for the ‘no change’ group on both occasions (Figure 3.1).  
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Figure 3.1. Overall mean TFI change scores at 3 and 6 month follow-ups corresponding 

to responses on Global Perception of Change score.  
A minimal clinically important change score of -13 points was determined based on the 

difference between the unchanged and much-to-moderately improved groups at 3 and 6 months. 

Adapted from Meikle et al. (2012). 

 

Meikle et al. (2012) also examined ES and did explicitly state the expected direction 

of the ES for the different ratings of change groups. In general, the results were as 

expected. ES for the TFI change scores in the improved groups were all positive with 

the much improved group resulting in a larger effect (d = 1.01) than the slightly 

improved group (d = 0.74).  

ES for the no change group was slightly more variable than predicted, but 

was reasonably close to zero at both three and six months. ES for the slightly worse 

groups were not negative as predicted; they were very similar to the no change group 

on both occasions (d = 0.14), whilst the moderate to much worse groups were below 

zero at three and six months. Therefore, the evidence does suggest that the TFI has 

the ability to detect change. However, this evidence is indeterminate. Despite 

recognising the importance of responsiveness, Meikle et al. (2012) did not report 
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measurement error or the correlations, and therefore the change identified may not 

represent patients perception of change (strength of the relationship between the 

perceived change and TFI scores could not be identified) or “true change” above 

error as the ES cannot be disentangled from measurement error.  

3.5.  INTERPRETABILITY OF THE FIVE QUESTIONNAIRES 

3.5.1. Interpreting the scores and grading tinnitus severity  

It is important to be able to reliably grade tinnitus symptoms if treatment needs or 

efficacy are to be established. For the original English TQ and the TRQ, no grading 

systems have been developed.  

Tinnitus Handicap Questionnaire  

Kuk et al. (1990) have not assigned qualitative meanings to the scores, although they 

have suggested comparing mean THQ scores to their published normative data (n = 

275). For example, a mean score of 60 would indicate the individual’s tinnitus was 

more severe than 80% of the tinnitus patients in this sample (Figure 3.2). Although 

helpful in determining individual severity relative to others, it does not provide 

clinical interpretations of the scores (Kuk et al., 1990; Newman & Sandridge, 2004). 

Alternatively, a score of over 22 points has been suggested as a lower boundary for 

bothersome tinnitus (Sullivan et al., 1993), although there does not appear to be 

reliable empirical evidence to support this. 

Tinnitus Handicap Inventory  

Based on quartiles analysis of test-retest reliability data (Newman et al., 1998), an 

initial grading system was developed with four categories defining no handicap, 

mild, moderate, and severe handicap (Table 3.4). 
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Figure 3.2 Cumulative distribution of total scores on the Tinnitus Handicap 

Questionnaire (THQ).  
Data obtained from 275 patient responses (Kuk et al., 1990). Adapted from Kuk et al. (1990). 

 

However, no qualitative evidence for the category interpretations was provided and 

given the small sample size (n: 290) the categories may not be representative of 

normative data. The grading system was extended into a five categories by a UK 

working group in 2001 (McCombe et al., 2001) (Table 3.4). Each category was 

provided with a detailed description of the meaning behind the scores and the last 

category range from the initial grading system was subdivided into scores 

representing severe and catastrophic tinnitus handicap. This recommendation was 

based on the expert opinions only. No empirical evidence has been provided on the 

validity of the definitions or the boundaries of the scores. This prompts questions 

about the reliability of these categories to provide clinicians with valid meanings 

behind the scores. 
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Table 3.4. Grading systems providing qualitative meanings to the quantitative scores 

Questionnaire  
 
Score  

 
Tinnitus handicap 

 
Description of symptom severity  

THQ
a  

>22 
 

Bothersome tinnitus 
 

 

THI
b 

 

 
0 – 16 

 
Slight 

 
“Only heard in a quiet environment, very easily masked. No interference with sleep or daily activities”. 

 
18 – 36 

 
Mild 

 “Easily masked by environmental sounds and easily forgotten with activities. May occasionally interfere with 

sleep but not daily activities”. 

 

38 – 56 

 

Moderate 

 “May be noticed, even in the presence of background or environmental noise, although daily activities may 

still be performed. Less noticeable when concentrating. Not infrequently interferes with sleep and quiet 

activities”. 

 

58 – 76 

 

Severe 

 “Almost always heard, rarely, if ever, masked. Leads to disturbed sleep pattern and can interfere with abilities 

to carry out normal daily activities. Quiet activities affected adversely. There should be documentary 

evidence of the complaint having been brought to the general medical practitioner. Hearing loss is likely to be 

present but its presence is not essential”. 

 

78 – 100 

 

Catastrophic 

 “All tinnitus symptoms at level of severe or worse. Should be documented evidence of medical consultation. 

Hearing loss is likely to be present but its presence is not essential. Associated psychological problems are 

likely to be found in hospital or general practitioner records”. 

TFI
c 

 
< 25  

 
Mild  

 

 
 
25 – 50  

 
Significant problems  

 

 
> 50 

 
Severe 

 

a. data from Sullivan et al., 1993, b. data from Newman et al. (1998), c. 25-item prototype 2 data from Meikle et al. (2012). 
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Tinnitus Functional Index 

A preliminary grading system was developed using the 25-item prototype 2 data. The 

mean scores were initially categorised based on individual responses to the global 

question asking ‘How much of a problem is your tinnitus?’ on a five-point scale (‘not 

a problem’ (1), ‘a small problem’ (2), ‘a moderate problem’ (3), ‘a big problem’ (4), 

‘a very big problem’ (5)). Response distributions and the modal range of the total 

scores corresponding to the five categories were examined. From this inspection of 

the scores, the authors classified the TFI scores into three categories representing 

mild problems, significant problems, and severe tinnitus, with descriptions indicating 

the intervention needed (Table 3.4). However, there is very little clarity on the 

process in which the final categories were identified. For example, they only refer to 

the modal categories as “support” for classifying the TFI into three categories, but it 

is not apparent from the modal range for five original categories why the authors 

choose the ranges within the three grades. No empirical evidence was provided on 

the qualitative interpretation of the scores.  

3.5.2. Interpreting changes in scores and identifying Minimal Important 

Change 

Tinnitus Questionnaire  

No data have been provided to determine a minimal clinically important 

improvement score for the English version of the TQ. Therefore, until this is 

rectified, I would advise not to rely on the TQ for clinical audit.  

Minimal important change scores for the GHTQ have been proposed (Goebel 

et al., 2006; Adamchic et al., 2012a). Having categorised treatment effects on the 

GHTQ, Goebel et al. (2006) proposed a reduction of 6-14 points was indicative of 

“responders” and ≥15 points of clear improvement (“winners”). Adamchic et al. 
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(2012a) identified four potential improvement scores using the analysis discussed in 

section 3.4.2. The ROC curve estimate of a reduction in TQ score of 5 was 

considered the most representative of improvement as it was similar to the score 

received by patients and above error (Adamchic et al., 2012a). Although this 

improvement score of 5 has been utilised as representation of minimal important 

improvement in the TQ scores, no analysis has been conducted to confirm this score 

for the English version of the TQ or to define a minimal important change score for 

the UK population.  

Tinnitus Handicap Questionnaire  

Despite claims to effectively evaluate treatment-related change, Kuk et al. (1990) 

report no information on a minimal important change score. An important change 

score was identified using the test-retest reliability data (Newman et al., 1995). 

Having calculated 95% CI for the difference scores (20.9) and SEM consistency for 

the total THQ (7.4), Newman et al. (1995) conclude that a reduction of ≥21 points in 

the mean total THQ score between pre- and post-intervention would need to occur 

for the change to be considered clinically relevant. However, this value may be 

compromised by lack of consistency and reproducibility of the items in factor 3.  

Tinnitus Reaction Questionnaire  

Wilson et al. (1991) do not provide evidence for a minimal clinically important 

improvement score and one has not been determined since.  

Tinnitus Handicap Inventory  

Minimal important change improvement scores have been proposed for the THI, 

even though it was not developed as an outcome tool and will always receive 

criticism for its inherent lack of sensitivity to change. The first related to test-retest 
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reliability data (Newman et al., 1998). Using the 95% CI and the SEM, a reduction in 

THI score of 20 points was classified as being clinically meaningful. However, this 

score is dependent on the intake assessment score being >20 points. 

Zeman et al. (2011) proposed a reduction of 7 points as a minimal important 

change score for improvement, calculated using the ES (and 95% CI) separating the 

minimally better and no change groups (d = 0.5) and the pooled SD of the difference 

scores (SD = 14). This is differs from Newman et al. (1998), but does not consider 

measurement error or the variability in scores between assessments. Essentially it 

only identifies the magnitude of the change.  

Tinnitus Functional Index  

Mean changes on the TFI global score were categorised into five groups based on 

global perception of change ratings at three and six months (Table 3.3). The 

difference between the change scores in the much-to-moderately improved group and 

the unchanged group at three months (14 points) and the slightly improved group and 

the unchanged group at six months (17 points) were examined in relation to the half 

of SD value of the initial total scores at baseline (SD/2 = 12.5). From this, Meikle et 

al. (2012) proposed a reduction of 13 points to represent an improvement over time 

and to be meaningful to patients (Figure 3.1). However, this does not take into 

consideration the measurement error. Further work is needed.  

3.6. SUMMARY  

The five tinnitus questionnaires have different strengths and weaknesses. Table 3.5 

summarises the evidence reviewed and reported in this section according to eleven 

quality criteria for good measurement properties, arranged under the four key 

categories (validity; reliability; responsiveness and interpretability).  
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Table 3.5. Summary of the critical evaluation of the psychometric properties of the five tinnitus questionnaires. 

 VALIDITY RELIABILITY RESPONSIVENESS INTERPRETABILITY 

 Content  Structural  

Construct validity 
Internal 

consistency Reliability Agreement 

Floor or ceiling 

effects 

Ability to detect 

changes in 

scores 

Grading 

system MIC Convergent  Discriminant  

TQ  ? ? ? + + ? 0 0 ? ? ? 

THQ  + + ? + + + ? 0 ? ? ? 

TRQ  ? ? ? ? – + 0 – ? 0 0 

THI  ? ? + ? + + ? 0 + + ? 

TFI  + + + + – + 0 – ? ? + 

Rating: + = positive, 0 = no information available, – = poor, ? = indeterminate rating (doubtful design or method, limited information), where two symbols are given 

this indicates that several different validation criteria were used. 
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The TRQ meets only one of the criteria. The TQ meets only two of the criteria. The 

evidence was unclear for the British version of the TQ and in most cases based on a 

German translation (GHTQ). The THQ and THI each meet five criteria.  

The TFI come out “best”, meeting six of the quality criteria. The TFI did not 

meet the criteria for internal consistency, scoring above the predefined α > 0.95, or 

for floor and ceiling effects; a large number of items were rated at 0 or 10 by more 

than 15% of patients. Although test-retest reliability was conducted, no information 

so far has been provided on absolute agreement. The information on responsiveness 

and the grading system was indeterminate, due to lack of clarity and not using the 

most appropriate method.  

However, it should be noted that the order of the items between prototype 2 

and the final TFI changed, this could cause item order effects, where the meaning of 

the items change dependent on the order they are completed. Therefore, prototype 2 

data may not be the “best” representation of the TFI. The final 25-item version of the 

TFI has not been subjected to formal evaluation. 
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 UK VALIDATION OF THE TFI IN A LARGE CHAPTER 4.

CLINICAL COHORT  

4.1. INTRODUCTION  

The TFI was developed to specifically provide a valid measure of the impact of 

tinnitus and be responsive to treatment-related changes, but the reliability and 

validity of the TFI needs to be examined within the population in which the 

questionnaire is intended for use. Just because a questionnaire has been found to be 

reliable measure in one population, it does not mean that same questionnaire will be 

reliable in a different population. In order to provide empirical evidence on the 

validity and reliability of the TFI and establish whether the TFI is appropriate for use 

as a clinical assessment tool in a UK clinical population, the psychometric properties 

of the TFI were evaluated.   

4.2. AIM AND HYPOTHESIS 

This study assessed the reliability of the eight-factor TFI structure reported by 

Meikle et al. (2012), and whether the TFI provides (i) comprehensive cover of the 

broad range of symptoms associated with tinnitus severity, (ii) a reliable measure the 

functional impact of tinnitus, distinguishing between individual differences in 

tinnitus-related distress, (iii) a responsive measure of change in symptoms, and (iv) 

interpretations to the scores and the change in scores.  

4.3. METHODS 

This was a prospective multi-site, longitudinal questionnaire validation study 

recruiting first-time tinnitus patients from audiology clinics across the UK to 

complete questionnaires at four time intervals over a 9 month period. 
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4.3.1. Approvals  

This study was conducted in accordance with the permissions granted by the 

Cornwall and Plymouth Research Ethics Committee and the Sponsor (Nottingham 

University Hospitals NHS Trust). Permissions were obtained from Research and 

Development departments within each NHS trust and the equivalent trusts in 

Scotland, Ireland and Wales. A Research and Development contact was identified 

within each hospital trust to obtain the required approvals for each audiology clinic. 

This included information on the feasibility of the study, for example the amount of 

allocated time the clinicians would require to complete all the required study 

documentation and the expected expenses. Recruitment only commenced at each site 

once these approvals were obtained for the site. The first site was approved in 

October 2013 and last site was approved in March 2014. Written informed consent 

was obtained for all participants by the Principal Investigator at each site who had 

the required training to consent participants. All data were anonymised and stored in 

accordance with the Data Protection Act.  

4.3.2. Participants 

A sample size of 250 participants was required to conduct the intended 

psychometrics. This estimate was based on the data requirements needed for the CFA 

using the initial data (T0). To reliably assess CFA model fit, in particular the χ
2 

test 

and RMSEA, it is recommendation that the sample size is above 200 (MacCallum et 

al., 1996). Although, a sample size of 5-10 participants per estimator parameter is 

often advocated in the literature (Nunnally, 1978; Floyd & Widaman, 1995; 

Schreiber et al., 2006), which would suggest more than 290 participants needed to be 

recruited (5:1 ratio for 53 estimated parameters in the TFI model), MacCallum et al. 

(1996) results indicate that models with large degrees of freedom would require a 
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smaller sample size than that indicated above to provide sufficient power to test 

model fit. Therefore, given that the degrees of freedom for the model are more than 

200 (df 267), a sample size of 250 participants is more than satisfactory to effectively 

test model fit and allow for missing data. This would also account for the sample size 

requirements for assessing internal consistency (~250), as discussed in 2.2.2.1 In 

general, for the analysis of follow-up data, in particular reliability and agreement, 

responsiveness and interpretability analysis, a sample size of ≥ 50 is recommended 

for each element of the analysis, for example 50 participants in the improved group 

and the no change groups to assess responsiveness (see 2.2.3 for methods). Based on 

the work by Vernon et al. (1992) investigating unreturned postal questionnaires, a 

dropout rate of approximately 38% was estimated for the follow-up data collection. 

Therefore, the remaining sample size based on 250 participants would be sufficient 

to conduct the desired follow-up analysis (2.2.2 – 2.2.4).  

4.3.2.1 Inclusion criteria  

 Men and women ≥18 years  

 Reporting tinnitus  

 “First time” tinnitus patients 

 Sufficient command of English language to read, understand and complete 

questionnaires 

 Able and willing to give informed consent 

4.3.2.2 Exclusion criteria  

 Unable to independently complete questionnaires 

Although the patients were recruited as “first time” tinnitus patients, this does not 

mean that their experience with tinnitus was new. The term “first time” in this case 
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means that none of the participants had been treated or attended a clinic in past 6 

months before their appointment. 

4.3.2.3 Withdrawal criteria 

Participants were withdrawn from participation in the study if they no longer wished 

to participate in the study, or if, after receiving two reminders they failed to return 

the complete follow-up questionnaire packs. During the consent process, participants 

are informed that if they withdraw then their data collected to that point would not be 

erased and would be used in the final analyses. In the event of a participant 

withdrawing this information was reiterated.  

4.3.3. Settings and recruitment  

NIHR Nottingham Hearing BRU led the validation study co-ordinating with 12 

additional sites (NHS audiology clinics) in the recruitment of new tinnitus patients. A 

single identified individual from the clinical care team at each NHS site was 

responsible for identifying participants, consenting, and collecting the first visit (T0) 

data. 

4.3.3.1 Identification of sites 

Email invitations to become a recruitment site were sent to 24 audiologists/hearing 

therapists from NHS audiology clinics (n=21) and independent sector clinics (n=3) 

from around the UK. These clinicians were identified through the British Society of 

Audiology clinical network, known tinnitus experts in the field, and clinicians with 

previous involvement with tinnitus team members and projects conducted within 

Nottingham Hearing BRU. Twenty-one audiologists replied to the initial email. The 

study co-ordinator contacted each clinician to discuss the intended study protocol and 

enquire about the sites procedures for booking patient appointment and sending 
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information before appointments. The information gained from each site was 

incorporated into the study protocol to ensure that the study followed current clinical 

procedures. Each site reviewed the study protocol before beginning the ethics and 

research and development approval process. At this point, 14 NHS sites and 2 

independent sector clinics agreed to participate. Three NHS site withdraw during the 

ethics procedures due to time constraints within the clinics, such as expected 

workloads for the dates of the study.  

4.3.3.2 Independent sector sites  

Two independent sector clinics were approved to participate; (i) The Tinnitus Clinic, 

London and (ii) The Clitheroe Therapies Clinic, Lancashire. The Tinnitus Clinic 

agreed to recruit 20 new tinnitus patients, whilst Clitheroe agreed to recruit 5 tinnitus 

patients. However, both sites deviated from the study protocol. These deviations 

included failure to respond to information requests from the study co-ordinator on 

study progress (i.e. progress reports on recruitment and number of invitations sent), 

changing study exclusion criteria without informing the study co-ordinator, (i.e. 

excluding participants with severe tinnitus). No participants were recruited by either 

site during this time. Following discussions with the study sponsor, the decision was 

made to close these sites and closure was completed in March 2014.  

4.3.3.3 NHS Audiology sites  

Eleven NHS clinics were initially established as recruitment sites (Table 4.1). Each 

site was expected to recruit 20 participants, except for Cambridge, who specified a 

target of 25. Recruitment start dates for the sites were dependent on the date of the 

approvals which varied across the sites. Recruitment was anticipated to be complete 

by June 2014 for all sites.  
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Table 4.1. Number of participants providing initial and follow-up data at each NHS 

audiology site. 

   Follow up questionnaires 

Procedure 

model 
NHS Audiology sites 

Initial 

data 

3 

months 

6 

months 

9 

months 

B 
Aintree University Hospital NHS 

Foundation Trust, Liverpool 
20 14 12 12 

B 
Belfast Health and Social Care Trust, 

Belfast 
20 16 12 10 

A 
Brighton & Sussex University 

Hospitals NHS Trust, Brighton 
15 10 9 8 

A 
Cambridge University Hospitals NHS 

Foundation Trust, Cambridge 
26 25 24 23 

A 
Cardiff & Vale University Health 

Board, NHS Wales, Cardiff 
20 11 9 9 

A 
Central Manchester University 

Hospitals NHS Foundation Trust, 

Manchester 

23 16 15 14 

A Countess of Chester, Chester 10 7 6 6 

A 
Doncaster and Bassetlaw Hospitals 

NHS Foundation Trust, Doncaster 
41 30 26 25 

A NHS Fife, Kirkcaldy 20 18 17 14 

A 
Nottingham University Hospitals 

NHS Trust, Nottingham 
19 13 11 11 

A 
Norfolk and Norwich University 

Hospitals NHS Foundation Trust, 

Norwich 

20 19 17 16 

A 
Sherwood Forest Hospital NHS 

Foundation Trust, Mansfield 
21 19 18 18 

 
Total number of participants 

(% of total dropout) 
255 

198 

(22%) 

176 

(31%) 

166 

(35%) 
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This ensured that the final 9 month follow-up questionnaires for all 

participants from all the sites were completed by June 2015. The recruitment strategy 

was monitored monthly and revised accordingly. Table 4.1 provides an overview of 

the recruitment numbers at each site.  

Following the closure of the two independent sector sites, in March 2014, 

Doncaster agreed to increase the recruitment target to 40 participants and an 

additional NHS site, the Countess of Chester hospital, was identified and approved to 

recruit 10 participants within a restricted time frame (March 2014 - May 2014). In 

total, 12 NHS audiology clinics from the UK recruited participants to the study over 

an 8-month period.  

Recruitment stopped when 250 participants had been consented on to the 

study. However, due to the procedure of sending out invitations and questionnaire 

packs with appointment letters, if participants brought the completed questionnaire 

packs to the clinical appointment then they were included in the study even if the site 

had reached the target. As consequence some sites recruited more than anticipated 

whilst others were asked to stop before reaching the target. Recruitment started 

October 2013 with the final participant recruited in June 2014. A total of 255 

participants were recruited. 

4.3.4. Procedures  

The study design and procedure was adapted from Meikle et al. (2012), in 

particular the number of questionnaire packs and the time frame between the 

questionnaires being completed (Baseline (T0), 3 (T1), 6 (T2) and 9 months (T3)) 

(Figure 4.1). This allows for backwards comparisons to the original study findings in 

particular, the proposed grading system and the minimal important change score. 
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Figure 4.1. Flow diagram of project timeline for model A and model B.  
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The study required a commitment of four sessions over a 9-month period, 

during which each participant completed a set of questionnaires which included two 

tinnitus questionnaires (TFI and THI), a questionnaire on tinnitus history and 

questions on the global ratings of perceived tinnitus problem (baseline only) and 

global ratings of perceived change in tinnitus, both of which were adapted from the 

original study (section 4.3.4). At five of the sites, the THI was completed as part of 

standard procedure at the first clinical assessment appointment. Different sets of 

questionnaires were completed at the four time intervals, except for the two tinnitus 

questionnaires which were completed at every time (Figure 4.1). 

4.3.4.1 Baseline collection procedure 

At each site, questionnaires were administered following one of two models which 

allowed for sufficient flexibility to fit in with the different patient appointment 

booking procedures and information sent before appointments between the sites. For 

Model A, the questionnaire packs were sent to the identified tinnitus patients with 

their appointment letters and participants were asked to complete T0 questionnaire 

packs on the day of their assessment appointment and return the pack to the clinician 

at the appointment. At the assessment appointment, the clinician discussed the 

information provided, answered any queries and gained written consent, ensuring 

that the participant understood all aspects of what the study involved.  

For Model B questionnaire packs were given to tinnitus patients at the 

assessment appointment and after discussing the information provided and gaining 

written consent, participants were asked to complete T0 questionnaire packs within 

48 hours of the appointment and return the pack to the clinician from their designated 

clinic. Although, for this model, the participants could have directly returned T0 

questionnaires to the study coordinator, returning questionnaires directly to clinicians 
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has been shown to increase return rate and compliance (Edwards et al., 2002, 2009). 

Clinicians from all the sites sent the completed T0 questionnaire packs to the main 

study site. Each participant was provided with a unique identifier to ensure 

anonymity of the data and all questionnaire data was uploaded onto a secure excel 

database.  

4.3.4.2 Follow up collection procedure 

The collection of all follow-up data was managed by the study co-ordinator (myself). 

Participants were mailed followed-up questionnaire packs with prepaid return 

envelopes at 3 months, 6 months and 9 months from their initial assessment 

appointment date. Packs were mailed two weeks before they were due to be 

completed, giving enough time for participants to complete and return the 

questionnaires.  

 Participants who did not return follow-up questionnaire packs (T1, T2 and 

T3) within two weeks were contacted by their preferred stated method (email, post or 

telephone), to ensure that the questionnaire pack was received, and to remind 

participants to return the pack. A second reminder was sent one week after the first 

reminder if questionnaire packs had still not been received. This procedure has again 

been shown to increase return rate and compliance (Edwards et al., 2002, 2009). 

4.3.5. Measures 

4.3.5.1 Baseline Demographics (T0) 

To collect baseline characteristics at T0, participants completed a 10-item case 

history questionnaire on age, gender, tinnitus onset, characteristics, and duration, and 

self-reported hearing difficulties. 
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4.3.5.2 Global rating on perceived level of problem with tinnitus (T0) 

Participants completed a single question asking “How much of a problem is your 

tinnitus?” Participants choose one of five response options (1 to 5) to indicate their 

tinnitus currently; 1 (not a problem), 2 (a small problem), 3 (a moderate problem), 4 

(a big problem), and 5 (a very big problem). This question was used in the original 

TFI development procedure. 

4.3.5.3 TFI (T0, T1, T2, T3) 

Participants rated each item according to how they have felt over the past week. Each 

item is rated on an 11-point scale, with descriptors at either end of the scale. The 

mean global score reflects the sum of all responses, weighted to give a global score 

out of 100. Higher scores reflect greater impact on daily functioning. The procedure 

for scoring the TFI followed the instructions provided by Meikle et al. (2012) such 

that items with two responses circled (i.e. 4-5 circled) were scored with the higher 

value, items with more than one value on the scale circled (i.e. 3 and 7 circled) were 

scored as an average of the two values, and the overall global TFI score was only 

calculated if the respondent completed at least 19 items.  

4.3.5.4 THI (T0, T1, T2, T3) 

Participants rated each THI item on a categorical 3-point scale (yes (4)/no 

(0)/sometimes (2)). The mean global score reflects the sum of all responses with a 

maximum score of 100 indicating the greatest impact on everyday function. For the 

purposes of analysis here the THI was considered unidimensional and the subscales 

scores were not calculated. Newman et al. (1996) did not provide any guidelines on 

how to account for missing values in the calculation of the total score. A decision 

was made to calculate the global score for any questionnaires missing 3 items or 
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fewer. The global scores are classified based on THI grading system to quantify the 

level of tinnitus severity (see Table 3.4).  

4.3.5.5 Global rating on Perceived Change in tinnitus Question (PCQ) 

Participants completed a couple of questions focused on the extent to which they 

perceive their tinnitus severity has changed within a two different time frames. These 

questions were adapted from the original TFI development study:  

At T1, T2, and T3, participants were asked “All things considered, how is 

your overall tinnitus condition now, compared to 3 months ago?”  

At T2, participants were asked “All things considered, how is your overall 

tinnitus condition now, compared to 6 months ago?”  

At T3, participants were asked “All things considered, how is your overall 

tinnitus condition now, compared to 9 months ago?”  

Participants rate each question on a 7-point response scale with descriptors (prompts) 

of the extent of change; 3 (much improved), 2 (moderately improved), 1 (slightly 

improved), 0 (no change), -1 (slightly worse), -2 (moderately worse) and -3 (much 

worse).  

4.3.6. Analysis  

The methods applied to the questionnaire data collected from the clinics are 

described in detail in Chapter 2. Listed below are the specific methods used and 

specifications that apply to this dataset in particular. CFA was performed in Mplus 7 

(Muthén & Muthén, 2012), whilst validity, reliability, responsiveness and 

interpretability analyses were calculated in SPSS (v.21.0) and Microsoft Excel. 
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4.3.6.1 Confirmatory factor analysis 

To establish the fit of the eight-factor structure devised by Meikle et al. (2012) in our 

clinical population, CFA was conducted on TFI data collected at baseline. Missing 

data was less than 7% and was identified as “missing completely at random”. 

Listwise deletion is considered an effective approach to deal with small amounts of 

missing data (Schafer & Graham, 2002) and avoids any problems associated with 

estimating data, such as over-estimating factor estimates (Tabachnick & Fidell, 

2013). Therefore, only those who completed all 25 items on the TFI were used for 

the analysis of the factor structure and so after list-wise deletion the effective sample 

size was 239.   

As a first step the TFI item data were screened for outliers, linearity and 

multicollinearity since non-normality of data can have adverse effects on the CFA. 

There was no evidence of univariate outliers using standardised z-scores distribution 

or boxplots. Mahalanobis distance statistic indicated that there were eleven 

multivariate outliers with the greatest distance from the rest of the data points 

(Mahalanobis d-squared: 81.5 to 55.0, p ≤0.001). From the boxplots for the items 

(section 4.4.7), it is apparent there is some evidence of skewness, however kurtosis 

and skewness did not exceed the recommended cut-off points (Curran et al., 1996). 

This indicates some non-normality in the distribution of the data, requiring control 

and therefore, an adjusted estimation method was applied to the current dataset; 

maximum likelihood parameter estimation with Chi-square adjusted for non-

normality in the data (Satorra-Bentler scaled Chi-square (see 2.2.1.2)).  

Initially the model was estimated with just the eight first-order factors, 

allowing for examination of the correlations among the factors, and then the model is 

estimated with the second-order factor. The proposed eight-factor structure provides 
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the basis for the model estimated parameters in the CFA. The first-order factor model 

was defined by three major properties: (i) latent constructs corresponded to the TFI 

subscales which were freely estimated to correlate with each other (8 estimated 

parameters); (ii) observed variables corresponded to the 25 items which were 

constrained to zero loadings on the other factors (no designated cross-loading: 25 

estimated parameters); (iii) residual variance (error/uniqueness terms) associated 

with each observed variable were assumed to be uncorrelated and random 

(constrained to zero; 25 estimated parameters) (Figure 4.2).  

The second-order factor model included the additional latent construct 

corresponding to the functional impact of tinnitus. It incorporated an additional 

property parameter: (iv) the variance of the second-order factor was fixed at 1 as it 

was assumed that the variance in the first-order factors could be completely 

explained by the relationship to the second-order factor (Figure 2.1). 

4.3.6.2 Construct validity – Convergent validity 

To evaluate convergent validity the TFI global and subscale scores were 

compared to THI global scores over the four time intervals. High convergent validity 

(<0.75) is expected between the two global scores (Meikle et al., 2012). In terms of 

the subscales, the THI mainly focuses on elements of tinnitus handicap in relation to 

psychological and emotional distress and impact on lifestyle. Therefore it was 

predicted that the eight TFI subscales, QoL and Emotional, would have the strongest 

correlations (<0.60) with the THI. Convergent validity was examined using 

Pearson’s correlations and pairwise deletion to ensure the largest sample sizes for 

each comparison. 

 



Chapter 4  Kathryn Louise Fackrell 

100 

 

 

Figure 4.2. First-order TFI factor model.  
The model represents the proposed relationships between the observed variables (items i.e. TFI 

1) and the first-order factors (F1 to F8). Bidirectional curved arrows ( ) = covariance 

between first-order factors. Unidirectional black arrows (→) represent the direct effects of the 

first-order constructs onto the observed variables (items): Variance is fixed at 1 on the first item 

on each factor. Unidirectional grey arrows (→) represent the residual variance (e) associated with 

each variable . F1: Intrusiveness; F2: Sense of control; F3: Cognition; F4: Sleep; F5: Auditory; 

F6: Relaxation; F7: Quality of life; F8: Emotional. 1 = fixed variance; e = error  

 

4.3.6.3 Reliability - Internal consistency  

Cronbach’s alpha and inter-item correlations were calculated for the items in the TFI 

global and subscales on data from all four time intervals. The follow-up data were 

used to examine the consistency of the alpha estimates. For comparative purposes, 

the alpha estimates for the THI items were also calculated. Cronbach’s alpha can 

only be calculated on complete data, listwise-deletion is automatically conducted. 

4.3.6.4 Reliability - Test-retest reliability and agreement 

It was not possible to conduct a test-retest situation before the first appointment. As 

an alternative, the data from the “no change” responses to the two global rating of 

perceived health-status change questions was used to assess reliability (degree of 

variability) and level of agreement in scores over time (2.2.2). Only participant data 
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from those identified as “no change” at both 3 and 6 months corresponding to 

perceived change since baseline and/or change over the past 3 months was used. The 

sample size for the 9 month data of the “no change” group of participants for both 

questions was below the recommended size required to conduct the analysis (n = 29). 

The scores at 3 and 6 months were inspected for extreme outliers, participants with 

changes in scores of above 70 were removed as a score this high was considered to 

be inconsistent with their perceived “no change” since a large change such as this 

would correspond to change from severe tinnitus to mild tinnitus or vice versa. 

Separate analysis was conducted on the no change response data from responses to 

the global ratings of change compared to baseline (“baseline comparison” group) and 

the compared to 3 months ago (“3 month comparison” group).  

ICCagreement, limits of agreement and SDC were calculated for the TFI global 

and subscale scores for the separate groups. To account for the total shared variance 

over the three time intervals, a one way ANOVA was conducted for each analysis to 

identify the SD of the difference. The SDdiff was used to calculate the limits of 

agreement and SEM for consistency (SEMcon). The SEM for agreement (SEMagree) 

was also calculated. In terms of the TFI subscales, it was felt that considering these 

subscales are recommended as standalone measures then the limits of agreement and 

smallest detectable change estimates should be examined to assess the degree of 

measurement error and variability in the change scores. 

4.3.6.5 Responsiveness – floor and ceiling effects 

Response frequency distributions for baseline item level data were examined to 

detect the presence of floor and ceiling effects. Considering that potentially more 

floor effects would be observed in the follow-up data due to improvements, the data 
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were used to confirm the consistency of the floor and ceiling effects observed in the 

baseline. Missing data for each item are reported.  

4.3.6.6 Responsiveness – detecting changes in scores 

Similar to reliability and agreement, separate analyses were conducted on the change 

scores stratified by responses to the global ratings of change compared to baseline 

(“baseline comparison” group) and the compared to 3 months ago (“3 month 

comparison” group). For the subscale analysis, the global ratings of change 

categories were collapsed to three categories defining improvement (1), no change 

(0) and worsening (-1) to ease interpretation. ROC analysis was conducted on global 

TFI change scores only. For ES calculations, only the global ratings of perceived 

change compared to baseline were used to stratify the TFI global and subscales 

scores, and for comparative purposes the THI global scores at 3, 6 and 9 months. To 

ensure large sample sizes in the ES analysis the rating of change groups were 

collapsed into three categories defined as improved, no change and worsened. All 

data from 3, 6 and 9 months were used. There were no missing data for the global 

change question.  

It was predicted that there would be a notable differences in the TFI change 

scores for different levels of perceived change for both the baseline and 3-month 

comparisons with higher mean change scores in the worsened groups than any of the 

others and lowest mean change scores in the improved groups. Additionally, notable 

differences were expected in mean change scores between the ‘no change’ group and 

the ‘improved’ and ‘worsened’ groups. The ‘much-to-moderately’ improved and 

worsened groups would be expected to show the largest difference in change scores 

from the ‘no change’ group across all time intervals. The TFI global and subscale 

changes scores for each time interval were also expected to moderately correlate with 
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the perceived change responses (< 0.5).  Based on Meikle et al. (2012), it was 

predicted that the ES for the ‘improved’ groups would have medium to large positive 

values, the ‘worsened’ groups would have small to medium negative values and the 

‘no change’ group would be close to zero. 

4.3.6.7 Interpretability – grading system 

To provide meaning to the global TFI scores and identify grades of symptom 

severity, quartile analysis, distribution of the TFI scores and ROC analysis were 

conducted on the baseline global TFI data. Anchor-based approaches were used to 

classify the responses to the global TFI, the THI grading system and the perceived 

level of problem identified using the global rating of perceived problem at baseline. 

Only four of the five response categories for global rating of perceived problem 

question were employed to classify the global TFI scores. The “no problem” 

category was not endorsed by any participant and therefore was not utilised. No 

missing data was reported for the global TFI scores, but two participants did not 

complete the global rating of perceived problems and therefore their responses were 

not included in the examination of distribution within these categories. 

4.3.6.8 Interpretability – interpreting changes in the scores and identifying a 

minimal important change score 

To identify minimal important change and optimal ROC value for the global TFI, the 

change scores from 3, 6, and 9 months were examined within the five ratings of 

perceived change (much-to-moderately improved/worse, slightly improved/worse 

and no change). To examine the effects of baseline values on the minimal important 

change, the global TFI scores were classified within the problems grades identified in 

the previous analysis and then further sub-divided into the perceived change ratings. 

The response categories for the ratings of perceived change were collapsed into three 
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categories (improved, no change and worsened) to ensure sample size was sufficient 

for the analysis. The global TFI scores at 3 months (largest sample size) were used in 

the visual anchor-based MIC distribution plot. The estimates identified were then 

plotted with the SEM and smallest detectable change estimates to identify the range 

in important change scores and recommend a minimal important change score. 

4.4. RESULTS  

4.4.1. Participants  

4.4.1.1 Baseline characteristics  

A total of 255 tinnitus patients (male: 149 (59%), female: 105 (41%)) were recruited 

from 12 NHS audiology clinics. The average age for the participants was 53.6 years 

with age range of 18 to 84 years. Table 4.2 summarises the characteristics identified 

with the tinnitus case history questionnaire.  

Just under 50% of participants had experienced tinnitus for less than 2 years, 

30% reported tinnitus duration between 3 to 10 years, and the remainder reported 

experiencing tinnitus for more than 11 years. Descriptors of tinnitus sounds included 

whistling, buzzing, ringing, hissing, clicking, cracking, whooshing, and old TV 

static. The majority of participants felt their tinnitus had gradually appeared, was 

present constantly or most of the time, and did not know the cause.  

4.4.1.2 Follow-up completion rates  

Follow-up questionnaires were completed by 198 (78%) participants at 3 months 

(T1), 176 (69%) participants at 6 months (T2), and 166 (65%) participants at 9 

months (T3). The largest dropout was at T1, in which 57 participants (22%) did not 

return the questionnaire packs.  
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Table 4.2. Tinnitus characteristics of participants at baseline 

 Initial data (n  = 255) 

  n (%) 

When did you first experience your tinnitus?   

 less than 1 yr 60 (24) 

 1 to 2 yr 64 (25) 

 3 to 5 yr 43 (17) 

 6 to 10 yr 30 (12) 

 11 to 20 yr 15 (6) 

 20+ yr 33 (13) 

 Missing 10 (4) 

How did you perceive the beginning?   

 Abrupt  100 (39) 

 Gradual  154 (60) 

 Missing 1 (1) 

Was the onset of your tinnitus related to:  

 Change in hearing 28 (11) 

 Whiplash  2 (1) 

 Stress 26 (10) 

 Head trauma 8 (3) 

 Loud sound 37 (15) 

 Don’t know  113 (44) 

 Other cause  38 (15) 

 Missing 3 (1) 

Does your tinnitus seem to pulsate?   

 Yes, with heart beat 31 (12) 

 Yes, different from heart beat 42 (16) 

 No  176 (69) 

 Missing 6 (2) 

Where do you perceive your tinnitus?   

 Right ear 41 (16) 

 Left ear 48 (19) 

 Both ears, worse in left 53 (21) 

 Both ears, worse in right  41 (16) 

 Both ears, equally 57 (22) 

 Inside the head 15 (6) 

 Elsewhere  0  

 Missing 0  

About how often does your tinnitus seem to be present?   

 Present occasionally 4 (2) 

 Present some of the time 21 (8) 

 Present most of the time  64 (25) 

 Present always constant  164 (64) 

 Missing 2 (1) 
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Dropout reduced at each follow-up, with 10% dropout at T2 and <5% dropout 

at T3. The dropout did not exceed the expectation of 38%. In terms of reminders, the 

majority of participants were contacted through email or post (<80%). Telephone 

reminders were found to be less effective as questionnaire packs were not returned 

without an alternative reminder method, i.e. post. Compliance following the 

reminders was reasonably high at each of the follow-ups. For example, at T1 (3 

months pack), 209 reminders were sent to 141 participants and 60% of those 

participants returned the questionnaires, at T2 (6 months), of the 91 participants sent 

reminders (125), 76% returned the questionnaires, whilst at T3 (9 months), 87% of 

the 78 participants sent reminders returned the questionnaires (Figure 4.3). 

4.4.1.3 Treatment tried since baseline 

At 3 months, 139 of the 198 (70%) participants reported having tried different 

treatments for their tinnitus with hearing aids, tinnitus maskers and portable-sound 

generating devices being the most commonly applied treatment (Figure 4.4). Fewer 

participants reported treatments at 6 (n=31) and 9 months (n=22), with hearing aids 

and medications for sleep and relation training being the most common. Over the 9 

months, 45% of participants reported having tried more than one treatment, with 

24% reporting using three or more treatments. Additional treatments that were listed 

include yoga, mindfulness, hypnosis and the radio playing. 

4.4.2. Missing item data 

From all four time intervals, of the possible 19,875 item values, only 16% of the data 

were incomplete before the participants were contacted to provide a response (8% of 

the participants provided a response). Item 3 (n=31) and item 22 (n=25) had 

noticeably larger amounts of missing data compared to the other items (n=0 to 10).  
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Figure 4.3. Compliance rates following reminders  

 

 

Figure 4.4. Number of specified treatments tried over the nine months. 
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4.4.3. Inspection of the distribution of the scores  

Descriptive statistics for the TFI global and subscales scores and the THI global 

score over the four time intervals are presented in Tables 4.3. The mean scores on the 

TFI and THI were moderate (~ 50/100 in each case). The TFI global scores were 53 

(at baseline) to 43 (at 9 months). Similarly, the THI mean scores reduced by 9 points 

over the 9 months. Interestingly, the biggest decrease in the TFI and THI global 

scores occurred in the first 3 months. 

 In terms of the global question rating their perceived level of problem at 

baseline, around 50% of participants defined themselves as having a moderate 

problem with tinnitus, consistent with the TFI and THI mean scores at baseline 

(Table 4.4). Over 35% of participants identified with having a “big to very big 

problem” with their tinnitus, whilst fewer reported a small problem with tinnitus and 

none reported “no problem” with tinnitus, which is hardly unexpected given that all 

the participants were recruited from their first visit to the audiology clinics about 

their tinnitus.  

For the global rating of perceived change compared to baseline and 3 months 

ago, the highest percentage of responses were observed for the “no change” category 

at each time interval (Table 4.5). Fewer than 15% of participants perceived their 

change as getting worse at baseline (slightly, moderately, and much worse 

categories), none identified with the “much worse” category at 3 months, but the 

percentage of participants endorsing these categories slowing increased at 6 and 9 

months for both questions. 
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Table 4.3. Descriptive statistics for the TFI global and subscale and THI global scores 

 QP1     QP2     QP3     QP4     

   Quartiles   Quartiles   Quartiles   Quartiles 

Scale 
n 

(missing) 

Mean 

(SD) 
25% 50% 75% 

n 

(missing) 

Mean 

(SD) 
25% 50% 75% 

n 

(missing) 

Mean 

(SD) 
25% 50% 75% 

n 

(missing) 

Mean 

(SD) 
25% 50% 75% 

TFI 255(0) 52.7±21.7 36.4 52.0 67.6 196(0) 44.7±22.4 27.3 42.2 60.3 175(0) 43.0±23.7 24.8 39.6 60.0 165(0) 42.9±25.5 21.0 39.6 61.6 

INTR 251(4) 62.3±22.0 43.3 63.3 80.0 191(5) 52.3±23.8 33.3 50.0 70.0 163(12) 50.7±25.2 30.0 50.0 70.0 157(8) 48.1±25.8 26.7 43.3 70.0 

SOC 251(4) 64.5±21.7 53.3 66.7 80.0 196(0) 54.4±24.6 36.7 53.3 73.3 173(2) 51.0±25.7 30.0 50.0 70.0 164(1) 52.1±27.4 30.0 53.3 73.3 

COG 255(0) 47.1±26.7 23.3 50.0 70.0 193(3) 41.0±26.1 20.0 40.0 60.0 175(0) 39.3±27.1 16.7 36.7 60.0 165(0) 38.2±28.3 13.3 36.7 60.0 

SLP 253(2) 55.6±31.9 28.3 63.3 80.0 196(0) 45.2±30.6 16.7 46.7 70.0 175(0) 42.4±31.1 16.7 40.0 66.7 164(1) 40.8±33.2 10.0 40.0 70.0 

AUD 254(1) 42.6±30.7 13.3 40.0 70.0 194(2) 40.7±28.4 16.7 40.0 63.3 175(0) 40.7±28.7 13.3 40.0 63.3 165(0) 44.2±30.6 16.7 46.7 70.0 

REL 254(1) 64.4±27.8 42.5 73.3 86.7 195(1) 53.6±26.7 30.0 53.3 76.7 173(1) 51.4±28.3 30.0 50.0 73.3 163(2) 50.9±29.4 23.3 50.0 76.7 

QOL 255(0) 39.9±29.5 12.5 37.5 62.5 196(0) 33.7±27.3 10.0 28.8 55.0 175(0) 33.8±27.8 10.0 25.0 55.0 165(0) 34.2±29.0 10.0 27.5 56.3 

EMO 255(0) 49.4±30.4 20.0 46.7 76.7 195(1) 39.9±29.6 13.3 33.3 63.3 175(0) 37.7±30.0 10.0 33.3 60.0 165(0) 37.3±30.9 10.0 33.3 60.0 

THI
 

255(0) 46.1±23.8 26.0 44.0 62.0 195(1) 39.9±22.5 22.0 36.0 56.0 175(0) 38.2±23.6 18.0 34.0 52.0 165(0) 37.2±23.5 18.0 32.0 53.0 

SD = Standard deviation.  
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Table 4.4. Frequency of responses to the global rating on perceived level of problem 

with tinnitus 

 Initial data (n = 255) 

  n (%) 

How much of a problem is your tinnitus   

 Not a problem 0 (0) 

 A small problem 36 (14) 

 A moderate problem 119 (47) 

 A big problem 63 (25) 

 A very big problem 35 (14) 

 Missing 2 (1) 

 

In contrast, the number of participants identified as “improved” was more 

consistent across the time intervals, in general over 35% of participants identified 

themselves as improved, with the highest number in the “slightly improved” category 

at 3 months, consistent with the observation of TFI mean score reduction at this 

point, and the highest number in the “much improved” category at 6 months. 

4.4.4. Confirming the eight-factor structure of the TFI 

4.4.4.1 First-order model analysis 

Correlations between the first-order factors ranged from very weak (r = 0.16) to 

extremely strong (r = 0.88), but most were strong, with 70% above 0.60 (Table 4.6). 

Notably, the Sense of Control factor showed an exceptionally strong correlation with 

the Intrusiveness factor indicating potential overlap in content. On the other hand, the 

Auditory factor only weakly correlated (<0.6) with all, except for the QoL factor. In 

fact, the Auditory factor appears to be completely unrelated to the Sleep, Relaxation 

and Emotional factors with correlations of 0.16, 0.23 and 0.27, respectively.   
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Table 4.5. Frequency of responses to the global rating on Perceived Change in tinnitus 

questions 

How is overall 

tinnitus condition 

now 

compared to baseline  compared to 3 months ago 

3mths 6 mths 9 mths  3 mths 6 mths 9 mths 

 n (%) n (%) n (%)  n (%) n (%) n (%) 

Much improved 8 (4) 19 (11) 14 (8)  8 (4) 11 (6) 10 (6) 

Moderately 

improved 
22 (11) 15 (9) 21 (13)  22 (11) 17 (10) 12 (7) 

Slightly improved 39 (20) 33 (19) 24 (14)  39 (20) 28 (16) 26 (16) 

No change 101 (51) 67 (38) 48 (29)  101 (51) 82 (47) 64 (39) 

Slightly worse 23 (12) 30 (17) 33 (20)  23 (12) 28 (16) 35 (21) 

Moderately worse 3 (2) 9 (5) 14 (8)  3 (2) 6 (3) 9 (5) 

Much worse 0 (0) 2 (1) 11 (7)  0 (0) 3 (2) 8 (5) 

Missing 2 (1) 1 (1) 1 (1)  2 (1) 1 (1) 1 (1) 

Total 198  176  166   198  176  165  

 

Inspection of the model fit statistics indicates that, in general, the model fit 

for the eight first-order factor solution is acceptable. Although the S-B χ
2
 was 

significantly large (427.52, p <0.0001), S-B χ
2
 relative to the degrees of freedom was 

below the critical ratio cut-off (1.73), the SRMR and the approximation fit indices, 

CFI, TLI and RMSEA, were within the recommended criterion, indicating acceptable 

model fit (Table 4.7).  

Standardised parameter estimates revealed high factor loading estimates (> 

0.70) for the majority of items with their designated factor, over 80% of items had 

loading values above 0.80. The standardised and unstandardised parameter estimates, 

R-square values and the standard errors are summarised in Table 4.8.  
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Table 4.6. Correlations between first-order factors. 

Factor 1 2 3 4 5 6 7 8 

(1) Intrusiveness 1 
       

(2) Sense of Control 0.88 1 
      

(3) Cognitive 0.74 0.79 1 
     

(4) Sleep 0.61 0.62 0.59 1 
    

(5) Auditory 0.48 0.43 0.53 0.16 1 
   

(6) Relaxation 0.63 0.71 0.68 0.66 0.23 1 
  

(7) QoL 0.62 0.70 0.80 0.49 0.65 0.61 1 
 

(8) Emotional 0.65 0.81 0.72 0.55 0.28 0.67 0.73 1 

 

Loading estimates for Items 11, 14 and 17 were exceptionally high (>0.95), 

suggesting that these items explain most of the variance within the designated 

subscale, and therefore potentially indicating some overlap in item content. Only one 

item had a factor loading below the optimal value (0.70), Item 4 from the Sense of 

Control factor had a factor loading estimate of 0.61, but this is still within the critical 

criteria (>0.40). The squared factor loadings mirrored these findings (see R
2
 in Table 

4.8). For the most part, the designated factors accounted for the majority of variance 

in the items (>75%), but the Sense of control factor which only accounted for 37% of 

the variance in Item 4 and 58% in Item 6. 

A quick examination of the modification indices (MI) and standardised 

parameter change (Stdx EPC) revealed the presence of several potential sources of 

misfit to the model parameters (>10). The most notable were the potential cross-

loading of Item 3 (Intrusiveness) on the Sense of Control factor (MI: 15.67; Stdx 

EPC: 0.77) and the error covariance (uniqueness) between item 19 “How much has 

your tinnitus interfered with your enjoyment of social activities?” and item 20 “How  
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Table 4.7. Summary of the model fit. 

 Models Modified 
S-B χ2 

(df) 
χ2/df p-value TLI CFI SRMR 

RMSEA 

(95% CI) 

 First-order None 
427.52 

(247) 
1.73 <0.001 0.96 0.97 0.04 

0.056 

(0.05 – 0.06) 

S
ec

o
n

d
-o

rd
er

 m
o

d
el

s 

Original TFI-

25 
None 

577.50 

(267) 
2.16 <0.001 0.94 0.94 0.07 

0.070 

(0.06 – 0.08) 

Re-specified 

TFI-25 

Item error 

covariance* 

542.01 

(264) 
2.02 <0.001 0.94 0.95 0.07 

0.067 

(0.06 – 0.08) 

TFI-22 None 
388.26 

(202) 
1.92 <0.001 0.95 0.96 0.05 

0.062 

(0.05 – 0.07) 

Re-specified 

TFI-22 

Item error 

covariance** 

360.45 

(200) 
1.80 <0.001 0.96 0.97 0.05 

0.058 

(0.05 – 0.07) 

S-B χ
2
 =

 
Satorra & Bentler adjusted Chi-square; TLI = Tucker-Lewis Index; CFI = Comparative 

Fit Index; SRMR = Standardised Root Mean Square Residual; RMSEA = Root Mean Square 

Error of Approximation. CI = Confidence Interval   

 

much has your tinnitus interfered with your enjoyment of life?” on the QoL subscale 

(MI: 21.43; stdx EPC: 0.45). 

Inspection of these items indicated that the large error variance might be 

attributable to the similarity of the question wording. No adjustments were made at 

this level, but these potential modifications were kept in mind in the following 

second-order analysis. The first-order model showed acceptable fit for the data, even 

though there were some potential weak correlations with the Auditory factor. 

Therefore the second-order structure solution was examined. 

4.4.4.2 Second-order structure model of the TFI 

The second-order eight-factor model (TFI-25) (Figure 2.1) was subjected to CFA. In 

contrast to the first-order model, the fit indices were all borderline, indicating that the 

fit of the data to the TFI-25 model was less than optimal (Table 4.7). 
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Table 4.8. Parameter estimates, R-squared values and Standard Error for the first-

order TFI model. 

  
First-order model  

First-order factors Items  β B SE R
2
 

Intrusiveness 

INTR 1 0.72 1.00 
 

0.52 

INTR2 0.79 0.88 0.06 0.63 

INTR 3 0.86 1.31 0.01 0.73 

Sense of Control 

SOC 4 0.62 1.00 
 

0.37 

SOC 5 0.87 1.18 0.11 0.76 

SOC 6 0.76 1.07 0.11 0.58 

Cognitive 

COG 7 0.93 1.00 
 

0.87 

COG 8 0.94 1.04 0.03 0.87 

COG 9 0.92 0.94 0.04 0.84 

Sleep 

SLP 10 0.92 1.00 
 

0.85 

SLP 11 0.97 1.05 0.03 0.95 

SLP 12 0.91 1.01 0.04 0.83 

Auditory 

AUD 13 0.91 1.00  0.83 

AUD 14 0.99 1.08 0.03 0.97 

AUD 15 0.94 1.10 0.04 0.88 

Relaxation 

REL 16 0.92 1.00  0.85 

REL 17 0.97 1.05 0.03 0.93 

REL 18 0.87 0.94 0.04 0.76 

Quality of life 

QOL 19 0.86 1.00  0.74 

QOL 20 0.87 0.99 0.05 0.76 

QOL 21 0.89 1.02 0.05 0.80 

QOL 22 0.83 0.96 0.05 0.70 

Emotional 

EMO 23 0.91 1.00  0.85 

EMO 24 0.95 0.93 0.03 0.90 

EMO 25 0.82 0.94 0.05 0.67 

The values presented in bold have poor associations with their designated factor, all below the 

recommended cut-off < 0.40. β = Standardised parameter estimate; B = Unstandardised 

parameter estimate; SE = Standard Error; R2 = R-squared. 

 

 The S-B χ2 was still significantly large (χ2: 577.5; p < 0.001) but now the S-B 

χ2 relative to the degrees of freedom was marginally larger (2.2) than the critical 
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ratio cut-off (≤ 2.0) indicating problems with data fit. Consistent with this, the 

RMSEA score (and 95% CI) was less than optimal (0.07) and since the SRMR was 

only just within reasonable fit criteria (≤ 0.07), the RMSEA estimate could not be 

considered an indication of reasonable fit (SRMR should be below 0.06 for RMSEA 

to be reasonable) so once again poor fit is indicated (Table 4.7). However, given that 

the SRMR was acceptable (≤0.07) and both the TLI and CFI estimates indicated 

acceptable model fit, the model may improve with slight modifications (Schreiber et 

al., 2006). To identify the potential source of the “less than optimal” model fit, factor 

loading estimates and modification indices were examined. The identified parameters 

were re-specified accordingly, if they improved the model fit and if they were 

conceptually justified.  

Standardised parameter estimates for the second-order model reflected those 

seen in the first-order model analysis (Table 4.9). Again, over 80% of items had 

loading values above 0.80, the same three items had exceptionally high loading 

estimates and only Item 4 had a loading estimate below 0.7 (still above the critical 

cut-off). In terms of the second-order factor accounting for the variance in the first-

order factors, two first-order factors, one in particular, appear to have a weaker 

relationship to the second-order than the others (Table 4.9). Both the Sleep (SLP) and 

Auditory (AUD) factors had factor loadings below the optimal value, although the 

Sleep factor is only marginally below (0.68). Perhaps unsurprisingly, given the 

correlations observed, the loading estimate for the Auditory factor was lower (0.50) 

than any of the other factors, indicating a less than optimal fit with the second-order 

construct.  
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Table 4.9. Parameter estimates, R-squared values and Standard Error for the proposed 

TFI-25 Model and the TFI-22 Model. 

First order 

factor 

Observed 

variable 

Original TFI-25 TFI-22 

β B SE R
2
 β B SE R

2
 

Intrusiveness 

INTR 1 0.71 1.00 
 

0.51 0.71 1.00 
 

0.51 

INTR 2 0.77 0.87 0.07 0.59 0.77 0.87 0.07 0.59 

 INTR 3 0.88 1.36 0.11 0.77 0.88 1.36 0.11 0.77 

Sense of 

Control 

SOC 4 0.62 1.00 
 

0.39 0.62 1.00 
 

0.39 

SOC 5 0.88 1.17 0.11 0.77 0.88 1.17 0.11 0.77 

SOC 6 0.75 1.04 0.10 0.56 0.75 1.04 0.10 0.56 

Cognitive 

COG 7 0.93 1.00 
 

0.87 0.93 1.00 
 

0.87 

COG 8 0.93 1.04 0.03 0.87 0.93 1.04 0.03 0.87 

COG 9 0.92 0.94 0.03 0.84 0.92 0.94 0.03 0.84 

Sleep 

SLP 10 0.92 1.00 
 

0.85 0.92 1.00 
 

0.85 

SLP 11 0.98 1.05 0.03 0.95 0.98 1.05 0.03 0.95 

SLP 12 0.91 1.01 0.04 0.83 0.91 1.01 0.04 0.83 

Auditory 

AUD 13 0.91 1.00  0.83     

AUD 14 0.99 1.08 0.03 0.97     

AUD 15 0.94 1.10 0.03 0.88     

Relaxation 

REL 16 0.92 1.00  0.85 0.92 1.00 
 

0.85 

REL 17 0.97 1.04 0.03 0.93 0.97 1.04 0.03 0.93 

REL 18 0.88 0.94 0.03 0.77 0.88 0.94 0.03 0.77 

QoL 

QOL 19 0.87 1.00  0.75 0.87 1.00 
 

0.75 

QOL 20 0.90 1.01 0.04 0.80 0.90 1.01 0.04 0.80 

QOL 21 0.89 1.00 0.04 0.79 0.89 1.00 0.04 0.79 

QOL 22 0.80 0.91 0.05 0.65 0.80 0.91 0.05 0.65 

Emotional 

EMO 23 0.92 1.00  0.85 0.95 1.00  0.85 

EMO 24 0.95 0.93 0.03 0.90 0.82 0.93 0.03 0.90 

EMO 25 0.82 0.94 0.05 0.67 0.92 0.94 0.05 0.67 

Second order 

factor 
Factor 

   
 

 
   

Functional 

impact of 

tinnitus 

INTR 0.85 1.58 0.13 0.72 0.85 1.57 0.13 0.72 

SOC 0.92 1.64 0.17 0.85 0.93 1.64 0.17 0.86 

COG 0.89 2.32 0.12 0.79 0.88 2.29 0.12 0.77 

SLP 0.68 2.06 0.16 0.46 0.69 2.09 0.16 0.47 

AUD 0.50 1.41 0.17 0.25     

REL 0.77 2.06 0.14 0.60 0.78 2.09 0.14 0.62 

QOL 0.83 2.40 0.14 0.69 0.82 2.35 0.14 0.68 

EMO 0.83 2.50 0.14 0.69 0.84 2.53 0.14 0.71 

The values presented in bold have poor associations with their designated factor, all below the 

recommended cut-off < 0.40. β = Standardised parameter estimate; B = Unstandardised 

parameter estimate; SE = Standard Error; R2 = R-squared.  
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Inspection of the squared factor loadings revealed that, although the second-

order factor accounted for more than 60% of the variance in six of the factors, it 

accounted for less of the variance (46%) in the Sleep factor, and only 25% in the 

Auditory factor. The Auditory factor association to the second-order factor and the 

other seven factors was very weak and as a consequence it makes considerably less 

contribution to the second-order construct. This calls into question the usefulness of 

maintaining the Auditory factor within the global score. The evidence suggests that it 

measures an entirely different construct than the rest of the factors and could be 

diluting the overall score. 

Inspection of the modification indices highlighted a high degree of mis-

specified parameter estimates in the dataset, the majority of which appear to be 

associated with the Auditory factor. For example, error covariance (MIs >10) was 

observed between the Auditory factor and the Cognition, Sleep, Relaxation, QoL and 

Emotional factors (MI range: 10.1 – 37.7). In fact, the largest MI indicated 

substantially large error/uniqueness covariance between the Auditory and QoL 

factors (MI: 37.7; Stdx EPC: 0.55). From this, it could be assumed that the model is 

not accounting for a relationship between these two factors. However it seems 

unlikely given the observed error covariance with other factors listed above. The 

most common explanation for error covariance is similarity in wording or in the 

concepts being measured, or misinterpreting item responses. The first two again 

seem unlikely considering that the two factors are conceptually measuring very 

different aspects of tinnitus and that the similarity in wording of the questions is 

minimal. The former could be a potential source of error, both factors included items 

that could be misinterpreted or cause confusion. For example, the QoL factor 

included the only item with a slightly different response format than the others, 
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which could have caused confusion in responses, whilst the Auditory items were 

misinterpreted by some participants assuming that the questions related to their 

hearing alone rather than their hearing in relation to tinnitus with comment such as “I 

do not have problems with my hearing” written beside the responses. However, 

given that this error was not apparent at item level in this analysis or the first-factor 

analysis, and that error covariance is observed with the other factors, the most likely 

explanation is that the error covariance associated with the Auditory factor are due to 

the addition of the second-order factor and the weak association between these 

factors and the other factors. The large MIs may indicate the amount of unique 

variance associated with the Auditory factor and the fact that this factor may not 

provide any additional information than the QoL factor. Therefore, although freely 

estimating this error covariance would improve the model fit (the χ
2
 would decrease 

by 37), conceptually it does not make sense to adjust. Furthermore, this provides 

additional rationale for removing the Auditory factor within the second-order 

structure. However, to be conservative and for completeness the other potential mis-

specifications in the model should be assessed before re-specifying the model 

without the Auditory factor, to ensure that error covariance observed for the Auditory 

factor is not a product of or being inflated by any other mis-specification within the 

model.  

The error covariance observed in the first-factor model between item 19 and 

item 20 was also apparent within this model. In addition to this, error variance was 

identified between item 23 “How anxious or worried has your tinnitus made you 

feel?” and item 24 “How bothered or upset have you been because of your tinnitus?” 

(MI: 11.29; Stdx EPC: 1.01) on the QoL factor, and between item 1 “What 

percentage of your time awake were you consciously aware of your tinnitus?” and 
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item 2 “How strong or loud was your tinnitus?” (MI: 16.46; STdx EPC: 0.38) on the 

Intrusiveness factor.  

Inspection of these items indicated that the large error variance for the QoL 

items might be attributable to the similarity of the question wording. The wording for 

Sense of Control items on the other hand is not similar and the error cannot be 

attributed to this, but it could be attributed to the difference in response structure 

format for item 2 compared to the other items in the factor, for instance, item 1 and 

item 3 have a 0 to 100% response scale, whilst item 2 has a 0 to 10 response scale. 

Therefore, the model was re-specified to include these parameter estimates (freely 

estimated) and the model fit was reassessed. For clarity, this model will be referred 

as “re-specified TFI-25 model” (Figure 4.5).  

Although there was some evidence of cross-loading present in the data, the 

largest again being the cross-loading between item 3 and Sense of Control (MI: 

10.53; Stdx EPC: 0.45), this was no longer apparent following the model re-

specification (re-specified TFI-25 model) for the error covariance. Interestingly, the 

only evidence of MIs (>10) remaining indicated that QoL items were cross-loading 

with other factors. In particular, item 20 appears to load on four other factors 

(Intrusiveness, Sense of Control, Relaxation and Emotional). Although, theoretically 

it is clear that a question about “enjoyment of life” could be linked to other concepts 

measured by other factors, it is impractical to cross-load an item with more than one 

factor. Furthermore, closer inspection of the EPC (unstandardized) estimates (>0.6) 

indicated that any change to the model would be minute and that the absolute loading 

value (Stdx EPC) for the cross-loading would be less than 0.25. Therefore, the model 

was not re-specified with any cross-loading (Figure 4.5).  

 



 

 

 

C
h
ap

ter 4
 

K
ath

ry
n

 L
o
u

ise F
ack

rell 

1
2
0

 

 
Figure 4.5. Illustrative diagram of the re-specified TFI-25 model including standardised parameter estimates and R-squared values. 
Standardised parameter estimates indicate the strength of the association between the observed variables, first-order factors and the second-order factor. Red 

bidirectional arrow ( ) = large error covariance between factors. Solid black unidirectional arrow ( ) = a very strong association (> 0.70). Dotted 

unidirectional arrows ( ) = below desirable range but still acceptable (<0.70 >0.40). Dash line unidirectional arrows ( ) = poor associations. 

Bidirectional curved arrows ( ) = the association between the error variance (e).  
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4.4.4.3 Model fit for re-specified TFI-25 model  

Adjusting for the error covariance between items only marginally improve model fit, 

but it still indicated a less than optimal to poor fit of the data to the model (Table 

4.7). Furthermore, the large MIs associated with the Auditory factor were clearly still 

apparent and larger than previously observed (MI range: 10.7 to 44.4). Therefore, the 

next step was to investigate whether the Auditory factor was the source of the poor 

model fit. The model was re-specified without the Auditory factor. This new re-

specified model is referred to as the TFI-22 model.  

4.4.4.4 Model fit for TFI-22 model (Auditory factor removed) 

Initially the TFI-22 model was specified using the original TFI-25 model 

specification, i.e. the error variance is again assumed to be uncorrelated since the 

model structure had changed. The model fit dramatically improved following the 

removal of the Auditory factor, all fit statistics indicated a reasonable fit of the data 

to model. The SRMR and the approximation fit indices, CFI and TLI were all within 

desirable criteria (Table 4.7), and although S-B χ
2
 remained significant (p< 0.001), 

the χ
2
/df ratio was now 1.92 so within the critical cut-off of < 2.0. Whilst the 

RMSEA only improved slightly (to 0.06), the 95% CI were now within the desired 

range, and given that the SRMR estimate was below 0.06, the RMSEA was taken to 

indicate reasonable model fit. Standardised parameter estimates and squared factor 

loadings were comparable to the original TFI-25 model (Table 4.9). Although, model 

fit was improved to an acceptable level, for completeness the modification indices 

were examined. Error covariance was once again observed, although the error 

observed between item 19 and item 20 in the TFI-25 model was no longer evident. 

The TFI-22 model was therefore re-specified to freely estimate the expected error 

correlations between item 1 and item 2, and item 23 and item 24 (Figure 4.6). 
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4.4.4.5 Model fit for re-specified TFI-22 model 

Following this final re-specification, although S-B χ
2
 still remained significant (p< 

0.001), all other model fit statistics were slightly improved as expected and indicate 

an acceptable model fit. The re-specification of error covariance parameters did 

marginally reduced the factor loading estimate for those items associated with the 

error (although still above the recommended criteria), suggesting that the items 

loading estimates were previously inflated with unique variance. The standardised 

parameter estimates and R-squared values for the final TFI-22 model are given in 

Figure 4.6. 

4.4.5. Validity of the TFI 

Pearson’s correlation coefficients between the TFI global and subscale scores and the 

THI global score from all four time intervals are displayed in Table 4.10. The results 

were as predicted. TFI global scores consistently showed strong positive correlations 

with the THI global scores (r > 0.80) across all four time intervals. Therefore, the 

TFI demonstrates acceptable convergent validity indicating that it measures a tinnitus 

construct that is similar to that measured by other multi-item tinnitus questionnaires. 

For the TFI subscales, weak (r = 0.41) to strong (r = 0.86) positive correlations were 

observed with the THI global scores (Table 4.10). The THI showed the strongest 

correlations with the Emotional and QoL subscales, as predicted, closely followed by 

the Cognition subscale and the weakest correlation with Auditory subscale, which 

estimate was notably smaller than any of the other subscales, possibly reflecting the 

fact that the THI does not fully address auditory problems. Therefore the TFI and 

THI both measure similar properties of tinnitus.  
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Figure 4.6. Illustrative diagram of the re-specified TFI-22 model including standardised parameter estimates and R-squared values. 
Standardised parameter estimates indicate the strength of the association between the observed variables, first-order factors and the second-order factor. Solid black 

unidirectional arrow ( ) = a very strong association (>0.70). Dotted unidirectional arrows ( ) = below desirable range but still acceptable (<0.70 

>0.40). Bidirectional curved arrows ( ) = the association between the error variance (e).  
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Table 4.10. Pearson’s correlation coefficients between the TFI global and subscale 

scores and the THI global score for four time points 

 Baseline 3 months 6 months 9 months 

Scale n THI n THI n THI n THI 

Tinnitus Functional 

Index 
255 0.85 195 0.83 175 0.86 165 0.85 

Intrusiveness 251 0.62 190 0.65 168 0.70 157 0.78 

Sense of Control 251 0.67 195 0.67 173 0.69 164 0.72 

Cognitive 255 0.74 192 0.74 175 0.77 165 0.75 

Sleep 253 0.61 195 0.66 175 0.66 164 0.69 

Auditory 254 0.41 193 0.49 175 0.60 165 0.57 

Relaxation 254 0.67 194 0.65 174 0.74 163 0.75 

QoL 255 0.76 195 0.77 175 0.82 165 0.80 

Emotional 255 0.79 194 0.86 175 0.84 165 0.86 

 

4.4.6. Reliability of the TFI as a measure of tinnitus severity 

4.4.6.1 Internal consistency 

Alpha estimates for the global TFI and THI scores were all extremely high (α > 

0.95), exceeding the recommended criteria (α ≤ 0.90; Table 4.11). Although, the 

number of items (n=25) could have inflated these estimates, the 95% CI were also 

very high with a narrow range suggesting that there is overlap in content. Even 

though the TFI subscales would be expected to have lower alpha estimates because 

of the number of items alone, the estimates and CIs are similar to those observed for 

the global TFI. They were extremely high and in most cases were above the 

recommended criteria. The Intrusiveness and Sense of Control subscales were the 

only ones consistently within the recommended criteria, except for the 9 month data 

in which all of the estimates have inflated possibly due to the smaller sample size.  
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Table 4.11. Cronbach’s alpha estimates (95% CI) for the THI global and TFI global and subscale scores over the four time points.  

 QP1   QP2   QP3   QP4  

Scale 
n 

(missing) 

Cronbach’s alpha 

(95% CI) 

 n 

(missing) 

Cronbach’s alpha 

(95% CI) 

 n 

(missing) 

Cronbach’s alpha 

(95% CI) 

 n 

(missing) 

Cronbach’s alpha 

(95% CI) 

Tinnitus Functional 

Index
a
 

255(0) 0.96 (0.95 – 0.97) 
 

196(0) 0.97 (0.97 – 0.98) 
 

175(0) 0.98 (0.97 – 0.98) 
 

165(0) 0.98 (0.98 – 0.99) 

Intrusiveness 251(4) 0.83 (0.79 – 0.86) 
 

191(5) 0.89 (0.86 – 0.91) 
 

163(12) 0.89 (0.85 – 0.91) 
 

157(8) 0.92 (0.89 – 0.94) 

Sense of Control 251(4) 0.79 (0.74 – 0.83) 
 

196(0) 0.88 (0.85 – 0.91) 
 

173(2) 0.90 (0.87 – 0.92) 
 

164(1) 0.92 (0.90 – 0.94) 

Cognition 255(0) 0.95 (0.94 – 0.96) 
 

193(3) 0.96 (0.95 – 0.97) 
 

175(0) 0.96 (0.94 – 0.97) 
 

165(0) 0.98 (0.97 – 0.98) 

Sleep 253(2) 0.95 (0.94 – 0.96) 
 

196(0) 0.96 (0.95 – 0.97) 
 

175(0) 0.97 (0.96 – 0.97) 
 

164(1) 0.97 (0.96 – 0.98) 

Auditory 254(1) 0.96 (0.95 – 0.97) 
 

194(2) 0.97 (0.96 – 0.98) 
 

175(0) 0.97 (0.96 – 0.98) 
 

165(0) 0.98 (0.98 – 0.99) 

Relaxation 254(1) 0.95 (0.93 – 0.96) 
 

195(1) 0.96 (0.94 – 0.97) 
 

173(1) 0.96 (0.95 – 0.97) 
 

163(2) 0.97 (0.96 – 0.98) 

QoL 255(0) 0.92 (0.91 – 0.94) 
 

196(0) 0.94 (0.93 – 0.95) 
 

175(0) 0.95 (0.93 – 0.96) 
 

165(0) 0.96 (0.95 – 0.97) 

Emotional 255(0) 0.92 (0.91 – 0.94) 
 

195(1) 0.93 (0.92 – 0.95) 
 

175(0) 0.95 (0.94 – 0.96) 
 

165(0) 0.96 (0.95 – 0.97) 

Tinnitus Handicap 

Inventory
b 255(0) 0.94 (0.93 – 0.95) 

 
195(1) 0.94 (0.92 – 0.95) 

 
175(0) 0.94 (0.93 – 0.96) 

 
165(0) 0.95 (0.93 – 0.96) 

Bold = exceeding recommended criteria (> 0.95) 
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Inspection of the inter-item correlations corroborates these findings. Inter-

item correlations at baseline ranged 0.14 to 0.93 (Table 4.12), with the highest inter-

item correlations between the items clearly identifying their designated subscales. 

Most notable were the extremely low correlations (r ~ 0.1) between the Auditory (13 

– 15) and Sleep (10 - 12) subscale items, suggesting that these subscales are 

unrelated in content. The rest of the correlations between the items are generally low 

to moderate (within criteria), indicating the expected variability and overlap in 

content. Inter-item correlations for the follow-up data appeared susceptible to a 

reduction in the variability in the sample. As sample size decreased all correlation 

coefficients increased. These findings suggest that there is concerning overlap in 

content within the subscales and in turn the global TFI.    

4.4.6.2 Test-retest reliability  

Test-retest reliability and agreement estimates between the three time intervals are 

summarised in Table 4.13 for the “baseline comparison” group and Table 4.14 for 

the “3 month comparison” group. In both groups, the ICCagreement for the TFI global 

score was 0.87 (95%CI: 0.80 – 0.93), indicating excellent reliability of the TFI to 

distinguish people with tinnitus from each other. All subscale scores showed 

similarly high reliability with ICCs ranging 0.69 to 0.86 for both groups. However, 

the 95% CIs did indicate larger variability and lower reliability than accounted for by 

the ICC estimate. For example, the ICC 95%CI for the Sleep subscale (0.57 – 0.80) 

had a wide range with the lower value indicating that in a random sample the 

reliability could be markedly lower, below recommended guidelines for high 

reliability. The lower bound would indicate moderate evidence of reliability.  
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Table 4.12. Inter-item correlations for all 25 TFI items from baseline scores.  

 QP1 Intrusiveness Sense of control Cognition Sleep Auditory Relaxation QoL Emotional 

 
 

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16 Q17 Q18 Q19 Q20 Q21 Q22 Q23 Q24 Q25 

IN
T

 Q1 1 
                        

Q2 0.64 1 
                       

Q3 0.62 0.65 1 
                      

S
O

C
 Q4 0.38 0.36 0.43 1 

                     
Q5 0.49 0.61 0.68 0.54 1 

                    
Q6 0.46 0.56 0.61 0.49 0.65 1 

                   

C
O

G
 Q7 0.51 0.57 0.66 0.50 0.68 0.56 1 

                  
Q8 0.39 0.52 0.60 0.45 0.64 0.50 0.87 1 

                 
Q9 0.40 0.50 0.60 0.43 0.62 0.52 0.84 0.87 1 

                

S
L

P
 Q10 0.29 0.42 0.55 0.32 0.49 0.49 0.56 0.50 0.52 1 

               
Q11 0.33 0.45 0.55 0.33 0.50 0.48 0.57 0.49 0.52 0.90 1 

              
Q12 0.35 0.45 0.54 0.31 0.53 0.43 0.55 0.47 0.51 0.83 0.89 1 

             

A
U

D
 Q13 0.42 0.42 0.38 0.28 0.38 0.37 0.47 0.48 0.43 0.16 0.15 0.16 1 

            
Q14 0.38 0.40 0.36 0.24 0.37 0.32 0.49 0.50 0.45 0.14 0.14 0.17 0.90 1 

           
Q15 0.36 0.35 0.32 0.26 0.34 0.28 0.45 0.47 0.44 0.15 0.15 0.17 0.86 0.93 1 

          

R
E

L
 Q16 0.31 0.45 0.55 0.40 0.57 0.54 0.61 0.54 0.57 0.63 0.61 0.56 0.24 0.19 0.19 1 

         
Q17 0.33 0.46 0.58 0.46 0.59 0.52 0.65 0.60 0.61 0.65 0.62 0.57 0.24 0.21 0.23 0.88 1 

        
Q18 0.36 0.42 0.50 0.43 0.49 0.46 0.52 0.46 0.48 0.52 0.50 0.44 0.26 0.20 0.23 0.82 0.84 1 

       

Q
O

L
 Q19 0.34 0.43 0.47 0.37 0.52 0.39 0.60 0.63 0.60 0.31 0.34 0.36 0.54 0.56 0.59 0.41 0.47 0.38 1 

      
Q20 0.35 0.45 0.58 0.42 0.63 0.47 0.65 0.66 0.66 0.44 0.48 0.48 0.40 0.44 0.43 0.53 0.62 0.50 0.80 1 

     
Q21 0.36 0.40 0.50 0.35 0.54 0.45 0.63 0.64 0.63 0.36 0.41 0.39 0.54 0.58 0.58 0.48 0.54 0.45 0.77 0.77 1 

    
Q22 0.31 0.36 0.44 0.37 0.51 0.37 0.67 0.68 0.65 0.41 0.42 0.42 0.57 0.62 0.61 0.42 0.48 0.34 0.67 0.67 0.76 1 

   

E
M

O
 Q23 0.35 0.39 0.54 0.43 0.61 0.52 0.60 0.58 0.57 0.48 0.49 0.49 0.23 0.25 0.25 0.55 0.60 0.51 0.53 0.66 0.61 0.55 1 

  
Q24 0.36 0.42 0.59 0.47 0.69 0.57 0.64 0.62 0.61 0.47 0.47 0.47 0.25 0.24 0.22 0.57 0.62 0.50 0.50 0.68 0.57 0.56 0.87 1 

 
Q25 0.35 0.47 0.63 0.38 0.63 0.52 0.59 0.59 0.60 0.51 0.53 0.53 0.27 0.27 0.21 0.54 0.58 0.45 0.46 0.67 0.56 0.56 0.75 0.77 1 

Black bold = high inter-item correlations. Red bold = poor inter-relatedness. Blue = within criteria (0.15 – 0.55) 
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Table 4.13. Reliability of Tinnitus Functional Index (TFI) scores from baseline comparisons: Standard Error of Measurement (SEM), Intra-class 

correlations (ICC), Smallest Detectable Change (SDC), Limits of Agreement (LoA) between three administrations. 

Baseline 

comparison 
 Mean (±SD) Difference  Reliability SEM Agreement 

Scale n 
Baseline 

(T0) 

Retest 

(T1) 

Retest 

(T2) 

Mean 

diff 
SE 

SD 

diff 

ICC 

(95%CI) 
Con Agree SDC LoA 

LoA Lower 

limit (95% CI) 

LoA Upper 

limit (95% CI) 
% 

Tinnitus 

Functional Index 
55 

50.8 

(±25.1) 

45.9 

(±22.8) 

44.9 

(±23.1) 
-5.4 1.0 7.2 

0.87 

(0.80 - 0.93) 
5.1 7.4 20.6 14.2 

-19.64 

(-23.2 to -16.1) 

8.8 

(5.2 to 12.3) 
76 

Intrusiveness 47 
64.0 

(±24.3) 

55.6 

(±23.2) 

54.7 

(±23.3) 
-9.8 1.9 13.2 

0.79 

(0.63 - 0.88) 
9.3 10.9 30.1 25.8 

-35.6 

(-42.3 to -28.9) 

19.7 

(12.3 to 27.1) 
89 

Sense of Control 48 
61.9 

(±24.3) 

56.5 

(±24.2) 

55.0 

(±24.0) 
-6.2 1.6 10.7 

0.79 

(0.69 - 0.87) 
7.6 11.0 30.6 21.0 

-27.2 

(32.6 to -21.8) 

14.8 

(9.4 to 20.2) 
79 

Cognitive 50 
40.9 

(±28.4) 

39.3 

(±27.2) 

38.0 

(±26.0) 
-2.2 1.9 13.5 

0.86 

(0.79 - 0.91) 
9.6 10.1 27.9 26.5 

-28.7 

(-35.5 to -22.0) 

24.3 

(17.6 to 31.0) 
72 

Sleep 48 
52.6 

(±32.0) 

46.4 

(±29.2) 

47.1 

(±29.4) 
-4.8 1.9 13.3 

0.69 

(0.57 - 0.80) 
9.4 14.1 39.0 25.9 

-30.8 

(-37.2 to -24.3) 

21.1 

(14.6 to 27.6) 
73 

Auditory 50 
47.7 

(±30.1) 

47.5 

(±28.8) 

44.4 

(±28.2) 
-1.7 2.3 16.2 

0.83 

(0.74 - 0.89) 
11.5 12.1 33.5 31.8 

-33.5 

(-41.4 to -25.6) 

30.1 

(22.2 to 38.0) 
88 

Relaxation 50 
62.0 

(±29.3) 

55.9 

(±26.4) 

53.5 

(±27.4) 
-7.4 2.0 14.4 

0.75 

(0.63 - 0.84) 
10.2 13.6 37.8 28.3 

-35.7 

(-42.7 to -28.7) 

20.8 

(13.8 to 27.8) 
72 

QoL 49 
38.6 

(±32.4) 

34.7 

(±28.9) 

33.3 

(±29.0) 
-4.6 1.6 11.3 

0.79 

(0.70 - 0.87) 
8.0 11.8 32.6 22.2 

-26.7 

(-32.2 to -21.2) 

17.6 

(12.1 to 23.1) 
76 

Emotional 50 
42.8 

(±31.5) 

35.7 

(±29.7) 

38.4 

(±30.2) 
-5.7 2.1 14.6 

0.82 

(0.75 - 0.88) 
10.3 12.3 34.2 28.6 

-34.4 

(-41.5 to -27.2) 

22.9 

(15.7 to 30.0) 
84 

SE = Standard Error. Mean diff = mean difference between the three administrations scores. SD diff = Standard deviation of the difference. ICC = Intra-class 

correlations. SEM con= Standard Error of Measurement for consistency. SEM agree= Standard Error of Measurement for agreement. SDC = Smallest Detectable 

Change. LoA = Limits of Agreement. CI = Confidence Interval. % = percentage of agreement. 
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Table 4.14. Reliability of Tinnitus Functional Index (TFI) scores from 3 month comparisons: Standard Error of Measurement (SEM), Intra-class 

correlations (ICC), Smallest Detectable Change (SDC), Limits of Agreement (LoA) between three administrations. 

3 month 

comparison 
 Mean (±SD) Difference Reliability SEM Agreement 

Scale n 
Baseline 

(T0) 

Retest 

(T1) 

Retest 

(T2) 

Mean 

diff 
SE 

SD 

diff 
ICC (95%CI) Con Agree SDC LoA 

LoA Lower limit 

(95% CI) 

LoA Upper 

limit (95% CI) 
% 

Tinnitus 

Functional Index 
55 

49.3 

(±25.4) 

44.2 

(±23.3) 

42.7 

(±23.3) 
-3.1 1.4 10.3 

0.87  

(0.80 - 0.93) 
7.3 8.0 22.2 20.2 

-23.2  

(-28.1 to -18.4) 

17.1  

(12.3 to 21.9) 
93 

Intrusiveness 52 
63.0 

(±23.8) 

54.0 

(±22.8) 

52.3 

(±23.8) 
-5.3 3.2 22.7 

0.80  

(0.63 - 0.89) 
16.1 10.7 29.6 44.5 

-49.7  

(-60.7 to -38.8) 

39.2  

(28.3 to 50.2) 
100 

Sense of Control 55 
61.7 

(±24.8) 

57.0 

(±24.3) 

53.9 

(±23.9) 
-3.3 1.2 9.2 

0.71  

(0.58 - 0.81) 
6.5 11.6 32.1 18.1 

-21.4  

(-25.7 to -17.1) 

14.7  

(10.4 to 19.1) 
66 

Cognitive 55 
40.5 

(±28.5) 

36.9 

(±27.5) 

35.9 

(±26.1) 
-2.3 1.9 14.1 

0.86  

(0.79 - 0.91) 
10.0 10.3 28.4 27.7 

-30.0 

(-36.6 to -23.4) 

25.4  

(18.8 to 32.0) 
93 

Sleep 54 
48.4 

(±34.5) 

44.9 

(±30.5) 

43.4 

(±31.2) 
-2.0 2.6 18.9 

0.77  

(0.67 - 0.85) 
13.4 14.0 41.2 37.0 

-39.1  

(-48.0 to -30.1) 

35.0  

(26.0 to 43.9) 
86 

Auditory 56 
44.9 

(±30.4) 

434.7 

(±28.3) 

42.1 

(±27.6) 
-1.5 1.9 14.7 

0.82  

(0.74 - 0.88) 
10.4 12.1 33.5 28.8 

-30.2 

(-37.1 to -23.4) 

27.2  

(20.4 to 34.1) 
90 

Relaxation 56 
59.3 

(±30.0) 

54.1 

(±26.6) 

50.7 

(±28.4) 
-4.3 2.2 16.5 

0.78  

(0.68 - 0.86) 
11.7 12.7 36.7 32.4 

-36.7  

(-44.4 to -28.9) 

28.1 

 (20.4 to 35.8) 
86 

QoL 55 
36.7 

(±31.9) 

33.1 

(±29.2) 

31.6 

(±28.9) 
-2.5 1.7 12.3 

0.83  

(0.75 - 0.89) 
8.7 11.1 30.8 24.0 

-26.6  

(-32.3 to -20.8) 

21.5  

(15.7 to 27.3) 
80 

Emotional 53 
39.6 

(±31.1) 

34.5 

(±30.7) 

35.2 

(±30.2) 
-2.2 3.5 25.8 

0.88  

(0.81 - 0.92) 
18.3 10.8 29.9 50.6 

-52.8  

(-65.2 to -40.5) 

48.3  

(36.0 to 60.7) 
100 

SE = Standard Error. Mean diff = mean difference between the three administrations scores. SD diff = Standard deviation of the difference. ICC = Intra-class 

correlations. SEM con= Standard Error of Measurement for consistency. SEM agree= Standard Error of Measurement for agreement. SDC = Smallest Detectable 

Change. LoA = Limits of Agreement. CI = Confidence Interval. % = percentage of agreement.  
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4.4.6.3 Test-retest agreement 

For the “baseline comparison” group, the LoA and SDC estimates for the TFI global 

were comparable with one another. The LoA score was 14.2 (± Mean diff of -5.4) 

and the SDC score was 20.6.  

Both indicate that a reasonably large change score is required to detect the true 

change that occurs in the scores either with worsening or improvements of tinnitus 

(Table 4.13). Slightly larger estimates were observed for the “3 month comparison” 

data, with both the LoA (20.2±-3.1) and SDC (22.2). At 3 months, the findings 

suggest that a change in TFI global of 23 would be required to detect a true change in 

scores (Table 4.14). Although slightly larger, this estimate does seem to account for 

more of the observed variability in the repeated measure change score than the 

estimates from the “baseline comparison” data. In particular, only four change scores 

were found to be outside the defined LoA (for one participant both change scores 

between the time intervals were outside). Therefore 93% agreement was observed, 

only just below the recommended value of 95% agreement (Figure 4.7). In the 

“baseline comparison” data, however, 12 change scores were found outside the 

defined LoA (again both difference scores for one participant were outside), and 

therefore only 76% of change scores were within the limits. This is considerably 

lower than recommended (Figure 4.8). In this case, the LoA and SDC estimates from 

the “3 month comparison” data are taken as the more accurate representation of the 

variability seen in the data for participants that are self-defined “unchanged” and 

therefore a change in score of 23 is considered an indication of a true change in 

scores.  
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Figure 4.7. Bland-Altman plot of test-retest agreement for repeated measures of the 

TFI global scores for self-defined “stable” participants from 3 month comparison data.  

 

 
Figure 4.8. Bland-Altman plot of test-retest agreement for repeated measures of the 

TFI global scores for self-defined “stable” participants from baseline comparison data.  
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According to Terwee et al. (2007), this SDC score is appropriate for 

individual assessment, the change score should be reduced by a factor of √n to 

account for the reduced measurement error in group assessment. Therefore in this 

case the SDC for group assessment would only be 3, which unexpectedly low and 

given that the SEM estimates are both more than 7 points, these might provide a 

better indication of measurement error for group assessment.   

In terms of the TFI subscales, the limits of agreement and smallest detectable 

change estimates were in general considerably larger than the estimates for the global 

score and there were inconsistencies between the estimates for some of the subscales 

in both groups (Tables 4.13 – 4.14). The LoA for the “baseline comparison” data 

ranged from 27 to 36 points, with the largest variability observed in the Intrusiveness 

and Relaxation subscales. The SDC scores were largely comparable with the LoA 

estimates in five of the subscales, but for the Sleep and QoL subscales there was a 

notable difference in the estimates, with the SDC identifying a larger estimate of true 

change. For example, the LoA for the Sleep subscale indicate that a change of at least 

30 points would be required to detect a “true change”, whilst the SDC score suggests 

that a change of 39 points would be required. A possible reason for these differences 

is that the SDC is calculated using the SEMagree and therefore takes into consideration 

a higher proportion of the variance in the data which can lead to higher estimates of 

change in some cases. This difference is usually reflected in the two estimates for 

SEM, the SEMcon value (estimated using the SDdiff) is expected to be slightly lower 

than the value for the SEMagree 

The “3 month comparison” data presented in Table 4.14 again show that the 

LoA and SDC estimates were slightly larger at 9 months than at baseline. In this 

case, the LoA ranged from 21 (Sense of control subscale) to 52 points for the 
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Emotional subscale. This large estimate was unexpected and is not comparable to the 

SDC. In fact, the LoA estimates for the Intrusiveness (50) and Emotional subscales 

(52) were considerably larger than the SDC, which would suggest that only a change 

in score of 30 is required to detect real change (similar to the estimates in the 

baseline data). Other than any unexpected variability in the change scores that was 

not identified by the SEMagree, which was calculated using the total scores for each 

time interval, there is no clear reason why these estimates are inconsistent or so 

large. Although this inconsistency was not apparent for the Emotional subscale in the 

“baseline comparison” data and the SDC estimate is very similar, because this 

inconsistency cannot be explained for these subscales, we cannot make any strong 

conclusions about the level of agreement.  

For the most part, the SDC scores were reasonably consistent with the LoA 

estimates. Ignoring the problematic subscales, the estimates in the “3 month 

comparison” data do once again account for slightly more of the observed variability 

in the repeated measures, with slightly higher percentages of agreement, than the 

estimates from the “baseline comparison” data (Tables 4.13 – 4.14). However, 95% 

agreement was not observed in any of the subscales, only the Cognition subscale 

agreement was above 90%, and therefore these subscales appear to be more 

susceptible to the variability over long periods of time than expected. Perhaps shorter 

timeframes would produce more consistent results (examined in Chapter 5).   

4.4.7. Responsiveness of the TFI to detect changes  

4.4.7.1 The ability of the TFI items to detect changes in responses 

Response frequency distributions for each item on the TFI were examined for floor 

and ceiling effects (Figure 4.9 and Table 4.15). Eleven out of 25 items failed to meet 

the a priori definition of non-significant floor or ceiling effects (i.e. observed in no 
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more than 15% of respondents on the 11-point scale). More specifically, ceiling 

effects were observed in five items from the Intrusiveness (item 1), Sense of Control 

(items 4, 6), Sleep (item10) and Relaxation (item18) subscales, with responses of 

‘10’ being observed for between 17% and 29% of the population. Of these, only Item 

4 consistently showed ceiling effect across time intervals. This suggests that this item 

is not sensitive to change.   

Extreme floor effects were observed in six items from three subscales. Two 

subscales had multiple items with floor effects. The lowest response ‘0’ was 

observed for between 18 and 26% of participants in two items from the Auditory 

subscale (items 14, 15), three items from the QoL subscale (items 19 – 22) and one 

item from Emotional subscale (item 25), with the largest floor effects (> 24%) 

observed in the QoL items. Furthermore, these floor effects were clearly apparent 

over all of the datasets and were consistently high. Consequently, these subscales are 

limited in their ability to detect improvements of tinnitus and changes in scores 

which in turn reduces the chances of the TFI being responsive to treatment-related 

changes. 

4.4.7.2 The ability of the TFI to detect changes in scores 

The sample sizes in two of the seven global rating of change categories, the “much 

improved” and “much worse” categories, were not sufficient to make meaningful 

comparisons (Table 4.5). Therefore the responses in these categories were 

amalgamated with those in the “moderate improved” and moderate worse” categories 

so that five global ratings of change groups remained. The mean changes for the 

global TFI within the five ratings of change groups from 3, 6 and 9 months compared 

to baseline (“baseline comparison” data) and compared to 3 months ago (“3 month 

comparison” data) are presented in Table 4.16.  
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Figure 4.9. Response frequency distributions for each TFI item within their subscales allowing for examination of floor and ceiling effects.  
Ceiling effects are evident from the position of the upper quartile and medium on the upper end of the scale, i.e. on response options 9 and 10. The floor effects are 

evident by the position of the first quartile and medium on the lower end of the scale, i.e. on response options 0 and 1. Colours represent the items associated with 

each subscale. 
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Table 4.15. Percentage of responses in each response category option for the TFI items.  

N255  Percentage of responses for items on the TFI % 

Missing 
Mean ±SD 

items  0 1 2 3 4 5 6 7 8 9 10 

INT1  0.0 2.8 4.0 7.1 7.5 8.3 5.5 15.8 16.6 9.9 22.5 0.8 6.94 ± 2.61 

INT2  0.0 0.0 1.6 5.9 9.4 10.6 11.8 19.7 20.5 9.4 11.0 0.4 6.80±2.07 

INT3  2.0 12.6 9.1 12.6 9.5 13.0 9.5 9.1 8.3 5.5 8.7 0.8 4.96±2.87 

SOC4  2.4 3.2 2.8 6.8 4.0 10.8 10.4 8.8 13.5 8.4 29.1 1.6 6.97±2.85 

SOC5  1.6 3.5 6.3 10.2 8.2 20.4 13.3 12.2 12.9 5.5 5.9 0.0 5.58±2.41 

SOC6  0.8 2.4 2.4 5.9 5.5 13.8 9.8 15.7 15.0 9.8 18.9 0.4 6.82±2.48 

COG7  6.7 6.3 8.2 11.8 9.8 9.8 9.0 17.3 11.8 3.5 5.9 0.0 5.06±2.81 

COG8  12.5 7.5 7.8 12.9 7.1 11.8 9.4 12.2 12.9 2.7 3.1 0.0 4.50±2.89 

COG9  6.7 8.6 9.8 15.3 8.2 12.5 9.4 12.9 10.2 3.1 3.1 0.0 4.58±2.70 

SLP10  9.4 5.5 5.9 6.7 6.7 7.1 4.7 12.2 15.3 9.0 17.6 0.0 5.93±3.32 

SLP11  10.2 6.7 7.5 7.5 5.5 9.4 4.3 14.2 13.8 7.1 13.8 0.4 5.50±3.30 

SLP12  13.0 5.5 9.8 6.3 5.9 9.1 4.3 14.2 11.4 5.9 14.6 0.4 5.28±3.39 

AUD13  14.9 8.6 8.6 9.8 9.8 7.8 9.0 11.0 11.0 3.5 5.9 0.0 4.43±3.11 

AUD14  20.4 9.8 9.0 7.1 9.4 7.5 10.6 10.6 7.5 5.1 3.1 0.0 3.98±3.11 

AUD15  18.1 11.0 6.3 8.7 7.9 7.9 7.1 10.6 7.9 8.7 5.9 0.4 4.37±3.32 

REL16  4.7 3.1 7.1 8.3 3.9 8.7 9.1 14.2 17.3 9.1 14.6 0.4 6.20±2.93 

REL17  4.3 3.5 9.4 7.5 4.3 8.6 10.2 13.7 16.9 8.6 12.9 0.0 6.04±2.93 

REL18  3.1 3.1 5.1 4.7 2.7 8.2 7.5 9.4 14.5 13.7 27.8 0.0 7.08±2.93 

QOL19  25.1 8.8 8.0 7.6 4.0 11.6 6.8 9.6 8.4 4.4 6.0 1.6 3.95±3.33 

QOL20  14.9 9.8 9.0 10.6 7.8 9.0 7.1 8.2 9.0 5.9 8.6 0.0 4.47±3.27 

QOL21  23.9 8.2 10.2 7.8 7.1 11.8 3.9 8.6 8.6 5.5 4.3 0.0 3.85±3.23 

QOL22  25.6 11.0 9.4 5.9 7.5 7.5 7.5 8.3 7.5 4.3 5.5 0.4 3.72±3.30 

EMO23  9.4 9.0 10.2 11.4 3.9 7.5 7.1 11.0 11.8 6.7 12.2 0.0 5.11±3.30 

EMO24  3.5 6.7 10.2 8.6 7.1 12.5 6.7 12.5 9.4 9.0 13.7 0.0 5.65±3.03 

EMO25  24.7 7.8 9.4 8.6 4.7 9.4 5.5 6.7 9.4 4.7 9.0 0.0 4.06±3.47 

% missing data and mean ±SD (Standard Deviation) reported for each item. Bold = exceeding criteria (ratings of either 0 points or 10 point being observed in <15% 

of respondents). 
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Table 4.16. Descriptive statistics for TFI global scores classified into global rating of changes categories for 3, 6 and 9 months.  

TFI  3 months    6 months   9 months   

 Perception of change n Mean (SD) Range Diff n Mean (SD) Range Diff n Mean (SD) Range Diff 

C
o
m

p
ar

ed
 t

o
 b

as
el

in
e 

Much to moderately improved 30 -22.1 (20.3) -63.6  8.40 -18 34 -26.0  (17.2) -56.8 - 4.0 -18.9 35 -25.3  (19.1) -61.6 - 16.4 -16.2 

Slightly improved 39 -12.8 (10.2) -40.8 - 6.40 -8.7 33 -12.7 (11.8) -36.0 - 15.2 -5.6 24 -12.0 (16.7) -52.1 - 11.6 -2.9 

No change 101 -4.1  (12.0) -46.4 - 24.8  67 -7.1 (13.5) -55.2 - 20.4  48 -9.1 (12.7) -34.5 - 18.4  

Slightly worse 23 2.5 (12.1) -18.8 - 22.8 6.6 30 1.4  (14.9) -25.6 - 31.7 8.5 33 -0.7 (16.1) -28.8 - 38.0 8.4 

Moderately to much worse 3 -2.5 (11.4) -13.5 - 9.17 1.6 11 7.2 (14.2) -17.2 - 28.0 14.3 25 7.6 (16.5) -28.4 - 48.5 16.7 

C
o
m

p
ar

ed
 t

o
 3

 m
o
n
th

s 
ag

o
 

Much to moderately improved – – – – 28 -6.1 (11.3) -26.8 - 17.2 -4.3 22 -5.3 (15.2) -23.7 - 51.2 -3.8 

Slightly improved – – – – 28 -4.2 (15.0) -52.8 - 22.0 -2.4 26 2.2 (14.6) -25.2 - 42.4 3.7 

No change – – – – 82 -1.8 (10.7) -49.6 - 35.0  64 -1.5 (9.5) -24.8 - 34.4  

Slightly worse – – – – 28 6.7 (12.1) -14.0 - 32.4 8.5 35 5.5 (12.5) -28.8 - 38.8 7.0 

Moderately to much worse – – – – 9 12.7 (9.9) -2.8 - 26.0 14.5 17 7.5 (12.3) -7.2 - 37.2 9.0 

SD = Standard deviation. Diff = the difference between mean scores in the no change groups and the improved and worsened groups (much-to-moderately 

improved/worse and slightly improved/worse). 
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 In general, the pattern in the mean change scores between the different ratings 

of change groups was as expected across the nine months for both datasets. 

Although, for “3 month comparison” data, there was very little difference in the 

mean scores between the global ratings of change groups. The mean change scores 

decreased with lower self-reported improvements and increased with greater self-

reported deterioration (worsening). For example, the mean change scores for ‘much-

to-moderately improved’ group were lower than that observed in the ‘slightly 

improved’ group, which again were lower than the ‘no change’ and ‘worse’ rating 

groups. There was one exception to this pattern for the “baseline comparison” data, 

mean change scores observed in the ‘moderately-to-much worse’ rating group at 3 

months was lower than expected, but there were insufficient responses within this 

category at 3 months and as a consequence the mean change within this category 

should be ignored. 

 The difference in the change scores were as predicted, with larger differences 

for the ‘much-to-moderately’ improved and ‘worsened’ groups from ‘no change’ 

than the differences for the ‘slightly improved’ and ‘worsened’ comparison to ‘no 

change’. These differences did however slightly vary over time for the “3 month 

comparison” data. For example, the change scores at 9 months were smaller than 

those observed at 3 months for the ‘improved’ groups (Table 4.16).  

In terms of the TFI subscales, mean change scores from the “baseline 

comparison” data showed the expected pattern between the ratings of change groups 

(Table 4.17), with lower mean change scores in the improved group than the no 

change across all time intervals.  
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Table 4.17. Mean (SD) and mean difference for TFI subscale scores in ‘improved’, ‘no 

change’ and ‘worsened’ categories for baseline comparison data at 3, 6 and 9 months. 

  
3 months 6 months 9 months 

  
n Mean (SD) Diff n Mean (SD) Diff n Mean (SD) Diff 

THI Improved 69 -12.3 (15.0) -9.1 67 -15.2 (16.5) -9.5 59 -16.0 (16.8) -6.7 

 No change 101 -3.2 (12.0)  67 -5.7 (13.6)  48 -9.3 (16.2)  

 Worsened 26 -0.5 (12.1) 2.7 41 0.7 (15.3) 6.4 58 1.3 (15.9) 10.6 

TFI Improved 69 -16.8 (15.9) -12.7 67 -19.4 (16.1) -12.3 59 -19.9 (19.2) 
-

10.8 

 
No change 101 -4.1 (12.0) 

 
67 -7.1 (13.5) 

 
48 -9.1 (12.7) 

 

 
Worsened 26 1.9 (11.8) 6 41 2.9 (14.7) 10 58 2.9 (16.7) 12 

INT Improved 69 -20.1 (21.7) -13.1 67 -25.7 (22.4) -13.8 59 -27.9 (20.4) -9.7 

 
No change 101 -7.0 (22.4) 

 
67 -11.9 (18.1) 

 
48 -18.2 (22.6) 

 

 
Worsened 26 -5.0 (22.8) 2.0 41 3.7 (21.3) 15.5 58 -2.5 (23.2) 15.7 

SOC Improved 69 -20.7 (25.1) -16.6 67 -25.9 (22.2) -16.1 59 -23.1 (25.5) 
-

13.0 

 
No change 101 -4.2 (18.3) 

 
67 -9.8 (23.7) 

 
48 -10.1 (20.2) 

 

 
Worsened 26 3.7 (22.8) 7.9 41 0.7 (23.2) 10.5 58 -0.6 (22.0) 9.6 

COG Improved 69 -12.2 (21.8) -7.4 67 -15.5 (20.4) -10.7 59 -19.9 (26.4) 
-

13.2 

 
No change 101 -4.8 (21.6) 

 
67 -4.8 (19.5) 

 
48 -6.7 (15.4) 

 

 
Worsened 26 2.8 (20.2) 7.6 41 2.8 (20.0) 7.7 58 3.6 (24.5) 10.3 

SLP Improved 69 -17.3 (29.3) -12.5 67 -22.3 (30.1) -15.6 59 -24.7 (28.8) 
-

12.4 

 No change 101 -4.8 (22.1)  67 -6.7 (25.7)  48 -12.4 (26.1)  

 Worsened 26 0.1 (18.0) 4.9 41 3.2 (18.7) 9.8 58 2.5 (24.6) 14.9 

AUD Improved 69 -10.1 (21.3) -13.1 67 -8.8 (24.7) -5.4 59 -4.1 (28.5) -1.6 

 No change 101 2.9 (23.7)  67 -3.4 (18.8)  48 -2.5 (17.5)  

 Worsened 26 2.2 (25.4) -0.8 41 12.2 (23.4) 15.6 58 14.1 (26.9) 16.6 

REL Improved 69 -22.8 (25.2) -15.7 67 -24.4 (28.9) -14.5 59 -26.2 (31.0) 
-

13.1 

 No change 101 -7.1 (23.5)  67 -9.9 (21.7)  48 -13.1 (24.8)  

 Worsened 26 2.4 (22.7) 9.5 41 -1.5 (24.2) 8.4 58 -0.2 (24.5) 12.8 

QOL Improved 69 -15.5 (19.3) -12.0 67 -14.3 (21.6) -8.2 59 -16.7 (23.7) 
-

12.3 

 No change 101 -3.5 (19.3)  67 -6.1 (20.6)  48 -4.4 (17.6)  

 Worsened 26 6.0 (21.3) 9.5 41 4.9 (24.0) 11.0 58 6.0 (21.2) 10.4 

EMO Improved 69 -17.1 (22.1) -12.1 67 -22.6 (24.9) -17.3 59 -19.9 (23.9) 
-

10.2 

 No change 101 -5.1 (17.6)  67 -5.3 (18.8)  48 -9.7 (22.5)  

 Worsened 26 1.7 (20.1) 6.7 41 0.1 (24.3) 5.4 58 -1.3 (23.2) 8.4 

SD = Standard deviation. Diff = the difference between mean scores in the ‘no change’ group and 

the improved and worsened groups.  
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The magnitude of change (i.e. the difference) between ‘improved’ and ‘no 

change’ was also reasonably consistent over time for all the subscales, indicating that 

a change in scores from 10 to 15 points indicated improvements. The magnitude of 

change between ‘worse’ and ‘no change’ groups was again reasonably consistent 

over time for most of the subscales, with the possible exception of the Intrusiveness 

and Auditory subscales. Interestingly, in the Auditory subscale, the mean change 

scores for participants reporting that their tinnitus has become worse are larger at 6 

and 9 months than at 3 months (and compared to any other subscale) and the 

magnitude of change reflects this. Therefore, from this low-level analysis, we can 

observe that the changes in the TFI global and subscale scores are reflecting the 

changes in the global rating categories, especially for the baseline comparison. 

Spearman’s correlations coefficients comparing the TFI global and subscales 

mean change scores with the five (and three) anchor ratings of change scores 

(baseline comparison and 3 month comparison) at 3, 6 and 9 months are reported in 

Table 4.18.  

As predicted, for the “baseline comparison” data, the correlations between the 

TFI global scores and the five anchor ratings of change for 3, 6 and 9 month were 

moderate (Spearman’s rho = 0.5). On the other hand, the correlations for the 

subscales ranged from moderate to weak, suggesting that the TFI subscales scores 

may not be reflecting the change ratings as much as previously assumed. 

Unexpectedly, the “3 month comparison” data indicated moderate to weak 

relationships between the TFI global and the five (and three) anchor ratings of 

change scores at 6 and 9 months.  
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Table 4.18. Correlations between the TFI and the global rating of change 

 
 Baseline comparison 3 month comparison 

 
 T0-T1 T0-T2 T0-T3 T1-T2 T2-T3 

N
o
 of global 

change categories 
5 3 5 3 5 3 5 3 5 3 

Total TFI -0.46 -0.45 -0.54 -0.51 -0.52 -0.48 -0.36 -0.34 -0.33 -0.31 

S
u

b
sc

a
le

s 

INT -0.33 -0.33 -0.50 -0.48 -0.54 -0.49 -0.30 -0.32 -0.12 -0.10 

SOC -0.37 -0.36 -0.49 -0.47 -0.43 -0.39 -0.27 -0.26 -0.20 -0.18 

COG -0.24 -0.22 -0.34 -0.32 -0.37 -0.37 -0.26 -0.25 -0.19 -0.17 

SLP -0.31 -0.29 -0.42 -0.39 -0.46 -0.42 -0.28 -0.28 -0.26 -0.23 

AUD -0.22 -0.22 -0.38 -0.33 -0.36 -0.31 -0.28 -0.25 -0.19 -0.17 

REL -0.35 -0.33 -0.36 -0.34 -0.40 -0.38 -0.22 -0.22 -0.18 -0.15 

QOL -0.33 -0.33 -0.33 -0.29 -0.44 -0.40 -0.22 -0.21 -0.34 -0.32 

EMO -0.31 -0.30 -0.39 -0.38 -0.35 -0.31 -0.30 -0.28 -0.22 -0.23 

 

Therefore, this anchor rating of change using the 3 month reference may not 

be reliably categorising the TFI global scores which could adversely affect the 

estimates of change. This was a consideration in the following analysis.   

ROC analysis was initially conducted comparing participants reporting slight 

improvement (n = 39) on the global rating of change with those reporting no change 

at 3 months (n = 101). The ROC curve generated for this comparison is presented in 

Figure 4.10. The AUC exceeded the recommended criteria (AUD = 0.7) with 95% 

CIs (0.68 – 0.82) that indicated a reasonably good level of accuracy at identifying 

improvement based on small changes. However, the sample size for “slight 

improvement” group was small in comparison to the “no change” group, therefore to 

increase the power in the comparison, the global rating categories were reduced to 

‘improved’, ‘no change’ and ‘worsened’ (see Tables 4.17). 
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Figure 4.10. Receiver operating characteristic (ROC) curve for identifying changes on 

the TFI global that signify slight improvements based on the responses to the global 

rating change question at 3 months.  
Green line indicates 50% probability of correctly classifying improvement.  

 

The AUC for the comparison between the ‘improved’ and ‘no change’ group 

at 3 months was slightly higher at 0.75 (95% CIs = 0.68 – 0.82) indicating that the 

TFI global scores have reasonably good level of accuracy when identifying changes 

in scores (Figure 4.11). For the “baseline comparison” data, the AUC for the global 

TFI at 6 months indicated the same, whilst at 9 months the accuracy had fallen below 

the recommended criteria (AUC = 0.67) with 95% CIs (0.57 – 0.77) (Figure 4.11). 

This indicates that in a random sample there is potentially a 43% probability that the 

TFI will be unable to identify and discriminate people who have improved from 

those who did not.  

For the “3 month comparison” data, the AUC for the global TFI at 6 months 

is alarmingly lower than that observed above and the recommended criteria (0.58), 

indicating poor accuracy in detecting improvement (Figure 4.12). It is important to 

remember, this does not necessarily mean that the global TFI score is unable to 

identify improvement at 3 months. It simply indicates that the global rating of change 

becomes susceptible to recall bias.   
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Figure 4.11. Receiver operating characteristic (ROC) curve for identifying changes on 

the TFI global that signify improvements based on the responses to the global rating 

change question at 3, 6 and 9 months compared to baseline. 
Green line indicates 50% probability of correctly classifying improvement.  
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Figure 4.12. Receiver operating characteristic (ROC) curve for identifying changes on 

the TFI global that signify improvements based on the responses to the global rating 

change question at 3, 6 and 9 months compared to 3 months ago. 
Green line indicates 50% probability of correctly classifying improvement.  

 

In fact, given that the most likely clinical practice is that baseline data will be used 

for comparisons with data measured at any other time; 3 month data were not used in 

any other analyses. 

The AUC values at 3 months for the Intrusiveness, Sense of Control, 

Relaxation and QoL subscales were just below the 0.7 criteria, although the 95% CIs 

suggest a 40% chance that the subscale would be unable to identify improvement. 

The Cognition, Sleep, Auditory and Emotional subscales were all below the 

recommended criteria indicating reasonably poor accuracy in detecting 

improvements (Table 4.19). The AUC values continue to fall over 6 and 9 months, 

suggesting that the subscales are not as reliable over time as the global score, which 

is consistent with the findings observed for agreement (section 4.4.6.3). 

To identify whether the global TFI is able to detect changes in scores that are 

associated with self-reported worsening of tinnitus, ROC analysis was conducted 

comparing participants reporting worsening of their tinnitus on the global rating of 

change with those reporting no change.  
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Table 4.19. Characteristics of the Receiver Operating Characteristic analysis and the optimum cut-off point for TFI subscales  

 T0 – T1 (3 months) T0 – T2 (6 months) T0 – T3 (9 months) 

 Improved (69) vs Unchanged (101) Improved (67) vs Unchanged (67) Improved (59) vs Unchanged (48) 

Scale AUC (95%CI) 
Optimal 

value 
Sens Spec AUC (95%CI) 

Optimal 

value 
Sens Spec AUC (95%CI) 

Optimal 

value 
Sens Spec 

Intrusiveness 
0.69 

(0.60 – 0.77) 
-11.66 63% 69% 

0.68 

(0.59 – 0.77) 
-13.34 60% 58% 

0.63 

(0.52 – 0.74) 
-18.34 59% 56% 

Sense of Control 
0.69 

(0.61 – 0.77) 
-8.34 66% 63% 

0.73 

(0.64 – 0.82) 
-13.34 67% 66% 

0.64 

(0.54 – 0.75) 
-13.34 63% 63% 

Cognitive 
0.61 

(0.52 – 0.69) 
-6.66 57% 56% 

0.66 

(0.56 – 0.75) 
-8.34 60% 61% 

0.65 

(0.55 – 0.75) 
-8.34 62% 60% 

Sleep 
0.64 

(0.56 – 0.73) 
-8.34 57% 57% 

0.67 

(0.57 – 0.76) 
-11.66 64% 67% 

0.63 

(0.53 – 0.74) 
-16.65 64% 65% 

Auditory 
0.64 

(0.56 – 0.73) 
-1.66 53% 59% 

0.56 

(0.46 – 066) 
-1.66 54% 54% 

0.54 

(0.43 – 0.65) 
-1.66 54% 56% 

Relaxation 
0.69 

(0.60 – 0.77) 
-13.33 61% 69% 

0.64 

(0.55 – 0.74) 
-16.67 61% 61% 

0.64 

(0.54 – 0.75) 
-15 61% 60% 

Quality of life 
0.69 

(0.61 – 0.77) 
-6.25 65% 65% 

0.62 

(0.53 – 0.72) 
-6.25 60% 58% 

0.66 

(0.56 – 0.77) 
-6.25 61% 63% 

Emotional 
0.66 

(0.57-  0.74) 
-8.34 62% 68% 

0.73 

(0.64 – 0.82) 
-8.34 65% 70% 

0.63 

(0.52 – 0.73) 
-11.67 55% 65% 

AUC = Area Under the Curve. CI = Confidence Interval. Sens = Sensitivity. Spec = Specificity.   
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However, despite collapsing the ratings of change categories, very few 

patients reported a worsening of their tinnitus at 3 months, therefore ROC analysis 

was not conducted on this data. ROC analysis conducted on the 6 months global TFI 

change scores indicated an AUC value of 0.66, with the 95% CIs once again (0.56 – 

0.77) indicating that the possibility of poor discrimination between ‘no change’ and 

‘worsening; (Figure 4.13). However, the AUC value (0.70) at 9 months indicates 

good accuracy of the global TFI to discriminate participants whose tinnitus has 

become worse from those did not change (Figure 4.13).The difference between the 

different AUC estimates could be attributed to the increased number of participants 

reporting their tinnitus had worsened at 9 months compared to 6 and 3 months, 

adding more stability to the comparisons. Therefore, the global TFI potentially has 

the ability to detect worsening in scores, but because of the small sample size we 

cannot confidently conclude the accuracy of this ability. 

4.4.7.3 Estimating effect size for improved, no change and worse responses  

The ES were calculated for the global TFI and subscales within the three perceived 

rating of change categories for 3, 6 and 9 months (Figure 4.14). For the improved 

groups, ES were as predicted (medium to large positive ES) across the TFI global 

and the majority of subscales scores for all time intervals. Large ES were observed 

for the TFI global scores in the ‘improved’ group, ranging from 1.1 to 1.2, whilst ES 

for THI were somewhat smaller, ranging from 0.9 to 1. This finding confirms that the 

TFI is slightly more responsive to changes in scores than the THI (see Meikle et al, 

2012). The only subscale with a small ES for the ‘improved’ group was the Auditory 

subscale scores, and the ES notably decreased by 9 months.  
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Figure 4.13. Receiver operating characteristic (ROC) curve for identifying changes on 

the TFI global that signify worsening based on the responses to the global rating 

change question at 6 and 9 months compared to baseline. 
Green line indicates 50% probability of correctly classifying improvement.  

 

The ES for the ‘worsened’ groups were somewhat smaller than predicted but 

were in general in the right direction (negative), and in this case the largest effect 

was observed for the Auditory subscale. The ES for the ‘no change’ groups were 

considerably larger than expected. In some cases, they were considerably larger than 

zero indicating that for participants that report stable tinnitus there is still reasonably 

large variability in TFI and THI scores, which should be considered when conducting 

clinical trials with control groups that do not receive the treatment. 
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Figure 4.14. Effect sizes for TFI global and subscales and the THI corresponding to improved, no change and worsened groups at 3, 6 and 9 months.  
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4.4.8. Interpretability of the TFI scores 

4.4.8.1 Grading system  

The distribution and descriptive statistics for the TFI global baseline scores (n= 255) 

corresponding to the quartile analysis, the THI grading system and the ratings of 

perceived problem are presented in Figures 4.15 – 4.18.  

Quartile analysis divided the data into four categories ranging from 0 – 36 

(mean: 25.6), 37 – 52 (mean: 44.5), 53 – 67 (mean: 60.8), 68 – 100 (mean: 81.5) 

(Figure 4.15). A one-way ANOVA indicated that these categories were significantly 

different from each other (F (3, 251) = 783.10, p >0.001). The distribution of scores 

based on the THI grading system were significantly different between categories (F 

(3, 251) = 138.83, p >0.001) as were the perceived problem ratings (F (3, 249) = 

89.34, p >0.001). Although, both indicate broader ranges within each category 

(Figures 4.16 – 4.17), the mean scores within each category were similar across the 

different approaches. The highest percentage of responses in each of the categories 

indicates similar ranges to that identified in the quartile analysis.  

For the ROC analysis, the ranges in scores within the perceived problem 

categories were used, although some adjustments were made to clearly define the 

categories. In particular, if there were any large conflicts in classification of the score 

between their perceived problem rating (i.e. identifying a very big problem) and THI 

grading (mild problem) then the score classification was adjusted based on the TFI 

score (Figure 4.18).  
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Figure 4.15. Distribution of the TFI global scores separated into quartiles 

 

 
Figure 4.16. Distribution of the TFI global scores corresponding to the THI grades of 

tinnitus severity 
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Figure 4.17. Distribution of the TFI global scores corresponding to the problem rating 

categories 

 

 
Figure 4.18. Distribution of the TFI global scores in the final categories for ROC 

analysis  
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ROC analysis was conducted comparing each problem category with the 

adjoining lower problem category, for example comparing participants reporting 

moderate problems (n = 107) with those reporting small problems (n = 42) (see 

Figure 4.19). The AUC in all three comparisons (AUC ≤0.85) exceeded the 

recommended criteria (AUC<0.7) indicating excellent ability to discriminate 

participants reporting different levels of perceived problems. The sensitivity and 

specificity rates were plotted for multiple possible cut-off points for each analysis. 

As a diagnostic tool, priority was place on identifying participants with the higher 

level of problem with their tinnitus.  

Examination of the ROC curve and the estimate cut-off values for detecting 

participants with moderate problems from those with small problems (Table 4.20), 

indicated that a cut-off value of 28 approximates the optimal cut-off value that was 

sensitive to identifying moderate problems (94%) from small problems (60%). 

Therefore, global TFI scores below 28 indicate small problems with tinnitus. The 

estimate cut-off values for detecting big problems from moderate problems (Table 

4.21) and the corresponding ROC curve indicate that a cut-off value of 47 points is 

optimal for discriminating participants who have big problems from those with 

moderate (Figure 4.19). Moderate problems with tinnitus are therefore identified by 

global TFI scores in the range of 28 and 46. To identifying participants reporting 

very big problems from those reporting big problems an optimal cut-off value of 65 

points was identified as correctly classifying 93% of participants as having very big 

problems and 60% as having big problems (Table 4.22; Figure 4.19). The interpreted 

grading system is given in Table 4.23. 
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Figure 4.19. Receiver operating characteristic (ROC) curves for identifying optimal 

cut-off values for different levels in tinnitus severity using the global TFI. 
(a) Moderate problem vs Small problems. (b) Big problem vs Moderate problem. (c) Very big 

problem vs Big problem Green line indicates 50% probability of correctly classifying 

improvement.  
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Table 4.20. Optimal grading, cut-off score, sensitivity and specificity rates for 

identifying small problems with tinnitus using the global TFI.  
  Small Problem   

Optimal grading Cut off score Sensitivity Specificity 1-Specificity 

 7 1.00 0.00 1 

 10 1.00 0.05 0.95 

 12 1.00 0.07 0.93 

 13 1.00 0.12 0.88 

 14 1.00 0.17 0.83 

 15 1.00 0.21 0.79 

 16 1.00 0.24 0.76 

 17 0.99 0.24 0.76 

 18 0.98 0.26 0.74 

 19 0.98 0.33 0.67 

 20 0.98 0.38 0.62 

 21 0.97 0.38 0.62 

 22 0.97 0.43 0.57 

 23 0.95 0.43 0.57 

 24 0.95 0.45 0.55 

 25 0.95 0.48 0.52 

 26 0.95 0.52 0.48 

 27 0.94 0.55 0.45 

 28 0.94 0.60 0.41 

 29 0.90 0.64 0.36 

 30 0.89 0.69 0.31 

 31 0.85 0.71 0.29 

 32 0.84 0.74 0.26 

 33 0.82 0.74 0.26 

 34 0.78 0.76 0.24 

 35 0.77 0.76 0.24 

 36 0.74 0.81 0.19 

 37 0.73 0.81 0.19 

 38 0.72 0.81 0.19 

 39 0.66 0.81 0.19 

 40 0.57 0.86 0.14 

 41 0.56 0.88 0.12 

 43 0.53 0.88 0.12 

 45 0.44 0.88 0.12 

 46 0.44 0.88 0.12 

 47 0.41 0.91 0.12 

 48 0.37 0.91 0.10 

 49 0.35 0.91 0.10 

 50 0.32 0.93 0.10 

 51 0.30 0.95 0.07 

 52 0.28 0.98 0.05 

 53 0.26 0.98 0.02 

 55 0.20 0.98 0.02 

 56 0.19 1.00 0.02 

 57 0.19 1.00 0.02 

 58 0.17 1.00 0.00 

 60 0.16 1.00 0.00 

 61 0.15 1.00 0.00 

 62 0.13 1.00 0.00 

 64 0.10 1.00 0.00 

 65 0.08 1.00 0.00 

 67 0.06 1.00 0.00 

 68 0.05 1.00 0.00 

 70 0.04 1.00 0.00 

 72 0.03 1.00 0.00 
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Table 4.21. Optimal grading, cut-off score, sensitivity and specificity rates for 

identifying moderate problems with tinnitus using the global TFI. 

Moderate problem 

Optimal grading Cut off score Sensitivity Specificity 1-Specificity 

 29 1.00 0.00 0.90 

 30 1.00 0.11 0.89 

 31 1.00 0.15 0.85 

 32 1.00 0.16 0.84 

 33 1.00 0.19 0.81 

 34 1.00 0.22 0.78 

 35 1.00 0.24 0.76 

 36 1.00 0.26 0.74 

 37 1.00 0.27 0.73 

 38 1.00 0.32 0.68 

 39 1.00 0.35 0.65 

 40 1.00 0.43 0.57 

 41 1.00 0.45 0.55 

 42 0.96 0.46 0.54 

 43 0.96 0.51 0.49 

 44 0.94 0.53 0.47 

 45 0.92 0.55 0.45 

 46 0.92 0.60 0.40 

 47 0.90 0.62 0.38 

 48 0.88 0.65 0.36 

 49 0.88 0.66 0.34 

 50 0.88 0.70 0.30 

 51 0.88 0.71 0.29 

 52 0.83 0.74 0.26 

 53 0.77 0.75 0.25 

 54 0.77 0.79 0.22 

 55 0.77 0.80 0.20 

 56 0.77 0.81 0.19 

 57 0.73 0.83 0.17 

 58 0.71 0.84 0.16 

 59 0.67 0.84 0.16 

 60 0.63 0.85 0.15 

 61 0.56 0.86 0.14 

 62 0.50 0.88 0.12 

 63 0.48 0.89 0.11 

 64 0.44 0.91 0.09 

 65 0.33 0.94 0.07 

 66 0.33 0.94 0.06 

 67 0.27 0.94 0.06 

 68 0.21 0.96 0.04 

 70 0.15 0.96 0.04 

 71 0.15 0.97 0.03 

 73 0.13 0.97 0.03 

 74 0.13 0.98 0.02 

 76 0.13 0.99 0.01 

 77 0.10 0.99 0.01 

 78 0.08 0.99 0.01 

 80 0.06 0.99 0.01 

 81 0.06 1.00 0.00 

 83 0.04 1.00 0.00 

 88 0.02 1.00 0.00 
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Table 4.22. Optimal grading, cut-off score, sensitivity and specificity rates for 

identifying big problems with tinnitus using the global TFI. 

Big problem 

Optimal grading Cut off score Sensitivity Specificity 1-Specificity 

 48 1.00 0.00 0.90 

 49 1.00 0.13 0.88 

 51 0.98 0.13 0.88 

 52 0.98 0.17 0.83 

 53 0.98 0.21 0.79 

 54 0.98 0.23 0.77 

 57 0.98 0.25 0.75 

 58 0.96 0.29 0.71 

 59 0.93 0.35 0.65 

 60 0.93 0.42 0.58 

 61 0.93 0.48 0.52 

 62 0.93 0.50 0.50 

 63 0.93 0.54 0.46 

 64 0.93 0.56 0.44 

 65 0.93 0.60 0.40 

 66 0.86 0.71 0.29 

 67 0.84 0.73 0.27 

 68 0.84 0.79 0.21 

 69 0.82 0.85 0.15 

 70 0.80 0.85 0.15 

 71 0.77 0.85 0.15 

 73 0.73 0.88 0.13 

 74 0.71 0.88 0.13 

 75 0.68 0.88 0.13 

 76 0.66 0.88 0.13 

 77 0.59 0.92 0.08 

 78 0.55 0.92 0.08 

 79 0.54 0.92 0.08 

 80 0.50 0.94 0.06 

 81 0.48 0.96 0.04 

 82 0.43 0.96 0.04 

 83 0.41 0.96 0.04 

 84 0.38 0.96 0.04 

 85 0.36 0.96 0.04 

 86 0.36 0.98 0.02 

 87 0.34 0.98 0.02 

 88 0.32 0.98 0.02 

 89 0.25 0.98 0.02 

 90 0.21 0.98 0.02 

 91 0.21 1.00 0.00 

 92 0.18 1.00 0.00 

 94 0.13 1.00 0.00 

 95 0.11 1.00 0.00 

 99 0.02 1.00 0.00 

 100 0.00 1.00 0.00 
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Table 4.23. Grading system for the TFI global  

Grades Range 
N

o
 of participants 

(%) in each category 
Mean (±SD) 

Small problem 7 - 28 39 (15) 20.9 (±6.3) 

Moderate problem 29 - 53 73 (29) 38.9 (±5.2) 

Big problem 54 - 65 71 (28) 57.1 (±5.6) 

Very big problem 66 - 100 72 (28) 79.6 (±9.8) 

 

4.4.8.2 Interpreting changes in scores 

A minimal important change score was identified using the mean change scores for 

the different levels of perceived change (ratings of change) reported in Table 4.16. 

Figure 4.20 displays the changes in scores for global TFI across the five self-

perceived levels of change. There is a distinct pattern with a gradual increase in 

scores from ‘much-to-moderately improved’ to ‘moderately-to-much worse’ for all 

the time intervals, although the magnitude of change differs slightly across the times 

intervals. At 3 months, the magnitude of change between the ‘no change’ and 

‘slightly improved’ groups indicated that the minimum change in scores that should 

be meaningful for patients was -8.7, which was comparable to the change observed 

by Meikle et al. (2012) for these same groups (-9.1). This magnitude of change for 

these groups did slowly decreases over time. For example, at 9 months the minimal 

important change was only -2.9, suggesting that perhaps smaller changes become 

more important at later time points. To take a conservative approach the minimum 

change identified at 3 months is considered the minimal important change (MIC) for 

slight improvements. Interestingly, the degree of change between ‘much-to-

moderately improved’ and ‘no change’ was reasonably consistent over time, 

suggesting that a change in scores of -18 would definitely indicate meaningful 

change for improvements.  
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Figure 4.20. TFI global scores at 3, 6 and 9 months corresponding to Global rating of perceived change groups. 
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Therefore, even though this value is considerably higher than the MIC 

identified at 3 month for detecting slight improvements (-8.7), for comparative 

purposes, it was also considered when integrating the anchor and distributed based 

methods.  

To assess whether the MIC estimates were dependent on the magnitude of the 

baseline values, the distribution of the TFI global scores were examined again within 

the three ratings of perceived change but stratified by baseline grading group (Figure 

4.21). The degree of change between the ‘improved’ and ‘no change’ categories did 

differ depending on the baseline value across all three time intervals. Participants 

with higher baseline scores are more likely to report larger changes in scores to 

register an improvement than those with smaller problems at baseline. The difference 

in scores between improved and no change reflects this pattern, with MIC estimates 

ranging from -5.5 (small problem) to -13.9 (big problem) at 3 months (Table 4.24). 

The MIC estimates for the ‘big’ to ‘very big problem’ baseline scores were slightly 

larger than the MIC identified for slight improvement. Unfortunately, due to sample 

size restrictions within each baseline grading and corresponding perceived change 

group, no further assessments could be conducted.  

Examination of the ROC curve analysis for detecting improvement (presented 

in section 4.4.7.2), indicated that for slight improvement at 3 months the optimal cut-

off value was -7.0 points on the global TFI, correctly classifying 65% of participants 

as improved and 67% as unchanged (Figure 4.10). This optimal score was reasonable 

consistent when the ratings of perceived change categories were collapsed to just 

identify improvement (-7.6) and was the same at 6 months, indicating that a decrease 

in scores of -8 would indicate improvements (Figure 4.11). 
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Figure 4.21. TFI global scores at 3, 6 and 9 according to global rating of perceived change groups classified by baseline grading system.. 
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Table 4.24. Mean change scores (SD) and mean difference for TFI global scores classified by baseline grading system and global rating of perceived 

change. 

 Tinnitus Functional Index T0 – T1 (3 months) T0 – T2 (6 months) T0 – T3 (9 months) 

Grade Perception of change n Mean (SD) Diff imp n Mean (SD) Diff imp n Mean (SD) Diff imp 

S
m

al
l 

p
ro

b
le

m
 Improved 8 -5.3 (9.6)  11 -5.7 (9.6)  11 -3.3 (8.1)  

No change 22 0.2 (9.1) -5.5 13 -1.7 (7.1) -4.0 10 -5.2 (8.9) 1.8 

worse 3 9.2 (14.3)  5 5.4 (18.9)  8 12.7 (21.9)  

M
o
d
er

at
e 

p
ro

b
le

m
 Improved 20 -14.3 (10.3)  18 -17.3 (12.8) 

 
15 -21.9 (12.0) 

 

No change 30 -2.3 (10.2) -12.0 20 -1.5 (7.9) -15.7 15 -5.4 (12.0) -16.5 

worse 4 8.9 (14.1)  11 9.3 (12.5)  16 7.3 (17.0)  

B
ig

 

p
ro

b
le

m
 Improved 21 -16.7 (15.9)  23 -23.1 (16.1)  22 -20.4 (20.2)  

No change 22 -2.8 (11.8) -13.9 13 -8.9 (10.2) -14.2 9 -8.2 (15.0) -12.1 

worse 10 -1.8 (9.8)  11 2.8 (14.6)  14 -1.0 (16.1)  

V
er

y
 b

ig
 

p
ro

b
le

m
 Improved 20 -24.1 (19.6)  15 -26.6 (18.9)  11 -32.8 (22.8)  

No change 27 -10.5 (13.8) -13.6 21 -14.7 (18.4) -11.9 14 -16.4 (12.1) -16.4 

worse 9 0.5 (11.9)  14 -2.9 (14.2)  20 -1.8 (12.7)  

SD = Standard deviation. Diff imp = the difference between mean change scores in the no change and improved groups.  
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In contrast to the MIC decrease observed above, the optimal cut-off value for 

improvement at 9 months was -10.7, suggesting that a larger value is required to 

identify improvements at 9 months than previously indicated (Figure 4.11). 

However, the ROC curve (AUC) for 9 months was slightly below the recommended 

criteria suggesting that the global TFI may possibly be unable to detect the 

improvements as accurately at this time. Therefore the optimal value (-7.6) from 3 

months (and 6 months) is provided as the evidence of detecting improvement using 

ROC analysis.  

Finally, the distribution of the global TFI scores for the improved and no 

change participants at 3 months were plotted in the visual anchor-based MIC 

distribution plots (Figures 4.22 and 4.23). Plotted with the distributions in Figure 

4.22 are the MIC estimate for slightly improvement and the larger estimate for much-

to moderately improvement, the ROC optimal value, the SEM estimates and the 

SDC/LoA estimate (section 4.4.6.3).  

It is clearly apparent that for the SEM estimates and the ROC optimal value 

are largely comparable, and therefore the ROC optimal value cannot be untangled 

from the measurement error. The MIC estimate (-8.7) on the other hand is slightly 

above these estimates and therefore can be considered representing change above 

measurement error. However, inspection of the two distributions suggests that the 

proportion of participants in the ‘no change’ group would still be identified after this 

point; there is still reasonably high variability in the data beyond the MIC which may 

inflate the possible change scores. The larger MIC estimate for ‘much-to-moderately 

improved’ group (-18) is clearly associated with smaller variability and a large peak 

in participants identifying improvement.  
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Figure 4.22. Distributions (expressed in percents) of the changes in scores on the global TFI 

for tinnitus patients who reported improvements in tinnitus and those who reported no 

change in tinnitus at 3 months.  

Horizontal lines indicate Standard Error of Measurement estimates for agreement (SEMagr) and 

consistency (SEMcon) (dotted orange), optimal value from Receiver Operating Characteristic 

(ROC) analysis (dashed black) and Smallest Detectable Change estimates for groups (SDCgp) and 

individual (SDCind) assessment (dotted grey). The MIC = -8.7 ( ) is above measurement error 

but there is too much variability in the data to be confident that it is a reliable change. If MIC = -

18 ( ) then there are much fewer ‘no change’ responses so the change is more reliable.  

 

 



Chapter 4  Kathryn Louise Fackrell 

164 

 

 
Figure 4.23. Distributions (expressed in percents) of the changes in scores on the global TFI 

for tinnitus patients who reported improvements in tinnitus and those who reported no 

change in tinnitus at 3 months with baseline minimal important change (MIC) estimates.  

The MIC (-18) is the most reliable change score as it is associated with the fewest responses in 

‘no change’ relative to improved and it is higher than any other MIC estimates associated with 

baseline problem TFI scores. MIC = Minimal Important Change. SEMcon = Standard Error of 

Measurement for consistency. SEMagr = Standard Error of Measurement for agreement. SDCind = 

Smallest Detectable Change for individual assessment. SDCgp= Smallest Detectable Change for 

group assessment.  

 

Therefore, from this it could be assumed that an MIC of -18 would more 

clearly identify the true improvement above variability and error. However, although 

the SDC for group assessment is below the SEM, the SDC for individual assessment 
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would suggest that an estimate of more than 23 points is required to be above the 

variability. Examination of the plot showed that at this point, the proportion of 

participants identified as having improved has considerably reduced whilst the 

variability is only marginally reduced, the proportion of participants identifying no 

change is now less than 2% rather than 5%. Therefore, a change score of -23 would 

be desirable, but given that SDC is not reflecting patients’ perceived improvement, 

the change score of -18 is chosen to represent the minimal important change as it 

overcomes the majority of the variability, and exceeds the measurement error. This 

MIC score would also account for the effects of high baseline values such as those in 

the big (46 – 65) to very big problem categories (65 – 100) (Figure 4.23). 

4.5. SUMMARY  

The psychometric evaluation performed here provides the first independent evidence, 

in a UK clinical population, of how reliably the TFI measures different aspects of 

tinnitus impact, and how well it distinguishes between individuals and detects 

changes in scores. 

 Validity 

The TFI has good convergent validity being comparable to the construct of tinnitus 

severity measured by the THI. Classical testing using CFA did not confirm the eight 

factor structure proposed by Meikle et al. (2012). The Auditory factor was the source 

of the poor fit as it was consistently unrelated to the other factors and the model 

dramatically improved when a seven-factor model was re-specified without the 

Auditory factor. From Chapter 4, my recommendation for a UK clinical population 

would be for an alternative TFI structure with only seven factors. The Auditory 

subscale should be thought of and used as a stand-alone subscale, if at all.  
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Reliability  

The global TFI and subscale scores all had reasonably high test-retest reliability, but 

there was poor agreement between the TFI subscales scores for a “stable” population 

over the three time intervals (T0, T1 (3 mths) and T2 (6 mths). My recommendation 

would be for clinicians and researchers to remain mindful of that there is not absolute 

agreement and so natural variability within and between patients should be expected.  

Responsiveness  

Substantial floor effects on items were noted. At 3 and 6 months follow-up, the size 

of the change in global TFI score corresponded well to individual patients’ perceived 

global improvement. But at 9 months, participants experiencing improvements were 

harder to discriminate from those who remained unchanged. My conclusion is that 

the TFI is somewhat limited in its responsiveness to detecting improvements beyond 

6 months. My recommendation would be that the subscales should be used with 

caution to identify treatment-related change.  

Interpretability  

This is the first report to integrate approach using both anchor-based and 

distribution-based methods and thereby identify a minimal important change score 

that accounts for both patient perceived benefit and measurement error. My findings 

indicate a minimal important change score of -18 points. My recommendation would 

be not to use the 13-point difference proposed by Meikle et al. (2012) as a minimal 

important score for a UK clinical population. 
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 UK VALIDATION OF THE TFI IN A LARGE CHAPTER 5.

RESEARCH POPULATION 

5.1. INTRODUCTION  

International standards proposed by Landgrebe et al. (2012) state that for tinnitus 

trials at least one validated questionnaire should be clearly defined as a primary 

outcome measure. For tinnitus research, participants represent a mixed 

general/experimental population including those who had previously attended 

clinical appointments for their tinnitus, and those who had never sought medical help 

for tinnitus. Therefore, the questionnaire needs to be appropriate for this population. 

What was clearly apparent from the critical evaluation of the current tinnitus 

questionnaires (Chapter 3) is that, although the majority are used in research, only 

the TRQ was developed and validated with this population in mind. The reliability 

and validity of the TFI (25-item prototype 2) is therefore only understood relative to 

the USA clinical population in which the properties were identified in. It cannot be 

assumed that the questionnaire will show the same properties when administered to a 

research volunteer population in the UK.  

5.2. AIM AND HYPOTHESIS 

The aim of this study was to assess (a) the reliability of the proposed eight-factor TFI 

structure, verifying item identification with each factor and the underlying construct 

using CFA, and (b) the ability of the TFI to reliably measure tinnitus severity, 

distinguishing between individual differences in tinnitus-related symptoms, and 

responsively measure treatment-related changes in tinnitus. 
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5.3. METHODS 

This was a retrospective analysis of data collected during a two-centre clinical trial 

(RESET2, clinicaltrials.gov ID:NCT01541969) conducted at the NIHR Nottingham 

Hearing BRU and the University College London Ear Institute (Hoare et al., 2013). 

5.3.1. Approvals  

Data were collected in accordance with the permissions granted by the Nottingham 1 

NHS Research Ethics Committee and the Sponsor (Nottingham University Hospitals 

NHS Trust) as part of the protocol described in Hoare et al. (2013). 

5.3.2. Participants and Procedure  

The eligibility assessment for the trial provided data for the psychometric validation 

analysis. Assessment included a percentage rating of tinnitus annoyance (PR-A), a 

Visual Analogue Scale of tinnitus loudness (VAS-L), the TFI, THI, THQ, Beck’s 

Anxiety Inventory (BAI; (Beck & Steer, 1990)) and Beck’s Depression Inventory 

(BDI-II; (Beck et al., 1996)), and the World Health Organisation Quality of Life Bref 

(WHOQOL-BREF; (The WHOQOL group, 1998)). In total, 294 people with tinnitus 

(212 male, 82 female) completed most or all of the eligibility assessments. The 

average age of the participants was 52.8 years (range: 18 to 82). The average 

duration of tinnitus was 9.0 years (range: 4 months to 50 years). None of the 

participants were receiving any clinical interventions for their tinnitus at the time of 

assessment. However, participants were motivated to seek a specific treatment by 

volunteering for this clinical trial.  

Ninety-five eligible participants completed the TFI a second time before 

beginning the trial, providing data for reliability assessments. The mean time interval 

between the test and retest was 41 days. Only 44 participants completed the TFI 
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within the recommended time interval (7-21 days) and so analysis was conducted on 

this subset only (mean interval: 15 days, SD = 7).  

5.3.3. Missing data  

Due to some participants not fulfilling the eligibility assessment criteria (visit 1) or 

being withdrawn at certain points of the eligibility assessment, not all 294 people 

complete all assessments. Complete case analyse were conducted in which only 

complete questionnaire datasets were analysed after listwise deletion.  

For analysis of the factor structure, internal consistency and item response 

distributions (floor and ceiling effects) only complete TFI item data was used (i.e. 

completed all 25 items). The effective sample was 283 participants after list-wise 

deletion. In 9 of the 11 removed cases, the TFI was not completed at all, whilst in 2 

cases only one item was missing (defined as MCAR). For the remaining analysis of 

construct validity, overall scores were calculated for all of the assessments listed 

below. Forty-seven participants did not complete all assessments and therefore after 

listwise deletion the effective sample was 247 participants. 

5.3.4. Measures  

Descriptions of TFI and THI administrations of procedures were provided in 4.3.4.  

5.3.4.1 Percentage Rating Annoyance (PR-A) 

As part of the Tinnitus Case History Questionnaire, participants were asked to rate 

the percentage of time awake they were annoyed by their tinnitus (0-100%). 

5.3.4.2 Visual Analogue Scale of loudness (VAS-L) 

As part of the ‘Tinnitus Tester’ computerised test (Roberts et al., 2006, 2008), 

participants rated the loudness of their tinnitus on a Borg CR100 scale (Borg & Borg, 
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2001). Participants mark the loudness of their tinnitus at any point along the 

numerical scale, with word descriptors utilised as an anchor points at 0 for 

“extremely weak,” 30 for “moderate,” 50 for “strong,” 70 for “very strong,” and 100 

for “extremely strong” tinnitus loudness.  

5.3.4.3 Tinnitus Handicap Questionnaire (THQ)  

For each of the 27 items, participants indicate their agreement with each item, by 

assigning a number between zero (strongly disagree) and 100 (strongly agree). The 

mean global score reflects the sum of all responses, averaged to give a global score 

out of 100. Higher scores indicate higher levels of tinnitus handicap. Two of the 

factors identified by Kuk et al. (1990) are considered reliable to be calculated as 

separate independent subscales assessing the physical, emotional and social effects 

and hearing and communication ability. 

5.3.4.4 Beck’s Depression Inventory – II (BDI-II) 

The BDI-II provides a measure of depressive symptomatology, in particular mood 

and physical effects (Beck et al., 1996; Dozois et al., 1998; Segal et al., 2008). 

Participants select statements characterising how they have felt over the previous two 

weeks, and each of the 21 items is rated on a categorical scale (0–3 points). 

Responses are summed to form a global score out of 63, with higher scores 

indicating higher levels of depressive symptomatology.  

5.3.4.5 Beck’s Anxiety Inventory (BAI) 

The BAI is a reliable measure of the clinical anxiety which lists 21 common 

symptoms associated with clinical anxiety (Beck & Steer, 1990; Steer et al., 1993). 

Participants rate how much they were bothered by each symptom over the previous 
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week on a categorical scale (0-3 points). Responses are summed to give a global 

score out of 63 (higher scores indicate greater anxiety). 

5.3.4.6 World Health Organisation Quality of Life-BREF (WHOQOL-BREF) 

The WHOQOL-BREF is a 26-item questionnaire which provides a broad reliable 

measurement of perceived quality of life embedded in a cultural, social and 

environmental context (The WHOQOL group, 1998; Skevington et al., 2004). 

Although, the WHOQOL-BREF produces four domain scores (physical health, 

psychological, social relationships and environment), only one of those items 

measures overall quality of life and general health (“How would you rate your 

quality of life?”). Only this item is used in this study. This item has 5 response 

options being (1) “very poor”; (2) “poor”; (3) “neither poor nor good”; (4) “good”; 

and (5) “very good”. The score is transformed onto a 100 point scale, using the 

WHOQOL-BREF conversion method (The WHOQOL Group, 1998). 

5.3.5. Data screening 

TFI data were screened for outliers, linearity and multicollinearity. There was no 

evidence of univariate outliers in the boxplots and histograms, but Mahalanobis 

distance statistic indicated that there were nine multivariate outliers (Mahalanobis d-

squared: 90.72 to 59.15, p ≤0.0001). Although, kurtosis and skewness did not exceed 

the recommended cut-off points (for kurtosis = 2.00; skewness = 7.00; (Curran et al., 

1996)), Mardia’s normalised coefficient estimate was 37, considerably larger that the 

recommended value of < 5 , indicating non-normality in the distribution of the data 

that requires control.  

In terms of the data for all questionnaires (global and subscales scores) being 

used in the analysis for construct validity, none violated the assumptions relating to 
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multicollinearity and linearity; analysis of tolerance indices and Variance Inflation 

Factor (VIF) all met the cut-off points of > 0.10 and <10, respectively (Menard, 

2002; Myers, 2000). 

5.3.6. Analysis plan 

The methods and criteria applied to the questionnaire data were described in detail in 

Chapter 2. Listed below are the specific methods used and specifications that apply 

to this dataset in particular. CFA was performed in Mplus 7 (Muthén & Muthén, 

2012), whilst the reliability, validity and item distributions analyses were performed 

in SPSS (v.21.0) and Microsoft excel. 

5.3.6.1 Confirmation of the eight-factor structure of the TFI 

CFA followed the same analysis plan and fit statistics as those described in Chapter 

4. Since there was non-normality in the data the same adjusted estimations methods 

were applied (maximum likelihood parameter with adjusted Satorra-Bentler scaled 

Chi-square).  

5.3.6.2 Validity of the TFI 

To evaluate convergent validity, the global TFI scores were compared to THQ and 

THI global scores, and VAS-L and PR-A in the same population using Pearson’s 

correlations. The TFI was predicted to have high convergent validity with both 

questionnaires (correlation > 0.60). Based on reports by Adamchic et al. (2012a, 

2012b) and Hiller and Goebel (2006) which compared the TFI with other multi-item 

tinnitus questionnaires and single item scales, loudness and annoyance single 

measures only moderately correlate with multi-item measures of tinnitus distress. 

Therefore the TFI was predicted to show weak convergent validity (correlation < 0.6) 

with VAS-L and PR-A.  
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To evaluate discriminant validity, TFI global scores were compared with 

scores on general health questionnaires (BAI, BDI-II, WHOQOL-BREF) completed 

by the same participants. Since general health and QoL questionnaires measure 

general constructs of health, not the tinnitus-specific construct measured by the TFI, 

it was predicted that acceptable discriminant validity would be indicated by weak to 

moderate correlations (< 0.6). 

 As a secondary analysis, the validity of the individual TFI subscales 

constructs were assessed in relation to the strength of the relationship between them 

and other questionnaires and their subscales. In order to assess the strength of each 

individual subscale without the influence of the other subscales, partial correlations 

and multiple linear regression analyses were performed. It was expected that given 

the constructs measured by the subscales, the emotional subscale of the TFI would 

moderately correlate with the BDI-II and BAI scores, and that the QoL subscale of 

the TFI would moderately correlate with WHOQOL-BREF scores. Based on 

previous evaluations of the THI and THQ, it is expected the global scores for these 

questionnaires would correlate with the emotional subscale of the TFI (Kuk et al., 

1990; Newman et al., 1996; Baguley et al., 2000; Kennedy et al., 2004).  

5.3.6.3 Reliability of the TFI  

Reliability was assessed using three methods; Internal consistency, test-retest 

reliability, and test-retest agreement. Cronbach’s alpha and inter-item correlations 

were calculated for the items in all the questionnaires as per recommendations but 

only the TFI global and subscales are examined closely. ICCagreement, SEMcon (SDdiff), 

limits of agreement and smallest detectable change were calculated for the TFI 

global and subscale scores from two administrations (test-retest).  
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5.3.6.4 Responsiveness  

Response frequency distributions for TFI item data were examined to detect the 

presence of floor and ceiling effects. The SEM and SDC scores were calculated 

using test-retest data (method described in 2.2.2.4).  

Due to the retrospective nature of the study, interpretability using a global rating of 

change was not examined. SDC score provides the initial indication of an important 

change.  

5.4. RESULTS 

5.4.1. Inspection of the distribution of scores  

Descriptive statistics for all questionnaire measures, including the TFI subscales are 

shown in Appendix A Table 2 (Fackrell et al., 2016). Scores on tinnitus severity 

questionnaires were moderate (~ 40/100 in each case). For depression and anxiety, 

mean scores were low, although the range was broad. Cumulative frequency 

distributions for global TFI, THI and THQ are given in Appendix A Figure 2 

(Fackrell et al., 2016). THI global scores were slightly positively skewed towards the 

lower end of the scales, i.e. 70% of participants scored below 50. THQ global scores 

had very few higher value scores with all participants scoring less than 70. Compared 

with these two questionnaires, the TFI global scores appear to be more evenly 

distributed across the scale, and cover a broad range of scores. 

5.4.2. Confirmation of the eight-factor structure of the TFI  

5.4.2.1 First-order model analysis 

To assess the first-order factor correlations and model fit without the second-order 

factor, the initial first-order eight-factor model was subjected to CFA. Correlation 

between the first-order factors ranged from very weak (r = 0.11) to extremely strong 
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(r = 0.85), but most were strong, with 85% having r = 0.60 (Appendix A Table 2; 

(Fackrell et al., 2016)). The Auditory factor showed unacceptably weak correlations 

with all the other factors, from an extremely weak correlation with Sleep (r = 0.11) to 

a moderate correlation with QoL (r = 0.43). In this case, the Auditory factor appears 

to be completely unrelated to the Sense of Control, Sleep, Relaxation, and Emotional 

factors. The Emotional factor showed strong correlations with Sense of Control and 

QoL factors, indicating potential error variance between the items content or the way 

on which the items are worded. This was taken into consideration when examining 

the second-order structure. 

Inspection of the model fit statistics indicated that the model fit for the eight 

first-order factor solution was acceptable (Table 5.1). The S-B χ
2
 was significantly 

large (473.39, p <0.0001), but the S-B χ
2
 relative to the degrees of freedom was 

below the critical ratio cut-off (1.91), the SRMR and the approximation fit indices, 

CFI, TLI and RMSEA, were all within the recommended criterion, indicating 

acceptable model fit (Table 5.1).  

Standardised parameter estimates for the model revealed high factor loading 

estimates (> 0.70) for all the items with their designated factor, over 75% of items 

had loading values above 0.80 (Table 5.2). Item 1 from the Intrusiveness had a factor 

loading estimate only slightly below the optimal value at 0.68. The loading estimate 

for Item 4 (Sense of Control) is somewhat lower, although still above the critical 

criteria (>0.4) indicating that it is potentially contributing less to the designated 

factor than the other items in the factor. Item 11 from the Sleep factor and Item 14 

from the Auditory factor had exceptionally large loading estimates, indicating that 

these items explained the most variance within the designated subscale and therefore 

potentially contribute more to the subscale score.  
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Table 5.1. Summary of the model fit.  

 Models Modified 
S-B χ2 

(df) 
χ2/df p-value TLI CFI SRMR 

RMSEA 

(95% CI) 

 First-order None 
473.39 

(247) 
1.91 <0.001 0.95 0.96 0.04 

0.057  

(0.05 – 0.07) 

S
ec

o
n

d
-o

rd
er

 

Original TFI-

25 
None 

578.95 

(267) 
2.17 <0.001 0.94 0.95 0.06 

0.064  

(0.06 - 0.07) 

Re-specified 

TFI-25 

Item error 

covariance* 

498.48 

(264) 
1.89 <0.001 0.95 0.96 0.05 

0.056  

(0.05 - 0.06) 

Model based on first-order eight-factor structure, proposed second-order eight-factor structure 

and re-specified TFI-25 model for the final factor structure with modifications. S-B χ
2
 =

 
Satorra 

& Bentler adjusted Chi-square; TLI = Tucker-Lewis Index; CFI = Comparative Fit Index; SRMR 

= Standardised Root Mean Square Residual; RMSEA = Root Mean Square Error of 

Approximation.   

 

The squared factor loadings mirrored these findings and highlighted some 

other likely limitations in the model (see R
2
 in Table 5.2). The Sense of Control 

factor accounted for only 33% of the variance in item 4 and 57% in Item 6. Two 

items in the Intrusiveness factor and Item 22 in QoL factor had lower squared factor 

loadings than the estimates for the other items in the TFI. Only 46% and 51% of the 

variance in Item 1 and Item 2 was accounted for by the Intrusiveness factor and only 

59% of the variance in Item 22 was accounted for by the QoL factor. Potentially 

these items might not be as appropriate for the research population, but this would 

need to be further assessed with second-factor model and floor and ceiling effects.  

An examination of the modification indices (MI) and standardised parameter 

change (Stdx EPC) revealed the presence of more than 10 potential sources of misfit 

to the model parameters (MI >10). In particular, error covariance (uniqueness) was 

identified between item 16 “How much has your tinnitus interfered with your quiet 

resting activities?” and item 18 “How much has your tinnitus interfered with your  
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Table 5.2. Parameter estimates, R-squared values and Standard Error for first-order 

model structure. 

  
First-order model  

First-order factors Items  β B SE R
2
 

Intrusiveness 

INTR 1 0.68 1.00  0.45 

INTR 2 0.72 0.77 0.08 0.51 

INTR 3 0.77 1.13 0.11 0.60 

Sense of Control 

SOC 4 0.57 1.00  0.33 

SOC 5 0.88 1.12 0.10 0.77 

SOC 6 0.75 1.10 0.11 0.57 

Cognitive 

COG 7 0.94 1.00  0.88 

COG 8 0.93 0.96 0.03 0.88 

COG 9 0.91 0.90 0.03 0.82 

Sleep 

SLP 10 0.88 1.00  0.78 

SLP 11 0.97 1.12 0.04 0.95 

SLP 12 0.91 1.04 0.04 0.82 

Auditory 

AUD 13 0.92 1.00  0.85 

AUD 14 0.98 1.10 0.03 0.96 

AUD 15 0.89 1.09 0.03 0.79 

Relaxation 

REL 16 0.93 1.00  0.87 

REL 17 0.94 0.98 0.02 0.88 

REL 18 0.82 0.92 0.04 0.67 

QoL 

QOL 19 0.83 1.00  0.69 

QOL 20 0.91 1.14 0.05 0.82 

QOL 21 0.85 0.96 0.06 0.73 

QOL 22 0.76 0.92 0.06 0.59 

Emotional 

EMO 23 0.89 1.00  0.81 

EMO 24 0.90 1.06 0.04 0.81 

EMO 25 0.83 0.86 0.04 0.68 

The values presented in bold have poor associations with their designated factor, all below 

the recommended cut-off < 0.40. β = Standardised parameter estimate; B = Unstandardised 

parameter estimate; SE = Standard Error; R2 = R-squared. 

 

ability to enjoy ‘peace and quiet’?” (MI: 35.62; EPC:  1.45) on the Relaxation 

subscale, and between item 19 “How much has your tinnitus interfered with your 

enjoyment of social activities?” and item 21 “How much has your tinnitus interfered 

with your relationships with family, friends and other people?” (MI: 25.72; EPC: 
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1.05) on the QoL subscale. This might be attributable to the similarity of the question 

wording.  

Although Item 22 strongly loaded onto the QoL, the content of item is also 

related to that measured by the Cognitive factor (MI: 25.93; EPC: 1.22). Item 22 asks 

“How often did your tinnitus cause you to have difficulty performing your work or 

other tasks, such as home maintenance, school work, or caring for children or 

others?”. In this context, the focus is on assessing “difficulties in performing work or 

tasks” which could be attributed to cognitive processes. Therefore there is logic to 

this cross-loading. No adjustments were made at this level, but these potential 

modifications were kept in mind in the following second-order analysis. The first-

order model showed acceptable fit for the data, and even though the weak 

correlations between the Auditory factor and other factors might suggest removing it 

from the second-order, all factors were maintained to evaluate the fit of the data to 

second-order model as it was intended (Figure 2.1). For the same reason, the error 

covariance observed above were not initially estimated in the model. 

5.4.2.2 Second-order eight-factor structure of the original TFI-25 model  

The model fit was borderline, and was only slightly worse than the fit for the first-

order model (Table 5.1). Unsurprisingly, S-B χ
2
 was still significantly large (χ

2
:
 

578.95; p < 0.001) and the S-B χ
2
 relative to the degrees of freedom (df = 267) was 

now marginally higher (2.1) than the critical ratio cut-off (≤ 2.0).  

The SRMR and the approximation fit indices were acceptable albeit less than 

optimal, suggesting fit could improve with modifications (Schreiber et al., 2006). 

Factor loading estimates and modification indices were examined to provide a more 

detailed picture of the model fit and the potential source of the “less than optimal” 
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fit. Identified parameters were only re-specified if they were conceptually justified 

and improved model fit.  

Standardised parameter estimates for the model replicated those reported for 

the first-order factor model. The same two items had the lowest factor loading 

estimates and Items 11 and 14 were again exceptionally large. The factor loading 

estimates for six of the eight factors with the second-order factor were all above the 

optimal criteria (0.7) indicating that they all measure the same underlying construct, 

namely the functional impact on tinnitus. The Auditory and Sleep factors were below 

the criteria. The Sleep factor loading estimate was marginally below, suggesting that 

it contributed slightly less to the second-order construct than the other first-order 

factors. What was most concerning, was that the Auditory factor loading estimate 

was only 0.31 indicating a very weak relationship to the second-order factor. The 

squared factor loadings once again mirrored these findings and both the Sleep and 

Auditory factor estimates were noticeably lower than the others (see R
2
 in Appendix 

A Table 4; (Fackrell et al., 2016)). These estimates indicate that the second-order 

factor only accounted for 9% of the variance in the Auditory factor. The rest of the 

squared factor loadings for the factors and items ranged from 0.33 to 0.95. As in 

Chapter 4, the conclusion is that the Auditory factor is potentially measuring a 

different construct.  

Examination of the modification indices indicated the presence of the same 

error covariance and cross-loading identified above. Although, specifying the cross-

loading of Item 22 might marginally lower the loading estimates for this item, it is of 

interest to examine the strength in both relationships as this might indicate that item 

22 is associated with the wrong subscale or that it is redundant due to poor definition 

of the construct in which it measures. Therefore, the error covariance and cross-
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loading were freely estimated in the re-specified model (Appendix A Table 4; 

(Fackrell et al., 2016)).  

5.4.2.3 Model fit for re-specified TFI-25 model 

The Model fit improved and was similar to the fit of the first-order model. SRMR 

improved and the approximation fit indices were all within desirable limits (Table 

5.1), although S-B χ
2
 remained < 0.001, the χ

2
/df ratio was now 1.89 so within the 

critical cut-off of < 2.0. Re-specification of the parameters identified as error 

covariance marginally reduced the factor loading estimate for those items associated 

with the error, suggesting that the items loading estimates were previously inflated 

with unique variance. Although factor loading estimates were expected to marginally 

fall due to the cross-loading, re-specification of the parameters to adjust for cross-

loading item 22 substantially reduced the loading estimates for this item on both 

factors to 0.4 and 0.43 (Appendix A Table 4; (Fackrell et al., 2016)). This was 

unexpected, but it does suggest that the item is similarly associated with the two 

factors. The standardised parameter estimates and R-square values for the final 

model are given in Appendix A Figure 3 (Fackrell et al., 2016). 

5.4.3. Validity 

Pearson’s correlation coefficients between the global scores on all measures (TFI, 

THI, THQ, VAS-L, PR-A, BDI-II, BAI and global WHOQOL-BREF) are displayed 

in Appendix A Table 6 (Fackrell et al., 2016).  

For convergent validity, results were as predicted. TFI global scores showed 

strong positive correlations with the THI and THQ global scores (r = 0.82 in both 

cases) and moderate positive correlations with the VAS-L (r = 0.46) and PR-A (r = 

0.58). Therefore, the TFI demonstrated acceptable convergent validity indicating that 
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it measures a tinnitus construct that is similar to that measured by other multi-item 

questionnaires.    

For most of the TFI subscales, moderate to strong positive pairwise 

correlations were observed with THI and the THQ global scores (Appendix A Table 

7; (Fackrell et al., 2016)). However, when the influence of the remaining subscales 

were held constant, partial correlations indicated that only the Emotional subscale 

remained meaningful with a moderate to weak correlation with both the THI and 

THQ (THI, pr = 0.31 and THQ, pr = 0.29, respectively), whilst the Auditory 

subscale maintained a moderate correlation with the THQ (THQ pr = 0.41). To 

confirm the strength of these associations, a series of multiple linear regression 

analyses were conducted. These beta values (β) mirrored the same pattern as shown 

by the partial correlations indicating that the TFI is measuring similar properties of 

tinnitus as in the THI and THQ and of auditory difficulties as in the THQ. 

Furthering this, correlations between TFI subscales and the two major 

subscales of the THQ were initially strong to moderate (Appendix A Table 8; 

(Fackrell et al., 2016)). However, partial correlation coefficients demonstrated that 

only the TFI Emotional and Sleep subscales remained meaningfully associated with 

THQ subscale 1, with a moderate correlation (pr = 0.36 and pr = 0.31 respectively) 

and only the TFI Auditory subscale remained strongly associated with THQ subscale 

2 (pr = 0.71). Acceptable convergent validity was therefore only shown by the TFI 

Auditory subscale and the THQ hearing and communication subscale.  

For discriminant validity, results were also as predicted. Moderate 

correlations were observed between the TFI global scores and BDI-II (r = 0.57), BAI 

(r = 0.39), and WHOQOL-BREF global item scores (r = 0.48). Therefore, the TFI 
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measures construct(s) are distinct from those measured by more general health 

domains.  

Partial correlations between individual TFI subscales and general health, with 

the remaining subscales held constant, yielded a distinct pattern of results. As 

predicted, the TFI Emotional subscale meaningfully correlated with all three general 

health questionnaires (Appendix A Table 7; (Fackrell et al., 2016)). Unexpectedly, 

the QoL subscale only weakly correlated with WHOQOL-BREF (r = -0.13). The 

only other notable correlation was the weak correlation between the BDI-II and the 

TFI Cognitive subscale (r = 0.25). β estimates mirrored findings from the partial 

correlation analyses, although they were marginally higher. For example, the 

Cognitive subscale showed a moderate association with the BDI-II. Perhaps the 

Cognitive subscale is somewhat sensitivity to aspects of cognitive difficulty 

associated with generalised depression. Overall, these results suggest an acceptable 

degree of discriminant validity. The BDI-II and BAI are associated with the 

emotional subscale as expected, whilst unexpectedly the WHOQOL-BREF showed 

little association with the QoL subscale. 

5.4.4. Reliability 

5.4.4.1 Internal consistency  

Inter-item correlations ranged 0.06 to 0.90 (Table 5.3). Most notably, the Auditory 

subscale items exhibited the lowest correlations with the other subscales items, in 

particular extremely low correlations (r > 0.15) with the Sense of Control item 4, 

Sleep subscale items 10, 11 and 12, and the Emotional subscale item 23 were 

observed. This potentially indicates that the Auditory and Sleep subscales are 

unrelated in content.  
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Table 5.3. Inter-item correlations between all 25 items within the designated subscales.  

 QP1 Intrusiveness Sense of control Cognition Sleep Auditory Relaxation Quality of life Emotional 

 
 

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16 Q17 Q18 Q19 Q20 Q21 Q22 Q23 Q24 Q25 

IN
T

 Q1 1 
                        

Q2 0.55 1 
                       

Q3 0.56 0.48 
                       

S
O

C
 Q4 0.26 0.32 0.35 1 

                     
Q5 0.38 0.53 0.60 0.53 1 

                    
Q6 0.50 0.59 0.51 0.41 0.66 1 

                   

C
O

G
 Q7 0.39 0.45 0.49 0.42 0.69 0.50 1 

                  
Q8 0.34 0.40 0.48 0.43 0.66 0.46 0.89 1 

                 
Q9 0.35 0.46 0.48 0.48 0.70 0.50 0.84 0.84 1 

                

S
L

P
 Q10 0.25 0.34 0.39 0.28 0.52 0.37 0.50 0.50 0.52 1 

               
Q11 0.27 0.34 0.40 0.25 0.50 0.37 0.50 0.49 0.50 0.86 1 

              
Q12 0.34 0.35 0.44 0.27 0.50 0.39 0.49 0.49 0.48 0.79 0.89 1 

             

A
U

D
 Q13 0.25 0.26 0.21 0.13 0.18 0.22 0.26 0.30 0.26 0.09 0.07 0.10 1 

            
Q14 0.25 0.23 0.22 0.14 0.18 0.18 0.29 0.34 0.27 0.11 0.11 0.14 0.90 1 

           
Q15 0.25 0.25 0.18 0.09 0.17 0.18 0.28 0.30 0.25 0.06 0.07 0.11 0.82 0.87 1 

          

R
E

L
 Q16 0.34 0.46 0.48 0.44 0.64 0.58 0.61 0.58 0.62 0.52 0.50 0.51 0.23 0.21 0.19 1 

         
Q17 0.35 0.47 0.53 0.47 0.67 0.60 0.69 0.65 0.71 0.59 0.59 0.60 0.22 0.22 0.20 0.87 1 

        
Q18 0.26 0.45 0.41 0.43 0.57 0.53 0.50 0.46 0.52 0.44 0.42 0.43 0.21 0.19 0.17 0.81 0.74 1 

       

Q
o

L
 

Q19 0.34 0.33 0.47 0.25 0.52 0.40 0.54 0.56 0.55 0.31 0.32 0.34 0.39 0.39 0.35 0.50 0.56 0.37 1 
      

Q20 0.31 0.42 0.56 0.39 0.66 0.46 0.64 0.66 0.67 0.38 0.40 0.40 0.30 0.30 0.28 0.60 0.67 0.51 0.76 1 
     

Q21 0.31 0.28 0.51 0.28 0.53 0.37 0.59 0.62 0.58 0.36 0.36 0.39 0.37 0.39 0.33 0.45 0.55 0.37 0.78 0.75 1 
    

Q22 0.29 0.35 0.43 0.34 0.58 0.38 0.67 0.68 0.66 0.38 0.42 0.41 0.27 0.32 0.31 0.47 0.53 0.41 0.59 0.68 0.64 1 
   

E
M

O
 Q23 0.29 0.43 0.52 0.39 0.68 0.51 0.65 0.63 0.65 0.44 0.46 0.49 0.14 0.17 0.13 0.56 0.65 0.48 0.57 0.73 0.66 0.67 1 

  
Q24 0.34 0.49 0.54 0.45 0.70 0.60 0.66 0.62 0.71 0.46 0.46 0.50 0.16 0.16 0.17 0.58 0.67 0.51 0.56 0.72 0.60 0.60 0.81 1 

 
Q25 0.24 0.39 0.48 0.39 0.65 0.46 0.61 0.60 0.66 0.43 0.41 0.42 0.20 0.20 0.19 0.50 0.60 0.45 0.51 0.69 0.61 0.55 0.74 0.74 1 

Blank bold = high inter-item correlations. Red bold = poor inter-relatedness. Blue = within criteria (0.15 – 0.55) 
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The highest inter-item correlations were between items on the designated subscales 

and notably between the QoL subscale and Emotional and Cognition subscales. Item 

22 is highly correlated with all the items on the Cognition subscale, reflecting the 

cross-loading identified above. Item 20 is highly related to all three items in the 

Emotional subscale, potentially indicating an overlap in construct being measured by 

these items. Otherwise the remaining items generally showed acceptable low to 

moderate correlations with one another, indicating expected variability in item 

content.  

Alpha estimates for the global TFI scores were high and within criterion (α = 

0.80, Appendix A Table 1). Alpha estimates for the TFI subscales were also 

extremely high, just within the criterion (< 0.60 - > 0.95). Only the Intrusiveness 

subscale was unacceptably low (0.58) and this further indicates poor fitting items 

within this dataset, which was also reflected in the lower factor loadings in the TFI 

structure.   

5.4.4.2 Test-retest reliability and agreement 

ICCagreement for the TFI global score was 0.91, indicating excellent test-retest 

reliability. All subscale scores showed similarly high ICCs, ranging 0.81 to 0.95, and 

the 95% CIs indicated that the estimates were reasonably reliable (Table 5.4). Only 

the Sense of Control had wide CIs indicated larger unaccounted for variability that 

could reduce the reliability in a random sample (ICC 95% CI 0.65 – 0.90).  

5.4.4.3 Test-retest agreement 

The SDC and LoA values for the global and each of the subscale scores were largely 

comparable (Table 5.4). The TFI global scores had an SDC score of 22.4, whereas 

the LoA score was 22.1 (±-0.3).  
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Table 5.4. Reproducibility of Tinnitus Functional Index (TFI) scores: Intra-class correlations (ICC) and limits of agreement between two 

administrations. 

 Mean (±SD) Difference  Reliability SEM Agreement 

Scale Baseline (T0) Retest (T1) 
Mean 

diff 
SE 

SD 

diff 
ICC (95%CI) Con Agree SDC LoA 

LoA Lower limit 

(95% CI) 

LoA Upper 

limit (95% CI) 
% 

Tinnitus Functional 

Index 
45.3 (±20.1) 45.6(±19.4) -0.3 1.7 11.5 0.91 (0.84 - 0.95) 8.1 8.1 22.4 22.1 

-22.4 

(-28.4 to -16.4) 

21.8 

(15.7 to 27.8) 
93 

Intrusiveness 57.1 (±19.1) 58.8 (±21.3) -1.7 1.6 10.7 0.92 (0.82 - 0.96) 7.6 7.7 21.3 21.1 
-22.7 

(-28.4 to -17.1) 

19.4 

(13.8 to 25.0) 
93 

Sense of Control 58.1 (±22.8) 57.6 (±20.9) 0.5 2.7 17.7 0.81 (0.65 - 0.90) 12.5 12.5 34.8 34.8 
-34.2 

(-43.5 to -24.9) 

35.3 

(26.0 to 44.6) 
96 

Cognitive 39.2 (±38.2) 41.9 (±24.3) -2.7 2.6 16.8 0.89 (0.79 - 0.94) 11.8 12.0 33.2 32.8 
-35.5 

(-44.3 to -26.7) 

30.2 

(21.4 to 40.0) 
93 

Sleep 41.9 (±31.6) 41.2 (±30.1) 0.7 2.7 18.1 0.91 (0.83 - 0.95) 12.8 12.8 35.5 35.5 
-34.8 

(-44.4 to -25.3) 

36.2 

(26.7 to 45.7) 
93 

Auditory 33.9 (±29.7) 36.1 (±30.2) -2.3 2.1 13.6 0.95 (0.90 - 0.97) 9.6 9.7 26.6 26.9 
-28.9 

(-36.0 to -21.8) 

24.3 

(17.2 to 31.5) 
93 

Relaxation 64.6 (±25.9) 62.9 (±25.3) 1.7 3.0 19.6 0.83 (0.69 - 0.91) 13.9 14.0 38.5 38.7 
-36.8 

(-47.1 to -26.5) 

40.3 

(29.9 to 50.6) 
89 

QoL 35.1 (±26.1) 34.0 (±24.6) 1.1 2.7 17.8 0.86 (0.75 - 0.92) 12.6 12.6 34.9 34.9 
-33.7 

(-43.1 to -24.4) 

36.0 

(26.7 to 45.4) 
93 

Emotional 36.0 (±28.1) 36.6 (±27.5) -0.6 2.8 18.8 0.87 (0.77 - 0.93) 13.3 13.3 36.8 36.8 
-37.4 

(-47.3 to -27.6) 

36.2 

(26.4 to 46.1) 
91 

Mean diff
 
= mean difference scores between the repeated measure; SE = Standard Error between the repeated measures; SD diff = Standard deviation of the 

difference; ICC = Intra-class correlations; SEM con = Standard error of measurement based on SD diff; SEM agree = Standard error of measurement accounting for 

variance between time, between individuals and random error; SDC = Smallest detectable change; LoA = Limits of agreement. 



Chapter 5  Kathryn Louise Fackrell 

186 

 

The SDC and LoA for the TFI subscales were generally considerably larger than the 

global TFI estimates, except for the Intrusiveness subscale which showed a similar 

level of variability as the global. The SDC and LoA scores are generally similar. 

These differences are because SEMagree value (used to calculate the SDC) takes into 

consideration the variability over time, which is not accounted for in the calculation 

for the LoA using the SDdiff.  

Some of the repeated measure change scores in TFI global and subscale 

scores were not within the identified agreement limits. For three participants, the 

differences between the TFI global scores were below the defined LoA and therefore 

only 93% agreement was observed. 95% agreement between scores was only 

observed for the TFI Sense of Control subscale (Table 5.4). Considering that the 

Relaxation subscale had the largest limits of agreement estimates, this still did not 

account for all the variability in the scores, with 11% of participants’ difference 

scores outside the desired limits. The remaining subscales were all borderline, with 

the majority indicating 93% agreement.   

5.4.5. Responsiveness 

Response frequency distributions for each item on the TFI were examined for floor 

and ceiling effects (Appendix A Figure 5; (Fackrell et al., 2016)). Seventeen out of 

25 items were rated by more than 15% of participants at the highest (10 points) or 

lowest (0 points) response option, failing to meet the a priori criteria. More 

precisely, for items 7, 13, 10, 9, 8, 11, 12, 15, 23, 14, 20, 19, 22, 21, and 25, 

respectively the lowest category of zero was endorsed by 16 to 41% of participants, 

indicating severe floor effects. Closer inspection shows that all the items in the QoL 

subscale displayed floor effects which were notably larger than the other subscales. 
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Only item 4 and item 18 displayed ceiling effects, with responses of 10 (maximum) 

being observed for 22% and 25% of the population. 

SDC scores and SEM identified for the TFI global and subscale scores in the 

reliability section (5.4.4) provide the first stage of evidence for the TFI’s 

responsiveness in a research population. For the TFI global score, the SDC score was 

above or below 22.4, similar to the limits of agreement estimate, both indicating that 

a change in TFI global scores of more than 22 points is required to detect the “true 

change” above the natural variability and measurement error. In contrast, the smallest 

detectable change scores for the TFI subscales indicate that much larger changes in 

scores are required before a “true change” is represented above error. For example, 

for the Relaxation subscale the scores would need to change more than 39 points to 

be above measurement error and indicate a “true” change.  

5.5. SUMMARY  

The psychometric evaluation performed here provides the first account of how 

reliably the TFI measures tinnitus impact and how well it distinguishes between 

individual differences in a research population. 

Validity  

The TFI has good construct validity and converged on the same construct of tinnitus 

as the THI and THQ. Discriminant validity findings indicated that the TFI score is 

clearly a different measure from those of generalised depression, anxiety, or quality 

of life.  

CFA indicated an alternative TFI structure was required to best explain the 

data captured in the general tinnitus population. Scores on the Auditory subscale 

provided little additional information about the functional impact of tinnitus. But 
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internal consistency and test-retest reliability of the Auditory factor were generally 

high. The QoL subscale was somewhat problematic as (i) large floor effects were 

identified for all four items within the subscale, and (ii) the subscale failed to show 

any relationship to the single item facet on overall QoL and general health. Item 22 

from the QoL subscale was consistently shown to be associated with the Cognition 

factor. From Chapter 5, my conclusion for a UK research population is that the 

Auditory subscale is a stand-alone scale. My recommendation would be for 

researchers to remain mindful that Item 22 appears to be measure elements of both 

QoL and cognition.  

Reliability  

The global TFI and subscale scores all had reasonably high test-retest reliability and 

agreement.  

Responsiveness  

There were substantial floor effects on the majority of items, particularly for items in 

the Cognition, Sleep and Auditory subscales. My conclusion is that the TFI is 

somewhat limited in its responsiveness to detecting treatment-related benefits in a 

research population.  

Interpretability  

My findings using SDC indicate that a change in TFI scores of at least 22 points is 

required to identify “true change”.  
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 RASCH ANALYSIS: AN IN-DEPTH CHAPTER 6.

ASSESSMENT OF ITEM RESPONSIVENESS AND THE 

STRUCTURE OF THE TFI 

6.1. INTRODUCTION  

Within hearing research, the efforts to develop and validate questionnaires have 

focused on traditional psychometric methods that have substantially drawn from 

classical test theory principles. To reiterate, classical test theory is a theory of 

measurement error that uses total scores as the basis for analysis. A persons “true 

score” is directly unobservable. Every observed score is made up of measurement 

error and the person actual “true” attitude or attribute on the latent construct that is 

being measured (Raykov & Marcoulides, 2011). Within classical test theory, ordinal 

total scores (defined as interval by Stevens (1946), are postulated to generate 

interval-level measurements. In Chapters 4 and 5, the validity (structure), reliability, 

responsiveness and interpretability of the TFI were examined using methods 

underpinned by this theory and based on best practice guidelines provided by Terwee 

et al. (2007). There are some limitations associated with classical test theory, such as 

overlooking individual response patterns in favour of the total scores, assuming that 

standard error applies to all scores and the assumption that ordinal total scores 

approximate interval-level measurements (Hays et al., 2000; Hobart et al., 2007; 

Hobart & Cano, 2009). The difference between 0 and 1 cannot be assumed to be the 

same as the difference between 3 and 4 (Stucki et al., 1996). To complement 

classical test theory, new or modern psychometrics methods, sometimes referred to 

as latent trait models, are emerging as the next logical progression in test 

development and validation.  
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Latent trait models include Rasch measurement and Item Response Theory. 

These are mathematical models that specify the probabilities of person responses to a 

number of items and the resulting measurement continuum (Wright, 1977). Similar 

to classical test theory, the relationship between the observed score and unobserved 

true measurement are evaluated, but in this case the focus is on the association 

between an individual’s unobserved measurement (underlying level of latent trait) 

and the chosen item response categories (Wright, 1977; Hays et al., 2000; Hobart & 

Cano, 2009).  The unobserved “true” measurement is indicated on an interval-level 

continuum rather than the combined overall score. The models incorporate the ideals 

of fundamental measurement from mathematics and medicine; (i) Interval-level 

structure and estimates that do not vary across the different characteristics of the 

underlying trait similar; (ii) Person ability and item difficulty are both linked to 

behaviour and are therefore two separate elements of measurement that should be 

estimated separately (Andrich, 1988; Andrich & Van Schoubroeck, 1989; Wright, 

2000; Hobart & Cano, 2009). The person’s response to any item is a product of their 

level of tinnitus severity (impact) and the difficulty of the task. Both latent models 

incorporate a variety of different elements (i.e. item and person parameters(Rasch, 

1966a, 1966b)), each method uses slightly different parameters, to untangle 

measurement properties.  

Rasch measurement is the simplest model with the fewest parameters, just 

person ability (or disability, i.e. severity levels) parameters (one per person) and item 

difficulty parameters (one per item). Unlike Item Response Theory, the total score is 

considered a sufficient statistics for estimating person ability and item difficulty 

(Hagquist, 2001; Hamon & Mesbah, 2002; Embertson & Reise, 2000; Bond & Fox, 

2007). Regardless of the number of items with high or low scores, persons with the 
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same total score are assumed to have the same level of severity ability. Similarly, 

item difficulty estimates are not influenced by the specific person’s scores. All items 

are assumed to equally relate to the trait. No additional parameters are introduced to 

the model to improve data fit (Embertson & Reise, 2000; Hays et al., 2000). In Item 

Response Theory models, the total score is not considered sufficient; additional 

parameters such as item discrimination values and guessing values are included in 

the model measurement to estimate person ability (Hays et al., 2000; Warne et al., 

2012). This changes the structure of the model so that persons with the same total 

score can have different estimates of the levels of severity. For instance, the 

discrimination parameters (similar to item-total correlations) calculates the difference 

between item responses and total scores which identifies the level of discrimination 

at trait level associated with each item (Hays et al., 2000). Discrimination is regarded 

as the rates in which the expected scores change relative to the latent measure, i.e. 

the extent to which success on an item corresponds to success on the whole test 

(Hagquist, 2001). Separate person locations are estimated for items based on their 

level of discrimination. Items are not equally related to the latent trait being 

measured. Unlike Rasch measurement, these parameters can be added at later stages 

of the modelling. Varying the item parameters maximises the likelihood that data 

will fit the model (Hambleton & Jones, 1993; Embertson & Reise, 2000). Items can 

be characterised by one, two, or three parameters, whilst the sample of persons are 

characterised by a distribution and, again unlike Rasch measurement, persons are not 

individually parameterised (Hagquist, 2001; Bond & Fox, 2007). Item Response 

Theory models are in general considered data driven, whilst in Rasch measurement 

the model is prioritised (Cano & Hobart, 2011). The data are compared to the model 

which is built upon measurement requirements, not on data assumptions. If the data 
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does not conform to the model then the data is re-examined for reasons why. No 

additional parameters are included in the model.  

For the purpose of validating the TFI, Rasch measurement was the most 

appropriate choice, providing the simplest explanation of the data and identifying 

any potentially problematic items, without resulting in too many changes to the 

questionnaire response structure. Additionally, Rasch provides individual person 

parameter evidence for the reliability of the questionnaire for the given sample 

population. A variety of fit statistics assess the extent to which the items and persons 

accord to model expectations and although the model does not include the additional 

discrimination parameters, the item discrimination is accounted for in these fit 

statistics. Therefore there is no need to apply a modelling method that includes 

additional discrimination parameters for items as the aim of this study is to validate 

an existing questionnaire retaining as much of the original structure as possible. The 

TFI was designed for all the items to equally contribute to the subscales or overall 

scores (second-order structure). Therefore if the data does not fit then this is an 

indication that the TFI is not working.  

A number of measurement requirements underpin the Rasch model; (i) item 

and person parameters can be estimated separately; (ii) rating scales should be 

defined on an interval-level continuum; (iii) the model is given primacy (mentioned 

above); and, most importantly, (vi) the property of invariance. The next section will 

provide a brief overview of Rasch measurement models and the property of 

invariance. 
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6.1.1. Rasch measurement model 

The Rasch measurement model was originally developed by the Danish 

mathematician Georg Rasch (1966) for dichotomous scales. In the model, the 

observed response patterns are compared to the expected responses using the total 

scores and probabilistic scaling. The formula of which is: 

𝐼𝑛 (
𝜋𝑛𝑖

1− 𝜋𝑛𝑖
) =  𝛽𝑛 −  𝛿𝑖   (6.1) 

where the probability (πni) of a person (n) endorsing the item (i)  (positive response 

given two responses are possible) is governed by the difference between the person’s 

level of the attribute (βn) and the level of attribute expressed by the item (δi). The 

model places both items and person parameters on a linear logarithmic (log-odds) 

scale (In) (Masters, 1982; Ostini & Nering, 2006; Pallant & Tennant, 2007; Bond & 

Fox, 2007).  

Extensions of the dichotomous model have since been developed for 

polytomous outcomes with more than two response category thresholds (the 

intersection point between two adjacent categories). Here, the thresholds are either 

constrained to be equal across items using one set of threshold estimates (Rating 

scale model; (Andrich, 1978)) or thresholds can vary between items (Partial credit 

model; (Masters, 1982). The thresholds have individual difficulty estimates based on 

the 50/50 probability of choosing one category over another.  

In the Rating scale model (equation 6.2), the separate threshold difficulty 

estimates (τk) for the probability (πnik) of a person (n) endorsing any given response 

category on any item (i) are estimated only once for each threshold (k) across the 

entire item set.  

𝐼𝑛 (
𝜋𝑛𝑖𝑘

1− 𝜋𝑛𝑖𝑘 
) =  𝛽𝑛 −  𝛿𝑖 − 𝜏𝑘   (6.2) 



Chapter 6  Kathryn Louise Fackrell 

194 

 

For example, the threshold difficulty for the first threshold (τ1) is estimate from the 

probability of endorsing the second category over the first category across all items. 

The threshold estimates (τk) alongside item difficulty estimates are treated as a 

separate set of estimates for the entire item set (Bond & Fox, 2007; Masters, 1982; 

Andrich, 1978).  

In contrast, the Partial credit model provides individual threshold estimates 

(k) that are unique to each individual item (i).  

𝐼𝑛 (
𝜋𝑛𝑖𝑘

1− 𝜋𝑛𝑖𝑘 
) =  𝛽𝑛 −  𝛿𝑖𝑘    (6.3) 

Where τk, from equation 6.2, is replaced with δik, allowing thresholds estimates to 

vary in number and in distance across the item set (Bond & Fox, 2007; Masters, 

1982).  

Both the models probabilistic functions are similar to and based on the 

deterministic Guttman pattern (Guttman, 1950). The Guttman pattern determines the 

patterns of responses to the items based on ability level, for example if an individual 

were to get an easy question wrong then the Guttman model would determine that 

the individual would get all harder questions wrong (Table 6. 1).  

In the Rasch model, given a person’s ability (e.g. high severity), the 

probability is that the person would endorse all the items severe categories is higher 

than them endorsing the lower severity categories. However, unlike the Guttman 

pattern, the Rasch model allows for random variation in the response patterns, i.e. 

two individuals with the same level of ability or severity can have varying response 

patterns (Table 6.2).  
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Table 6.1. Example of the Guttman pattern. 

  Easy     Hard 
Total 

score 
  1 2 3 4 5 6 

Least able Person 1 0 0 0 0 0 0 0 

 Person 2 1 0 0 0 0 0 1 

 Person 3 1 1 0 0 0 0 2 

 Person 4 1 1 1 0 0 0 3 

 Person 5 1 1 1 1 0 0 4 

 Person 6 1 1 1 1 1 0 5 

Most able Person 7 1 1 1 1 1 1 6 

* 0 = incorrect answer; 1 = correct answer 

 

Finally, the property of invariance is an essential requirement in Rasch 

measurement. Rasch proposed that the principles of fundamental measurement as 

seen in mathematics and medicine should be applied to measurement in behavioural 

and social sciences, in particular the basic criterion of invariance and 

unidimensionality (Andrich, 1988; Bond & Fox, 2007). The questionnaire should 

work the same way across every individual, irrespective of individual differences. In 

order to make valid comparisons, the item functioning should be the same for males 

as females when measuring health as would be expected when measuring height, for 

example. Item functioning should be invariant across different groups of individuals 

such as those of different gender, age, or ethnic backgrounds. All items within a 

questionnaire or subscale should simultaneously measure the same single underlying 

construct and are equally contributing to the overall score (unidimensionality; Marais 

& Andrich 2008). 
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Table 6.2. Example of the variability in Rasch pattern. 

  Easy     Hard 
Total 

score 
  1 2 3 4 5 6 

Least able Person 1 0 0 0 0 0 0 0 

 Person 2 0 0 1 0 0 0 1 

 Person 3 1 1 0 0 0 0 2 

 Person 4 0 1 1 0 0 1 3 

 Person 5 1 0 0 1 1 1 4 

 Person 6 1 1 1 0 1 1 5 

Most able Person 7 1 1 1 1 1 1 6 

* 0 = incorrect answer; 1 = correct answer. Red values would be classified as unexpected in a 

Guttman pattern. For example, Person 5 would be expected to answer the easier questions 

correctly; the Rasch model is able to predict the variations in data. 

 

A tinnitus questionnaire with subscales that reflect the presence of different 

aspects of a construct, more than one trait, could violate the assumption of 

unidimensionality which could lead to reduced variance in person estimates and 

reliability (Marais & Andrich, 2008). To minimise the chances that the differences 

between two samples of the populations are due to measurement problems rather 

than health differences, no health construct other than tinnitus should affect the 

measurement precision. 

The TFI is multidimensional (Meikle et al., 2012) and therefore violates the 

fundamental assumption of unidimensionality. The eight subscales however were 

proposed to all equally contribute to an overall score of the functional impact of 

tinnitus. These subscales can therefore be thought of as individual subtests that are 

unidimensional and the data from each can be calibrated using standard Rasch 

measurement model procedures. The items in these subscales can also be 

transformed into eight ‘testlets’ which combine to produce the overall construct of 
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the TFI. This can then be considered a unidimensional construct of the overall score, 

with all the items measuring the same underlying construct.  

6.1. AIMS AND HYPOTHESIS 

The aim is to use Rasch measurement to explore overall model fit, individual item 

and person characteristics, the validity of the response structure, whether the TFI is 

appropriately suited to the population, and whether the items work invariantly across 

individuals. None of these issues have been examined previously.  

A secondary aim is to provide, where possible, linear transformation scores for 

the subscales and overall structure to use in parametric analysis and in clinics. To 

maximise retention of the original structure of the TFI, only changes that were 

deemed necessary to improve scale functioning were made.  

6.2. METHOD 

6.2.1. Participants  

Rasch analysis was conducted on the data described in Chapters 4 and 5. In total 540 

people with tinnitus completed the TFI (Table 6.3), 255 clinical patients and 285 

members of the public who volunteered for tinnitus research. Demographic data 

regarding gender and age were collected for both studies. Hearing thresholds 

(audiometric pure tone average) were collected for the research population only, 

whilst the clinical population answered a single global question on their hearing 

(6.2.6.7). This data was used to examine the potential differences in the group 

responses (Differential Item Functioning). 
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Table 6.3. Demographic data for each dataset and the full dataset. 

  Full dataset Dataset A Dataset B 

N  540 261 279 

Population 

Clinical 255 124 (47%) 131 (47%) 

Research 285 137 (53%) 148 (53%) 

Gender 

Male 256 176 (68%) 180 (65%) 

Female 183 85 (32%) 98 (35%) 

Age 

Mean (Std) 
53yrs,1 mth 

(13yrs) 
52 yrs (13yrs) 

54 yrs, 2 mths 

(13yrs) 

Range  18 – 84 yrs 18 – 76 yrs 18 – 84 yrs 

 

6.2.1.1 Sample size estimates  

The sample size of 540 participants is adequate by any recommendations. A sample 

size of 243 would give 99% confidence that item calibrations (i.e. the mathematical 

transformations to a linear scale) are within ± 0.5 logits and stable on a questionnaire 

that has problems with measurement and targeting the population of interest 

(Linacre, 1994). A well-targeted questionnaire would require a smaller sample (i.e. 

108 participants) to give the same calibrations (Linacre, 1994). Similarly, Chen et al. 

(2014) found that sample sizes below 250 were more likely to have unstable response 

structures and person and item calibrations. A smaller sample size over 250 also 

reduces the known problems with the chi-squared estimates and probabilities. 

Sample sizes > 500 produce inflated significant chi-square estimates, which indicate 

an apparent misfit in data, and therefore are less informative and reliable (Andrich et 

al., 2009; Hobart & Cano, 2009; Chen et al., 2014). If the conservative approach is 

taken then the optimal sample size needed for stable estimates is 250 participants. To 

check the reliability of the item calibrations between different samples, larger sample 

sizes are recommended divided into smaller groups (Linacre, 1994). Consequently, 
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in order to obtain robust estimates of the construct fit to the Rasch model, the full 

dataset (n=540) was divided into two similar sized independent groups; dataset A 

(48%; n=261) and dataset B (52%; n=279) (Table 6.3). The groups were stratified to 

obtain similar numbers of participants from the clinical and research populations and 

similar numbers of males and females.  

6.2.2. Statistical software 

Data were entered into SPSS version 22 for initial analysis before exporting to 

RUMM2030 (Andrich et al., 2009) for Rasch analysis.  

6.2.3. Estimation method  

Analysis of the TFI data requires a polytomous Rasch model. A significant 

Likelihood-Ratio (p <0.0001) indicated that, although the TFI has an 11-point 

response option for every item, the distance between the response categories were 

not equal for every item, therefore the unrestricted Partial Credit model was chosen 

as the polytomous Rasch model.   

6.2.4. Data screening 

6.2.4.1 Missing data  

Rasch measurement makes no assumptions about missing data and computes the 

estimates of person latent trait levels from the observed data that is available 

(Wright, 2000). The precision of estimates can be slightly biased (with larger SEs) if 

a large amount of data is missing (50%; Hobart & Cano 2009; Doganay Erdogan et 

al. 2013). Within this study the amount of missing data (<0.2%) was negligible.  

6.2.4.2 Extreme scores  

Extreme scores were excluded from item estimations since the examination of 

relative item difficulty could be biased with these scores. It is impossible to compare 
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across items and accurately estimate the item difficulty locations when the model 

cannot predict how far above (10) or below (0) the extreme the scores are. However, 

individuals with floor and ceiling effects provide important information about the 

possible range in scores for a given sample. Therefore, for extreme scores, the person 

location estimates are extrapolated values.  

6.2.5. Analysis plan 

The two datasets were used to identify any consistently misfitting items or subscales 

and to assess the stability of item calibrations, providing evidence of convergent 

validity of the construct. Therefore, the overall model fit, individual item and person 

fit, the validity of category ordering and reliability of the targeting for the subscales 

and the overall TFI second-order structure were examined in both datasets. To 

evaluate the second-order construct, the items in each subscale were combined 

together into a single ‘testlet’ and subjected to Rasch analysis as eight items within a 

questionnaire scale (uniform structure). The full dataset was used to provide the final 

confirmation of the data fit and structures (subscales and second-order). The larger 

dataset meant that person-item parameters (calibrations) could be further stabilised 

since there were more data points to provide the basis for those calibrations. This 

reduced the potential error variability (noise) in the parameter estimates (stabilising 

the estimates) that are sometimes associated with smaller sample sizes (Chen et al., 

2014). At this stage, problematic items or subscales were recalibrated when possible 

or recommended to be removed. Finally the possible invariance between different 

clinical groups were examined (Differential Item Functioning) and the rescaled logits 

were transformed into understandable scores for use in clinics and research for the 

subscale and second-order structure that conformed to the Rasch model.  
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6.2.6. Assessing the fit of the TFI data to the Rasch model expectations 

The Rasch model derives best estimates of person ability (level of severity) and item 

difficulty from the total scores. The model then backtracks and uses these estimates 

as the basis to obtain expected responses parameters (log odds values (logit scale)) 

that satisfy the Rasch model (Hagquist, 2001; Hobart & Cano, 2009). The expected 

values entirely depend on the person ability and item difficulty location estimates on 

the latent trait (Hagquist & Andrich, 2004). These expected responses are then 

compared to the observed responses, in which the fit to the Rasch model is evaluated 

based on the difference between the two (observed – expected = residual). This 

provide estimates of the degree of unexplained variance left over given the data fit to 

the model (if the residual was “0” then the data would be a perfect fit to the Rasch 

model) and in turn estimates for item difficulty and person abilities (Wright 1977).  

One important element in calculating the fit statistics are class intervals. 

Based on the person location distribution (i.e. different levels of severity), the sample 

is divided into a series of subgroups; class intervals (Hobart & Cano, 2009). For 

example, all persons that scored below 10, irrespective of the item difficulty, would 

be categorised into one class interval. These class intervals are used for within data 

comparisons across different severity groupings which inform the fit statistics and 

the item characteristic curves. RUMM2030 software automatically identifies the 

number of class intervals needed based on the total sample size, the larger the sample 

size, the more class intervals. The sample size in each class interval should however 

be assessed externally; small class interval sample sizes (n<30) limit the amount of 

comparisons that can be made using the class intervals (Hagquist & Andrich, 2004). 

Preferably the sample size in each class interval should exceed 50. Finally, as usual 

with modelling statistics, any changes to the questionnaire (i.e. removing any items) 
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should be supported by conceptual foundations such as the clinical importance and 

usefulness of the items (Bond & Fox, 2007; Hagquist et al., 2009; Mayhew et al., 

2011). 

6.2.6.1 Overall summary fit statistics  

The overall summary fit statistics provide an initial overview of data fit indicating 

sources of misfit in the entire model, and/or items and/or persons. Two classes of 

summary fit statistics were considered; (i) item-trait interaction (overall model fit) 

and (ii) item-person interaction (overall fit of items and overall fit of persons).  

Item-trait interaction 

Item-trait interaction reflects the hierarchical ordering of items across the trait; in 

particular it measures the extent to which invariance is reflected across the trait. This 

is reported as the overall model Chi-square statistic (χ
2
), i.e. the summing χ

2 
across 

the entire data matrix (Smith, 2000). χ
2
 is computed from comparisons of the 

residuals across different ability groupings (class intervals) for the trait. So, for every 

given item, χ
2
 statistics are summed for each class interval and then summed together 

to produce an overall χ
2 

statistic for that item. Following this, the χ
2
 for all items is 

summed to produce the item-trait interaction (Smith, 2000; Tennant & Conaghan, 

2007). Multiple comparisons, such as these, can escalate the possibility of rejecting 

the model due to Type 1 error, therefore Bonferroni corrections for alpha values at 

the level of 0.05 were applied. For example, for subscales with three items, the 

criterion level for alpha were set to 0.05/3 = 0.017, for subscales with four items, the 

criterion level was set to 0.05/4 = 0.013. If a significant interaction occurs then the 

ordering of the items are unexpectedly interacting with person locations across the 

continuum, indicating there might be poor discrimination across the trait being 
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measured and individual item and person fit statistics should be examined (Andrich 

& Van Schoubroeck, 1989).  

Item-person interaction  

Item-person interaction statistics essentially provide values for the level of consensus 

between all the items across all persons within the cells of the data matrix (Hobart & 

Cano, 2009). Therefore, the degree to which each item relates to all other items, each 

person responds to each item and whether these fit the model expectations are 

examined. The fit residuals for item-person interactions were transformed to 

approximate z-scores and represent a standardised normal distribution. The overall 

mean item fit residual and in particular the SD provides a summary of the degree of 

divergence between the observed and expected value for all the items from each 

person-item interaction. Similarly, the overall mean person fit residual (and SD) 

provided a summary of the divergence over all the persons in relation to a given 

item. Given that the items and persons fit the model expectations then these residuals 

would have a mean of approximately zero and a SD of one (Wright, 1977; Smith, 

2000; Hobart & Cano, 2009). A residual SD of more than ±1.5 provides the first 

indication that there are possible issues within the item and person observed values, 

whilst a residual SD of ±2.5 indicates misfit to the model expectations (Bond & Fox, 

2007; Mulcahy & Vaughan, 2015). Again, to isolate the source of the misfit, 

individual residuals were examined.  

6.2.6.2 Individual item fit statistics  

Fit residuals and χ
2 

statistics for each individual item provide evidence on the extent 

to which the individual items relate to the underlying construct that is being 

measured and identify any deviations or problematic items (Smith, 2000).  
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Individual item fit summarises the residuals from all person responses to each 

item, indicating the degree in which each individual item responses are coherent with 

the model expectations. χ
2 

provides an estimate of the extent that all the responses 

(grouped in class intervals) for each item deviate from expectation (Andrich & Van 

Schoubroeck, 1989). Significant χ
2
 estimates indicate that the responses to the item 

were not consistent with expectation relative to other items within the scale and that 

the deviations from the expected values were large, relative to chance. Again the 

same Bonferroni corrections were applied as above at the level of 0.05.  

Fit residuals are defined as the standardised sum of all differences between 

observed and expected values summed over all persons. An individual item fit 

residual between ± 2.5 were deemed to be satisfactory. Fit residuals exceeding ± 2.5 

indicate clear deviations from expectation. High positive values (>2.5) indicate that 

the item is measuring an alternative construct than the other items in the scale and 

therefore there is a lack of fit between item and the model. Conversely, high negative 

fit residuals indicate an overlap in item content and therefore item redundancy 

(Smith, 2000). Removal of items should be guided by theory as well as these 

statistics, although misfitting items may possibly reduce validity of the scale, they 

may not dramatically reduce the precision of the measurement.  

Item characteristic curves (resembles a sigmoidal (s-shaped) curve) show the 

monotonic relationship between the expected values and observed values using the 

class intervals. The data conform to the model if the class intervals (χ
2 

values) are 

reasonably spaced along the continuum and are closely situated to or on the expected 

curve. The observed values should not cluster at the asymptotes of the curve (upper 

and lower bounds) as this indicates a lack of ability to separate individuals (Hagquist 

et al., 2009). A sign of item misfit, which can correspond to high negative fit 
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residuals, is over-discrimination in the responses, where the observed values form a 

steeper line than the expected curve. Limited discrimination is detected when the 

observed values under-discriminate and form a flatter line than the expected curve 

(Hagquist, 2001; Pallant & Tennant, 2007; Hobart et al., 2007). 

6.2.6.3 Individual person-fit statistics 

Individual person fit summarises the residuals from each person on all items, 

indicating the extent to which an individual’s responses unexpectedly diverge from 

the rest of the responses and from model expectations.  

The fit residuals for all persons were examined. Any residual that exceeds ± 

2.5 indicates deviation from model expectation and can cause misfit at item level 

(Smith, 2000; Pallant & Tennant, 2007). These deviations could possibly be a 

reflection of poor measurement or more likely the variability between symptoms in 

tinnitus (patients may have problems in only one aspect being measured) or other 

external factors such as co-morbidities or cognitive deficits. The proportion of 

individual residuals exceeding ± 2.5 are reported, but were not removed as this 

would reduce the external construct validity of the scale.  

6.2.6.4 Validity of category response ordering (thresholds)  

To ensure that the item scores were working the way they were intended, the 

ordering of response categories for each item was investigated by examining the 

thresholds and the category probability curves.  

Thresholds (τ) are the intersection point in which the probability of endorsing 

two adjacent categories is equal, i.e. there is a 50% chance that a person will select 

either category option 1 or category option 2 (Hagquist, 2001; Tennant & Conaghan, 

2007). The number of thresholds is directly related to the number of response options 
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(categories). Hence the TFI has eleven response options (0 to 10) for each item 

therefore there are ten thresholds (τ1 to τ10) for each item.  

Category probability curves provided a visual interpretation of whether the 

categories were working or not, which was supported with examination of the 

threshold values. These thresholds should show the intended increasing levels of 

severity reflecting the same order as the manifest categories. Each response option 

should at some point have the highest probability of being endorsed, when this does 

not occur the thresholds become disordered (Hagquist, 2001; Hagquist et al., 2009; 

Mulcahy & Vaughan, 2015). 

Disordered thresholds are when there is a low probability of the response 

category being endorsed or that participants with a wide range of severity endorse the 

response option. Disordered thresholds were taken to indicate that there are too many 

response options or that participants are unable to discriminate between the levels in 

the response options (Linacre, 2002; Lamoureux et al., 2006; Pallant et al., 2006; 

Tennant & Conaghan, 2007). Response categories were only collapsed if the 

disordered categories were apparent in both datasets (A and B) and the model fit 

improved. Collapsing categories with data that conforms to Rasch (i.e. good fit) can 

inadvertently impact on person-item parameters and the response structure (Rasch, 

1966a). 

6.2.6.5 The ability of the TFI to appropriately target the population of interest 

and reliably distinguish between persons 

To ensure that the TFI subscales and second-order structure are appropriately 

targeted at the population of interest, the person and item location distributions, i.e. 

the spread and ordering of the items and persons across the continuum and the error 



Chapter 6  Kathryn Louise Fackrell 

207 

 

values associated with both, and the Person Separation Index estimates were 

examined.   

The distribution of person location scores relative to the fixed value of zero 

set for items provides evidence of the ability of the TFI to target the given population 

in the sample. The item locations should correspond to the distribution of the person 

difficulties, and vice versa the person locations should be represented by the severity 

of the items that range the continuum (Hagquist et al., 2009). Severe misalignment of 

item difficulties with person locations lead to high standard errors and therefore 

imprecise estimates (Hagquist et al., 2009). The items should be evenly distributed 

along the continuum with discernible levels of increasing difficulty (severity/impact). 

Large gaps between item locations indicate limited measurement of person 

information at those locations and that key information is unaccounted for by the 

questionnaire (Hobart & Cano, 2009). The item location order should make sense 

clinically and theoretically, although within tinnitus this is hard to interpret as the 

severity of the problems can be associated to different degrees with a variety of 

symptoms.  

The person locations are expected to be normally distributed as the measure 

should, for the most part, account for the variability in the population if the 

measurement is optimal. The inverse standard error associated with the measurement 

(represented by an information curve on person-item distribution) provides 

information on the precision of the questionnaire along the underlying trait, where 

the questionnaire is performing best. The steeper the curve, the greater item 

information available (higher information value), the less error associated with the 

questionnaire and in turn more precision. The majority of the information for both 

persons and items should be within the curve (Hays et al., 2000; Hobart & Cano, 
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2009). The mean person location should be as close as possible to zero. If the person 

mean location is vastly higher than zero (positive value) then the questionnaire is 

mistargeting the population (Pallant & Tennant, 2007). A large number of extreme 

scores at either the upper or lower bounds of the logit scale are a very clear 

indication of poor targeting (Pallant & Tennant, 2007; Hagquist et al., 2009; Kurtaiş 

et al., 2011).  

The item map is a visual representation of the ordering of items and provides 

an alternative view of the alignment of persons and items locations. The item 

threshold locations are presented in order of difficultly aligned to person locations, 

the item thresholds presented first represent the items that would first capture the 

problems with tinnitus, whilst those presented last indicate items that capture higher 

levels of tinnitus impact. Item maps were used in the assessment of the second order 

structure.  

The Person Separation Index (PSI) examines the extent to which combined 

pooled items within the questionnaire can detect and separate the differences 

between individuals. PSI was taken to indicate the precision of each person estimate, 

allowing us to identify how reliably persons measured are separated, the consistency 

in which the person locations are ordered, as well as how a set of items conform to a 

unidimensional structure.  

PSI use linear transformations of raw score but exclude extreme scores from 

the calculations since the associated SEs are exceptionally large and provide very 

little information about precision (Clauser & Linacre, 1999; Schumacker & Smith, 

2007). PSI was calculated by adjusting the variance in each person location estimates 

on the logit scale for the average measurement error variance of the sample (based on 

individual SEs). PSI scores range 0 to 1 representing the ratio of (adjusted) true 
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variance (not due to error) in the sample (Schumacker & Smith, 2007). Low scores 

(<0.7) indicate all participants have similar scores making it hard to distinguish 

individual differences. High scores (>0.7) indicate the ability of the questionnaire to 

distinguish persons (Fisher, 1992; Lamoureux et al., 2006; Schumacker & Smith, 

2007; Chen et al., 2014).  

To enable assessment of different levels in ability, the PSI score were 

transformed to strata statistics, to estimate the number of distinct levels of person 

ability useful for examining and determining group differences (Fisher, 1992; 

Wright, 1996; Wright & Masters, 2002; Schumacker & Smith, 2007). PSI scores 

were first transformed into Gp with a range from zero to infinity, given by;  

𝐺𝑝 =
𝑆𝐴𝑝

𝑆𝐸𝑝
= [𝑅𝑝/(1 − 𝑅𝑝)]1/2    (6.4) 

where SAp is the person variance adjusted for error, SEp is the root mean 

square measurement error and Rp is the PSI value. This Gp value was then used to 

calculate the number of strata levels; 

(4𝐺𝑝 + 1)/3     (6.5) 

In short, the questionnaire is considered well-targeted for the sample if (i) 

person and item locations correspond to each other; (ii) the majority of the data is 

within the information curve; (iii) the mean person location is close to zero; and (iv) 

the PSI value is >0.7, preferably > 0.8 (Hobart & Cano, 2009). 

6.2.6.6 Assessing local independence   

Local independence (assumed in Rasch) is the expectation that item pairs across 

persons are uncorrelated at every point along the variable (Linacre, 1998). However, 
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if the item pairs are correlated, then local dependency is assumed, reflecting either 

violations in unidimensionality or response dependency.  

Response dependency where responses for the same person to one item 

directly influences the response on another item can result in overestimations of 

person locations and artificially elevated reliability estimates (Smith, 2002; Marais & 

Andrich, 2008). Alongside statistical tests, previous evidence and knowledge of the 

questionnaire responses were taken into account when assessing response 

dependency.  

To assess potential violations in local independence, the residuals associated 

with each item were examined using correlation analysis, Principal Components 

Analysis (PCA) and independent t-tests in RUMM 2030. Item residual inter-

correlations show patterns among the residuals and whether subgroups of items 

cluster together. Pairs of item residuals that correlate ≥0.2 either indicate the 

presence of other latent dimensions, beyond the construct the questionnaire 

reportedly measures, or potential response dependency (Smith, 2002; Kurtaiş et al., 

2011). Residual correlations larger than the average residual correlation indicate the 

potential item/items that are the source of response dependency.  

PCA detects any potential patterns among the item residuals, by assessing the 

relationships between the first component and the items in the scale. Items were 

divided into two subsets based on the loading values on the first component, i.e. the 

highest positive loading versus the highest negative loading. This is because the 

items with the strongest loadings in either direction will always be the set that 

breaches unidimensionality. Person location estimates derived from these subsets 

were individually compared for each person using independent t-tests.  
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The proportion of significant t-tests outside the range of ± 1.96 should 

preferably not exceed 5%, as this is a breach in the assumption of local 

independence, particularly unidimensionality (Smith, 2002; Tennant & Conaghan, 

2007; Hagquist et al., 2009).  

The test for local independency was conducted initially on the 25 items to 

confirm multidimensionality then on the second-order construct to confirm a 

unidimensional underlying construct and no response dependency. However, due to 

the small number of items in each of the subscales (3 to 4) there was not enough data 

to conduct meaningful correlations and PCA. The real concern with 

multidimensionality is when the response patterns indicate more than two 

dimensions (Linacre, 1998). The TFI subscales do not raise this concern, it is 

assumed that more than two dimensions is improbable based on the small number of 

items in each subscale and the fact that there is no previous evidence of response 

dependency or multidimensionality (Chapters 4 and 5). Unless the individual fit item 

residuals indicated otherwise (i.e. high negative residuals indicate dependency), local 

independence of these subscales was assumed.  

6.2.6.7 Assessing the Differential Item Functioning between subsets of 

individuals 

Differential Item Functioning (DIF) occurs when the probability of endorsing an item 

significantly differs between groups of persons despite having equal levels of the 

underlying trait being measured (Hays et al., 2000; Lamoureux et al., 2006). Two 

types of DIF, uniform and non-uniform DIF were examined. Uniform DIF is 

detected when group responses to an item consistently and systematically differ 

across every level of the health problem (i.e. tinnitus impact) being measured, whilst 

non-uniform DIF is detected when these differences between the groups vary across 
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every level of the health problem (Hagquist, 2001; Hagquist & Andrich, 2004; 

Tennant & Conaghan, 2007). Therefore, to identify DIF within the sample, the 

standardised residual of each person to each item was classified according to class 

interval and person factors. Comparisons between the groups were examined both 

graphically and statistically. Item characteristic curves were conducted and inspected 

to visually assess the distance of the mean class intervals for each person factor from 

the expected curve.  

A two-way analysis of variance of standardised residuals for each person 

factor (class intervals × groups in person factor) was calculated to determine any 

significant differences between the groups in person factor. A significant main effect 

(person factor) irrespective of class interval represents uniform DIF whilst a 

significant interaction (person factor × class interval) represents non-uniform DIF. A 

main effect of class interval, irrespective to person factor, is equivalent to the χ
2
 

estimates of fit, therefore was not examined. Once again, multiple tests of fit were 

conducted and so Bonferroni corrections for alpha at the level of 0.05 were applied. 

Adjustments were based on the number of items/testlets within the subscale or 

second-order structure and the number of test probabilities (3): (1) main effect of 

person factor; (2) main effect of class interval and (3) the interaction between the two 

(person X class interval). For example, for subscales with three items, the criterion 

level for alpha were set to 0.05/(3x3) = 0.006, for the second-order construct with 6 

testlets, the criterion level for alpha were set to 0.05/(6x3) = 0.003. 

The person factors investigated were; (i) population (clinical, research), (ii) 

gender (male, female), (iii) age groups (three categories based on hearing age: >50, 

51 – 69 and <70 years of age), and (iv) hearing loss. For the clinical population, this 

was defined as five categories based on self-reported hearing loss (no problem, small 
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problem, moderate problem, big problem, very big problem). For the research 

population, this was defined by four categories of audiometric pure tone average 

thresholds based on British Society of Audiology guidelines (normal hearing >20 

dB; mild hearing loss 20–40 dB; moderate hearing loss 40–70 dB; severe hearing 

loss <71 dB) (see Table 6.4 for sample size in each person factor). These person 

factors related to clinically important groups in tinnitus.  

6.2.6.8 Transforming the raw scores into linear interval measurement  

An important element of the Rasch modelling process is the conversion of the raw 

ordinal TFI scores (subscales and second-order structure) into linear interval 

measurement points (logit scale). The implication is that the interval-level change 

between each raw score can be estimated, which provides a better understanding of 

the actual change that occurs between each ordinal measurement point and how 

closely these raw scores approximate the interval-level change.  

In order to provide understandable scores that can be used in parametric 

statistical analysis and can be easily calculated in clinics and research, the logit 

interval scales were converted, using linear transformations, into metric estimate 

scores that reflect the range of the original raw scores, given by;  

𝑦 = 𝑚 + (𝑠 × 𝑙𝑜𝑔𝑖𝑡)     (7.6) 

where s is the wanted range/current range and m is the: wanted minimum 

score – (current minimum × s). To conduct these transformations the data must 

conform to the Rasch model, otherwise the scores would reflect the model misfit 

rather than accurate change. Therefore only the subscales and second-order structure 

that conformed to the Rasch model were provided with the metric scores.  
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Table 6.4. Sample size frequencies in each person factor group. 

Person factor Person factor groups N 

Population 
Clinical 255 

Research 285 

Gender* 
Male 356 

Female 183 

Age 

<50 yrs 195 

50 – 69 yrs 297 

70 + yrs 48 

Self-defined hearing 

(Are you having any problems hearing speech 

or other sounds?)# 

No problem 69 

Small problem 76 

Moderate  77 

Big problem 27 

Very big problem 6 

BSA hearing thresholds (PTA)* 

Normal hearing 181 

Mild loss 72 

Moderate loss 28 

Severe loss 3 

* missing data = 1; # Hearing question from baseline assessment in clinical population study 

(Chapter 4). BSA = British Society of Audiology. PTA = Pure Tone Audiometry. 

 

It is important to note that the transformation scores provided are for use with 

complete data only. The location estimates and consequently the metric scores 

depend on the items that have been endorsed. For instance, for people who have 

completed the scale (e.g. all 25 items), the conversion score would be a true 

reflection of their level of tinnitus impact as measured by all the items. People who 

do not respond to all 25 items could still have the same raw score as those above, but 

the conversion score would be biased. They will effectively have “0” scores for the 

items that were not endorsed.  

6.3. RESULTS  

6.3.1. Response frequency distributions of raw scores 

Response distributions for all raw item data (within subscales) are presented in Table 

6.5 (dataset A), Table 6.6 (dataset B) and Table 6.7 (full dataset).  
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Table 6.5. Dataset A item response distributions for all items within designated 

subscales. 

 
% of responses within the response categories 

 

 
0 1 2 3 4 5 6 7 8 9 10 Mean (±SD) 

INTR1 0.4 4.6 6.5 7.7 6.2 7.7 5.8 14.2 15 13.5 18.1 6.63 (2.81) 

INTR2 0 0.8 3.1 7.7 11.9 9.2 10.8 19.2 20 10 6.9 6.45 (2.19) 

INTR3 4.2 20.4 10 13.1 5.8 12.7 7.3 6.9 7.3 4.6 6.5 4.29 (2.97) 

SOC4 2.7 3.8 5.4 6.9 6.2 8.8 10 8.5 13.5 7.3 26.2 6.64 (2.99) 

SOC5 3.1 7.3 8.5 11.9 10.4 19.2 13.5 12.7 6.2 3.1 4.2 4.87 (2.46) 

SOC6 0.8 5.8 4.2 8.1 4.6 13.8 10 15.4 10.4 11.2 15.4 6.34 (2.73) 

COG7 10.4 9.2 12.3 8.1 6.5 10.4 13.5 12.7 7.7 3.5 5.8 4.56 (2.96) 

COG8 18.5 9.2 10.4 10.8 8.1 11.2 9.6 8.5 7.3 3.1 3.5 3.88 (2.96) 

COG9 12.3 11.9 11.2 13.5 9.6 11.2 10 6.9 6.9 3.8 2.7 3.94 (2.80) 

SLP10 15 6.9 9.2 8.1 6.5 4.2 6.2 9.2 13.5 7.3 13.8 5.10 (3.52) 

SLP11 16.5 8.8 11.2 7.7 2.7 6.5 7.3 9.6 11.2 6.9 11.2 4.74 (3.50) 

SLP12 18.1 8.8 10 8.5 4.6 8.1 5 7.3 11.2 7.7 10.8 4.60 (3.52) 

AUD13 14.2 9.6 10.8 10.4 9.2 10.8 9.6 8.5 10.4 2.7 3.8 4.16 (2.94) 

AUD14 20 10.4 11.5 8.8 8.1 8.8 8.8 9.2 7.3 4.6 2.3 3.77 (3.02) 

AUD15 17.7 10 8.8 9.2 10.4 8.1 7.3 8.8 7.3 6.9 5.4 4.18 (3.19) 

REL16 6.2 6.2 7.7 6.2 5 7.7 10 13.5 16.5 8.5 12.7 5.88 (3.07) 

REL17 6.5 8.5 7.3 6.2 6.9 8.1 11.2 15.4 12.3 8.5 9.2 5.51 (3.04) 

REL18 3.1 3.8 5.4 4.2 5 5.4 5.8 10.8 14.2 12.7 29.6 7.08 (3.00) 

QOL19 26.9 10 10.4 7.7 5 9.6 6.2 6.9 8.5 3.5 4.2 3.53 (3.22) 

QOL20 20.4 10 9.2 11.5 7.7 8.1 6.2 8.8 6.2 5.4 6.5 3.96 (3.24) 

QOL21 30.8 11.9 9.2 6.5 6.5 9.6 5.4 6.2 6.2 4.6 3.1 3.21 (3.16) 

QOL22 27.3 13.1 11.5 6.2 7.3 6.5 5.8 8.1 6.2 3.5 4.6 3.34 (3.20) 

EMO23 16.2 11.9 9.6 13.1 4.2 10 8.5 10 6.2 4.2 6.2 4.07 (3.13) 

EMO24 9.6 10 11.5 8.1 5 15 7.3 12.3 6.5 8.1 6.5 4.73 (3.08) 

EMO25 31.5 13.1 8.5 9.2 4.6 7.7 7.3 5 5.4 1.9 5.8 3.12 (3.19) 

Bold values indicate items with the lowest (0) or highest (10) response option selected in <15% 

of respondents.  
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Table 6.6. Dataset B item response distributions for all items with designated subscales   

 
% of responses within the response categories 

 

 
0 1 2 3 4 5 6 7 8 9 10 Mean (±SD) 

INTR1 0 4.7 4.7 7.5 8.2 10.8 7.5 12.2 19 9.3 15.8 6.50 (2.66) 

INTR2 0 0.7 1.8 7.9 7.9 13.6 12.9 21.1 20.1 7.2 6.8 6.46 (2.04) 

INTR3 7.2 16.1 12.2 11.1 7.5 11.8 7.5 11.5 7.5 4.3 3.2 4.20 (2.84) 

SOC4 5 4.7 5.7 10.8 4.7 11.5 5.4 7.5 10 10.4 23.7 6.24 (3.23) 

SOC5 5.4 5.4 8.6 12.9 8.2 17.9 9.7 15.1 11.5 3.2 2.2 4.90 (2.53) 

SOC6 2.2 2.2 5 8.2 7.2 13.3 10.4 12.2 18.3 9 12.2 6.28 (2.61) 

COG7 12.9 9 10.8 11.5 8.2 9 6.8 15.8 10.8 3.6 1.8 4.30 (2.90) 

COG8 17.2 10.8 7.9 13.3 6.1 11.8 7.5 11.1 11.8 1.8 0.7 3.91 (2.87) 

COG9 14 12.2 10 15.1 6.1 9.7 7.5 13.6 9.7 1.4 0.7 3.88 (2.77) 

SLP10 14 8.6 9 6.8 8.2 7.5 3.6 13.6 11.8 5.7 11.1 4.92 (3.38) 

SLP11 17.6 9.3 7.2 9 6.8 7.9 4.7 11.8 10 5.7 10 4.60 (3.42) 

SLP12 19 7.5 11.5 8.6 5 8.2 3.2 12.5 8.2 6.1 9.7 4.44 (3.44) 

AUD13 19.4 12.2 8.2 10.8 8.2 10.4 7.2 10.8 7.5 2.2 3.2 3.76 (2.98) 

AUD14 26.2 10 9 10 9.3 6.5 9 7.9 8.6 1.4 2.2 3.40 (2.98) 

AUD15 24 10.4 7.9 10 7.9 5.7 6.1 11.1 5.7 6.8 3.9 3.79 (3.25) 

REL16 7.5 4.7 8.6 10 6.1 10 8.6 12.5 15.8 7.2 8.6 5.45 (3.01) 

REL17 7.5 6.5 12.2 9.3 7.5 11.5 5.4 12.9 12.9 7.2 7.2 5.08 (3.03) 

REL18 5 3.6 5 7.9 3.9 8.6 6.8 9.7 12.2 14 23.3 6.61 (3.11) 

QOL19 31.2 9.7 10 9.3 3.9 9 5.4 10 5 2.5 3.6 3.21 (3.12) 

QOL20 21.1 12.9 11.5 10.4 6.1 7.2 7.2 7.2 7.2 3.9 5.4 3.67 (3.18) 

QOL21 31.5 14 10.4 8.6 4.7 10.8 3.2 5.7 5.4 3.2 2.2 2.87 (2.97) 

QOL22 30.8 13.6 9.7 7.9 4.3 8.2 5 7.9 6.8 3.6 1.8 3.06 (3.07) 

EMO23 17.9 14 15.4 9 3.2 6.1 4.3 9 10 3.9 7.2 3.91 (3.33) 

EMO24 9.7 12.9 13.6 7.9 8.6 9.7 5 9 7.9 6.8 9 4.53 (3.22) 

EMO25 35.1 9.3 11.1 7.5 3.9 9.3 3.9 5.4 6.5 4.7 3.2 3.04 (3.19) 

Bold values indicate items with the lowest (0) or highest (10) response option selected in <15% 

of respondents.  
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Table 6.7. Full dataset item response distributions for all items within designated 

subscales 

 
% of responses within the response categories 

 

 
0 1 2 3 4 5 6 7 8 9 10 Mean (±SD) 

INTR1 0.2 4.6 5.6 7.6 7.2 9.3 6.7 13.2 17.1 11.3 16.9 6.56 (2.73) 

INTR2 0 0.7 2.4 7.8 9.8 11.5 11.9 20.2 20 8.5 6.9 6.46 (2.11) 

INTR3 5.8 18.2 11.1 12.1 6.7 12.2 7.4 9.3 7.4 4.5 4.8 4.24 (2.90) 

SOC4 3.9 4.3 5.6 8.9 5.4 10.2 7.6 8 11.7 8.9 24.9 6.43 (3.12) 

SOC5 4.3 6.3 8.5 12.4 9.3 18.6 11.5 13.9 8.9 3.2 3.2 4.88 (2.49) 

SOC6 1.5 3.9 4.6 8.2 5.9 13.5 10.2 13.7 14.5 10 13.7 6.31 (2.67) 

COG7 11.7 9.1 11.5 9.8 7.4 9.6 10 14.3 9.3 3.5 3.7 4.43 (2.93) 

COG8 17.8 10 9.1 12.1 7.1 11.5 8.5 9.8 9.6 2.4 2 3.89 (2.91) 

COG9 13.2 12.1 10.6 14.3 7.8 10.4 8.7 10.4 8.3 2.6 1.7 3.91 (2.78) 

SLP10 14.5 7.8 9.1 7.4 7.4 5.9 4.8 11.5 12.6 6.5 12.4 5.01 (3.45) 

SLP11 17.1 9.1 9.1 8.3 4.8 7.2 5.9 10.8 10.6 6.3 10.6 4.67 (3.46) 

SLP12 18.6 8.2 10.8 8.5 4.8 8.2 4.1 10 9.6 6.9 10.2 4.52 (3.48) 

AUD13 16.9 10.9 9.5 10.6 8.7 10.6 8.3 9.6 8.9 2.4 3.5 3.95 (2.97) 

AUD14 23.2 10.2 10.2 9.5 8.7 7.6 8.9 8.5 8 3 2.2 3.58 (3.00) 

AUD15 21 10.2 8.3 9.6 9.1 6.9 6.7 10 6.5 6.9 4.6 3.98 (3.23) 

REL16 6.9 5.4 8.2 8.2 5.6 8.9 9.3 13 16.1 7.8 10.6 5.66 (3.04) 

REL17 7.1 7.4 9.8 7.8 7.2 9.8 8.2 14.1 12.6 7.8 8.2 5.29 (3.04) 

REL18 4.1 3.7 5.2 6.1 4.5 7.1 6.3 10.2 13.2 13.4 26.3 6.84 (3.06) 

QOL19 29.1 9.8 10.2 8.5 4.5 9.3 5.8 8.5 6.7 3 3.9 3.36 (3.17) 

QOL20 20.8 11.5 10.4 10.9 6.9 7.6 6.7 8 6.7 4.6 5.9 3.81 (3.21) 

QOL21 31.2 13 9.8 7.6 5.6 10.2 4.3 5.9 5.8 3.9 2.6 3.04 (3.06) 

QOL22 29.1 13.4 10.6 7.1 5.8 7.4 5.4 8 6.5 3.5 3.2 3.2 (3.13) 

EMO23 17.1 13 12.6 10.9 3.7 8 6.3 9.5 8.2 4.1 6.7 3.99 (3.23) 

EMO24 9.6 11.5 12.6 8 6.9 12.2 6.1 10.6 7.2 7.4 7.8 4.63 (3.15) 

EMO25 33.4 11.1 9.8 8.3 4.3 8.5 5.6 5.2 5.9 3.3 4.5 3.07 (3.19) 

Bold values indicate items with the lowest (0) or highest (10) response option selected in <15% 

of respondents.  
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The response frequency distributions are the first indication of potential 

mistargeting within the subscales. Most notably, all the items within the Auditory, 

QoL subscales and two items in the Emotional subscale showed skewed distributions 

towards the lower values (floor effects). These subscales potentially result in poor 

targeting within the Rasch model, since this would indicate that the person locations 

will be lower on the scale than items. Although three other items did show some 

floor effects, with the largest percentage of participants selecting the lowest severity 

option (0), there was an even spread in the data across the other response categories. 

In contrast, three items (INTR1, SOC5 and REL18) showed skewed distributions 

towards the higher values, but the rest of the items in the subscale showed reasonably 

normal distributions across the trait, therefore the effect on the targeting should be 

small.  

6.3.2. Dimensionality  

All 25 items were submitted as a unidimensional structure to the Rasch model using 

the full dataset (n=540). The results were as expected; data fit to model expectations 

was poor. Chi-square for overall fit was significant (χ
2
 = 846.4 (150), p >0.0001; 

Class interval: 7) and overall item fit residual was extreme (Mean = 0.48; SD = 

4.77). The pattern of residuals revealed that the majority of the items were linked; 

residual correlations associated with each item grouped together representing the 

subscales of the TFI (Table 6.8). One item did not conform to the expected pattern. 

SOC4 item residual did not correlate with the expected items in the subscale or any 

other item in the questionnaire. This indicates this item is behaving differently to 

other items in the scale, either because it is not measuring the same construct or 

because the measurement format differs. This was kept under consideration during 

subscale analysis (6.3.3).  
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Table 6.8. Residual correlations for all 25 items  

 
n = 540; Red = high residual correlations (<0.2).  

ITEM INTR1 INTR2 INTR3 SOC4 SOC5 SOC6 COG7 COG8 COG9 SLP10 SLP11 SLP12 AUD13 AUD14 AUD15 REL16 REL17 REL18 QOL19 QOL20 QOL21 QOL22 EMO23 EMO24 EMO25 

INTR1 1 
                        

INTR2 0.32 1 
                       

INTR3 0.29 0.19 1 
                      

SOC4 0.07 -0.06 -0.05 1 
                     

SOC5 -0.11 0.12 0.15 0.09 1 
                    

SOC6 0.11 0.20 0.11 0.07 0.22 1 
                   

COG7 -0.13 -0.05 -0.07 -0.13 0.16 -0.07 1 
                  

COG8 -0.20 -0.08 -0.10 -0.09 0.12 -0.13 0.65 1 
                 

COG9 -0.22 -0.06 -0.08 -0.06 0.17 -0.06 0.55 0.61 1 
                

SLP10 -0.10 -0.06 -0.05 -0.10 -0.09 -0.05 -0.11 -0.10 -0.10 1 
               

SLP11 -0.09 -0.05 -0.05 -0.15 -0.13 -0.06 -0.12 -0.14 -0.11 0.77 1 
              

SLP12 -0.03 -0.06 -0.02 -0.04 -0.06 -0.10 -0.16 -0.15 -0.15 0.55 0.70 1 
             

AUD13 0.11 -0.02 -0.17 -0.06 -0.33 -0.13 -0.20 -0.15 -0.24 -0.29 -0.31 -0.26 1 
            

AUD14 0.09 -0.04 -0.19 -0.06 -0.36 -0.20 -0.17 -0.12 -0.23 -0.30 -0.29 -0.20 0.86 1 
           

AUD15 0.09 -0.04 -0.21 -0.07 -0.38 -0.20 -0.18 -0.15 -0.23 -0.29 -0.28 -0.20 0.77 0.85 1 
          

REL16 -0.19 -0.06 -0.05 -0.09 0.02 0.07 -0.01 -0.07 0.01 0.12 0.08 0.01 -0.28 -0.34 -0.31 1 
         

REL17 -0.25 -0.12 -0.06 -0.09 0.06 0.03 0.10 0.01 0.12 0.12 0.09 0.03 -0.39 -0.44 -0.40 0.65 1 
        

REL18 -0.09 -0.05 -0.08 0.05 -0.06 0.02 -0.13 -0.17 -0.11 0.05 -0.02 -0.06 -0.15 -0.21 -0.16 0.54 0.51 1 
       

QOL19 -0.05 -0.11 -0.10 -0.13 -0.12 -0.17 -0.07 0.00 -0.04 -0.31 -0.27 -0.25 0.13 0.16 0.19 -0.12 -0.14 -0.16 1 
      

QOL20 -0.26 -0.12 -0.01 -0.13 0.11 -0.15 0.02 0.06 0.10 -0.28 -0.23 -0.24 -0.18 -0.16 -0.14 -0.04 0.07 -0.06 0.39 1 
     

QOL21 -0.16 -0.23 -0.04 -0.19 -0.07 -0.17 -0.01 0.06 0.00 -0.29 -0.24 -0.24 0.05 0.07 0.05 -0.18 -0.08 -0.16 0.41 0.40 1 
    

QOL22 -0.21 -0.20 -0.18 -0.12 -0.06 -0.22 0.18 0.19 0.12 -0.21 -0.18 -0.19 0.04 0.11 0.11 -0.19 -0.18 -0.19 0.15 0.18 0.28 1 
   

EMO23 -0.20 -0.14 -0.01 -0.06 0.18 0.03 0.00 -0.03 -0.01 -0.09 -0.07 -0.07 -0.36 -0.34 -0.35 -0.01 0.09 -0.02 -0.07 0.19 0.10 0.05 1 
  

EMO24 -0.20 -0.07 0.04 -0.01 0.25 0.14 0.06 0.00 0.12 -0.12 -0.12 -0.09 -0.39 -0.42 -0.40 0.00 0.10 -0.08 -0.09 0.21 0.03 0.00 0.63 1 
 

EMO25 -0.20 -0.05 0.05 -0.09 0.17 0.01 -0.02 -0.03 0.04 0.00 -0.02 -0.05 -0.26 -0.26 -0.27 -0.04 0.02 -0.09 -0.14 0.16 0.02 -0.05 0.39 0.38 1 
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The PSI value was high (0.96) indicating that all the items do discriminate 

individuals, although this may be inflated due to the large amount of overlap in item 

content. PCA identified a pattern in the residual loadings, in which one subset 

comprised of strong positive loaded residuals whilst the other represented strong 

negative loaded residuals. The percentage of significant independent t-tests outside 

the acceptable range was vastly higher (33%) than the recommended value (5%). 

Overall, the 25 items together violate the assumptions of local independence and a 

multidimensional questionnaire structure was clearly apparent.  

6.3.3. Subscales analysis  

Analysis results for the eight TFI subscales are the same in both datasets (A and B), 

unless otherwise stated. For both datasets, the numbers of class intervals were 4, 

which guaranteed that more than 50 persons were in each class interval.   

6.3.3.1 Overall summary fit statistics  

The overall summary fit statistics are presented in Table 6.9. Inspection of the fit of 

data revealed non-significant item-trait interactions (χ
2
) for the majority of the 

subscales, therefore the data at this level conforms to the model expectations. Having 

said this, the item-trait interactions for the Sense of control subscale (χ
2
 = 21.17 (9), 

p = 0.01) in dataset A, the Emotional subscale (χ
2
 = 21.86 (9), p = 0.009) in dataset B 

were significantly larger than the other subscales. These large χ
2
 values may indicate 

problems of under- or over-discrimination at individual item level.  

Inspection of the item-person interaction revealed that the residual mean 

value for persons is reasonably close to zero for all of the subscales and the SD are 

within the critical values, therefore at this level these statistics do not indicate any 

serious deviations from model expectations.  
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Table 6.9. Overall summary fit statistics for the eight TFI subscales using datasets A 

and B 

 
  

Item fit 

residual 

Person fit 

residual 

Item-trait 

interaction  

 
Subscale Items Mean SD Mean SD 

χ
2
  

(df) 
p* 

No 

ext 

D
a
ta

se
t 

A
 (

n
 =

 2
6

1
) 

Intrusiveness 
INTR1,INTR2, 

INTR3 
-0.08 1.48 -0.53 1.00 

10.00 

(9) 
0.675 5 

Sense of 

Control 

SOC4,SOC5, 

SOC5 
0.16 0.62 -0.50 1.05 

21.17 

(9) 
0.036 12 

Cognition 
COG7,COG8, 

COG9 
0.16 0.75 -0.56 1.06 

8.85 

(9) 
1.000 26 

Sleep 
SLP10,SLP11, 

SLP12 
0.01 1.73 -0.61 1.10 

10.99 

(9) 
0.828 48 

Auditory 
AUD13,AUD14

AUD15 
-0.05 2.38 -0.79 1.20 

12.56 

(9) 
0.551 33 

Relaxation 
REL16,REL17, 

REL18 
-0.52 1.25 -0.52 0.91 

12.40 

(9) 
0.575 25 

QoL 
QOL19,QOL20 

QOL21,QOL22 
0.09 1.60 -0.60 1.22 

22.50 

(12) 
0.129 34 

Emotional 
EMO23,EMO24

EMO25 
-0.2 0.88 -0.47 0.94 

10.92 

(9) 
0.843 30 

Sense of 

control-ord 

SOC4,SOC5, 

SOC5 
-0.28 2.13 -0.49 0.98 

15.64 

(9) 
0.225 12 

D
a
ta

se
t 

B
 (

n
 =

 2
7
9
) 

Intrusiveness 
INTR1,INTR2, 

INTR3 
-0.13 0.07 -0.48 1.03 

15.41 

(9) 
0.240 6 

Sense of 

Control 

SOC4,SOC5, 

SOC5 
-0.08 1.16 -0.51 1.06 

13.05 

(9) 
0.481 7 

Cognition 
COG7,COG8, 

COG9 
0.15 1.36 -0.77 1.18 

12.95 

(9) 
0.494 25 

Sleep 
SLP10,SLP11, 

SLP12 
-0.30 1.76 -0.79 1.19 

14.51 

(9) 
0.315 49 

Auditory 
AUD13,AUD14

AUD15 
-0.06 2.01 -0.7 1.05 

7.04 

(9) 
1.000 57 

Relaxation 
REL16,REL17, 

REL18 
-0.08 0.79 -0.5 0.90 

7.33 

(9) 
1.000 28 

QoL 
QOL19,QOL20 

QOL21,QOL22 
-0.16 1.46 -0.60 1.30 

21.35 

(12) 
0.182 35 

Emotional 
EMO23,EMO24

EMO25 
-0.44 1.08 -0.54 0.99 

21.86 

(9) 
0.028 28 

Sense of 

control-ord 

SOC4,SOC5, 

SOC5 
-0.13 2.05 -0.52 1.04 

11.63 

(9) 
0.705 7 

* corrected for multiple comparisons. Bold = exceed recommended criterion; Underlined = 

marginally below criteria; No ext = number of extremes; χ
2
 = Chi-square. 
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The residual mean for items in each subscale were also close to zero, and for 

the most part the SD also reflects good fit to model expectations for subscales. 

However, the residual SD was unexpectedly large for the auditory subscale (>2) 

across both datasets, indicating misfit to model expectations at item level. For both 

the Sleep and QoL subscales (dataset A only) SDs are ≥ 1.5, suggesting problems 

with some items within these subscales.  

6.3.3.2 Individual item fit statistics  

Individual item fit statistics were examined in each subscale for both datasets A 

(Table 6.10) and B (Table 6.11). There were some small variations, but most were 

within acceptable criteria. In fact, all the items in the Intrusiveness, Sense of Control, 

Cognition, and Relaxation subscales conformed to model expectation.  

The χ
2
 estimates and fit residuals were within the acceptable range indicating 

that the observed scores for each item closely adhered to the expected scores. Item 

characteristic curves for the items confirmed the good fit to model expectations and 

although, the class intervals for SOC4 do indicate a slightly flatter curve, all intervals 

were reasonably well distributed along the curve (see Figure 6.1 for example of one 

item from each subscale). That said, it should be noted that three out of the four class 

intervals for COG7 were located below zero possibly highlighting some mistargeting 

with the persons located below the item locations.  

Despite being flagged in the overall item-person interaction as having 

potential problematic items, the item data in both the Sleep and QoL subscales fitted 

the Rasch model. However, both subscales had one item with residuals that only just 

fall within the range in the different datasets.  
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Table 6.10. Summary of item fit statistics for dataset A 

 Item Location SE 
Fit 

residual 
χ

2
 df p* 

Intrusiveness 

INTR1 -0.18 0.04 -0.84 5.90 3 0.349 

INTR2 -0.41 0.04 1.64 0.45 3 1.000 

INTR3 0.59 0.04 -1.01 3.84 3 0.839 

Sense of Control 

SOC4 -0.26 0.03 0.88 3.96 3 0.797 

SOC5 0.51 0.04 -0.28 9.23 3 0.079 

SOC6 -0.26 0.04 -0.11 7.98 3 0.139 

Sense of control -

ordered 

SOC4 -0.47 0.06 2.18 4.25 3 0.708 

SOC5 0.67 0.04 -1.52 5.99 3 0.337 

SOC6 -0.20 0.04 -1.50 5.40 3 0.433 

Cognition 

COG7 -0.46 0.06 -0.02 1.53 3 1.000 

COG8 0.27 0.06 -0.50 4.92 3 0.534 

COG9 0.19 0.06 0.98 2.40 3 1.000 

Sleep 

SLP10 -0.19 0.05 1.55 0.98 3 1.000 

SLP11 0.06 0.05 -1.87 8.40 3 0.116 

SLP12 0.13 0.05 0.34 1.62 3 1.000 

Auditory 

AUD13 -0.11 0.06 1.59 5.43 3 0.428 

AUD14 0.30 0.06 -2.78 5.29 3 0.455 

AUD15 -0.19 0.06 1.05 1.84 3 1.000 

Relaxation 

REL16 0.19 0.05 -1.54 5.66 3 0.387 

REL17 0.45 0.05 -0.88 5.16 3 0.482 

REL18 -0.64 0.05 0.87 1.58 3 1.000 

QoL 

QOL19 0.03 0.04 -0.55 6.29 3 0.394 

QOL20 -0.25 0.04 -0.08 5.63 3 0.525 

QOL21 0.17 0.04 -1.36 9.88 3 0.079 

QOL22 0.05 0.04 2.36 0.72 3 1.000 

Emotional 

EMO23 -0.03 0.05 -0.55 5.61 3 0.397 

EMO24 -0.42 0.05 -0.86 5.00 3 0.515 

EMO25 0.45 0.05 0.80 0.31 3 1.000 

* corrected for multiple comparisons. n= 261. Bold = exceed recommended criterion. Underlined 

= marginally below criteria. χ
2
 = Chi-square. Sense of control-ordered = Sense of control with 

ordered thresholds. Class interval = 4. 
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Table 6.11. Summary of item fit statistics for dataset B.  

 Item Location SE 
Fit 

residual 
χ

2
 df p* 

Intrusiveness 

INTR1 -0.27 0.04 -0.08 4.30 3 0.692 

INTR2 -0.54 0.05 -0.12 5.75 3 0.373 

INTR3 0.81 0.04 -0.21 5.37 3 0.441 

Sense of Control 

SOC4 -0.13 0.03 0.37 2.13 3 1.000 

SOC5 0.39 0.04 -1.41 9.43 3 0.072 

SOC6 -0.26 0.04 0.78 1.49 3 1.000 

Sense of control -

ordered 

SOC4 -0.29 0.06 1.99 3.29 3 1.000 

SOC5 0.51 0.04 -2.10 6.11 3 0.320 

SOC6 -0.22 0.04 -0.29 2.23 3 1.000 

Cognition 

COG7 -0.33 0.06 0.14 5.32 3 0.450 

COG8 0.15 0.06 -1.21 6.96 3 0.220 

COG9 0.19 0.06 1.51 0.68 3 1.000 

Sleep 

SLP10 -0.21 0.05 0.51 4.14 3 0.740 

SLP11 0.05 0.05 -2.32 7.24 3 0.194 

SLP12 0.15 0.05 0.90 3.13 3 1.000 

Auditory 

AUD13 -0.18 0.06 1.11 0.04 3 1.000 

AUD14 0.41 0.06 -2.38 5.37 3 0.440 

AUD15 -0.23 0.06 1.10 1.63 3 1.000 

Relaxation 

REL16 0.22 0.05 -0.90 5.60 3 0.399 

REL17 0.43 0.05 -0.04 1.35 3 1.000 

REL18 -0.65 0.05 0.68 0.38 3 1.000 

QoL 

QOL19 -0.01 0.04 0.53 3.07 3 1.000 

QOL20 -0.25 0.04 -1.57 7.40 3 0.240 

QOL21 0.16 0.04 -1.15 6.20 3 0.409 

QOL22 0.10 0.04 1.57 4.67 3 0.789 

Emotional 

EMO23 -0.04 0.04 -0.36 10.28 3 0.049 

EMO24 -0.44 0.04 -1.56 4.65 3 0.598 

EMO25 0.48 0.04 0.60 6.93 3 0.223 

* corrected for multiple comparisons. n= 279. Bold = exceed recommended criterion. Underlined 

= marginally below criteria. χ
2
 = Chi-square. Sense of control-ordered = Sense of control with 

ordered thresholds. Class interval = 4. 
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Figure 6.1. Item characteristic curves for example items (INTR1, COG7, SOC4, 

REL16) from the subscales with acceptable fit.  
The close alignment of mean observed score class intervals () against the expected sigmoidal 

curve indicate reasonably good fit to model expectations. Although acceptable, the class intervals 

for SOC4 show some discrepancy in the model fit that was not reflected in the fit statistics. The 

flatter curve for COG7 indicates a larger range in person-item distribution. The person locations 

(logits) represents the continuum of tinnitus impact, with lower impact below “0” logits and 

higher above “0” logits.  = mean class interval observed scores.  

 

In dataset A, the fit residual for QOL22 (“difficulty performing your work or 

other tasks”) was +2.4 and in dataset B, the fit residual for SLP11 (“difficulty in 

getting as much sleep as needed”) was -2.3, indicating misfit (Tables 6.10 and 6.11). 

Although all class intervals for QOL22 were distributed along the curve, the majority 

were below zero, indicating some mistargeting (Figure 6.2). There was also a 

noticeable discrepancy between the observed scores and expected with one class 

interval located below the curve. This suggests that QOL22 is under-discriminating 

and potentially measuring an alternative construct than the other items in the 

subscale.  
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Figure 6.2. Item Characteristic curves for QOL22 and SLP11 that were flagged at 

summary fit for potential bad fit at item level.  
The mean class intervals for QOL22 showed a slightly flatter curve to the observed scores than 

the expected sigmoidal curve indicating discrepancy in the model fit. The mean class intervals for 

SLP11 are closely aligned to the expected curve, indicating reasonably good fit to model 

expectations. The person locations (logits) represents the continuum of tinnitus impact, with 

lower impact below “0” logits and higher above “0” logits.  = mean class interval values.  

 

The discrepancy for SLP11 was visibly small (Figure 6.2), the class intervals 

were well-distributed and close to the expected curve and comparable to the items 

that did not show large residuals (see Figure 6.1). Items in the Auditory subscale all 

had non-significant χ
2
 estimates. The fit residuals for two items were within the 

criteria, whilst AUD14 (“ability to understand people who are talking”) item 

residuals were outside the established criteria range in dataset A (-2.8) and were just 

within dataset B (-2.4). Although, this discrepancy visually appears to be relatively 

small in both datasets (Figure 6.3).  
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Figure 6.3. Item characteristic curves for the AUD14 and EMO23 that were flagged at 

summary fit for deviating from the Rasch model at item level.  
The high fit residual observed for AUD14 is not apparent in the alignment of the class intervals 

to the expected curve. EMO23 clearly shows one class interval that was not conforming to the 

model expectations indicating possible misfit. The person locations (logits) represents the 

continuum of tinnitus impact, with lower impact below “0” logits and higher above “0” logits.  

= mean class interval values 

 

These high negative residuals suggest that this item is potentially not 

contributing anything extra to the subscale but is artificially inflating the subscale 

score. There is overlap in content of the items that could indicate some response 

dependency, with responses for AUD14 potentially depending on the responses to 

AUD13 (“ability to hear clearly”).  

The Emotional subscale was the only scale with an item that displayed a 

significantly large χ
2
 estimate (dataset B); all fit residuals were within the acceptable 

range. EMO23 (“how anxious or worried”) showed borderline deviations from the 

expected scores. Inspection of Figure 6.3 showed a small anomaly for one class 
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interval, in which the observed responses were not conforming to the expected 

probabilities. The class interval is located at the lower bound of the logit scale (i.e. 

milder tinnitus) and the response pattern could in fact be a reflection of the 

distributions (floor effects) that were observed above (6.3.1). This suggests that the 

item is poorly targeted, at this level, in which participants are scoring slightly lower 

than expected. At this point in the analysis, as per a priori criterion, none of the items 

are removed from their designated subscale.  

6.3.3.3 Individual person-fit statistics 

Individual person fit statistics revealed that in each subscale a small percentage of 

participants had negative residuals outside the acceptable range (Table 6.12). 

Interestingly, the QoL subscale had the highest percentage across the two datasets, 

reflecting misfit. No participants had positive residuals outside the range. None of 

the participants were removed from the analysis as these deviations could reflect the 

nature occurrences in tinnitus.  

6.3.3.4 Validity of category response ordering (thresholds) 

The ordering of category responses was examined for the items within their 

designated subscale in both dataset A (Figure 6.4) and dataset B (Figure 6.5). The 

pattern of item thresholds indicated that for all items except SOC4 and QOL22, 

category responses were working as intended and all were utilised. The thresholds 

order directly corresponded to the order of response categories. Persons located at the 

lower (negative) points on the logit scale (low TFI scores) have a high probability of 

scoring the lowest value on the item, whilst persons with high severity scores have a 

high probability of scoring the highest values. 
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Table 6.12. Extreme person fit residuals in each subscale for both datasets. 

 No of extremes residual (%) 

Subscale Dataset A Dataset B 

 - 2.5 - 2.5 

Intrusiveness 8 (3) 12 (4) 

Sense of control 7 (3) 16 (6) 

Cognition 6 (2) – 

Sleep 5 (2) 24 (9) 

Auditory 15 (6) 9 (3) 

Relaxation 5 (2) 7 (3) 

Quality of life 17 (7) 20 (7) 

Emotional 3 (1) 8 (3) 

 

For the ordered items, each response category threshold was a defined point 

along the continuum, in which the probability of attaining a higher category score 

increased as overall tinnitus impact increased (Figures 6.4 and 6.5). For example, 

category threshold curves show that COG9 has working category thresholds that are 

defined and systematically ordered along the continuum, i.e. τ1 is followed by τ2, 

which is followed by τ3 and so on (Figure 6.6). The shape and location differed 

slightly between items and datasets, with some items the shape of the curves are 

steeper and the thresholds are less evenly distributed across the continuum, but are 

still ordered (Figure 6.6). EMO25 item, for example, displays ordered thresholds, but 

the range of threshold locations along the continuum are smaller, with the majority of 

early response category thresholds clustering together around the same location (0 

logits; Figure 6.6). This indicates that the majority of the items and persons are 

located centrally with extremes at the lower bounds, corresponding with floor effects 

in the item (Tables 6.5 and 6.6). 
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Figure 6.4. Thresholds distribution for all items within designated subscales using 

dataset A.  

** disordered category thresholds. Logit scale continuum presented below each subscale, 

with lower impact indicated by negative logit values and higher by positive logit values.  
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Figure 6.5. Thresholds distribution for all items within designated subscales using 

dataset B.  

** disordered category thresholds. Logit scale continuum presented below each subscale, 

with lower impact indicated by negative logit values and higher by positive logit values.  
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Figure 6.6. Category response curves showing ordered thresholds for INTR2, COG9, 

and EMO25 in datasets A and B.  
The different coloured threshold curves represent the 11 response categories, all of which are 

ordered indicating that each category has the highest probability of being endorsed at some point. 

INTR2 and COG9 thresholds are reasonably evenly distributed, whilst the thresholds for EMO25 

are mainly located centrally. Person location (logits) represent the continuum of tinnitus impact, 

with response curves located below “0” logits indicating lower levels of impact and those above 

“0” logits indicating higher levels of impact. 

 

The threshold estimates for SOC4 and QOL22 were not ordered sequentially 

(Figure 6.7). SOC4 showed disordered threshold estimates in both datasets; the 

threshold estimates for τ9, τ6, τ7, and τ8 were all more than the estimates for τ10 

(Tables 6.13 and 6.14). Participants were unable to reliably discriminant between the 

higher severity levels in the categories.  
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Figure 6.7. Category response curves showing disordered thresholds for SOC4 in 

datasets A and B and QOL22 in dataset B. 
The higher categories thresholds were disordered for SOC4, with the red curve for the last 

category overlapping all the last four thresholds indicating that participants were unable to 

discriminant higher levels of severity. For QOL22, the middle thresholds were disordered 

indicating that tinnitus either impacts on the ability to do tasks or does not. Person location 

(logits) represent the continuum of tinnitus impact, with response curves located below “0” logits 

indicating lower levels of impact and those above “0” logits indicating higher levels of impact. 

 

It appears that participants either felt that they were reasonably in control of their 

tinnitus or they were not in control of their tinnitus at all.  

For QOL22, threshold estimates in dataset B were less for τ6 (-0.29) than the 

estimates for τ5 (-0.28), τ3 (-0.24) and τ4 (-0.23). There was a lower probability of 

scoring either 2, 3, 4 or 5 than the probability of scoring higher (6 to 10), therefore 

participants either felt their tinnitus does not impact on their ability to do tasks or that 

it does definitely impacts (moderately to severely) on their ability. Once again, 

QOL22 showed misfit to the Rasch model. These results suggest that the lower 

severity categories are hard to differentiate.  
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Table 6.13. Summary of item threshold estimates for all items within subscales in 

dataset A. 

Code Loc t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 

INTR1 -0.18 -2.13 -1.16 -0.53 -0.17 0.01 0.09 0.16 0.29 0.56 1.07 

INTR2 -0.41 -4.08 -2.33 -1.20 -0.52 -0.16 0.04 0.23 0.55 1.17 2.22 

INTR3 0.59 -1.04 -0.17 0.36 0.63 0.74 0.75 0.78 0.89 1.19 1.75 

SOC4 -0.26 -1.40 -0.98 -0.60 -0.28 -0.02 0.16 0.26 0.25 0.13 -0.10 

SOC5 0.51 -1.71 -0.86 -0.35 -0.06 0.12 0.31 0.64 1.22 2.18 3.64 

SOC6 -0.26 -1.97 -1.27 -0.75 -0.38 -0.12 0.06 0.21 0.35 0.53 0.78 

COG7 -0.46 -3.99 -2.90 -2.11 -1.52 -1.02 -0.49 0.16 1.05 2.28 3.97 

COG8 0.27 -2.88 -2.09 -1.51 -1.05 -0.59 -0.04 0.70 1.75 3.21 5.16 

COG9 0.19 -4.02 -2.55 -1.57 -0.92 -0.43 0.07 0.75 1.77 3.31 5.52 

SLP10 -0.19 -2.23 -1.33 -0.81 -0.55 -0.41 -0.30 -0.08 0.35 1.13 2.35 

SLP11 0.06 -2.17 -1.19 -0.64 -0.38 -0.26 -0.15 0.10 0.63 1.57 3.07 

SLP12 0.13 -1.85 -1.05 -0.58 -0.33 -0.18 -0.04 0.23 0.72 1.55 2.83 

AUD13 -0.11 -3.88 -2.64 -1.71 -1.00 -0.42 0.13 0.73 1.48 2.46 3.78 

AUD14 0.30 -3.06 -1.97 -1.20 -0.64 -0.19 0.28 0.87 1.68 2.82 4.41 

AUD15 -0.19 -3.15 -2.28 -1.56 -0.95 -0.41 0.11 0.63 1.20 1.86 2.65 

REL16 0.19 -2.34 -1.36 -0.76 -0.41 -0.19 0.03 0.39 1.00 1.99 3.50 

REL17 0.45 -2.25 -1.20 -0.57 -0.21 0.01 0.24 0.63 1.31 2.43 4.14 

REL18 -0.64 -2.66 -1.99 -1.47 -1.06 -0.72 -0.41 -0.11 0.23 0.64 1.16 

QOL19 0.03 -1.05 -0.78 -0.60 -0.47 -0.35 -0.17 0.10 0.51 1.11 1.96 

QOL20 -0.25 -1.68 -1.15 -0.79 -0.54 -0.36 -0.19 0.00 0.28 0.67 1.25 

QOL21 0.17 -0.82 -0.62 -0.48 -0.37 -0.24 -0.05 0.24 0.67 1.29 2.13 

QOL22 0.05 -0.98 -0.65 -0.45 -0.33 -0.24 -0.12 0.09 0.44 0.98 1.78 

EMO23 -0.03 -2.30 -1.42 -0.84 -0.47 -0.21 0.02 0.31 0.75 1.43 2.44 

EMO24 -0.42 -3.07 -2.02 -1.32 -0.86 -0.55 -0.29 0.02 0.48 1.18 2.23 

EMO25 0.45 -0.72 -0.48 -0.28 -0.09 0.11 0.35 0.66 1.07 1.59 2.27 

SOC4 (presented in red) has disordered thresholds. Bold = disordered thresholds. 
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Table 6.14. Summary of item threshold estimates for all items within subscales in 

dataset B. 

Code Loc t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 

INTR1 -0.27 -2.59 -1.56 -0.85 -0.39 -0.10 0.10 0.26 0.46 0.77 1.26 

INTR2 -0.54 -4.45 -2.82 -1.69 -0.94 -0.45 -0.09 0.26 0.74 1.45 2.54 

INTR3 0.81 -1.01 -0.18 0.27 0.49 0.57 0.64 0.83 1.24 2.01 3.24 

SOC4 -0.13 -1.20 -0.78 -0.43 -0.13 0.09 0.24 0.32 0.31 0.22 0.04 

SOC5 0.39 -1.45 -0.80 -0.37 -0.10 0.11 0.32 0.61 1.06 1.75 2.76 

SOC6 -0.26 -2.07 -1.38 -0.86 -0.49 -0.21 0.01 0.21 0.43 0.71 1.08 

COG7 -0.33 -4.30 -3.00 -2.08 -1.41 -0.86 -0.30 0.37 1.29 2.59 4.37 

COG8 0.15 -3.52 -2.47 -1.72 -1.15 -0.63 -0.05 0.70 1.77 3.25 5.28 

COG9 0.19 -4.09 -2.62 -1.65 -1.00 -0.50 0.02 0.73 1.81 3.42 5.74 

SLP10 -0.21 -3.31 -1.91 -1.00 -0.45 -0.13 0.08 0.31 0.68 1.32 2.35 

SLP11 0.05 -2.61 -1.47 -0.73 -0.27 0.01 0.22 0.47 0.86 1.52 2.54 

SLP12 0.15 -2.32 -1.23 -0.53 -0.11 0.14 0.31 0.52 0.87 1.47 2.42 

AUD13 -0.18 -4.94 -2.97 -1.65 -0.81 -0.25 0.18 0.66 1.37 2.48 4.18 

AUD14 0.41 -3.67 -2.08 -1.09 -0.49 -0.10 0.27 0.82 1.74 3.23 5.47 

AUD15 -0.23 -3.92 -2.35 -1.31 -0.66 -0.26 0.05 0.39 0.91 1.75 3.07 

REL16 0.22 -2.82 -1.62 -0.86 -0.40 -0.09 0.18 0.57 1.21 2.24 3.79 

REL17 0.43 -3.00 -1.48 -0.54 -0.03 0.24 0.45 0.76 1.37 2.43 4.14 

REL18 -0.65 -3.75 -2.36 -1.42 -0.82 -0.46 -0.23 -0.03 0.26 0.74 1.52 

QOL19 -0.01 -0.62 -0.56 -0.51 -0.44 -0.34 -0.19 0.04 0.36 0.80 1.37 

QOL20 -0.25 -1.57 -0.96 -0.59 -0.38 -0.28 -0.22 -0.11 0.09 0.47 1.08 

QOL21 0.16 -0.85 -0.48 -0.30 -0.22 -0.18 -0.10 0.09 0.46 1.09 2.05 

QOL22 0.10 -0.85 -0.41 -0.24 -0.23 -0.28 -0.29 -0.14 0.25 1.00 2.20 

EMO23 -0.04 -2.07 -1.05 -0.50 -0.27 -0.22 -0.20 -0.06 0.33 1.13 2.47 

EMO24 -0.44 -2.89 -1.78 -1.06 -0.64 -0.41 -0.26 -0.08 0.23 0.80 1.71 

EMO25 0.48 -0.63 -0.44 -0.32 -0.22 -0.08 0.15 0.51 1.06 1.86 2.95 

SOC4 and QOL22 (presented in red) have disordered thresholds. Bold = disordered thresholds. 
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However, the disordered thresholds were not reflected across both datasets 

(Table 6.13), therefore as per the a priori criterion these categories were not 

collapsed.  

In terms of SOC4 disordering is apparent in both datasets A and B. Although, 

the item-trait interactions χ
2
 estimate was only significant in dataset A (Table 6.9) 

this disordering could be inflating this value as the response structure is not behaving 

as expected. Accordingly, SOC4 response categories were collapsed into 6 response 

categories (0 to 5) rather than the original 10 categories (Figure 6.8). As a 

consequence of this, all the summary fit statistics improved, except for the item 

residual SD which indicated misfit at item level (Table 6.9). The individual item fit 

residuals for SOC4 and SOC5 (dataset B) were inflated, although they did not exceed 

the established range (Tables 6.10 and 6.11). 

6.3.3.5 Targeting and reliability 

As anticipated all the items in all subscales followed a logical order, in which the 

first indication of the problem is identified by the first threshold in all three/four 

items.  

 All subscales had a PSI score above criterion (Table 6.15). The Gp values and 

the number of distinct strata levels are given in Table 6.15. These values suggest that 

each subscale can reliably differentiate between individuals in relation to the trait 

being measured by the subscale. Examination of strata levels indicated that the 

subscales are capable of discerning two to four different levels of individual 

differences. For example, the Sense of Control subscale can reliably distinguish 

between two levels of person ability, whilst the Relaxation subscale can distinguish 

four levels of person ability. 



Chapter 6  Kathryn Louise Fackrell 

237 

 

 

Figure 6.8. Category characteristic curves for the collapsed category thresholds for 

SOC4. 

The 11 response categories for SOC4 were collapsed to six ordered category response 

thresholds, where each category has the highest probability of being endorsed at some point. 

Person location (logits) represent the continuum of tinnitus impact, with response curves 

located below “0” logits indicating lower levels of impact and those above “0” logits 

indicating higher levels of impact. 

 

Logically, subscales with larger distribution of the persons across the 

continuum more easily differentiate between person ability levels, since there are 

fewer people at each measurement point. However, this number does not always 

reflect the large gaps in measurement points and the appropriateness of the 

questionnaires targeting.  

6.3.3.5.1 Intrusiveness  

The alignment of person location to item locations on the intrusiveness subscale is 

reasonably well-targeted (Figure 6.9). Only one item threshold (INTR2 τ1) did not 

target any person locations at -4 logits, but it does provide the initial indication of 

problems with intrusiveness. Otherwise the item threshold locations were reasonably 

well-targeted, with only small gaps between item thresholds, such as between the 

item locations at -1 to -2 logits. The persons cover the continuum reasonably well (-3 

to +4 logits). 
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Table 6.15. Summary of reliability statistics, Cronbach’s alpha (α), Person separation 

index (PSI), Gp and Strata for each subscale in both datasets. 

 Subscale α PSI Gp Strata* 
D

a
ta

se
t 

A
 

Intrusiveness 0.79 0.76 1.77 2.69 

Sense of Control 0.76 0.78 1.93 2.91 

Cognition 0.95 0.92 3.46 4.96 

Sleep 0.95 0.88 2.69 3.93 

Auditory 0.95 0.91 3.23 4.65 

Relaxation 0.93 0.88 2.75 4.00 

QoL 0.93 0.83 2.19 3.26 

Emotional 0.92 0.86 2.52 3.69 

D
a
ta

se
t 

B
 

Intrusiveness 0.81 0.81 2.03 3.04 

Sense of Control 0.80 0.77 1.82 2.76 

Cognition 0.95 0.92 3.29 4.72 

Sleep 0.95 0.89 2.80 4.06 

Auditory 0.95 0.91 3.21 4.61 

Relaxation  0.93 0.90 2.93 4.24 

QoL 0.90 0.77 1.81 2.75 

Emotional 0.92 0.85 2.34 3.46 

*Strata values should be truncated to whole numbers. α = Cronbach’s alpha. 

 

The mean person location of 0.45 logits was only slightly above the item 

mean location (0 logits; Figure 6.9). Only persons with extreme high scores (>3 

logits) were not covered by any item thresholds, but the rest of persons were covered. 

Understandably, there was always less confidence in the ability estimates for persons 

who score at the extremes since it is impossible to say exactly how far above or 

below the ceiling or floor that person really lies. Therefore, the reduced measurement 

points in these locations are not necessarily a big problem as the reliability of 

differentiating between participants with extremely severe tinnitus is always limited.  
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Figure 6.9. Targeted person-item distributions for Intrusiveness, Sleep, QoL and 

Emotional subscales in datasets A and B. 
Person and item locations are reasonably well-aligned, but with extreme scores at lower end of 

the scale. Blue = item locations. Pink = person locations. Green = information curve and 

represents the inverse standard error. The logit scale represents the severity continuum with 

negative values indicating low impact and positive values indicating higher impact of tinnitus. 
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More importantly, the TFI was able to identify those persons with severe 

tinnitus problems. The steep information curve and high value showed that the 

majority of the persons and items were located within the curve. Therefore there was 

less error and more precision of measurement associated with those locations. In 

summary, the persons are reasonably well-targeted and can be distinguished by the 

items, which are capturing the range of problems on the trait being measured.  

6.3.3.5.2 Sense of Control 

The person and item locations were evenly distributed along the continuum, with 

person locations ranging from -3 to +3 logits (Figure 6.10). Despite the disordered 

thresholds in one item (Figure 6.7) there was good alignment between person 

locations to item threshold locations. The mean person location of 0.3 was just above 

0 logits (mean item location). However, having collapsed the response categories for 

SOC4 (Figure 6.8), the mean person location marginally increased (0.5), with the 

person distribution skewed towards the higher levels alignment (Figure 6.10). 

Furthermore, the alignment of person and item locations slightly altered with the 

targeting at the extremes for persons reduced. Key information could be unaccounted 

for because there were no corresponding measurement points for persons 

experiencing milder levels of tinnitus and noticeable gaps in measurement for 

persons experiencing severe tinnitus. In spite of this, the information value was 

reasonably high (8), although somewhat smaller than the unaltered subscale 

information curve (13). The person and item locations fit near-perfectly within the 

information curve within minimal error associated with the person locations.  
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Figure 6.10. Person-item distribution for Sense of control subscale before (a/c) and 

after (b/d) collapsing thresholds in datasets A and B. 
Person and item locations are reasonably well-aligned, although after collapsing thresholds there 

are more gaps at the higher end of the scale, indicating limited measurement at these points. Blue 

= item locations. Pink = person locations. Green = information curve and represents the inverse 

standard error. The logit scale represents the severity continuum with negative values indicating 

low impact and positive values indicating higher impact of tinnitus.  

 

Although, the loss of the additional item thresholds did reduce the measurement 

precision for the subscale, it still had reasonably high precision and alignment which 

would indicate that this subscale effectively targeted the variability on the Sense of 

Control domain. 

6.3.3.5.3 Cognition 

Despite the large spread in the person locations on the continuum (-6 to +7 logits), 

the distribution of the person locations was unevenly skewed towards the lower 

values (Figure 6.11). Measurement precision was slightly limited at the centre of the 

continuum, reflected in the low information values (≥5).  
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Figure 6.11. Person-item distribution for Cognition subscale with extreme score (a/b) 

and without (c/d) in both datasets. 
The Cognition subscale covers a large range in the person locations on the continuum, but 

measurement precision was slightly limited at the centre of the continuum, reflected in the low 

information values. Blue = item locations. Pink = person locations. Green = information curve 

and represents the inverse standard error. The logit scale represents the severity continuum with 

negative values indicating low impact and positive values indicating higher impact of tinnitus. 

  

The mean person locations (-0.849 and -1.083) were less than that of the 

items (0), indicating potential mistargeting at these points. Participants were, on 

average, measuring a lower level of tinnitus impact than the items cover. Compared 

to the higher values, there are fewer measurement points at the lower values per 

number of persons. This implies that information about participants that did not have 

a problem with tinnitus was more limited and harder to differentiate than those who 

did have a problem. There were once again a number of small gaps in measurement 

particularly at the higher extreme values, for example between +5 and +7 logits 

(dataset A). Yet, when extreme scores were removed, the persons located at the 

higher values were generally covered by the items and there was large spread of item 
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thresholds across the continuum relative to the person distribution (-4 to +6 logits). 

The Cognition subscale is reasonably well-targeted. 

6.3.3.5.4 Sleep 

The Sleep subscale was also reasonably well-targeted (Figure 6.9). The person 

and item locations generally corresponded, with all item thresholds being utilised. 

Person locations were spread across the continuum (-5 to +5 logits), although dataset 

A did appear to have a slightly flatter person location distribution than dataset B. 

Again there were some small gaps in the measurement with the largest gap (+1.6 to 

+2.2 logits) in the higher values. Indeed, in accordance with the other subscales, the 

targeting at the extremes was suboptimal, with no items to differentiate individuals at 

these levels. There is limited information available at these locations. The mean 

person location is marginally below that of the items, indicating that the participants 

on average were experiencing sleep problems at a lower level than the measurement 

average (Figure 6.9). However, the impact on the targeting was relatively small, only 

extreme levels would be slightly harder to discriminate. The rest of the person 

locations were covered by items indicating a high reliability to differentiate between 

individuals. The majority of the sample was within the information curve, and the 

values were high in comparison to the other subscales, indicating good precision of 

measurement and little error.   

6.3.3.5.5 Auditory 

At first glance, the person locations appeared to be generally covered by the item 

threshold locations and vice-versa, the items mirror the person locations (Figure 

6.12). The person locations were spread over a large range on the continuum (-5 to 

+6 logits). However, there was skew in the person locations.  
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Figure 6.12. Person-item distribution for Auditory subscale with extreme score (a/b) 

and without (c/d) in both datasets. 
The subscale is poorly targeted. There is an extremely flat distribution of the persons across the 

continuum indicating that the Auditory subscale may not be measuring a construct associated 

with tinnitus. Blue = item locations. Pink = person locations. Green = information curve and 

represents the inverse standard error. The logit scale represents the severity continuum with 

negative values indicating low impact and positive values indicating higher impact of tinnitus. 

 

The mean person locations indicated that the majority of participants were measuring 

lower levels of hearing problems than the average item locations. There was 

mistargeting which could reflect the high item residuals observed in individual item 

fit statistics. Additionally, although some person and item locations were within the 

curve (Figure 6.12), a closer inspection revealed an extremely flat distribution of the 

persons across the continuum. Removing the extreme scores, there was no point at 

which the persons or items locations peak in the expected normal distribution (Figure 

6.12). The extremely flat distribution indicates poor measurement precision.  

The low information value (5.35 – 6.12), in comparison to the other subscales, 

and the wide breath of the curve indicated large amounts of error associated with the 
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measurement. This distribution could also be seen in the item characteristic curves 

for each item in the subscale (Figure 6.3). The expected value curve was flat rather 

than the anticipated monotonic curve (e.g. Figure 6.1). Thus, although the high PSI 

value did indicate discrimination between individuals, the ability of the subscale to 

discriminate tinnitus severity in relation to hearing in the sample population was 

limited. The Auditory subscale was poorly targeted. Together, these results would 

indicate that the three items in the Auditory subscale are not necessarily measuring a 

construct associated with tinnitus at all.  

6.3.3.5.6 Relaxation 

The mean person location was only slightly above the mean item location in 

both datasets (Figure 6.13). Person locations distributions were unevenly spread 

along the continuum (-5 to +6 logits), and for dataset B, the locations were clearly 

skewed towards the higher values. Again this suggests participants were 

experiencing higher levels of severity than the items measure. Similar to the other 

subscales, there was some mistargeting between item location and person location at 

these higher locations, with noticeable gaps in measurement. The precision of 

measurement at these locations was poor. Key information was not being properly 

measured by the limited number of item threshold locations. By removing extreme 

scores, the majority of persons were covered by measurement points. However, in 

some cases there were a limited number of thresholds at the location measuring a 

large number of participants (i.e. 3.5 logits), possibly reducing discrimination at 

these locations. Even though the information curve values were not as high as the 

other subscales, the majority of the person and item locations fell within the curve in 

dataset A (and slightly less in dataset B).  
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Figure 6.13. Person-item distribution for Relaxation subscale with extreme score (a/b) 

and without (c/d) in both datasets. 
Person locations were unevenly spread along the continuum and skewed towards the higher 

values with misalignment with item locations, indicating mistargeting and loss of information. 

Blue = item locations. Pink = person locations. Green = information curve and represents the 

inverse standard error. The logit scale represents the severity continuum with negative values 

indicating low impact and positive values indicating higher impact of tinnitus. 

 

This indicates some measurement error associated with the person locations, 

but there was precision of measurement at the centre of the curve. Therefore the 

Relaxation subscale is reasonably targeted to the population.  

6.3.3.5.7 Quality of life (QoL) 

Despite concerns over large skew in the raw data towards the lower values in the 

scale, the QoL subscale was well-targeted (Figure 6.9). Person locations were 

distributed along the continuum (-3 to +4 logits), and the mean person location (-0.7 

logits) was only slightly below the mean item location (0 logits). Therefore the 

person locations did in general correspond to the item locations. Nevertheless, 

targeting at lower extremes of the person distribution was suboptimal. There was 
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limited information available about lower levels of tinnitus impact, since no items are 

located at these levels, therefore it is harder to discriminant individuals with little 

problems with tinnitus. The information about the rest of sample, in particular the 

higher levels of tinnitus impact were covered by item thresholds with only small gaps 

in measurement, again at the extreme level. Item locations were therefore evenly 

distributed along the continuum. The information curve value was exceptionally high 

for both datasets (A= 17.17, B = 20.95) compared to the other subscales. The 

majority of persons and item locations also fell within this curve, indicating precision 

of measurement at these locations and therefore good targeting.  

6.3.3.5.8 Emotional 

Despite the high χ
2
 value and floor effects in the raw data, the Emotional subscale 

was reasonably well-targeted (Figure 6.9). Person locations were spread along the 

continuum (-4 to +4 logits) and were mirrored by the item threshold locations, 

suggesting that all the items were being utilised. The person mean location (-0.6 

logits) was slightly below the mean item location. The impact on the targeting was 

relatively small, only extremely mild levels of tinnitus would be slightly harder to 

discriminate. There were some small but noticeable gaps in the item distribution 

which potentially limited the measurement accuracy at these points, but the number 

of person locations within the gaps, were relatively small (Figure 6.9). This suggests 

that the inclusion of additional measurement points would not significantly improve 

accuracy. The information curve again had a high value (>9), with minimal error 

associated with the person locations, indicating that a large amount of person 

information was measured accurately.  
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6.3.4. The second-order construct of TFI  

In order to assess the validity of the overall TFI underlying construct (second-order 

structure), all eight subscales were transformed into ‘testlets’ and subjected to Rasch 

analysis as a uniform structure. Testlets that deviated from model expectations were 

removed from the overall TFI structure. Following this, the TFI second-order 

structure was continuously reassessed until a final second-order structure was 

identified (Figure 6.14).  

The overall summary fit statistics for the second-order models are presented 

in Table 6.16. The PSI values for all the models were above the established criterion 

(Table 6.17). Examination of the response category ordering is not reported in testlet 

analysis. Each testlet had thirty thresholds associated with the 10 thresholds for each 

of the three items. The ordering was relatively meaningless as this was not 

representative of the response options presented in the TFI. The numbers of class 

intervals were 4 for both datasets.  

6.3.4.1 Evaluation of the eight-factor second-order structure  

Overall summary fit statistics indicated substantial deviations from the Rasch model 

at item level (Table 6.16). The χ
2
 estimate for item-trait interactions was significantly 

large (p>0.001) indicating substantial variance in the hierarchical ordering of items 

across the trait and unexpected interactions between items and persons. Similarly, the 

item-person interactions indicated severe deviations with an overall item fit residual 

SD that exceeded the recommended criterion.  
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Figure 6.14. A flow diagram of the process of removing testlets from second-order 

structure.  
Red arrows = testlets removed from analysis. Blue = the final second-order structure.  

 

To identify the source of the misfit in the data, individual item fit statistics 

were examined. For four of the testlets (Sense of Control, Cognition Auditory and 

Emotional), the individual χ
2
 estimates were significantly larger (p>0.05) than the 

other testlets (Figure 6.15). The fit residuals also show deviations from model 

expectation, with three testlets (Auditory, Sleep, Cognition) greatly exceeding the 

acceptable criterion. 
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Table 6.16. Summary fit statistics for second-order construct 

  
 

Item fit 

residual 

Person fit 

residual 

Item-trait 

interaction No 

extreme 
No of subscales 

Subscales 

removed 
Mean SD Mean SD χ

2
 (df) p* 

D
a

ta
se

t 
A

 (
n

 =
 2

6
1

) 

8  0.60 3.26 -0.21 1.17 107.14 (24) >0.001 1 

7 AUD 0.58 2.3 -0.25 1.09 44.48 (21) 0.014 2 

6 AUD/SLP 0.42 2.08 -0.32 1.07 22.46 (18) 1.000 2 

5 
AUD/SLP/ 

INTR 
0.36 1.35 -0.34 1.02 12.13 (15) 1.000 2 

3 

SOC/COG/ 

REL/QOL/ 

EMO 

0.42 0.76 -0.25 0.91 22.67 (9) 0.021 1 

2 

SOC/COG/ 

REL/QOL/ 

EMO/INTR 

-0.15 0.97 -0.57 1.69 19.63 (18) 0.708 6 

D
a
ta

se
t 

B
 (

n
 =

 2
7
9
) 

8  0.19 3.99 -0.22 1.26 195.57 (24) >0.001 0 

7 AUD 0.29 2.20 -0.31 1.15 46.75 (21) 0.007 0 

6 AUD/SLP 0.35 1.58 -0.34 1.08 22.84 (18) 1.000 0 

5 
AUD/SLP/ 

INTR 
0.33 1.01 -0.34 0.98 17.19 (15) 1.000 1 

3 

SOC/COG/ 

REL/QOL/ 

EMO 

0.58 1.05 -0.32 1.06 29.87 (9) 0.003 0 

2 

SOC/COG/ 

REL/QOL/ 

EMO/INTR 

0.10 0.51 -0.63 1.82 33.05 (18) 0.040 7 

* corrected for multiple comparisons. Bold = significant values. Class intervals = 4. 

 

The Auditory and Cognition testlets exceeded both sets of criterion, violating 

the assumptions of the Rasch model. Of the two testlets, the Auditory testlet is by far 

more problematic than the Cognition testlet (Figure 6.15). The Auditory testlet 

discrepancies were noticeable for both the χ
2
 estimate and fit residuals.  
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Table 6.17. Summary of reliability statistics for second-order construct in datasets A 

and B. 

 Second order     

 N
o
 of subscales Subscale removed α PSI Gp Strata* 

D
a

ta
se

t 
A

 Eight   0.90 0.91 3.28 4.71 

Seven   AUD 0.91 0.91 3.21 4.61 

Six  AUD/SLP 0.91 0.91 3.19 4.58 

Five  AUD/SLP/INTR 0.90 0.91 3.20 4.59 

D
a

ta
se

t 
B

 

Eight   0.89 0.90 2.94 4.25 

Seven   AUD 0.88 0.88 2.74 3.40 

Six AUD/SLP 0.91 0.91 3.26 4.68 

*Strata values need to be truncated to whole numbers. 

 

The large misfit of data to model expectation could therefore be an artefact of 

the Auditory testlet. Given the previous findings (Chapters 4 and 5) and the 

extremely unusual targeting problems (6.3.3.5), these results were not unexpected. 

The Auditory testlet was removed and a second-order model with seven testlets was 

then examined.  

6.3.4.2 Evaluation of the seven-factor second-order structure  

Overall fit dramatically improved following the removal of the Auditory testlet 

(Table 6.16). However, the item-trait interaction remained significant (p>0.01) and 

the SD for item fit residual indicated problems with the item data (SD < 2). 

Inspection of the individual item fit statistics clearly identified the source of the 

misfit as the high fit residuals for the Sleep testlet in both datasets and Intrusiveness 

testlet in dataset A (Figure 6.16). The χ
2
 estimate for the Sleep testlet, albeit non-

significant, was substantially larger than the other testlets (Figure 6.16).  



Chapter 6  Kathryn Louise Fackrell 

252 

 

 

Figure 6.15. Individual item Chi-square values and fit residuals for eight-factor second-

order structure in both datasets.  
Chi-square (χ

2
) values above the dashed lines indicate testlets that significantly deviate from 

expectation. Testlet fit residuals above and below the grey lines (± 2.5) are exceeding the 
criterion.  INTR = Intrusiveness; SOC = Sense of control; COG = Cognition; SLP = Sleep; AUD 

= Auditory; REL = Relaxation; QOL = Quality of life; EMO = Emotional.  
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Figure 6.16. Individual item Chi-square values and fit residuals for seven-factor 

second-order structure in both datasets.  
In dataset A, all Chi-square (χ

2
) values for the testlets were non-significant. In dataset B, Chi-

square (χ
2
) values above the dashed line indicate testlets that significantly deviate from 

expectation. Testlet fit residuals above and below the grey lines (± 2.5) are exceeding the 

criterion. INTR = Intrusiveness; SOC = Sense of control; COG = Cognition; SLP = Sleep; REL = 

Relaxation; QOL = Quality of life; EMO = Emotional 
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To identify the utility of the Sleep subscale in the second-order structure, the 

item map was examined (Figure 6.17). Unfortunately due to limitations of RUMM 

software, the item map could only display a finite number of item thresholds. It was 

however apparent that the Sleep testlet thresholds were located past where the 

majority of thresholds were grouped and displayed. In other words, the Sleep testlet 

did not provide any additional measurement points that were not already provided by 

the other testlets. The Intrusiveness testlet thresholds (01-03) provided the first 

measurement points that would capture the initial first problem with tinnitus. Again 

given these findings and those reported in Chapter 4 and 5, the decision was made to 

remove the Sleep testlet.  

The Sleep testlet was removed and a second-order model with six testlets was 

then examined.  

6.3.4.3 Evaluation of the six-factor second-order structure  

The overall summary fit statistics for the six-factor structure were now all within the 

established criterion, although the item fit residual SD still indicated some misfit at 

item level for dataset A (Table 6.16). Individual item fit statistics indicated that the 

Intrusiveness testlet fit residual was outside the established boundaries in dataset A 

whilst in dataset B, none of the testlets deviated from the model expectation (Figure 

6.18). High positive residuals such as this can indicate that the testlet is measuring an 

alternative construct to the other testlets. However, before making the decision on 

whether to remove or maintain the Intrusiveness testlet, further evaluation of the 

model fit, the targeting and assumptions of local independence was indicated.  
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Figure 6.17. Item maps for the seven-factor second-order structure.  
Intrusiveness lower thresholds (IN.01) provide the first indication of a problem with tinnitus, 

whilst the Cognition higher thresholds (CG. 28 – 30) identify severe problems with tinnitus. Left 

=  Person locations. Right = Item thresholds. IN = Intrusiveness; SC = Sense of control; CG = 

Cognition; SP = Sleep; AD = Auditory; RX = Relaxation; QL = Quality of life; EM = Emotional. 

The number presented after the letters signifies the threshold parameter.  

 

The χ
2
 estimate for the Intrusiveness testlet was similar to the estimates of the 

other testlets, all of which were non-significant, indicating invariance in the 

hierarchical ordering that conform to the Rasch model (Figure 6.18). The 

Intrusiveness testlet provided the first indication of a problem with tinnitus and this 

did not change with the new six-factor structure (Figure 6.19). The first few 

thresholds capture persons with milder levels of tinnitus. Although one might expect 

this to be case given that the Intrusiveness items are the first presented in the TFI, in 

fact the first response categories (thresholds) for any of the items could have 

provided the first indication of tinnitus problems. The testlet locations do not have to 

logically follow the ordering of the items in the questionnaire format.  
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Figure 6.18. Individual item Chi-square values and fit residuals for the six-factor 

second-order structure in both datasets.  
Chi-square (χ

2
) values for the testlets were non-significant, indicating acceptable fit to the Rasch 

model expectations. Testlet fit residuals above and below the grey lines (± 2.5) are exceeding the 

criterion. All testlets in dataset B are within criteria. INTR = Intrusiveness; SOC = Sense of 

control; COG = Cognition; REL = Relaxation; QOL = Quality of life; EMO = Emotional 
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Figure 6.19. Item maps for the six-factor second-order structure.  
Intrusiveness lower thresholds (IN.01) were still the first indication of a problem with tinnitus 

and the Cognition higher thresholds (CG. 28 – 30) identify severe problems with tinnitus. Left = 

Person locations. Right = Item thresholds. IN = Intrusiveness; SC = Sense of control; CG = 

Cognition; RX = Relaxation; QL = Quality of life; EM = Emotional. The number presented after 

the letters signifies the threshold parameter.  

 

For instance, the first Relaxation threshold (displayed as RX.01 in Figure 6.19) 

provided measurement information before the Cognition testlet, even though this 

subscale is ordered later in the TFI. The Intrusiveness testlet provided measurement 

points at -2 logits that were not covered by any other testlets. Removing it could 

potentially impact on the measurement precision.  

Furthermore, data in the six-factor structure conformed to the Rasch model 

expectation in all other conditions. The six-factor structure was well-targeted with all 

persons covered by items with the exception of the extreme scores at the higher level 

(Figure 6.20). The information curve value was exceptionally high indicating less 
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error and more precision of measurement associated with the locations within the 

curve. 

The PSI score was better than the original eight testlet version (Table 6.17). 

The r value (0.71) indicated high association between the latent domains. The A 

value (0.90) indicated 90% common shared variance. The assumptions of local 

independence were not violated. Analysis of the residual correlations revealed no 

observable pattern between testlets, suggesting that the content of the testlets was 

invariant (Table 6.18). PCA identified two subsets in the testlet residuals. The Sense 

of Control and Intrusiveness testlets had strong negative loading values, whilst the 

QoL, Cognition and Emotional testlets had strong positive loading residuals. 

Independent t-tests indicated that a small proportion of comparisons fell outside the 

95% CI (≥5%). Person locations from each subset of testlets were significantly 

different for 4.7% of cases in dataset A and for 5.3% of cases in dataset B. The six-

factor structure conformed to the assumptions of unidimensionality.  

It is worthwhile examining the 5-factor structure to establish the potential 

improvement of model fit, unidimensionality and the likely impact on the 

measurement precision and targeting of removing the Intrusiveness testlet. This also 

provided the unique opportunity to assess potential alternative structures with the 

removed testlets. The next section will therefore assess the impact of removing the 

Intrusiveness testlet from the 6-factor structure and the possible bi-factor models; the 

5-factor structure (Sense of control, Cognition, Relaxation, QoL, Emotional) with a 

3-factor structure (Intrusiveness, Sleep, Auditory) (Fig. 6.14).  
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Figure 6.20. Person-item distribution for 6-factor second-order structure 
Person and testlet threshold locations were aligned, indicating that the 6-factor structure was 

well-targeted for the population. Blue = item locations. Pink = person locations. Green = 

information curve and represents the inverse standard error. The logit scale represents the 

severity continuum with negative values indicating low impact and positive values indicating 

higher impact of tinnitus.  

 

6.3.4.4 Evaluation of the five-factor and three-factor second-order structures  

The 5-factor model slightly improved the model fit in both datasets (Table 6.16). The 

residual correlations showed no discernible pattern (Table 6.19), and although the 

proportion of significant independent t-tests has increased slightly (5.4%), it is just 

within the recommended criteria. The 5-factor structure is assessing a unidimensional 

underlying construct. However, the information previously provided by the 

Intrusiveness testlet was lost within this structure and measurement precision was 

reduced. Closer inspection of the item map show that the Sense of control testlet now 

provides the first measurement points (Figure. 6.21). However, the first person 

locations are not covered by any testlet thresholds and measurement at these points 

does not exist.  
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Table 6.18. Residual correlations between the 6 testlets 

 TESTLET INTR SOC COG REL QoL EMO 

D
a

ta
se

t 
A

 
INTR 1      

SOC -0.028 1     

COG -0.307 -0.196 1    

REL -0.199 -0.197 -0.175 1   

QoL -0.28 -0.404 0.022 -0.329 1  

EMO -0.265 0.101 -0.171 -0.117 -0.205 1 

 TESTLET INTR SOC COG REL QoL EMO 

D
a
ta

se
t 

B
 

INTR 1      

SOC 0.087 1     

COG -0.115 -0.124 1    

REL -0.233 -0.053 -0.194 1   

QoL -0.333 -0.433 -0.067 -0.291 1  

EMO -0.273 -0.16 -0.22 -0.225 -0.103 1 

 

The six-factor structure would therefore appear to provide the most 

information on the impact of tinnitus increasing measurement precision. However, 

before making a final recommendation of the inclusion of Intrusiveness testlet and 

new TFI structure, the three-factor structure first needs to be examined. If this data 

conforms to the Rasch model, then the information from the Intrusiveness testlet will 

be available within this three-factor structure and therefore the five-factor structure 

would be considered an acceptable fit of the data with sufficient measurement 

precision. This however was not the case. The overall summary fit statistics for the 

three-factor structure indicated deviations from the Rasch model at item level (Table 

6.16). The χ
2
 estimates for item-trait interactions and individual item fit was 

significant (p>0.05) indicating unexpected deviations between observed and 

expected scores.  
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Table 6.19. Residual correlations between the 5 testlets 

 TESTLET SOC COG REL QoL EMO  

D
a

ta
se

t 
A

 
SOC 1      

COG -0.226 1     

REL -0.225 -0.245 1    

QoL -0.414 -0.09 -0.397 1   

EMO 0.084 -0.266 -0.169 -0.299 1  

 TESTLET SOC COG REL QoL EMO  

D
a

ta
se

t 
B

 

SOC 1      

COG -0.118 1     

REL -0.061 -0.245 1    

QoL -0.456 -0.089 -0.392 1   

EMO -0.168 -0.256 -0.303 -0.198 1  

 

The Intrusiveness testlet is measuring a construct that is clearly unrelated to 

the other two testlets (Auditory, Sleep), and is more suitable with the underlying 

construct being measured by the remaining five testlets. The 6-factor structure is 

therefore identified as providing the most reliable information for an overall score.   

6.3.4.5 Evaluation of the residual correlations between the two discarded 

factors  

Conceptually, the Auditory and Sleep subscales (testlets) do appear to assess a purely 

functional component, i.e. the functional impact of tinnitus on hearing or sleep, 

which could theoretically create an alternative second-order construct. However, 

previous evidence (Chapters 4 & 5) showed that these two subscales were poorly 

related. Psychometrics did not support this as a valid construct. High fit residual 

correlations (> 0.60) between the items within the subscales confirmed the presence 

of two latent dimensions and indicated possible response dependency in the items.  
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Figure 6.21. Item maps for 5-factor second-order structure. 
Without the Intrusiveness subscale, the Sense of control lower thresholds (SC.01) provides the 

first indication of a problem with tinnitus, but this would not account for all persons at the lower 

end of the scale. Left = Person locations. Right = Item thresholds. IN = Intrusiveness; SC = Sense 

of control; CG = Cognition; RX = Relaxation; QL = Quality of life; EM = Emotional. The 

number presented after the letters signifies the threshold parameter. Logit scale values represent 

the severity continuum.  

 

6.3.5. The full dataset analysis  

To ensure power and stability of the person-item parameters and calibrations for the 

final recommendations and transformation analysis, the full dataset was subjected to 

Rasch modelling.  

Initially, the model fit for the subscales and 6-factor second-order structure 

were confirmed and finalised. Problematic items or subscales were recalibrated when 

possible or recommended to be removed before DIF analysis (6.3.5.2) and score 

transformations analysis was conducted (6.3.5.3).  
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6.3.5.1 Confirmation of the subscales and six-factor structure fit to Rasch 

model expectation 

For confirmation purposes, the summary fit statistics (Table 6.20), individual fit 

statistics (Table 6.21 – 6.23), category ordering (Figure 6.22), targeting (Figures 6.23 

– 6.24) and reliability (Table 6.24) for each subscale and the six-factor structure 

(TFI-19/TFI-18) were examined. The number of class intervals chosen with this 

larger dataset was 7, so that more than 50 persons were in each class.  

Consistent with the previous results, all category thresholds were ordered for 

all items within their designated subscales (Figure 6.22) and only 2% to 7% 

participants had negative residuals outside the acceptable range (Table 6.23). The 

targeting and reliability for all the subscales and 6-factor mirrored previous results, 

i.e. the same subscales were reasonably well-targeted (Figures 6.23; Table 6.24). 

Four of the eight subscales (Intrusiveness, Cognition, Relaxation and Emotional) and 

the six-factor structure showed acceptable data fit to the Rasch model. Although as 

predicted in all cases the χ
2
 estimates were somewhat inflated (see Tables 6.20 – 

6.22).  

Unexpectedly, the Sense of Control subscale now no longer conformed to the 

Rasch model. Closer inspection of the item fit statistics revealed that the fit residuals 

for SOC4 and SOC5 were now above ±2.5, and SOC4 had a large positive residual 

indicating that it was no longer measuring the same construct as the other items 

(Table 6.21). These large deviations appeared to be a product of collapsing SOC4 

thresholds. The large fit residuals were not present beforehand and it was noted that 

after SOC4 thresholds were collapsed, the item residuals for SOC4 and SOC5 did 

increase.  
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Table 6.20. Summary fit statistics for eight subscales and TFI six-factor (TFI-18/TFI-19) structure using full dataset. 

  
Item fit residual Person fit residual Item-trait interaction No 

extreme Subscale Items Mean SD Mean SD χ
2
 (df) p* 

Intrusiveness INTR1, INTR2, INTR3 -0.26 1.17 -0.53 1.04 22.17 (18) 0.673 11 

Sense of control-ordered SOC4,SOC5, SOC5 -0.39 2.91 -0.51 1.02 29.51 (18) 0.126 19 

Sense of control-disordered SOC4,SOC5, SOC5 -0.05 1.13 -0.51 1.06 34.76 (18) 0.030 19 

Cognition COG7, COG8, COG9 0.11 1.44 -0.68 1.1 21.49 (18) 0.765 51 

Sleep SLP10, SLP11, SLP12 -0.29 2.52 -0.73 1.17 27.70 (18) 0.198 90 

Auditory AUD13, AUD14, AUD15 -0.17 3.14 -0.75 1.14 13.98 (18) 1.000 90 

Relaxation REL16, REL17, REL18 -0.54 1.46 -0.52 0.91 21.59 (18) 0.750 53 

QoL-4 QOL19, QOL20, QOL21, QOL22 -0.14 2.04 -0.62 1.27 47.74 (24) 0.009 65 

QoL-3 QOL19, QOL20, QOL21 -0.21 0.26 -0.63 1.08 29.67 (18) 0.122 89 

Emotional EMO23, EMO24, EMO25 -0.53 1.42 -0.52 0.96 31.80 (8) 0.070 58 

Second order  Testlets        

six-factor TFI-19 
INTR, SOC, COG, REL, QOL-4, 

EMO 
0.45 2.34 -0.35 1.08 53.77 (36) 0.168 2 

six-factor TFI-18 
INTR, SOC, COG, REL, QOL-3, 

EMO 
0.49 2.09 -0.35 1.08 46.49 (36) 0.678 2 

* corrected for multiple comparisons. Bold = exceeds recommended criterion. Underlined = marginally below criteria. χ
2
  = Chi-square. No extreme = number of 

extreme. n = 540. Class intervals = 7. 
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Table 6.21. Individual item fit statistics for the full dataset. 

 Item Location SE 
Fit 

residual 
χ

2
 df p* 

Intrusiveness 

INTR1 -0.215 0.026 -0.795 10.574 6 0.307 

INTR2 -0.463 0.031 1.091 3.909 6 1.000 

INTR3 0.678 0.025 -1.061 7.690 6 0.785 

Sense of Control 

SOC4 -0.183 0.022 0.749 7.346 6 0.870 

SOC5 0.429 0.027 -1.343 19.971 6 0.008 

SOC6 -0.246 0.025 0.436 7.444 6 0.845 

Sense of Control 

-ordered 

SOC4 -0.361 0.041 2.859 6.619 6 1.000 

SOC5 0.56 0.029 -2.736 17.002 6 0.028 

SOC6 -0.199 0.027 -1.313 5.898 6 1.000 

Cognition 

COG7 -0.392 0.041 0.041 8.507 6 0.610 

COG8 0.205 0.041 -1.298 10.815 6 0.283 

COG9 0.187 0.042 1.583 2.169 6 1.000 

Sleep 

SLP10 -0.189 0.034 1.489 2.686 6 1.000 

SLP11 0.053 0.034 -3.186 20.602 6 0.006 

SLP12 0.136 0.034 0.826 4.421 6 1.000 

Auditory 

AUD13 -0.134 0.043 1.755 0.633 6 1.000 

AUD14 0.341 0.042 -3.795 11.503 6 0.222 

AUD15 -0.207 0.04 1.535 1.848 6 1.000 

Relaxation 

REL16 0.198 0.035 -1.871 12.334 6 0.165 

REL17 0.443 0.035 -0.782 4.727 6 1.000 

REL18 -0.641 0.035 1.032 4.535 6 1.000 

QoL-4 

QOL19 0.011 0.027 0.006 7.440 6 0.846 

QOL20 -0.248 0.027 -1.370 13.574 6 0.114 

QOL21 0.165 0.027 -1.881 18.529 6 0.015 

QOL22 0.072 0.027 2.671 8.450 6 0.621 

QoL-3 

QOL19 0.04 0.03 0.058 8.519 6 0.607 

QOL20 -0.261 0.029 -0.454 7.899 6 0.737 

QOL21 0.221 0.03 -0.240 13.258 6 0.117 

Emotional 

EMO23 -0.035 0.031 -0.736 14.028 6 0.088 

EMO24 -0.428 0.032 -1.851 11.885 6 0.194 

EMO25 0.463 0.032 0.980 5.890 6 1.000 

* corrected for multiple comparisons. Bold = exceeds recommended criterion. χ
2
  = Chi-square.  

n = 540. Class intervals = 7. 
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Table 6.22. Individual item fit statistics for the six testlets in the six-factor structures 

(TFI-18/TFI-19) before and after Emotional testlet recalibration for population 

Differential Item Functioning (DIF).   

DIF  Testlets Location SE 
Fit 

residual 
χ

2 
df p* 

 

si
x

-f
a

ct
o

r 
T

F
I 

-1
9
 

Intrusiveness -0.218 0.011 4.180 9.142 6 0.996 

 Sense of Control -0.15 0.01 -0.939 13.136 6 0.246 

 Cognition 0.185 0.009 -2.400 18.58 6 0.030 

 Relaxation -0.138 0.009 1.694 2.667 6 1.000 

 QoL - 4 0.209 0.008 0.976 2.692 6 1.000 

 Emotional 0.113 0.009 -0.824 7.548 6 1.000 

 

si
x

-f
a
ct

o
r 

T
F

I 
-1

8
 

Intrusiveness -0.22 0.011 3.937 10.862 6 0.558 

 Sense of Control -0.151 0.011 -1.206 12.599 6 0.300 

 Cognition 0.188 0.009 -1.597 8.167 6 1.000 

 Relaxation -0.137 0.009 1.539 1.365 6 1.000 

 QoL - 3 0.203 0.009 1.028 4.207 6 1.000 

 Emotional 0.117 0.009 -0.741 9.298 6 0.948 

P
o
p

u
la

ti
o
n

 D
IF

 

si
x

-f
a
ct

o
r 

T
F

I 
-1

9
 

Intrusiveness -0.24 0.011 4.274 9.783 6 0.804 

Sense of Control -0.171 0.011 -0.858 12.942 6 0.264 

Cognition 0.165 0.009 -2.43 17.193 6 0.054 

Relaxation -0.161 0.009 1.628 3.102 6 1.000 

QoL - 4 0.188 0.008 1.006 1.556 6 1.000 

Emotional (Clinic) 0.03 0.013 1.022 1.347 6 1.000 

Emotional (Res) 0.189 0.013 -2.484 10.887 6 0.552 

si
x

-f
a
ct

o
r 

T
F

I 
-1

8
 

Intrusiveness -0.242 0.011 4.020 10.451 6 0.642 

Sense of Control -0.173 0.011 -1.135 11.494 6 0.444 

Cognition 0.168 0.009 -1.642 12.547 6 0.306 

Relaxation -0.16 0.009 1.453 1.552 6 1.000 

QoL -3 0.182 0.009 1.084 2.875 6 1.000 

Emotional (Clinic) 0.034 0.013 1.021 1.662 6 1.000 

 Emotional (Res) 0.191 0.013 -2.314 11.296 6 0.480 

* corrected for multiple comparisons. Bold = exceeds recommended criterion. χ
2
  = Chi-square.  

n = 540. Class intervals = 7. 
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Table 6.23. Individual person fit statistics for the subscales and TFI six-factor (TFI-

18/TFI-19) structure using the full database. 

 N
o
 of extremes residuals (%) 

Subscale - 2.5 

Intrusiveness 18 (3) 

Sense of control 27 (5) 

Cognition 12 (2) 

Sleep 23 (4) 

Auditory 22 (4) 

Relaxation 15 (3) 

QoL-4 40 (7) 

QoL-3 17 (3) 

Emotional 15 (3) 

Second-order  

six-factor TFI-19 21 (4) 

six-factor TFI-18 18 (3) 

 

Given that the measurement precision was also affected by the thresholds 

collapsing (6.3.3.4), the decision was made to return to the original response 

structure (0 to 10) with the disordered thresholds. This in turn substantially improved 

model fit and measurement precision, although the χ
2
 estimate was again significant 

(Table 6.20); SOC4 no longer showed any misfit with the other items (Table 6.21).  

The three other subscales (Sleep, Auditory, QoL) remained problematic. The 

QoL subscale had exceptionally large χ
2
 estimates and a high item fit residual. The χ

2
 

estimate for overall fit was significant (p = 0.012 corrected). The estimates for all but 

one item were large, although only QOL21 is significant (p = 0.012 corrected), the 

others are marginal (Tables 6.20 and 6.21). This could be a product of the large 

sample size, yet there was some indication previously of potential deviations.  
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Figure 6.22. Thresholds distribution for all items within designated subscales using full 

dataset.  

Logit scale continuum presented below each subscale, with lower impact indicated by 

negative logit values and higher by positive logit values.  
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Figure 6.23. Person-item threshold distributions for the eight subscales using full 

dataset. 
Person-item threshold distributions in the full dataset reflect previous distributions. Blue = item 

locations. Pink = person locations. Green = information curve and represents the inverse standard 

error. The logit scale represents the severity continuum with negative values indicating low 

impact and positive values indicating higher impact of tinnitus. n = 540.  
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Figure 6.24. Person-item threshold distributions for TFI 6-factor (TFI-19/TFI-18) 

before (a/b) and after (c/d) Emotional testlet recalibration for population DIF using the 

full dataset.. 
The 6-factor structure targets the population. Blue = item locations. Pink = person locations. 

Green = information curve and represents the inverse standard error. The logit scale represents 

the severity continuum with negative values indicating low impact and positive values indicating 

higher impact of tinnitus. n = 540. DIF = Differential Item Functioning 

 

Interestingly, the source of this misfit in fact could potentially be the item that 

has a very small non-significant χ
2
 estimate; QOL22 (Table 6.21). QOL22 has a large 

positive fit residual which indicates that this item is not tapping into the same 

underlying construct as the other items subscale. This misfitting item could be 

shaping the model expectation. This is not the first time the reliability of QOL22 has 

been called into question. On top of the evidence from this chapter (noticeable under-

discrimination, large χ
2
 estimates, disordered categories), in Chapters 4 and 5 it was 

shown that this item cross-loaded with other factors and was regularly missed by 

participants within the clinical study. Consequently, QOL22 has proven to be 

problematic and should potentially be removed from the questionnaire.  
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Table 6.24. Summary of reliability statistics, Cronbach’s alpha (α), Person separation 

index (PSI), Gp and Strata for each subscale and 6-factor structure in full dataset. 

Subscale α PSI Gp Strata* 

Intrusiveness 0.78 0.77 1.90 2.87 

Sense of control 0.75 0.76 1.84 2.79 

Cognition 0.93 0.91 3.39 4.85 

Sleep 0.91 0.86 2.72 3.96 

Auditory 0.93 0.91 3.21 4.61 

Relaxation 0.91 0.87 2.85 4.14 

QoL-3 0.87 0.80 1.98 2.97 

QoL-4 0.89 0.80 2.00 3.00 

Emotional 0.90 0.86 2.44 2.59 

Second-order     

six-factor TFI-18 0.91 0.91 3.12 4.49 

six-factor TFI-19 0.91 0.91 3.17 4.56 

*Strata values should be truncated to whole numbers. n = 540. 

 

For completeness and to study the consequences of removing the item, the 

remaining analyses for both the QoL subscale and the six-factor structure were 

conducted with QOL22 (QoL-4/six-Factor TFI-19) and without QOL22 (QoL-3/six-

Factor TFI-18). The model fit following the removal of QOL22 dramatically 

improved for QoL subscale (Tables 6.20 and 6.21).  

The issue with the Sleep subscale was less clear-cut, with a high negative fit 

residual for SLP11 indicating possible overlap in content and item redundancy 

(Table 6.21). An inspection of item wording confirmed an overlap in content rather 

than item response dependency indicated in the correlations. SLP 11 asked “How 

often did your tinnitus cause you difficulty in getting as much sleep as you needed?”, 

whilst SLP12 asked “How much of the time did your tinnitus keep you from sleeping 

as deeply or as peacefully as you would have liked?”. Both SLP11 and SLP12 are 

essentially measuring the same aspect of the sleep difficulties. Creating a two-item 
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subscale by either combining items or removing an item would reduce the overall 

reliability of Sleep as a standalone scale. Furthermore, the high fit residual was not 

consistent across all the analyses; there is little to no evidence of the deviation on the 

item characteristic curve graph for SLP11, and the measurement precision was not 

adversely affected by this overlap. Although the person distribution was flatter than 

previously observed, the information curve value was still high and the items and 

persons were still aligned (Figure 6.23). Therefore, the item remained in the subscale 

and the subscale was included in the following analyses.  

The Auditory subscale has consistently shown poor fit to the Rasch model in 

all analyses. It had a large negative fit residual for AUD14 (Table 6.21) which, 

alongside the high residual correlations, indicates overlap in content and redundant 

items within the scale. A closer examination of the item wording indicates the high 

residual and high correlations could be a product of response dependency within the 

subscale. AUD13 asked about “ability to hear clearly?”, AUD14 asked about “ability 

to understand people who are talking?”,  and AUD15 asked about “ability to follow 

conversations in a group or at meeting?”. The second two items responses appeared 

to be dependent on the response to the first item. Again removing AUD14 was not a 

viable option as this would reduce the overall reliability. More importantly, the 

extremely flat person distribution clearly apparent throughout, indicated a misfit 

between the health problem being measured by the items and the health concerns of 

the persons. Further evidence of this misfit in the underlying measurement was 

apparent within the second-order structure in which the Auditory subscale 

consistently showed the most extreme large deviations from the second-order 

underlying construct measured by the other subscales combined. In light of this, the 
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Auditory subscale was not considered reliable and therefore was excluded from the 

transformation analysis. 

6.3.5.2 Differential Item Functioning in the subscales and six-factor structure 

All eight subscales were submitted to DIF analysis. Although the Auditory subscale 

was recommended for removal, the decision was made to assess this subscale in 

relation to the person factors as the interactions might provide additional information 

about the construct underlying the auditory subscale. Within the DIF analysis, the 

data in each class interval would be separated and compared based on person factors. 

With this in mind, unless otherwise stated, the class intervals were 5 for this analysis.  

6.3.5.2.1 Population  

Initially, the distribution of the person locations in the subscales and six-factor 

structure were examined for population differences using analysis of variance (Table 

6.25). In all cases, the mean person locations were significantly lower on the 

continuum for the research population than the clinical population (Table 6.26). 

Given the score distributions seen in Chapters 4 and 5, these results are unsurprising. 

Basically, the items/testlets located higher were more likely to target the majority of 

the clinical population whilst those located lower on the continuum were more likely 

to target the research population (Figures 6.25 – 6.26). Therefore the items/testlets 

needed to be distributed along the continuum to reliably differentiate between both 

populations. In most instances, this was the case, although some measurement points 

at the extreme higher end of the continuum are somewhat limited, therefore it may be 

harder to differentiate the clinical population at these extremes.   
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Table 6.25. ANOVA results for differential functioning in targeting for population, gender and age groups in the TFI subscales and the six-factor 

structure (TFI-19/TFI-18). 

 Population Gender Age  

Items F p* F p* F p*  

Intrusiveness* 31.66 >0.001 14.22 >0.001 14.876 >0.001  

Sense of control* 35.42 >0.001 16.83 >0.001 1.933 1.000  

Cognition* 29.436 >0.001 9.460 0.018 0.414 1.000  

Sleep* 31.047 >0.001 11.539 >0.001 0.878 1.000  

Auditory* 9.386 0.018 1.347 1.000 7.224 0.567  

Relaxation* 19.01 >0.001 12.11 >0.001 0.022 1.000  

Quality of life - 4 21.37 >0.001 0.035 1.000 1.174 1.000  

Quality of life – 3* 24.06 >0.001 0.03 1.000 3.92 0.432  

Emotional* 71.33 >0.001 9.592 0.018 0.223 1.000  

Second-order        

TFI - 19‡ 41.83 >0.001 7.755 0.09 2.373 1.000  

TFI - 18‡ 43.21 >0.001 8.49 0.054 2.78 1.000  

* corrected for multiple comparisons. Bold = significant values. n = 540. Class intervals = 5. 

 

 



 

 

 

C
h
ap

ter 6
 

K
ath

ry
n

 L
o
u

ise F
ack

rell 

2
7
5

 

Table 6.26. Mean locations and standard deviations for population, gender and age person factor groups targeting in subscales and the six-factor 

structure (TFI-19/TFI-18). 

 Population Gender Age 

 Clinical Research Male  Female  >50yrs 50 to 70+yrs 

Items Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Intrusiveness 0.681 1.00 0.241 0.81 0.342 0.94 0.658 0.89 0.246 0.87 0.564 0.95 

Sense of control 0.544 1.03 0.070 0.81 0.175 0.95 0.525 0.91 0.218 0.84 0.336 1.01 

Cognition -0.372 2.40 -1.489 2.37 -1.194 2.33 -0.514 2.62 -0.872 2.09 -1.014 2.63 

Sleep 0.295 2.02 -0.668 1.99 -0.430 2.02 0.201 2.08 -0.324 1.92 -0.151 2.13 

Auditory -0.752 2.70 -1.434 2.47 -1.019 2.45 -1.294 2.88 -1.510 2.68 -0.887 2.53 

Relaxation 0.973 2.08 0.219 1.94 0.354 2.01 0.994 2.03 0.592 1.79 0.564 2.17 

Quality of life – 4 -0.451 1.27 -0.918 1.08 -0.693 1.15 -0.713 1.28 -0.772 1.11 -0.656 1.24 

Quality of life - 3 -0.449 1.43 -1.013 1.24 -0.741 1.32 -0.763 1.45 -0.901 1.29 -0.660 1.39 

Emotional 0.021 1.66 -1.124 1.49 -0.749 1.63 -0.281 1.69 -0.629 1.51 -0.558 1.76 

Second-order             

TFI - 19 0.095 0.47 -0.126 0.32 -0.057 0.42 0.046 0.38 -0.058 0.31 -0.001 0.45 

TFI - 18 0.101 0.47 -0.126 0.32 -0.057 0.43 0.053 0.38 -0.059 0.32 0.003 0.46 
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Figure 6.25. Person-item threshold distributions in Intrusiveness, Sense of Control, 

Cognition, Sleep, Auditory, QoL-3, QoL-4 and Emotional subscales showing 

differences in targeting locations for clinical and research populations.  
Participants from a research population (red) are located lower on the logit scale than participants 

from a clinical population (blue).  
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Figure 6.26. Person-item threshold distributions in TFI-18 showing differences in 

targeting locations for clinical and research populations 
Participants from a research population (red) are located slightly lower on the logit scale than 

participants from a clinical population (blue). Unfortunately RUMM2030 software does not 

provide the full plot for the TFI-18.  

 

A summary of the population DIF results for the items residuals within each subscale 

are presented in Table 6.27. INTR3, SOC5, REL17, REL18 and QOL21 (both 

versions of the subscale) showed main effects of populations with probability values 

exceeding the adjusted alpha (p>0.05). Inspection of the item characteristics curves 

indicated that given equal levels of tinnitus impact (i.e. location) in four of the items, 

the research population in general scored slightly lower across the continuum 

measured by the subscale (Figure 6.27). For example, QOL21 showed consistent 

uniform differences in population responses at each class interval (Figure 6.27). The 

Relaxation subscale was the only scale to have more than one item with DIF 

(REL17, REL18). However, they displayed opposing results. REL17 displayed the 

same results as above, whilst for REL18, the clinical population consistently scored 

lower across the continuum, despite equivalent estimated person locations (Figure 

6.27). The population differences in this subscale were opposing and as a 

consequence the population effects were cancelled out when the overall score for 

subscale was calculated. Therefore there was no need to make any adjustments to the 

items. The results for the 6-factor structures indicated that only the Emotional testlet, 

showed significant differences in population (Table 6.28).  
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Table 6.27. ANOVA results for the differences in item functioning between population 

and gender factor groups in the designated subscales 

  Population Population X CInt Gender Gender X CInt 

 Items F p* F p* F p* F p* 
IN

T
R

 INTR1 1.387 1.000 0.431 1.000 0.234 1.000 0.832 1.000 

INTR2 0.194 1.000 1.946 1.000 0.871 1.000 1.127 1.000 

INTR3 10.344 0.009 0.731 1.000 1.631 1.000 2.588 0.324 

S
O

C
 

SOC4 0.956 1.000 0.446 1.000 0.139 1.000 0.544 1.000 

SOC5 12.917 >0.001 -0.388 1.000 0.752 1.000 1.179 1.000 

SOC6 0.055 1.000 1.337 1.000 1.692 1.000 0.144 1.000 

C
O

G
 COG7 0.044 1.000 0.500 1.000 0.878 1.000 3.138 0.135 

COG8 0.418 1.000 2.292 0.531 0.359 1.000 0.401 1.000 

COG9 2.573 0.981 1.375 1.000 0.097 1.000 3.007 0.162 

S
L

P
 

SLP10 4.029 0.405 0.787 1.000 4.655 0.288 0.510 1.000 

SLP11 0.771 1.000 1.843 1.000 0.148 1.000 0.153 1.000 

SLP12 1.176 1.000 1.084 1.000 2.096 1.000 0.363 1.000 

A
U

D
 

AUD13 3.938 0.432 0.466 1.000 4.740 0.270 1.427 1.000 

AUD14 0.000 1.000 0.776 1.000 0.357 1.000 1.166 1.000 

AUD15 0.979 1.000 0.198 1.000 3.140 0.693 2.914 0.189 

R
E

L
 

REL16 1.345 1.000 1.205 1.000 6.347 0.108 1.064 1.000 

REL17 27.610 >0.001 -0.270 1.000 0.419 1.000 2.155 0.657 

REL18 26.072 >0.001 0.309 1.000 0.373 1.000 2.225 0.585 

Q
o
L

-4
 

QOL19 1.067 1.000 1.530 1.000 0.002 1.000 0.126 1.000 

QOL20 1.875 1.000 1.059 1.000 0.336 1.000 1.026 1.000 

QOL21 15.520 >0.001 -1.658 1.000 0.810 1.000 0.373 1.000 

QOL22 2.145 1.000 0.849 1.000 0.095 1.000 1.104 1.000 

Q
o
L

-3
 QOL19 2.910 0.801 1.247 1.000 0.033 1.000 1.146 1.000 

QOL20 0.090 1.000 1.478 1.000 0.170 1.000 0.889 1.000 

QOL21 10.965 0.009 -0.048 1.000 0.644 1.000 1.599 1.000 

E
M

O
 EMO23 4.228 0.360 0.259 1.000 4.308 0.342 1.116 1.000 

EMO24 0.460 1.000 0.579 1.000 5.023 0.225 1.190 1.000 

EMO25 0.422 1.000 0.606 1.000 8.262 0.036 0.831 1.000 

* corrected for multiple comparisons. Bold = significant values. n = 540. Class intervals = 5. 
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Figure 6.27. Item characteristic curve for INTRU3, SOC5, QOL21, REL17, and REL18 

showing differences in item functioning between clinical and research populations.  
Given equal levels of tinnitus impact, the clinical population (blue) consistently scored higher 

than the research population (red) for INTR3, SOC5 and QOL21 (uniform DIF). In REL17, the 

clinical population consistently scored higher than the research population, whilst in REL18, the 

clinical population unusually consistently scored lower (uniform DIF). 

 

Again, given equal levels of tinnitus impact, the clinical participants were more 

likely to endorse higher scores throughout the continuum (Figure 6.28). The solution 

to the observed population DIF was to separately assess clinical and research 

populations by splitting and recalibrating the items/testlet based on population. With 

the exception of the Relaxation items, two new items/testlets were created for each 

item/testlet that displayed DIF. 
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Table 6.28. ANOVA results for the differences in item functioning between population and gender factor groups in the six-factor structure (TFI-

19/TFI-18). 

  Population Population X CInt Gender Gender X CInt 

 Testlets F p* F p* F p* F p* 

T
F

I 
-1

9
 

Intrusiveness 0.183 1.000 0.717 1.000 1.356 1.000 1.143 1.000 

Sense of control 1.375 1.000 0.564 1.000 11.312 0.018 0.291 1.000 

Cognition 0.004 1.000 1.561 1.000 0.803 1.000 0.772 1.000 

Relaxation 4.799 0.522 0.213 1.000 0.709 1.000 0.766 1.000 

Quality of life - 4 1.360 1.000 1.102 1.000 22.914 >0.001 1.257 1.000 

Emotional 35.876 >0.001 -0.832 1.000 0.989 1.000 0.308 1.000 

T
F

I-
1
8
 

Intrusiveness 0.276 1.000 0.393 1.000 1.054 1.000 1.469 1.000 

Sense of control 1.110 1.000 0.789 1.000 10.193 >0.001 0.060 1.000 

Cognition 0.061 1.000 2.188 1.000 0.305 1.000 0.706 1.000 

Relaxation 5.696 1.000 0.531 1.000 0.296 1.000 1.365 1.000 

Quality of life - 3 0.286 1.000 0.329 1.000 19.094 >0.001 1.133 1.000 

Emotional 33.961 >0.001 -1.860 1.000 0.427 1.000 0.205 1.000 

* corrected for multiple comparisons. Bold = significant values. n = 540. Class intervals = 5. 
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Figure 6.28. Item characteristic curve for the Emotional testlet showing differences in 

item functioning between clinical and research populations. 
Given equal levels of tinnitus impact, the clinical population consistently scored slightly higher 

than the research population (uniform DIF). 

 

For example, INTR3 became INTR3Cl (clinical) and INTR3Re (research). 

Consequently, this created two separate subscales for Intrusiveness, Sense of Control 

and QoL and two separate overall second-order scales with unbiased estimates of 

tinnitus impact that can be used in clinic or in research. Following this, the overall fit 

for items and six-factor structure were reassessed. For the most part the fit statistics 

improved, with the exception of the overall χ2 estimate which increased with the 

additional items (Tables 6.22, 6.29 and 6.30). It is worth mentioning that in QoL-4 

subscale, QOL20 had a large χ2 estimate which was previously associated with 

QOL21, whilst in QoL-3 there were no deviations to report (Table 6.30).  

6.3.5.2.2 Gender 

Examination of the gender differences in the distribution of the person locations 

revealed significant differences for six subscales and the six-factor structure (Table 

6.25). The mean location for males was significantly lower than females in all cases 

(Table 6.26). The items lower on the continuum were therefore more likely to target 

males than the items higher on the continuum (Figure 6.29). In general however, all 

six subscales items were reasonably well distributed across the continuum and would 

be appropriately targeted for both genders responses (Figure 6.29).  
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Table 6.29. Summary fit statistics for Intrusiveness, Sense of control, Quality of life (3/4) and Emotional subscales and 6-factor structure (TFI-

18/TFI-19) following item recalibration for population and gender Differential Item Functioning. 

 
  

Item fit residual Person fit residual Item-trait interaction 

DIF split Subscale Items Mean SD Mean SD χ
2
 (df) p 

Item split for 

population DIF 

Intrusiveness§
 

INTR1, INTR2, INTR3Cl, INTR3Re -0.28 0.98 -0.51 0.98 32.56 (24) 0.456 

Sense of control§ SOC4,SOC5Cl, SOCRe, SOC5 -0.14 0.81 -0.51 1.06 37.69 (24) 0.148 

Quality of life - 4‡ 
QOL19, QOL20, QOL21Cl, 

QOL21Re, QOL22 
-0.24 1.73 -0.61 1.26 49.34 (30) 0.070 

Quality of life - 3§
 QOL19, QOL20, QOL21Cl, 

QOL21Re, 
-0.16 0.32 -0.62 1.09 39.20 (24) 0.104 

Item split for 

gender DIF 
Emotional 

EMO23, EMO24, EMO25M, 

EMO25F 
-0.388 1.20 -0.547 1.01 39.53 (24) 0.096 

 Second order Testlets       

Testlet split for 

population DIF 

TFI – 19*
 INTR, SOC, COG, REL, 

QoL-4, EMOCl, EMORe 
0.31 2.42 -0.34 1.07 56.81 (42) 0.441 

TFI – 18*
 INTR, SOC, COG, REL, 

QoL-3, EMOCl, EMORe 
0.36 2.2 -0.34 1.07 51.87 (42) 0.987 

* corrected for multiple comparisons. Bold = significant values. n = 540. Class intervals = 5. 

 



Chapter 6  Kathryn Louise Fackrell 

283 

 

Table 6.30. Individual item fit statistics for Intrusiveness, Sense of control, Quality of 

life (3/4) and Emotional subscales following item recalibration for population and 

gender Differential Item Functioning. 

DIF  Items Location SE Fit residual χ
2 

df p 
P

o
p

u
la

ti
o
n

 

IN
T

R
§
 

INTRU1 -0.383 0.027 -0.76 11.094 6 0.344 

INTRU2 -0.632 0.031 1.159 5.517 6 1.000 

INTR3Cl 0.39 0.039 -0.981 8.000 6 0.952 

INTR3Re 0.625 0.034 -0.554 7.952 6 0.968 

S
O

C
§
 

SOC4 -0.308 0.022 0.671 8.344 6 0.856 

SOC5Cl 0.119 0.04 -0.902 9.262 6 0.636 

SOC5Re 0.561 0.037 -0.781 12.944 6 0.176 

SOC6 -0.372 0.025 0.437 7.143 6 1.000 

Q
o
L

-4
‡
 

QOL19 -0.023 0.027 0.009 8.074 6 1.000 

QOL20 -0.283 0.027 -1.277 16.348 6 0.050 

QOL21Cl 0.051 0.039 -1.284 8.561 6 1.000 

QOL21Re 0.216 0.039 -1.368 9.38 6 0.765 

QOL22 0.039 0.027 2.678 6.983 6 1.000 

Q
o
L

-3
§
 

QOL19 -0.021 0.03 0.052 14.366 6 0.104 

QOL20 -0.322 0.029 -0.388 11.752 6 0.272 

QOL21Cl 0.072 0.042 0.183 6.588 6 1.000 

QOL21Re 0.272 0.044 -0.473 6.5 6 1.000 

G
en

d
er

 

E
M

O
§

 

EMO23 -0.18 0.031 -0.848 17.066 6 0.036 

EMO24 -0.565 0.032 -1.866 11.494 6 0.296 

EMO25M 0.198 0.038 0.445 10.299 6 0.452 

EMO25F 0.547 0.053 0.717 0.669 6 1.000 

* corrected for multiple comparisons. Bold = significant values. n = 540. Class intervals = 5. 
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Figure 6.29. Person-item threshold distributions in Intrusiveness, Sense of Control, 

Cognition, Sleep, Relaxation and Emotional subscales and TFI-18 showing differences 

in targeting locations for gender. 
Males (blue) are located lower on the logit scale than females (red), but items in general cover all 

person locations for both genders. Unfortunately, RUMM2030 software does not provide the full 

plot for the TFI-18.  
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A summary of the gender DIF results for the items residuals within each 

subscale are presented in Table 6.27. Only EMO25 (How DEPRESSED were you 

because of your tinnitus?) showed significant differences in gender alone. No 

interaction was observed between class interval and gender. In Figure 6.30 (which 

plots EMO25), the graph clearly reveals that in general, given similar estimated 

person locations, males consistently identified higher depression in relation to their 

tinnitus across all levels of tinnitus impact. For example, males experiencing mild 

tinnitus endorse higher response categories than females experiencing the same level 

of tinnitus. This item (EMO25) was split into two separate items that assess gender 

alone, providing separate scores for each.  

Although the summary fit statistics improved (Table 6.29) and there was no 

change to individual person fit statistics, the individual item statistics were slightly 

inflated (Table 6.30). Following the item recalibration, the item residuals all 

increased, all were still within criteria though, and a large significant χ
2 

estimate was 

now observed for EMO23. This could be an indication that this item is not measuring 

the same construct as the others in the scale. However, the alignment of observed 

scores to the characteristic curve was slightly over-discriminating, with only two 

class intervals deviating from the curve (Figure 6.31). This slight deviation was not 

apparent previously with the full dataset, it is therefore assumed that this deviation is 

the product of the additional item parameter. Given this problem and the fact that 

people did not always identify with one particular gender it was decided it would not 

be feasible to split this item.  
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Figure 6.30. Item characteristic curve for the EMO25 showing differences in item 

functioning between males and females.  
Females (red) consistently scored lower than the males (blue), given the same level of tinnitus 

impact. 

  

In the six-factor structure (TFI-19/TFI-18), there was a significant gender 

effect for two testlets (Table 6.28). Responses in the Sense of Control testlet varied 

with males more likely to endorse higher response categories than females, with 

similar overall level of tinnitus impact (Figure 6.32). However, the responses in the 

QoL testlet were the opposite with females endorsing higher response categories. 

Consequently, although these were not invariant in terms of gender, there was no 

need to split the items since the two opposing effects of gender cancelled each other 

out in the overall score. 

6.3.5.2.3 Age  

The sample size in the class intervals for the 70yrs+ age group was too small to make 

meaningful comparisons with the other age groups. So for the DIF analysis, the data 

were amalgamated into two age groups (<50 and 50-70+) (Table 6.31). The 

distributions of person locations were significantly different in age for the 

Intrusiveness and Auditory subscales only (Table 6.25). The mean person locations 

for people aged 50 to 70+ years were significantly higher on the continuum than the 

locations for people <50 years (Table 6.26).  
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Figure 6.31. Item characteristic curve for EMO23 showing two of seven class intervals 

slightly deviating from the expected curve following recalibration of EMO25.  

 

 
Figure 6.32. Item characteristic curve for the Sense of control and Quality of life-3 

testlets showing opposing differences in item functioning between gender.  
For Sense of Control testlet males (blue) consistently scored lower than the females (red), given 

the same level of tinnitus impact, whilst QoL-3 shows the opposite results.  

 

Older people had higher levels of tinnitus intrusiveness than younger people. 

In terms of targeting, the intrusiveness subscale had limited items located at the 

higher extremes on the continuum, therefore it can potentially differentiate people 

below 50 better than those above (Figure 6.33).  
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Table 6.31. Sample size frequency for initial and collapsed person factor groups for 

age, self-defined hearing and hearing thresholds. 

 Initial   Collapsed groups  

Person factor Person factor groups N  Person factor groups N 

Age 

<50 yrs 195  <50 yrs 195 

50 – 69 yrs 297  

50 – 70+ yrs 345 

70 + yrs 48  

Self-defined hearing 

No problem 69  No problem 69 

Small problem 76  

Hearing problems 186 

Moderate 77  

Big problem 27  

Very big problem 6  

BSA hearing 

thresholds (PTA)* 

Normal hearing 181  Normal hearing 181 

Mild loss 72  

Hearing loss 103 Moderate loss 28  

Severe loss 3  

 

The Auditory subscale had poor targeting, so was not considered in this context. 

A summary of the age DIF results for the items residuals within each subscale 

is presented in Table 6.32. Two items within the QoL-4 subscale showed age 

differences exceeding adjusted probability values. QOL19 and QOL22 displayed 

opposing age effects (Figure 6.34) and consequently no adjustments were needed. 

Furthermore, the analysis excluding QO22 (QoL-3) resulted in no evidence of age 

effects in any items. Therefore, those effects identified could be due to QOL22 as 

without this item the effects disappear. 
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Figure 6.33. Person-item threshold distributions in Intrusiveness subscales showing 

differences in targeting locations for age groups. 
Older participants (red) are located higher on the logit scale than younger participants (blue), but 

other than the extremes all person locations are covered by item threshold locations.  

 

In the six-factor structure, there were again only two testlets showing 

significant age effects; Intrusiveness and Cognition (Table 6.33). Closer inspection 

of the item characteristic curves revealed that these two testlets were reflecting 

opposing age effects (Figure 6.35). Once again there was no need to adjust for these 

effects as they did not impact on the overall structure score or violate the assumption 

of Rasch.   

6.3.5.2.4 Hearing  

Due to the number of groups in both the self-reported hearing loss and hearing 

thresholds person factors, the class intervals were reduced from 5 to 2 to enable 

meaningful comparisons with larger sample sizes. Unfortunately, the sample size in 

the hearing thresholds groups was not sufficient to maintain the British Society of 

Audiology categories. The mild, moderate and severe hearing thresholds (>20 dB) 

were amalgamated into a single group to compare against the normal hearing group 

(<20 dB) (Table 6.31). The problem with sample size was also evident in the self-

reported hearing loss person factor groups. To circumvent the small sample sizes, the 

five self-reported hearing loss groups were collapsed. 
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Table 6.32. ANOVA results for the differences in item functioning between age factor 

groups all items in designated factor. 

  Age Age X CInt 

 Items F p* F p* 
IN

T
R

*
 INTR1 4.685 0.279 0.604 1.000 

INTR2 0.001 1.000 0.546 1.000 

INTR3 2.166 1.000 1.478 1.000 

S
O

C
*
 SOC4 4.942 0.243 0.497 1.000 

SOC5 2.157 1.000 0.363 1.000 

SOC6 2.067 1.000 0.526 1.000 

C
O

G
*
 COG7 0.117 1.000 0.306 1.000 

COG8 0.181 1.000 1.175 1.000 

COG9 0.023 1.000 0.676 1.000 

S
L

P
*
 SLP10 2.680 0.918 0.764 1.000 

SLP11 0.672 1.000 1.094 1.000 

SLP12 1.410 1.000 1.593 1.000 

A
U

D
*
 AUD13 2.902 0.801 0.184 1.000 

AUD14 0.643 1.000 0.285 1.000 

AUD15 3.952 0.423 0.294 1.000 

R
E

L
*
 REL16 0.564 1.000 1.371 1.000 

REL17 1.404 0.657 2.155 0.438 

REL18 0.462 0.585 0.874 1.000 

Q
o
L

-4
§
 

QOL19 8.417 0.048 1.393 1.000 

QOL20 0.000 1.000 0.765 1.000 

QOL21 7.105 1.000 -0.057 1.000 

QOL22 16.815 >0.001 0.720 1.000 

Q
o
L

-3
*
 QOL19 2.024 1.000 0.872 1.000 

QOL20 3.757 0.477 1.679 1.000 

QOL21 1.720 1.000 0.188 1.000 

E
M

O
*
 EMO23 0.445 1.000 1.224 1.000 

EMO24 0.053 1.000 0.967 1.000 

EMO25 0.226 1.000 0.755 1.000 

* corrected for multiple comparisons. Bold = significant values. n = 540. Class intervals = 2. 
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Figure 6.34. Item characteristic curve for QOL19 and QOL22 (QoL-4) showing 

opposing differences in item functioning responses between age groups. 
For QOL19 participants who are less than 50 yrs consistently score lower than those who are 

older, whilst QOL20 shows the opposite results.  

 

 
Figure 6.35. Item characteristic curve for Intrusiveness and Cognition testlets showing 

opposing differences in item functioning responses between age groups. 
For the Intrusiveness testlet, participants who are less than 50 yrs consistently score lower than 

those who are older, whilst the Cognition testlet shows the opposite results.  
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Table 6.33. ANOVA results for the differences in item functioning between age and hearing factor groups in the 6-factor structure (TFI-19/TFI-18). 

   Clinical Research 

  Age Age X CInt Hearing Hearing X CInt Hearing Hearing X CInt 

 Testlets F p F p F p F p F p F p 

T
F

I-
1
9
 

Intrusiveness 24.575 >0.001 0.666 1.000 0.241 1.000 7.379 1.000 7.138 0.144 1.309 1.000 

Sense of control 0.805 1.000 0.758 1.000 1.232 1.000 0.922 1.000 3.597 1.000 -0.001 1.000 

Cognition 11.116 0.018 1.039 1.000 9.282 0.054 -2.662 1.000 0.036 1.000 0.431 1.000 

Relaxation 3.634 1.000 1.999 1.000 8.148 0.090 1.079 1.000 16.285 >0.001 0.089 1.000 

Quality of life - 4 0.145 1.000 1.381 1.000 31.006 >0.001 3.290 1.000 1.752 1.000 -0.081 1.000 

Emotional 1.938 1.000 0.609 1.000 19.904 >0.001 3.619 1.000 2.862 1.000 1.630 1.000 

T
F

I 
-1

8
 

Intrusiveness 23.499 >0.001 0.566 1.000 0.595 1.000 6.150 0.252 6.937 0.162 0.624 1.000 

Sense of control 0.506 1.000 1.068 1.000 0.712 1.000 0.791 1.000 3.411 1.000 -0.044 1.000 

Cognition 12.409 >0.001 1.079 1.000 11.841 0.018 -1.811 1.000 0.091 1.000 0.712 1.000 

Relaxation 4.530 0.612 1.745 1.000 6.496 0.198 0.754 1.000 17.161 >0.001 0.014 1.000 

Quality of life - 3 2.491 1.000 0.948 1.000 20.593 >0.001 1.053 1.000 3.628 1.000 -0.012 1.000 

Emotional 2.571 1.000 0.564 1.000 16.660 >0.001 2.342 1.000 3.155 1.000 1.496 1.000 

* corrected for multiple comparisons. Bold = significant values. n = 540. Class intervals = 5 for Age comparisons; 2 for hearing comparisons. 
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Initially, the small hearing problem and moderate problem groups were combined, as 

were the big problem to very big problem groups creating three hearing groups (no 

problem, small to moderate problem, big to very big problem). However once again 

the numbers in the big to very big problem group (n = 33) were not sufficient to 

conduct the analysis. 

Thus, the self-defined hearing groups were also amalgamated into two 

hearing groups (no problem vs hearing problems). Additionally to reduce the number 

of comparisons, the hearing person factor groups for the clinical population were 

examined separately from the hearing thresholds groups for the research population. 

Closer inspection of the class intervals for each subscale and 6-factor analysis 

revealed that despite these attempts to improve sample size, in some cases the sample 

sizes for each class interval were not large enough to make strong conclusions about 

the differences in item functioning and targeting. Accordingly, the results were 

indicative rather than conclusive, and as a consequence no adjustments to items were 

made.  

The distributions of person locations were significantly different in hearing 

groups for the Cognition, Auditory and QoL subscales with the clinical data, whilst 

only the person locations in the Auditory subscale were significantly different for 

hearing thresholds with the research data (Table 6.34). The mean person locations for 

people self-defined as having “no problem” with hearing and those with normal 

hearing were significantly lower on the continuum than the locations for people self-

defined as having “hearing problems” and those with hearing loss (Table 6.35). 

Predictably, the difference was most apparent for the Auditory subscale, with the 

average location for the “no problem” group located more than 3.4 logits from the 

hearing problem groups. 
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Table 6.34. ANOVA results for differential functioning in targeting for hearing groups 

in the TFI subscales and 6-factor structure (TFI-19/TFI-18). 

 Hearing    

 Clinical  Research  

Items F p 
 

F p 
 

Intrusiveness 2.338 0.666  1.892 1.000  

Sense of control 0.752 1.000  0.777 1.000  

Cognition 5.354 0.009  0.058 1.000  

Sleep 0.007 1.000  0.199 1.000  

Auditory 58.461 >0.001  13.841 >0.001  

Relaxation 0.270 1.000  0.569 1.000  

Quality of life - 4 10.180 >0.001  0.290 1.000  

Quality of life - 3 8.254 >0.001  0.614 1.000  

Emotional 0.172 1.000  0.074 1.000  

Second-order       

Six-factor TFI - 19 0.117 1.000  3.2116 0.424  

Six-factor TFI - 18 0.1438 1.000  2.7456 0.783  

* corrected for multiple comparisons. Bold = significant values. n = 540. Class intervals = 2. 

 

In fact, the majority of people with extreme low scores (> -5 logits) had normal 

hearing or “no problems” with hearing (Figure 6.36). This further highlights the 

problems with the Auditory items not necessarily measuring hearing problems in 

relation to tinnitus; the responses to the subscale could be solely based on hearing 

problems alone. In general, the Cognition and QoL items were reasonably well 

distributed across the continuum and were still covering the different ranges in 

person locations for hearing (Figure 6.36). The Auditory subscale has poor targeting 

so is not considered in this context. 



 

 

 

C
h
ap

ter 6
 

K
ath

ry
n
 L

o
u
ise F

ack
rell 

2
9
5

 

Table 6.35. Mean locations and standard deviations for population, gender and age person factor groups targeting.  

 Clinical Research 

 No problem Problem with hearing Normal hearing Hearing loss 

Items Mean SD Mean SD Mean SD Mean SD 

Intrusiveness 0.523 1.20 0.914 0.98 0.112 0.75 0.334 0.74 

Sense of control 0.426 1.09 0.634 0.94 -0.045 0.75 0.120 1.04 

Cognition -1.451 2.31 -0.011 2.62 -1.479 2.26 -1.363 2.38 

Sleep 0.315 2.35 0.363 2.26 -0.575 1.73 -0.751 2.04 

Auditory -3.719 2.25 0.305 2.11 -2.199 2.47 -0.313 2.16 

Relaxation 0.872 2.37 1.155 2.17 0.332 2.14 -0.010 2.08 

Quality of life – 4 -1.142 1.24 -0.198 1.19 -0.990 1.12 -0.863 1.05 

Quality of life - 3 -1.157 1.44 -0.189 1.35 -1.122 1.31 -0.910 1.17 

Emotional -0.101 1.66 0.066 1.63 -0.166 1.58 -1.254 1.44 

Second-order         

TFI - 19 -0.047 0.32 0.152 0.49 -0.152 0.35 -0.128 0.31 

TFI - 18 -0.034 0.34 0.153 0.50 -0.151 0.35 -0.124 0.31 
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Figure 6.36. Person-item threshold distributions in Auditory, Intrusiveness and Quality 

of life subscales showing differences in targeting locations for hearing groups (no 

problem/hearing problems (clinical)) and hearing thresholds (Normal hearing/Hearing 

loss (research)).  
The Auditory subscale shows targeting differences for both hearing measurements, whist 

Intrusiveness and QoL show targeting differences with perceived hearing loss alone (red/blue). 

Both show that participants with no problem with hearing were located lower on the logit scale.  

 

A summary of the hearing DIF results for the items within each subscale are 

presented in Table 6.36. Significant differences in hearing were only observed with 

the clinical data. INTR1, AUD15, QOL20 and QOL21 (both versions of subscale) 

showed significant main effects of populations. Inspection of the item characteristics 

curves indicated that given equal levels of tinnitus impact in three of the four items, 

people with “no problem” with hearing in general scored lower across the continuum 

measured by the subscale (Figure 6.37). For example, in AUD15, people with 

hearing problems closely follow the expected characteristic curve, whilst people with 

no problems consistently report lower levels of tinnitus problems, despite having 

equivalent estimated person locations as the hearing problem group (Figure 6.37).  
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Table 6.36. ANOVA results for the differences in item functioning between hearing 

factor groups. 

  Clinical Research 

  Hearing* Hearing X CInt* Hearing* Hearing X CInt* 

 Items F p* F p* F p* F p* 

IN
T

R
*
 INTR1 8.991 0.027 -0.338 1.000 2.455 1.000 -0.503 1.000 

INTR2 2.238 1.000 3.236 1.000 0.049 1.000 0.604 1.000 

INTR3 0.211 1.000 0.817 1.000 1.379 1.000 0.872 1.000 

S
O

C
*
 SOC4 0.531 1.000 1.478 1.000 0.273 1.000 1.387 1.000 

SOC5 0.186 1.000 5.195 0.216 0.476 1.000 2.478 1.000 

SOC6 0.467 1.000 0.323 1.000 0.119 1.000 0.213 1.000 

C
O

G
*
 COG7 0.571 1.000 0.564 1.000 0.282 1.000 0.074 1.000 

COG8 0.035 1.000 0.432 1.000 0.029 1.000 0.323 1.000 

COG9 0.006 1.000 0.087 1.000 0.226 1.000 0.372 1.000 

S
L

P
*
 SLP10 5.689 0.162 0.000 1.000 0.055 1.000 1.911 1.000 

SLP11 0.021 1.000 1.703 1.000 0.161 1.000 5.235 0.207 

SLP12 5.343 0.198 0.557 1.000 0.093 1.000 -0.012 1.000 

A
U

D
*
 AUD13 7.652 0.054 1.012 1.000 5.677 0.162 2.927 0.792 

AUD14 3.263 1.000 -1.853 1.000 2.083 1.000 -1.388 1.000 

AUD15 9.255 0.027 -0.655 1.000 5.922 0.144 3.359 0.612 

R
E

L
*
 REL16 2.667 0.936 4.567 0.306 0.020 1.000 0.040 1.000 

REL17 0.539 1.000 0.299 1.000 0.337 1.000 0.316 1.000 

REL18 5.419 0.189 4.009 0.414 0.577 1.000 0.245 1.000 

Q
o
L

-4
§
 

QOL19 0.052 1.000 3.485 0.756 1.821 1.000 0.013 1.000 

QOL20 17.504 >0.001 7.956 0.060 0.020 1.000 0.072 1.000 

QOL21 10.277 0.018 -4.176 1.000 3.750 0.486 -0.487 1.000 

QOL22 6.928 0.108 4.356 0.456 3.567 0.720 0.093 1.000 

Q
o
L

-3
*
 QOL19 1.355 1.000 1.454 1.000 0.529 1.000 -0.070 1.000 

QOL20 14.825 >0.001 5.547 0.171 0.969 1.000 0.400 1.000 

QOL21 17.821 >0.001 1.191 1.000 1.726 1.000 -0.533 1.000 

E
M

O
*
 EMO23 0.089 1.000 0.062 1.000 1.727 1.000 0.363 1.000 

EMO24 3.116 0.711 0.699 1.000 1.748 1.000 0.092 1.000 

EMO25 2.243 1.000 1.081 1.000 0.000 1.000 0.082 1.000 

* corrected for multiple comparisons. Bold = significant values. n = 540. Class intervals = 2. 
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Figure 6.37. Item characteristic curves for the INTR1, AUD15, QOL20 and QOL21 

showing differences in item functioning between persons with self-reported hearing 

problems and no problem hearing.  

For INTR1, AUD15, QOL21 participants with hearing problems consistently scored higher 

than those without, given the same level of tinnitus impact, whilst QOL20 showed the 

opposite result. 

 

The two items with DIF in the QoL subscale displayed opposing results. 

QOL21 displayed the same results as above, whilst for QOL20, the “no problem” 
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group consistently scored higher across the continuum (Fig. 6.37). The hearing 

effects were therefore cancelled out when the overall score for subscale was 

calculated.  

In the six-factor structure (TFI-19/TFI-18), there were three testlets showing 

significant hearing effects in the clinical data; Cognition, QoL (4/3) and Emotional, 

and one testlet in the research data; Relaxation (Table 6.33). For the Cognition and 

QoL (4/3) testlets, people with no problems consistently reported lower levels of 

tinnitus (Fig.6.38), whilst for the Emotional and Relaxation testlets, given equal 

levels of tinnitus impact, people with hearing problems/hearing loss consistently 

scored lower on the continuum than normal hearing, no problem groups, which are 

closely aligned to the expected characteristic curve (Figure 6.38). In other words, 

people with hearing problems were less likely to report emotional difficulties or 

problems with relaxation, despite having equal levels of overall tinnitus impact as the 

normal hearing, no problem groups. No adjustments were made as the impact of 

different levels of hearing could not be fully evaluated and we cannot say with 

confidence that these differences violate the assumption of Rasch. Therefore the 

items and testlets remained unchanged and, with the exception of the Auditory 

subscale, were assumed to conform to the Rasch model.   

6.3.5.3 Transforming the raw scores  

Linear transformations were only conducted on seven of the eight subscales. Linear 

transformations were conducted on the TFI-18 (six-factor structure). The Auditory 

subscale consistently failed to conform to the Rasch model, and as per a priori 

criteria, the logit scores were not converted into understandable metric scores.  
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Figure 6.38. Item characteristic curves for the Cognition, QoL-3, Emotional and 

Relaxation testlets showing differences in item functioning between hearing groups.  
For the Cognition and QoL-3 testlets, participants with hearing problems/hearing loss (red) 

consistently scored higher than those without (blue); whilst the Emotional and Relaxation testlets 

showed the opposite.  
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Although the Sleep subscale potentially showed some overlap in contents, this was 

not consistent across the different datasets, therefore this subscale was provided with 

transformation scores with the caveat that these scores should be reassessed.  

Initially, the estimated linear interval measurement points were plotted against 

the raw scores. The sigmoidal curve (S-shape) indicated one point change in TFI-18 

raw scores were not equivalent to equal changes in the interval locations across the 

scale (Figure 6.39). In other words, a ten point change in TFI raw score (clinical) 

from 90 to 100 equalled a change in interval value of 0.046, whilst a ten point change 

between TFI raw score at the higher end of the scale, i.e. from 150 to 160 implied a 

larger change in interval value of 0.217 (Figure 6.39).  

This pattern in actual change can be seen throughout the subscales. For 

example, in the Relaxation subscale (Figure 6.40), the raw scores located at the 

asymptotes of the curve represented larger interval changes (a two point raw score 

change (26 to 28) equals 1.140 logit change) than those clustered in middle (i.e. 

0.240 logit change for raw score change 12 to 14). The curve for the Cognition 

subscale was similar but slightly flatter indicating a more linear relationship between 

raw score change and interval change, especially in the centre of the scale, where one 

point change in raw score is fairly representative of the change seen in the interval 

scores (Figure 6.41). These plots provide the interval-level location values for each 

raw score which are presented in the transformation tables for each subscale (Tables 

6.37 – 6.41) and six-factor-18 (Tables 6.42 – 6.45). Corresponding with the 

sigmoidal curve, the change in metric score was not linear to the change in raw 

scores. For every one-point raw score change the metric equivalent ranged from 0.08 

to 7.67. 
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Figure 6.39. Plot of TFI-18 raw scores against interval location values (split for 

population differences).  
The raw score changes for the clinical and research population do not equal an equivalent change 

in the interval logit values across the scale. For example, the change in interval logit value (-

0.227) for a ten-point change in raw scores in the middle of the scale (blue lines) differs from the 

interval logit value (-0.056) for a ten-point change in raw scores at the higher end of the scale 

(grey lines).  

 

 

Figure 6.40. Plot of Relaxation subscale raw scores against interval location values.  
The raw score changes for the Relaxation subscale do not equal an equivalent change in the 

interval logit values across the scale which are larger at the higher end of the scale. For example, 

a ten-point change in raw scores at the higher end of the scale equals -1.14 change in interval 

logit values (grey lines), whilst a ten-point change in raw scores in the middle of scale equals -

0.232 change in interval logit values (blue lines).  
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Figure 6.41. Plot of Cognition subscale raw scores against interval location values.  
The raw score changes for the Cognition subscale are reasonably consistent with a change in do 

change in the interval logit values across the scale except for the extremes. For example, a ten-

point change in raw scores at the higher end of the scale equals -0.739 change in interval logit 

values (grey lines), whilst a ten-point changes in raw scores lower in the scale equals -0.23 

changes in interval logit values (blue lines).  

 

For example, in the Sense of Control subscale (clinical), a one-point raw 

score change from 14 to 15 was equivalent to a difference in metric score of 0.33, 

whilst a one-point change from 28 to 29 equalled a difference in metric scores of 

2.75 (Table 6.39). 

In terms of the magnitude of change between one-point raw score changes, 

location mattered. For example, if a person experiencing extremely high impact of 

tinnitus had a reduction of three points (raw score) this would indicate a larger 

improvement than a three-point change for a person experiencing moderate tinnitus 

impact (located more centrally). For the TFI, these findings are particularly 

important. 
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Table 6.37. Transformation table for Intrusiveness subscale raw scores and 

corresponding converted metric scores (new) for use in clinical and research 

populations. 

Intrusiveness 

Clinical Research 

Raw Logit New Difference Raw Logit New Difference 

0 -5.132 0 – 0 -5.125 0 – 

1 -3.805 4.74 4.74 1 -3.782 4.54 4.54 

2 -2.927 7.88 3.14 2 -2.885 7.58 3.03 

3 -2.345 9.96 2.08 3 -2.287 9.60 2.02 

4 -1.914 11.51 1.54 4 -1.842 11.11 1.51 

5 -1.575 12.72 1.21 5 -1.491 12.29 1.19 

6 -1.3 13.70 0.98 6 -1.208 13.25 0.96 

7 -1.071 14.52 0.82 7 -0.975 14.04 0.79 

8 -0.878 15.21 0.69 8 -0.781 14.70 0.66 

9 -0.712 15.80 0.59 9 -0.616 15.25 0.56 

10 -0.568 16.32 0.51 10 -0.472 15.74 0.49 

11 -0.44 16.78 0.46 11 -0.345 16.17 0.43 

12 -0.323 17.19 0.42 12 -0.229 16.56 0.39 

13 -0.215 17.58 0.39 13 -0.121 16.93 0.37 

14 -0.112 17.95 0.37 14 -0.019 17.27 0.35 

15 -0.012 18.31 0.36 15 0.079 17.60 0.33 

16 0.086 18.66 0.35 16 0.174 17.93 0.32 

17 0.184 19.01 0.35 17 0.264 18.23 0.30 

18 0.284 19.36 0.36 18 0.352 18.53 0.30 

19 0.385 19.72 0.36 19 0.438 18.82 0.29 

20 0.491 20.10 0.38 20 0.523 19.11 0.29 

21 0.6 20.49 0.39 21 0.612 19.41 0.30 

22 0.716 20.91 0.41 22 0.708 19.73 0.32 

23 0.841 21.36 0.45 23 0.813 20.09 0.36 

24 0.978 21.84 0.49 24 0.941 20.52 0.43 

25 1.136 22.41 0.56 25 1.103 21.07 0.55 

26 1.326 23.09 0.68 26 1.329 21.83 0.76 

27 1.569 23.96 0.87 27 1.651 22.92 1.09 

28 1.905 25.16 1.20 28 2.105 24.46 1.54 

29 2.432 27.04 1.88 29 2.769 26.71 2.25 

30 3.259 30 2.96 30 3.743 30 3.29 

Also presented are the interval measures the raw scores imply (logits) and the differences 

between converted metric score per raw score change (difference). 
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Table 6.38. Transformation table for Sense of control subscale raw scores and 

corresponding converted metric scores (new) for use in clinical and research 

populations. 

Sense of control 

Clinical Research 

Raw Logit New Difference Raw Logit New Difference 

0 -3.34 0 – 0 -3.233 0.00 – 

1 -2.571 3.59 3.59 1 -2.464 2.66 2.66 

2 -2.056 5.99 2.40 2 -1.95 4.44 1.78 

3 -1.711 7.61 1.61 3 -1.607 5.62 1.19 

4 -1.449 8.83 1.22 4 -1.348 6.52 0.90 

5 -1.237 9.82 0.99 5 -1.14 7.24 0.72 

6 -1.058 10.65 0.84 6 -0.966 7.84 0.60 

7 -0.903 11.38 0.72 7 -0.817 8.35 0.52 

8 -0.766 12.02 0.64 8 -0.687 8.80 0.45 

9 -0.644 12.59 0.57 9 -0.573 9.20 0.39 

10 -0.535 13.10 0.51 10 -0.472 9.54 0.35 

11 -0.437 13.55 0.46 11 -0.381 9.86 0.31 

12 -0.348 13.97 0.42 12 -0.299 10.14 0.28 

13 -0.267 14.35 0.38 13 -0.223 10.41 0.26 

14 -0.191 14.70 0.35 14 -0.152 10.65 0.25 

15 -0.12 15.03 0.33 15 -0.084 10.89 0.24 

16 -0.052 15.35 0.32 16 -0.019 11.11 0.22 

17 0.015 15.66 0.31 17 0.046 11.34 0.22 

18 0.083 15.98 0.32 18 0.113 11.57 0.23 

19 0.152 16.30 0.32 19 0.182 11.81 0.24 

20 0.224 16.64 0.34 20 0.254 12.05 0.25 

21 0.302 17.00 0.36 21 0.333 12.33 0.27 

22 0.387 17.40 0.40 22 0.422 12.64 0.31 

23 0.486 17.86 0.46 23 0.525 12.99 0.36 

24 0.604 18.41 0.55 24 0.653 13.43 0.44 

25 0.749 19.09 0.68 25 0.818 14.00 0.57 

26 0.938 19.97 0.88 26 1.05 14.81 0.80 

27 1.196 21.18 1.20 27 1.411 16.05 1.25 

28 1.569 22.92 1.74 28 2.043 18.24 2.18 

29 2.158 25.67 2.75 29 3.227 22.33 4.09 

30 3.086 30 4.33 30 5.445 30 7.67 

Also presented are the interval measures the raw scores imply (logits) and the differences 

between converted metric score per raw score change (difference). 
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Table 6.39. Transformation table for Cognition and Sleep subscales raw scores and 

corresponding converted metric scores (new). 

  Cognition    Sleep  

Raw Logit New Difference Raw Logit New Difference 

0 -5.368 0 – 0 -3.881 0 – 

1 -4.436 2.31 2.31 1 -3.003 3.32 3.32 

2 -3.757 3.99 1.68 2 -2.388 5.64 2.32 

3 -3.262 5.22 1.23 3 -1.958 7.27 1.62 

4 -2.864 6.21 0.99 4 -1.625 8.53 1.26 

5 -2.529 7.04 0.83 5 -1.358 9.53 1.01 

6 -2.237 7.76 0.72 6 -1.138 10.37 0.83 

7 -1.977 8.41 0.64 7 -0.956 11.05 0.69 

8 -1.741 8.99 0.59 8 -0.801 11.64 0.59 

9 -1.523 9.53 0.54 9 -0.666 12.15 0.51 

10 -1.318 10.04 0.51 10 -0.545 12.61 0.46 

11 -1.122 10.53 0.49 11 -0.435 13.02 0.42 

12 -0.932 11.00 0.47 12 -0.334 13.40 0.38 

13 -0.744 11.47 0.47 13 -0.236 13.77 0.37 

14 -0.555 11.93 0.47 14 -0.141 14.13 0.36 

15 -0.363 12.41 0.48 15 -0.047 14.49 0.36 

16 -0.162 12.91 0.50 16 0.048 14.85 0.36 

17 0.05 13.43 0.53 17 0.144 15.21 0.36 

18 0.278 14.00 0.57 18 0.246 15.60 0.39 

19 0.528 14.62 0.62 19 0.354 16.00 0.41 

20 0.804 15.30 0.68 20 0.472 16.45 0.45 

21 1.112 16.07 0.76 21 0.604 16.95 0.50 

22 1.459 16.93 0.86 22 0.755 17.52 0.57 

23 1.851 17.90 0.97 23 0.932 18.19 0.67 

24 2.291 18.99 1.09 24 1.141 18.98 0.79 

25 2.786 20.22 1.23 25 1.392 19.93 0.95 

26 3.342 21.60 1.38 26 1.694 21.07 1.14 

27 3.974 23.16 1.57 27 2.061 22.45 1.39 

28 4.713 25.00 1.83 28 2.523 24.20 1.75 

29 5.62 27.25 2.25 29 3.166 26.63 2.43 

30 6.731 30 2.75 30 4.058 30 3.37 

Also presented are the interval measures the raw scores imply (logits) and the differences 

between converted metric score per raw score change (difference). 
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Table 6.40. Transformation table for Relaxation and Emotional subscales raw scores 

and corresponding converted metric scores (new). 

  Relaxation    Emotional  

Raw Logit New Difference Raw Logit New Difference 

0 -4.315 0 – 0 -3.819 0  

1 -3.44 2.77 2.77 1 -2.879 3.68 3.68 

2 -2.809 4.77 2.00 2 -2.239 6.18 2.50 

3 -2.355 6.21 1.44 3 -1.803 7.89 1.71 

4 -1.992 7.36 1.15 4 -1.483 9.14 1.25 

5 -1.689 8.32 0.96 5 -1.238 10.10 0.96 

6 -1.433 9.13 0.81 6 -1.045 10.85 0.76 

7 -1.213 9.83 0.70 7 -0.887 11.47 0.62 

8 -1.022 10.44 0.61 8 -0.752 12.00 0.53 

9 -0.854 10.97 0.53 9 -0.634 12.46 0.46 

10 -0.703 11.45 0.48 10 -0.528 12.88 0.41 

11 -0.565 11.88 0.44 11 -0.43 13.26 0.38 

12 -0.437 12.29 0.41 12 -0.338 13.62 0.36 

13 -0.315 12.68 0.39 13 -0.248 13.97 0.35 

14 -0.197 13.05 0.37 14 -0.16 14.32 0.34 

15 -0.081 13.42 0.37 15 -0.071 14.66 0.35 

16 0.035 13.79 0.37 16 0.018 15.01 0.35 

17 0.152 14.16 0.37 17 0.111 15.38 0.36 

18 0.274 14.54 0.39 18 0.21 15.76 0.39 

19 0.403 14.95 0.41 19 0.317 16.18 0.42 

20 0.542 15.39 0.44 20 0.436 16.65 0.47 

21 0.696 15.88 0.49 21 0.569 17.17 0.52 

22 0.871 16.44 0.55 22 0.721 17.76 0.59 

23 1.075 17.08 0.65 23 0.898 18.45 0.69 

24 1.321 17.86 0.78 24 1.103 19.26 0.80 

25 1.626 18.83 0.97 25 1.344 20.20 0.94 

26 2.011 20.05 1.22 26 1.626 21.30 1.10 

27 2.506 21.62 1.57 27 1.966 22.63 1.33 

28 3.151 23.66 2.04 28 2.395 24.31 1.68 

29 4.009 26.38 2.72 29 2.999 26.67 2.36 

30 5.151 30 3.62 30 3.849 30 3.33 

Also presented are the interval measures the raw scores imply (logits) and the differences 

between converted metric score per raw score change (difference). 
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Table 6.41. Transformation table for QoL subscale raw scores and corresponding 

converted metric scores (new) for use in clinical and research populations 

QoL-3 

Clinical Research 

Raw Logit New Difference Raw Logit New Difference 

0 -2.956 0.00 – 0 -2.935 0 – 

1 -2.231 3.34 3.34 1 -2.202 3.32 3.32 

2 -1.782 5.41 2.07 2 -1.745 5.38 2.07 

3 -1.503 6.70 1.29 3 -1.46 6.67 1.29 

4 -1.305 7.61 0.91 4 -1.258 7.59 0.91 

5 -1.153 8.31 0.70 5 -1.1 8.30 0.71 

6 -1.026 8.90 0.59 6 -0.971 8.89 0.58 

7 -0.918 9.39 0.50 7 -0.859 9.39 0.51 

8 -0.822 9.84 0.44 8 -0.759 9.85 0.45 

9 -0.734 10.24 0.41 9 -0.668 10.26 0.41 

10 -0.652 10.62 0.38 10 -0.583 10.64 0.38 

11 -0.573 10.98 0.36 11 -0.502 11.01 0.37 

12 -0.496 11.34 0.35 12 -0.422 11.37 0.36 

13 -0.42 11.69 0.35 13 -0.344 11.72 0.35 

14 -0.344 12.04 0.35 14 -0.266 12.08 0.35 

15 -0.265 12.40 0.36 15 -0.187 12.43 0.36 

16 -0.183 12.78 0.38 16 -0.106 12.80 0.37 

17 -0.097 13.18 0.40 17 -0.02 13.19 0.39 

18 -0.005 13.60 0.42 18 0.071 13.60 0.41 

19 0.096 14.07 0.47 19 0.17 14.05 0.45 

20 0.209 14.59 0.52 20 0.279 14.54 0.49 

21 0.335 15.17 0.58 21 0.402 15.10 0.56 

22 0.479 15.83 0.66 22 0.543 15.74 0.64 

23 0.645 16.60 0.77 23 0.706 16.48 0.74 

24 0.838 17.49 0.89 24 0.899 17.35 0.87 

25 1.064 18.53 1.04 25 1.126 18.38 1.03 

26 1.333 19.77 1.24 26 1.4 19.62 1.24 

27 1.662 21.28 1.52 27 1.735 21.13 1.52 

28 2.083 23.22 1.94 28 2.17 23.10 1.97 

29 2.687 26.01 2.78 29 2.795 25.93 2.83 

30 3.553 30.00 3.99 30 3.695 30 4.07 

Also presented are the interval measures the raw scores imply (logits) and the differences 

between converted metric score per raw score change (difference). 
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Table 6.42. Transformation table for the TFI-18 raw scores (range 0 – 99) and corresponding converted metric scores (new) for use in clinics. 

Raw Logit New Diff Raw Logit New Diff Raw Logit New Diff Raw Logit New Diff Raw Logit New Diff 

0 -3.098 0  20 -0.692 38.78 0.42 40 -0.388 43.68 0.16 60 -0.228 46.26 0.11 80 -0.107 48.21 0.10 

1 -2.467 10.17 10.17 21 -0.669 39.15 0.37 41 -0.378 43.84 0.16 61 -0.222 46.36 0.10 81 -0.101 48.31 0.10 

2 -2.071 16.55 6.38 22 -0.647 39.51 0.35 42 -0.368 44.00 0.16 62 -0.215 46.47 0.11 82 -0.096 48.39 0.08 

3 -1.821 20.58 4.03 23 -0.626 39.85 0.34 43 -0.359 44.15 0.15 63 -0.209 46.57 0.10 83 -0.090 48.48 0.10 

4 -1.640 23.50 2.92 24 -0.606 40.17 0.32 44 -0.350 44.29 0.15 64 -0.202 46.68 0.11 84 -0.084 48.58 0.10 

5 -1.498 25.79 2.29 25 -0.587 40.47 0.31 45 -0.341 44.44 0.15 65 -0.196 46.78 0.10 85 -0.079 48.66 0.08 

6 -1.383 27.64 1.85 26 -0.570 40.75 0.27 46 -0.333 44.57 0.13 66 -0.190 46.87 0.10 86 -0.073 48.76 0.10 

7 -1.286 29.21 1.56 27 -0.553 41.02 0.27 47 -0.324 44.71 0.15 67 -0.184 46.97 0.10 87 -0.068 48.84 0.08 

8 -1.203 30.54 1.34 28 -0.537 41.28 0.26 48 -0.316 44.84 0.13 68 -0.177 47.08 0.11 88 -0.062 48.94 0.10 

9 -1.131 31.71 1.16 29 -0.521 41.54 0.26 49 -0.308 44.97 0.13 69 -0.171 47.18 0.10 89 -0.056 49.03 0.10 

10 -1.068 32.72 1.02 30 -0.506 41.78 0.24 50 -0.300 45.10 0.13 70 -0.165 47.28 0.10 90 -0.051 49.11 0.08 

11 -1.012 33.62 0.90 31 -0.492 42.01 0.23 51 -0.292 45.23 0.13 71 -0.159 47.37 0.10 91 -0.045 49.21 0.10 

12 -0.962 34.43 0.81 32 -0.479 42.21 0.21 52 -0.285 45.34 0.11 72 -0.153 47.47 0.10 92 -0.039 49.31 0.10 

13 -0.917 35.15 0.73 33 -0.466 42.42 0.21 53 -0.277 45.47 0.13 73 -0.147 47.57 0.10 93 -0.034 49.39 0.08 

14 -0.877 35.80 0.64 34 -0.454 42.62 0.19 54 -0.270 45.58 0.11 74 -0.141 47.66 0.10 94 -0.029 49.47 0.08 

15 -0.839 36.41 0.61 35 -0.442 42.81 0.19 55 -0.263 45.70 0.11 75 -0.136 47.74 0.08 95 -0.023 49.56 0.10 

16 -0.805 36.96 0.55 36 -0.430 43.00 0.19 56 -0.256 45.81 0.11 76 -0.130 47.84 0.10 96 -0.018 49.65 0.08 

17 -0.774 37.46 0.50 37 -0.419 43.18 0.18 57 -0.249 45.92 0.11 77 -0.124 47.94 0.10 97 -0.012 49.74 0.10 

18 -0.745 37.93 0.47 38 -0.408 43.36 0.18 58 -0.242 46.03 0.11 78 -0.118 48.03 0.10 98 -0.006 49.84 0.10 

19 -0.718 38.36 0.44 39 -0.398 43.52 0.16 59 -0.235 46.15 0.11 79 -0.113 48.11 0.08 99 -0.001 49.92 0.08 

Also presented are the interval measures the raw scores imply (logits) and the differences between converted metric score per raw score change (difference). 
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Table 6.43. Transformation table for the TFI-18 raw scores (range 100 – 180) and corresponding converted metric scores (new) for use in clinics. 

Raw Logit New Diff Raw Logit New Diff Raw Logit New Diff Raw Logit New Diff Raw Logit New Diff 

100 0.005 50.02 0.10 117 0.110 51.71 0.11 134 0.251 53.98 0.16 151 0.483 57.72 0.29 168 0.965 65.49 0.73 

101 0.011 50.11 0.10 118 0.117 51.82 0.11 135 0.261 54.14 0.16 152 0.502 58.03 0.31 169 1.014 66.28 0.79 

102 0.016 50.19 0.08 119 0.124 51.93 0.11 136 0.272 54.32 0.18 153 0.521 58.33 0.31 170 1.069 67.17 0.89 

103 0.022 50.29 0.10 120 0.131 52.05 0.11 137 0.283 54.50 0.18 154 0.541 58.66 0.32 171 1.130 68.15 0.98 

104 0.028 50.39 0.10 121 0.138 52.16 0.11 138 0.294 54.67 0.18 155 0.562 58.99 0.34 172 1.198 69.25 1.10 

105 0.033 50.47 0.08 122 0.145 52.27 0.11 139 0.306 54.87 0.19 156 0.583 59.33 0.34 173 1.277 70.52 1.27 

106 0.040 50.58 0.11 123 0.153 52.40 0.13 140 0.318 55.06 0.19 157 0.606 59.70 0.37 174 1.368 71.99 1.47 

107 0.046 50.68 0.10 124 0.161 52.53 0.13 141 0.331 55.27 0.21 158 0.630 60.09 0.39 175 1.478 73.76 1.77 

108 0.052 50.77 0.10 125 0.169 52.66 0.13 142 0.344 55.48 0.21 159 0.655 60.49 0.40 176 1.613 75.93 2.18 

109 0.058 50.87 0.10 126 0.177 52.79 0.13 143 0.357 55.69 0.21 160 0.682 60.93 0.44 177 1.790 78.79 2.85 

110 0.064 50.97 0.10 127 0.185 52.92 0.13 144 0.371 55.92 0.23 161 0.710 61.38 0.45 178 2.039 82.80 4.01 

111 0.070 51.06 0.10 128 0.194 53.06 0.15 145 0.386 56.16 0.24 162 0.739 61.85 0.47 179 2.445 89.35 6.54 

112 0.077 51.18 0.11 129 0.203 53.21 0.15 146 0.401 56.40 0.24 163 0.771 62.36 0.52 180 3.106 100 10.65 

113 0.083 51.27 0.10 130 0.212 53.35 0.15 147 0.416 56.64 0.24 164 0.804 62.89 0.53     

114 0.089 51.37 0.10 131 0.221 53.50 0.15 148 0.432 56.90 0.26 165 0.840 63.48 0.58     

115 0.096 51.48 0.11 132 0.231 53.66 0.16 149 0.448 57.16 0.26 166 0.878 64.09 0.61     

116 0.103 51.60 0.11 133 0.241 53.82 0.16 150 0.465 57.43 0.27 167 0.920 64.76 0.68     

Also presented are the interval measures the raw scores imply (logits) and the differences between converted metric score per raw score change (difference). 
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Table 6.44. Transformation table for the TFI-18 raw scores (range 0 – 99) and corresponding converted metric scores (new) for use in research 

Raw Logit New Diff Raw Logit New Diff Raw Logit New Diff Raw Logit New Diff Raw Logit New Diff 

0 -3.075 0  20 -0.679 38.39 0.40 40 -0.376 43.24 0.16 60 -0.217 45.79 0.11 80 -0.093 47.77 0.10 

1 -2.448 10.04 10.04 21 -0.655 38.77 0.38 41 -0.367 43.38 0.14 61 -0.211 45.88 0.10 81 -0.087 47.87 0.10 

2 -2.053 16.37 6.33 22 -0.633 39.12 0.35 42 -0.357 43.54 0.16 62 -0.204 45.99 0.11 82 -0.082 47.95 0.08 

3 -1.804 20.36 3.99 23 -0.612 39.46 0.34 43 -0.348 43.69 0.14 63 -0.197 46.11 0.11 83 -0.076 48.05 0.10 

4 -1.623 23.26 2.90 24 -0.593 39.76 0.30 44 -0.339 43.83 0.14 64 -0.191 46.20 0.10 84 -0.070 48.14 0.10 

5 -1.482 25.52 2.26 25 -0.574 40.07 0.30 45 -0.330 43.98 0.14 65 -0.185 46.30 0.10 85 -0.064 48.24 0.10 

6 -1.367 27.36 1.84 26 -0.556 40.36 0.29 46 -0.322 44.10 0.13 66 -0.178 46.41 0.11 86 -0.058 48.33 0.10 

7 -1.270 28.92 1.55 27 -0.540 40.61 0.26 47 -0.313 44.25 0.14 67 -0.172 46.51 0.10 87 -0.052 48.43 0.10 

8 -1.187 30.25 1.33 28 -0.524 40.87 0.26 48 -0.305 44.38 0.13 68 -0.165 46.62 0.11 88 -0.046 48.53 0.10 

9 -1.115 31.40 1.15 29 -0.509 41.11 0.24 49 -0.297 44.50 0.13 69 -0.159 46.72 0.10 89 -0.040 48.62 0.10 

10 -1.052 32.41 1.01 30 -0.494 41.35 0.24 50 -0.289 44.63 0.13 70 -0.153 46.81 0.10 90 -0.035 48.70 0.08 

11 -0.996 33.31 0.90 31 -0.480 41.57 0.22 51 -0.281 44.76 0.13 71 -0.147 46.91 0.10 91 -0.029 48.80 0.10 

12 -0.947 34.09 0.79 32 -0.467 41.78 0.21 52 -0.274 44.87 0.11 72 -0.141 47.00 0.10 92 -0.023 48.89 0.10 

13 -0.902 34.81 0.72 33 -0.454 41.99 0.21 53 -0.267 44.99 0.11 73 -0.135 47.10 0.10 93 -0.017 48.99 0.10 

14 -0.861 35.47 0.66 34 -0.442 42.18 0.19 54 -0.259 45.11 0.13 74 -0.129 47.20 0.10 94 -0.011 49.09 0.10 

15 -0.824 36.06 0.59 35 -0.430 42.37 0.19 55 -0.252 45.23 0.11 75 -0.123 47.29 0.10 95 -0.005 49.18 0.10 

16 -0.791 36.59 0.53 36 -0.418 42.57 0.19 56 -0.245 45.34 0.11 76 -0.117 47.39 0.10 96 0.000 49.26 0.08 

17 -0.759 37.10 0.51 37 -0.407 42.74 0.18 57 -0.238 45.45 0.11 77 -0.111 47.48 0.10 97 0.006 49.36 0.10 

18 -0.730 37.57 0.46 38 -0.397 42.90 0.16 58 -0.231 45.56 0.11 78 -0.105 47.58 0.10 98 0.012 49.46 0.10 

19 -0.704 37.98 0.42 39 -0.386 43.08 0.18 59 -0.224 45.67 0.11 79 -0.099 47.68 0.10 99 0.018 49.55 0.10 

Also presented are the interval measures the raw scores imply (logits) and the differences between converted metric score per raw score change (difference). 
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Table 6.45. Transformation table for the TFI-18 raw scores (range 100 – 180) and corresponding converted metric scores (new) for use in research. 

Raw Logit New Diff Raw Logit New Diff Raw Logit New Diff Raw Logit New Diff Raw Logit New Diff 

100 0.024 49.65 0.10 117 0.137 51.46 0.13 134 0.289 53.89 0.18 151 0.534 57.82 0.29 168 1.024 65.67 0.74 

101 0.030 49.74 0.10 118 0.144 51.57 0.11 135 0.300 54.07 0.18 152 0.553 58.12 0.30 169 1.073 66.45 0.79 

102 0.036 49.84 0.10 119 0.152 51.70 0.13 136 0.312 54.26 0.19 153 0.573 58.44 0.32 170 1.128 67.33 0.88 

103 0.043 49.95 0.11 120 0.159 51.81 0.11 137 0.324 54.45 0.19 154 0.593 58.76 0.32 171 1.189 68.31 0.98 

104 0.049 50.05 0.10 121 0.167 51.94 0.13 138 0.336 54.65 0.19 155 0.615 59.12 0.35 172 1.257 69.40 1.09 

105 0.055 50.14 0.10 122 0.175 52.07 0.13 139 0.348 54.84 0.19 156 0.637 59.47 0.35 173 1.335 70.65 1.25 

106 0.061 50.24 0.10 123 0.184 52.21 0.14 140 0.361 55.05 0.21 157 0.661 59.85 0.38 174 1.427 72.12 1.47 

107 0.068 50.35 0.11 124 0.192 52.34 0.13 141 0.375 55.27 0.22 158 0.685 60.24 0.38 175 1.537 73.89 1.76 

108 0.074 50.45 0.10 125 0.201 52.48 0.14 142 0.388 55.48 0.21 159 0.711 60.65 0.42 176 1.672 76.05 2.16 

109 0.081 50.56 0.11 126 0.210 52.63 0.14 143 0.403 55.72 0.24 160 0.738 61.09 0.43 177 1.850 78.90 2.85 

110 0.087 50.66 0.10 127 0.219 52.77 0.14 144 0.417 55.94 0.22 161 0.766 61.53 0.45 178 2.100 82.91 4.01 

111 0.094 50.77 0.11 128 0.228 52.92 0.14 145 0.432 56.18 0.24 162 0.796 62.02 0.48 179 2.507 89.43 6.52 

112 0.101 50.88 0.11 129 0.238 53.08 0.16 146 0.448 56.44 0.26 163 0.828 62.53 0.51 180 3.167 100 10.57 

113 0.108 50.99 0.11 130 0.247 53.22 0.14 147 0.464 56.70 0.26 164 0.862 63.07 0.54     

114 0.115 51.11 0.11 131 0.257 53.38 0.16 148 0.481 56.97 0.27 165 0.898 63.65 0.58     

115 0.122 51.22 0.11 132 0.268 53.56 0.18 149 0.498 57.24 0.27 166 0.937 64.27 0.62     

116 0.129 51.33 0.11 133 0.278 53.72 0.16 150 0.516 57.53 0.29 167 0.978 64.93 0.66     

Also presented are the interval measures the raw scores imply (logits) and the differences between converted metric score per raw score change (difference). 
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For comparative purposes, the TFI raw scores (baseline only) were 

transformed using the tables provided (Table 6.46). Mean scores (± SD) were 

calculated for the TFI-18 transformed scores, raw scores and total scores (Meikle et 

al. (2012) calculation) and the original distribution of the TFI-25 (Chapters 4 and 5) 

(Table 6.47). There were similarities in the mean and median scores between TFI-18 

transformed and total and TFI-25 total in both the clinical and research population. 

But the SD around the mean scores in both populations tells a different story. The SD 

for TFI-18 transformed scores was considerably smaller (<8 points) than that seen in 

the TFI-18 and TFI-25 total scores (> 20 points) suggesting that range in scores was 

somewhat smaller than expected based on the original total scores. 

In fact the difference in the distribution of the scores was clearly apparent 

from Figure 6.42 (clinical population) and Figure 6.43 (research population). Whilst 

the TFI-18 and TFI-25 total score distributions were flatter and range the whole 

scale, the distribution for TFI-18 transformed scores peaked in the centre of the scale. 

The raw scores located in the middle of the curve were located much closer together 

on the interval scale, therefore, it is perhaps unsurprising that the majority of 

transformed scores were now located centrally in the distribution.  

In terms of subscales, the mean and median TFI-18 transformed scores 

differed from the total scores. The main reason was that the new transformed score 

were based on a 0 to 30 range, whereas the total scores calculated using  instructions 

from Meikle et al. (2012), were based on a 0 to 100 range. The SD of the 

transformed scores indicated a reasonably wide distribution for the subscales that 

covered the full range in the scale. Accordingly, the new transformed scores 

suggested that the majority of the participants were experiencing moderate tinnitus 

impact.   
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Table 6.46. Descriptive statistics for the TFI-18 and subscales transformed scores, raw and total scores and the TFI-25 original raw and total scores. 

 Person 

factor 

n 
(missing) 

 Mean (SD)   Median   Range  

 
Transform Raw Total Transform Raw Total Transform Raw Total 

TFI- 25 Clinical 255 — 158.88 (45.31) 52.72 (21.68) — 167.0 52.0 — — 62 216 7.6 100 

 Research 247 (38) — 101.63 (50.22) 40.64 (20.09) — 96.0 38.40 — — 10 232 4 93 

 Total 540 — 115.49 (54.03) 46.7 (21.33) — 112.0 45.20 — — 7 250 7.6 100 

TFI-18 Clinic 242 (13) 51.07 (7.45) 99.07 (39.58) 55.04 (21.99) 49.97 99.5 55.28 35 100 13 180 7 100 

 
Res 283 (2) 47.00 (5.28) 76.20 (38.06) 42.33 (21.14) 46.81 70 38.89 29 66 7 168 4 100 

 
Total 525 (15) 

 
86.74 (40.37) 48.19 (22.43) 

 
85 47.22 

  
7 180 4 100 

INTR Clinic 251 (4) 20.06 (3.58) 18.69 (6.59) 62.28 (21.96) 19.72 19.00 63.33 10 30 0 30 10 100 

 
Res 283(2) 17.68 (2.75) 15.96 (6.39) 53.19 (21.31) 17.93 16.00 53.33 8 25 0 28 7 94 

 
Total 535 (5) 

 
17.24 (6.62) 57.46 (22.07) 

 
17.00 56.67 

  
2 30 7 100 

SOC Clinic 251 (4) 17.18 (4.30) 19.36 (6.50) 64.54 (21.66) 16.64 20.00 66.67 0 30 0 30 0 100 

 
Res 285 (0) 11.13 (3.11) 16.07 (6.93) 53.56 (23.10) 11.34 17.00 56.67 0 30 0 30 0 100 

 
Total 536 (4) 

 
17.61 (6.92) 58.70 (23.08) 

 
18.00 60.00  

 
0 30 0 100 

QoL-3 Clinic 251 (4) 11.20 (6.61) 12.31 (9.12) 41.05 (30.39) 11.34 12.00 40.00 0 30 0 30 0 100 

 
Res 284 (1) 8.51 (5.67) 8.38 (7.98) 27.93 (26.58) 8.89 6.00 20.00 0 30 0 30 0 100 

 
Total 535 (5) 

 
10.23 (8.75) 34.09 (29.15) 

 
8.00 26.67   0 30 0 100 

COG Total 540 (0) 10.94 (6.07) 12.25 (8.23) 40.84 (27.45) 11.00 12.00 40.00 0 30 0 30 0 100 

SLP Total 538 (2) 13.84 (7.77) 14.18 (9.89) 47.26 (32.96) 14.13 14.00 46.67 0 30 0 30 0 100 

REL Total 539 (2) 15.49 (6.46) 17.79 (8.59) 59.29 (28.63) 15.39 20.00 66.67 0 30 0 30 0 100 

EMO Total 540(0) 12.67 (6.54) 11.71 (8.93) 39.05 (29.78) 12.88 10.00 33.33 0 30 0 30 0 100 
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Figure 6.42. Distribution plots for TFI-18 transformed scores, raw and total scores and 

TFI-25 total scores in a clinical population  

 

 
Figure 6.43. Distribution plots for TFI-18 transformed scores, raw and total scores and 

TFI-25 total scores in a research population 
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6.4. SUMMARY  

This chapter reports the first application of Rasch analysis to a multi-item tinnitus 

questionnaire.   

Targeting  

Findings revealed differences between clinical and research populations in terms of 

their pattern of responses. In general, the clinical population reported higher levels of 

tinnitus impact than the research population. All the subscales, with the exception of 

the Auditory subscale, were reasonably well-targeted to the population. Category 

response thresholds were ordered for all items except for item 4 in the Sense of 

Control subscale. My conclusion is that the TFI is appropriately targeted to both 

populations, as TFI-18, and not the original 25-item TFI.  

The TFI structure  

The Auditory subscale was unrelated to the construct measured by the other 

subscales and is not targeted for the intended population. Although the hearing loss 

DIF analysis was under-powered, the results were interesting because the responses 

of those people without hearing loss did not conform to the model expectation. 

Therefore, individuals are answering the items in relation to their hearing rather than 

their tinnitus. The Sleep subscale was unrelated to the construct measured by the 

other subscales. My conclusion is that the six-factor structure in general conforms to 

the Rasch model expectations. I recommend that the Auditory and Sleep subscales 

should not be retained in the second-order construct. This would allow for the 

maximum information, measurement precision, and accuracy. 

Six of the subscales in their original form were confirmed as standalone 

subscales that appropriately target the population of interest and reliably measure the 
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underlying construct they purport to measure, although the Sense of control 

thresholds had to remain disordered. The QoL subscale had one item (QOL22) that 

appeared to be the consistent source of the deviations in the model. The results 

showed a clear trend in which removing QOL22 improved the precision and 

accuracy of the scale and reduced the differences in item functioning, in age groups 

in particular. Based on this analysis, it is recommended that QOL22 is removed from 

the TFI to create QoL-3. Items on the Sleep subscale showed some evidence of 

overlapping content indicative of item redundancy. My recommendation for the 

Sleep subscale is to not remove the redundant item because a two-item subscale 

would not be reliable, but to re-evaluate the wording of these problematic items.  

Transformation  

The global TFI-18 scores and all subscales, except for the Auditory subscale, were 

provided with transformation scores. My recommendation is that clinicians and 

researchers remain mindful of the impact of the transformations in terms the 

distribution of the scores across the population. Transformation to an interval scale 

reduces the SD of the overall distribution which in turn reduces the responsiveness of 

the TFI to small changes.  
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 GENERAL DISCUSSION CHAPTER 7.

The TFI was developed through an international effort over eight years to be used as 

both a tinnitus severity diagnostic tool and to be a sensitive measure of treatment-

related change, addressing eight separate subscales of tinnitus-related functional 

impact. Although some psychometric evaluations were conducted on earlier versions 

of the TFI (exploratory factor analysis, convergent validity, and test-retest 

reliability), the final 25 item version was never subjected to any formal validation. 

This PhD project was the first formal validation of the TFI, providing empirical 

evidence on the validity and reliability of the TFI and establishes whether the TFI is 

a measure of tinnitus appropriate for use in clinical practice and research in the UK. I 

evaluated the TFI using approaches from two different measurement theories: 

classical test theory and modern test theory. Classical psychometrics properties of 

validity, reliability, responsiveness and interpretability of the TFI were examined 

using data from clinical and research populations, separately. Rasch measurement 

theory was applied to the data from both populations.   

My specific objectives were to evaluate whether the TFI is 

(i) valid and covers a broad range of problems and symptoms associated with 

tinnitus-related distress, in particular to verify the eight-factor TFI structure proposed 

by Meikle et al. (2012). 

(ii) a reliable measure of the functional impact of tinnitus that distinguishes between 

individuals.   

(iii) responsive, able to measure small changes over time above measurement error  

(iv) interpretable, such that scores and the change in scores are clinically meaningful. 
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7.1. KEY FINDINGS  

7.1.1. The proposed structure to the TFI was not confirmed. 

The TFI is a composite measure designed to be comprehensive in covering all of the 

symptoms and impacts that were deemed important by expert clinicians. However, 

the eight-factor structure proposed by Meikle et al. (2012) was not confirmed at any 

point over the three studies here. Only four (Sense of control, Cognition, Relaxation, 

Emotional) of the eight subscales in their original form (including the items 

associated with the factors) were reliably associated with each other and the 

underlying construct. A number of discrepancies were observed for the remaining 

four factors. The most important of these was the evidence that the Auditory factor 

was not measuring the functional impact of tinnitus and as a consequence was not 

targeting the intended population. It was identified as the source of large deviations 

in the model expectation and fit across all three studies. Evidence showed the 

Auditory factor to be unrelated to the underlying construct. Although, Meikle et al. 

(2012) suggested that the Auditory subscale might be measuring a unique construct 

of tinnitus impact, I expected that it should still be measuring some aspect of tinnitus 

that relates to aspects of tinnitus measured by the other factors, especially 

considering the TFI was designed to be provide an overall measure of tinnitus 

impact, but this was not the case. Rasch analysis clearly showed that the Auditory 

factor is not appropriate for measuring tinnitus impact. The Auditory factor seems 

linked to hearing related problems per se rather than tinnitus-related hearing 

problems and therefore was not targeting the intended population or concept. As such 

it has poor content validity and is not appropriate for use in any form in the UK. 

Tinnitus is often co-morbid with hearing loss (Hoare et al., 2014) and as a 

consequence it is particularly hard to reliably capture hearing problems in relation to 
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tinnitus. People tend to attribute their hearing difficulties to tinnitus such that it is 

difficult to disentangle whether the degree of hearing loss is the source of their 

tinnitus problems or whether the severity of their tinnitus is the source of their 

hearing loss (Ratnayake et al., 2009). Given the nature of questions in tinnitus 

questionnaires, they can be susceptible to measuring hearing difficulties. Questions 

asked about communication or concentration problems for example, can elicit 

responses that are predisposed towards hearing difficulties rather than tinnitus (Kuk 

et al., 1990; Newman et al., 1998; Ratnayake et al., 2009).  

 There are numerous reasons for wanting to disambiguate handicap related to 

hearing from that related to tinnitus. The Tinnitus and Hearing Survey (THS; (Henry 

et al., 2014)) was developed with this specific purpose in mind and includes two 

subscales. The first asks about tinnitus problems that are unrelated to hearing 

difficulties and the second asking about “commonly experienced hearing problems 

that would not be confounded by tinnitus complaints” (p.68). The scale is designed to 

be used as an initial screening to identify the extent of hearing and tinnitus 

complaints before making clinical decisions. Interestingly, the item content in the 

hearing subscale is similar to that of the Auditory subscale items in the TFI. For 

example, the THS item 4 asks “I couldn’t understand what was being said in group 

conversations” whilst the TFI Auditory subscale item 15 asks “how much has your 

tinnitus interfered with your ability to follow conservations in a group or meeting?”. 

This is perhaps because the THS was developed by the same researchers who 

developed the TFI.  

From classic psychometrics it was apparent the Sleep factor did not 

contribute as much to the underlying construct as the other six factors but it was 

above the critical loading levels and maintained within these studies. However, 
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within the confines of Rasch, this deviation from the rest of the factors was far more 

apparent. The Sleep factor undermined the TFI structure and was not measuring the 

overall construct. Therefore, from a psychometric perspective the Sleep factor should 

be removed from the second-order construct and from the overall score. However, 

sleep is a significant problem domain for many people with tinnitus (Andersson et 

al., 2005; Crönlein et al., 2007; Miguel et al., 2014). Clinically, it is something that is 

important to measure. Having said this, the Sleep subscale alone was found to be 

reasonably reliable, with high measurement precision, targeted to the intended 

population and was able to reliably differentiate different levels of tinnitus impact, so 

should be informative to clinicians and researchers. Given evidence of overlap in 

item content however, the actual scores should be interpreted with caution and the 

item content should re-evaluated.  

At first, the QoL factor as a whole appeared to be reliably associated with the 

underlying construct. But one item was repeatedly identified as a source of the 

deviations from model fit. QOL22 was not measuring the same underlying construct 

as the other items on the QoL factor. Evidence from all three studies indicate that the 

content of the question is not clear, it was associated with aspects of cognition and 

hearing, and given the floor effects observed, it is not relevant to the target 

population. Maintaining this item within the questionnaire would reduce reliability 

and as shown in the Rasch analysis (Chapter 6), reduce measurement precision and 

accuracy of the QoL subscale and the overall score. Therefore, from a psychometrics 

perspective, the QoL factor should be reduced to a 3-item scale within the TFI 

structure.  

The Intrusiveness factor is more complex. Rasch analysis indicated that it 

was measuring a slightly different aspect of tinnitus impact than the other factors. 
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Inspection of the item content revealed that the intrusiveness subscale clearly 

measures pure tinnitus associated with the perceptual characteristics of tinnitus, such 

as the perceived intensity or magnitude of tinnitus. For example, INTR1 asks “How 

strong or loud was your tinnitus?”. The descriptors of the items are different to those 

used for the other items in the TFI. They focus on awareness and annoyance with 

tinnitus, rather than any type of reaction to or consequence of tinnitus. Consistent 

with this, two of the Intrusiveness items were utilised in the “new”  3-item Tinnitus 

Magnitude Index (TMI) (Schmidt et al., 2014). Therefore, the Intrusiveness factor 

may be construed as a different construct from that being measured by the other 

factors. However, classic psychometrics contradict this. The Intrusiveness factor 

showed acceptable fit with the underlying construct in both studies using classic 

psychometrics, and had strong correlations with all the other factors (with the 

exception of the Auditory factor). Schmidt et al. (2014) claimed that discriminant 

validity was demonstrated with the TFI subscales. But according to my guidelines 

(Table 2.2), the correlations between the subscales and the TMI (>0.6) indicated 

inadequate discriminant validity. My data showed similar patterns of findings. 

Intrusiveness (magnitude) of tinnitus would seem to contribute less to the overall 

construct than the other factors, but is still an important domain to include as it 

improves measurement precision and is integral for identifying the first signs of 

tinnitus impacting on daily lives. The Intrusiveness item thresholds provide the first 

point of measurement of tinnitus impact above the five other subscales and without 

these, patients with milder levels of tinnitus impact would be misclassified as not 

having a problem. The content of the Intrusiveness subscale therefore may capture 

the aspects of the early natural history of tinnitus before it to impacting on emotional 

well-being and cognition. The Intrusiveness factor improved the measurement 
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precision and maximised information retained in the second-order six-factor model 

and therefore, although, perhaps measuring a slightly different construct, it was 

maintained within the structure.  

Finally, within Rasch analysis, seven of the eight subscales were found to be 

reasonably well-targeted, reliable scales that could be used separately to provide 

measures of individual constructs of tinnitus impact. Specifically, this analysis 

suggests the Intrusiveness, Sense of Control, Cognition, Relaxation, QoL-3 and 

Emotional subscales can be reliably used for initial assessments in research and 

clinical practice.    

Using evidence from classic psychometrics and Rasch analysis, a six-factor 

TFI structure with 18-items was identified as providing the best explanation for the 

data and a stable underlying construct. Further research is warranted to modify the 

original version of the TFI to exclude all the Auditory items and QOL22 item from 

the questionnaire format and then re-evaluate some of the key properties in a new 

UK population. In particular, minimal change should be re-evaluated.  

The TFI has been publically available since 2012, and is already widely use 

within UK audiology (Hoare et al., 2015), and as a baseline assessment and outcome 

measure in numerous research studies (Shekhawat et al., 2014; Michiels et al., 2014; 

Wilson et al., 2015; Krings et al., 2015; Henry et al., 2015). Until the modifications 

described above can be implemented across the UK, clinics are likely to continue to 

use the TFI in its current form; the implications of doing this needs to be considered.  

In clinical practice guidelines, the overall scores on tinnitus questionnaires 

are recommended to quantify the severity of tinnitus and inform the clinical pathway. 

For example, high scores determine who needs referrals to mental health 
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professionals (Tunkel et al., 2014). If the TFI global score is calculated, clinicians 

should be mindful that the Auditory and Sleep subscales undermine and dilute the 

overall score, of the functional impact of tinnitus. Otherwise, on a practical level, the 

internal structure of the TFI is appropriate to be used as a guide for clinicians to think 

about the clinical approach and to encourage patients to talk about the range of 

problems they are experiencing. The subscales scores can be particularly useful for 

identifying specific problems with tinnitus and for understanding the degree of 

problems faced by the patient.  

Within research, there is greater flexibility to use different elements of 

questionnaires that are more applicable to the intervention being evaluating. 

Therefore, UK researchers can use the TFI for baseline assessment to assess the 

different problems being reported and can use the most appropriate subscale to 

evaluate the intervention. The global TFI score can be calculated using the 18 items 

(six-factors) alone. However, given that the minimal important change score is not be 

applicable to this structure, it is viable to use the 25-item questionnaire until a 

minimal change score is identified for TFI-18, but researchers should plan to do a 

secondary analysis using 6-factor to overcome confounding results.  

7.1.2. The TFI reliably distinguishes individual participants  

Despite a majority of effort during TFI development being focussed on optimising 

the evaluative properties of the questionnaire, its discriminative properties were not 

compromised. It has excellent ability to distinguish individual differences in the 

degree of tinnitus impact across both populations using classic psychometrics. 

Within Rasch, the reliability estimates and person item distributions indicated that 

the reduced 6 factor TFI-18 structure was well targeted for the population and able to 

discriminate according to the functional status of the sample. Similarly the TFI 
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subscales, with the exception of the Auditory subscale, were also able to distinguish 

between individuals. Therefore, the TFI can be used as a diagnostic tool.  

  Although Rasch indicated that all the subscales, except the auditory subscale, 

were reasonably well-targeted, there were problems with measurement points in the 

extremes. However, for the most part, the skew was towards the lower end of the 

scale. Therefore distinguishing between patients with milder levels of tinnitus would 

be less accurate. But this comes down to a matter of practicality and priority. The 

measurement points in each subscale were in general located centrally and higher on 

the scale, providing the majority of information about these higher levels of tinnitus 

impact. Practically speaking, these higher levels are more important for clinicians to 

identify and distinguish patients and make informed decision about the management 

plan and care-pathway. For example, patients with high scores indicating severe 

emotional impact of tinnitus would complete additional questionnaires measuring 

specific psychological problems.  

7.1.3. The TFI is responsive to change but suffers from issues of 

variability and becomes less responsive over time 

The ability of a questionnaire to detect changes is the single most important factor 

for clinical trials and clinical audits in the assessment of outcome. Primary outcomes 

provide the means to determine what interventions are effective and hence to 

influence therapeutic management strategies. Maximising responsiveness to change 

was a key element in the development of the TFI. Items were specifically chosen 

because they describe attributes that were likely to undergo changes following 

intervention (Meikle et al., 2012). The TFI was shown to have the ability to detect 

changes in scores above measurement error in both populations, but was perhaps not 

as responsive as the authors intended.  
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Substantial floor effects were observed in both populations indicating that for 

some items, and most of the subscales, the ability to detect improvements was 

somewhat limited, with the QoL subscale being least responsive. Having said this, 

the TFI was responsive and reliably detected changes above measurement error, but 

the ability to detect change and improvements did not extend past 6 months. At 9 

months, the difference scores and magnitude of change for improvements was 

notably lower than previous months, and as a consequence participants experiencing 

improvements were harder to discriminate from those who remained unchanged. The 

magnitude of change is dependent on the time-frame in which the scores are 

compared. When assessing change previous studies using Patient-Reported 

Outcomes (PROs) for different health conditions have used shorter time frames 

(baseline to 3 months) (Crosby et al., 2004; Yost et al., 2011) or combined time-

points (Jaeschke et al., 1989). Cella et al. (2002) measured change on the Functional 

Assessment of Cancer Therapy Amelia and Fatigue Scales at 6 and 9 months and 

although unobserved by the authors, the change scores at 9 months were smaller than 

those at 6 months for the improved group. Therefore, when identifying important 

changes consideration should be placed on the time-intervals which would vary 

depending on the condition being measured.  

Large variation in changes in scores for participants who experienced no 

change in their tinnitus or were expected to be stable (short time interval between 

test-retest in research) indicated that a “true change” in TFI needs to be large. Small 

changes including the MIC could be hidden by this noise in the measurement. The 

TFI subscales were particularly vulnerable to this effect, especially over the long 

periods of time. The LoA estimates from the two classic psychometric studies 

indicated that the variability in scores was similar across both populations (LoA 
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Clinic = 20.2; research = 22.1). In fact, similar estimates for LoA were identified in 

both the THI (19.5) (Newman et al., 1998) and THQ (20.0) (Newman et al., 1995) 

indicating that this is the typical variability that would be expected in a tinnitus 

population.  

A fundamental problem in measuring tinnitus is the natural history of the 

condition over days, weeks and months. Tinnitus patients adjust their perception of 

their tinnitus, through natural coping mechanisms or re-evaluation of internal 

standards of health-status. Hesser et al. (2011) observed that waiting-list control 

groups showed significant improvements over 12 weeks. Furthermore, within this 

thesis, small effects, considerably larger than expected, were reported for the TFI 

global and subscale scores in ‘no change’ groups at all time points. This further 

highlights the need to identify the degree of error and variability within a measure 

(measurement precision). Researchers, in particular, need to be aware of this natural 

variability when making judgements on the significance of treatment effects and 

when claiming that a scale is responsive to change. In a recent article, James Henry, 

one of the leading authors for the TFI development, claimed that the large effect 

sizes (ES) observed between the waiting-list and immediate care groups lend 

credibility to claims that the TFI can detect treatment-related changes (Henry et al. 

2015). The magnitude of ES is associated with the intervention and the 

responsiveness of the questionnaire, not measurement precision (Mokkink et al., 

2012). Therefore, although the ES observed for the TFI here do show changes, it 

would be near impossible to identify whether the magnitude of effect is a reflection 

of the intervention and the responsiveness of the TFI or the noise in the 

measurement.  
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Transformation scores would also indicate that the TFI was limited in 

detecting small changes. The distribution of the interval scores in Rasch indicated 

that large changes in TFI raw scores were required for the interval scores to show 

any noticeable changes, especially for participants with moderate levels of tinnitus 

which were all tightly grouped centrally on the scale. On the other hand, for scores in 

the extremes only small changes in raw scores were required to observe a large 

change in interval scores. This highlights that baseline scores matter when it comes 

to maximising the responsiveness. This is the first tinnitus questionnaire to be 

subjected to Rasch and it provides interesting results in that the short range seen in 

these transformation scores could potentially explain why we do not always see large 

treatment effects in clinical trials for tinnitus using traditional questionnaire raw 

ordinal scores. If transformed scores are used, then it would provide critical 

information on the magnitude of the changes that are observed and in turn of the 

efficacy of the intervention. Therefore, from a clinical perspective, these 

transformation scores could improve interpretations of intervention, but would not 

provide information for clinical decision making and would be rather time 

consuming to use.  

7.1.4. Minimal important change on the TFI is above measurement error 

but is affected by baseline.  

Identification of a minimal change that is clinically meaningful is fundamental in 

health research and clinical trials. MIC scores are used to estimate the required 

sample sizes for research and as a way of monitoring individual patient progress in 

clinical practice. However, interpreting changes in scores is difficult as there are 

multiple properties of measurement relevant to the “true” change and not error within 

the measurement. MIC estimates were identified for the clinical population using an 
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integrated approach of anchor-based ratings of perceived change and ROC optimal 

values and the statistical properties of the scores. A change in global TFI scores of at 

least -18 points was identified as an important (improved) change above 

measurement error and the majority of variability. To account for all variability, a 

change in global TFI score of at least 23 points is required for individual assessment. 

The magnitude of this change is considerably larger than the 13-point difference 

proposed by Meikle et al. (2012) as a clinically meaningful change. This discrepancy 

was larger than expected even though Meikle et al. (2012) also used an anchor-based 

rating of change for moderate-to-much improved to identify their MIC. However, 

Meikle et al. (2012) did not report estimates of measurement error which can lead to 

unrealistically low cut-offs that sit within the measurement error (Crosby et al., 2004; 

de Vet et al., 2006b). Therefore, the estimates provide here are more reliable and we 

can be confident that the change identified is a realistic reflection of true change in 

score.  

The MIC values identified using the magnitude of change scores between 

ratings of change groups were dependent on the baseline questionnaire score. 

Participants with higher baseline values required larger changes on the TFI than 

participants with lower baseline values to consider it an important change. Logically, 

participants with high baseline scores have more opportunity to register greater 

improvements than the other baseline scores. The MIC estimate of -18 is larger than 

the estimate associated with the big to very problems at baseline and therefore would 

account for these and be above the measurement error. However, the SDC and SEM 

were calculated without consideration to baseline. Crosby et al (2002) have shown 

that the SEM can be dependent on baseline values. Therefore the error for the 

baseline grades may differ from that identified here and the different MIC estimates 
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for baseline could possibly be used. The Edward-Nunnally method adjusts for 

regression to the mean at baseline and classifies the change scores based on the 

confidence intervals around the actual pre-test scores, but unfortunately was not 

possible here as it requires a large sample sizes and normative means (Edwards et al., 

1978; Speer, 1992; Crosby et al., 2004). Future studies should examine the 

measurement error associated with the different baseline values.  

Although the sample was reasonably representative of the clinical population 

and consistent over the different time points, it is yet to be determined whether the 

same MIC estimates would be identified in a different population. Due the 

retrospective nature of the validation study conducted in the research population, I 

was unable to include global ratings of perceived change and therefore minimal 

important change could not be evaluated in this population, but a SDC score was 

identified which was comparable to the score identified in the clinical population. 

The MIC therefore should be re-examined, especially in the modified version of the 

TFI. Given that MIC values are not considered constant and are essential for 

effective assessment of interventions in clinical trials it is recommended that 

researchers incorporate a global ratings of perceived change question into all clinical 

trials as this would provide addition evidentially support for the MIC and can be used 

to identify the degree of variability in participants who perceived no change in their 

tinnitus.  

7.1.5. The TFI can be used to grade tinnitus severity 

A new grading system was developed here to quantify the TFI scores into distinct 

grades of tinnitus impact. Although, these grades were identified using the statistical 

properties of the scores, patient experience of the degree to which their tinnitus was a 

problem and the current “gold standard” THI grading system were used to identify 
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the grades of impact. The TFI is the first tinnitus questionnaire to include patient 

experience into the grading system; the THI grading system for instance was based 

on statistical properties and clinician experience (Newman et al., 1998; McCombe et 

al., 2001). The inclusion of patient experience means that there is more confidence in 

the reliability of these grades to reflect patient experiences. Rather than providing 

vague descriptors to the different grades of tinnitus impact that would be solely based 

on the research team’s experience, the response category descriptors used in the 

global rating of perceived problem question were adopted to provide qualitative 

meaning to the grades. Future research should focus on identifying what these 

descriptors mean to patients and professionals, for example identifying whether 

“small problem” means the same as mild tinnitus as used for the THI. A qualitative 

approach should be used to add specific clinical meaning to the grades including 

detailed explanations of what each grade means for clinical practice, similar to the 

descriptions provided with the THI grading system. 

7.2. LIMITATIONS AND STRENGTHS  

The inclusion of the global rating of perceived change compared to 3 months ago did 

not necessarily contribute to understanding change in score, except possibly when 

assessing participants whose tinnitus remained unchanged and potentially over 

complicated matters. Participants seemed unable to conceptualise changes across the 

time frame for 3 months. Without a prominent memory to recall, such as the first 

clinical appointment, the global rating of change every 3 months becomes more 

susceptible to recall bias. 

The wording of the global rating of perceived change question could also 

have affected discrimination. Since the main aim of the thesis was to identify 
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whether the global TFI detects changes over time, the global change question was 

aimed at identifying change in overall tinnitus rather than the specific aspects of 

tinnitus measured by the subscales. An improvement (or worsening) in overall 

tinnitus does not necessarily imply that all the subscales will change in the same 

direction, and therefore there may be a small amount of unaccounted for variability 

that could be attributed to mis-classification. Future studies interested in identifying 

changes within the subscales should use global ratings of change that reflect the 

subscale being measured.   

A particular strength of the clinical study was that the dropout was less than 

expected. Despite small dropout, the sample sizes within the global ratings of change 

groups in particular, the numbers of participants within the “worse” groups were 

insufficient to provide meaningful conclusions. As such, I was unable to provide a 

minimal important change score for worsening. Similarly, to identify an optimal cut-

off value in relation to baseline values, the sample size within the improved group 

would have to be much larger.  

7.3. CONCLUSIONS AND FUTURE DIRECTIONS  

As hearing research continues to develop a foothold in the field of 

measurement, it is important to conduct these in-depth evaluations of current 

questionnaires to confirm that the response structure is working as expected. The TFI 

was found to be a reasonably comprehensive measure of tinnitus impact that was 

reliable as a diagnostic tool, and could detect changes in tinnitus impact, although it 

was slightly less responsive than originally proposed, the measurement error was 

comparable to the other tinnitus questionnaires currently available. However, it was 

not as comprehensive as the author envisioned. Three of the original factors 
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measured alternative constructs, two of which were unrelated to overall construct. A 

suggested future iteration of the TFI is to modify it excluding all three Auditory 

items and QOL22 item and evaluating some of the key properties in a new 

population, in terms of the validity of the 6-factor structure following the suggested 

change to the format, minimal change, and a grading system.  

This highlights a fundamental problem with multidimensional composite 

questionnaires which is the implicit assumption that all the different symptom 

domains, associated with tinnitus, in this case, can be combined to measure an 

overarching construct of the functional impact of tinnitus. Essentially, these 

symptom domains can be measuring very different concepts of tinnitus. Although 

they are related to each other in content (they are all measuring an element of 

tinnitus), it does not mean that combined they would equally contribute to the same 

measurement of tinnitus.   

One approach in other disciplines is to develop one instrument per domain. 

For tinnitus this would mean eight separate questionnaires using the TFI domains as 

a guiding principle, for example. Whether these are the ‘right’ domains is still an 

empirical question. Perhaps what we need to do is move away from the concept of 

overall tinnitus distress, and begin to focus on the symptoms of tinnitus in which the 

intervention is intended to alleviate rather than ‘noise’ which might obscure a 

treatment effect (Kirshner & Guyatt, 1985). One possible action is to remove any 

domains considered irrelevant to an individual at pre-intervention so they are not 

measured at post-treatment assessment (Tyler et al., 2014). For instance one of the 

seven validated TFI subscales could be used for follow-up assessment if appropriate 

for the intervention. The key for effective assessments is to allow patients to express 

exactly what problems they are having as a result of their tinnitus and measure the 
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problem with the appropriate measurement tool that is more domain-specific as 

described above.  

In fact, a question that has repeatedly occurred to me is whether we are just 

asking too much of questionnaires? In a condition as complex as tinnitus is it too 

much to ask for a questionnaire to have both diagnostic properties that can deal with 

the multiple symptoms that impact on everyday lives as well as contend with the 

possible changes that occur over time. That said, the domains themselves or the 

importance of them are not even well understood. The problem domains identified by 

Tyler and Baker in 1983 and Sanchez and Stephens (1997;2000) are the foundation 

for the majority of knowledge on problems domains. Although informative at the 

time, these were small studies that provided a limited amount of knowledge about the 

importance of these domains and the degree of problems experienced at that time; 

they may not be as relevant for today’s tinnitus patients. Furthermore, given that in a 

recent study where we examined patient responses to a question asking why tinnitus 

is a problem, 20 domains were identified as problems (including some not previously 

described, i.e. fear, awareness and loss of peace) experienced by patient due to their 

tinnitus (Watts et al., in prep), future work on measurement of tinnitus should first 

consider what really are the important problems that should be measured either for 

diagnosis or outcome.  

The COST Action TINNET Outcome Measure Working Group 5, of which I 

am a member of the management committee, (http://tinnet.tinnitusresearch.net/) is 

looking to establish a standard core domain set that should routinely be used in 

clinical trials of tinnitus (http://www.comet-initiative.org/studies/details/703). The 

first stage involved two systematic reviews to create a list of problem domains that 

are currently reported (Hall et al., 2015a). The first review identified current-reported 

http://tinnet.tinnitusresearch.net/
http://www.comet-initiative.org/studies/details/703
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outcome domains in tinnitus clinical trials for tinnitus interventions (Hall et al., 

2015b, Hall et al., in review.). The second review aims to identify the problems that 

have been reported by patients and their significant others (Haider et al., in press). 

For this review, we are examining and extracting information from articles that detail 

patient-reported complaints/problems (i.e. Tyler & Baker, 1983; Sanchez & 

Stephens, 1997, 2000; Watts et al., in prep)) using narrative synthesis. This involves 

tabulating and summarising the text-based data and descriptive labels used for the 

patient-reported problems, clustering the related problems together (concepts) to 

form a list (Haider et al., in press). Alongside this, I am managing a project 

identifying problems domain from tinnitus questionnaire items. For this, we have 

identified tinnitus questionnaire items that are currently available and using a 

thematic analysis approach, we are grouping the items together solely based on the 

item wording, ignoring any existing subscales/domains previously reported by the 

developers. The intention from this is to ensure a comprehensive list of problem 

domains has been identified. This list will inform a modified international Delphi 

survey that I will be managing and overseeing, the aim of which is to establish 

consensus across key stakeholders in tinnitus (i.e. patients, clinicians, and 

researchers) on the important domains to measure in clinical effectiveness trials. 

Once we have identified “what” should be measured (key domains), future work will 

establish “how” to measure these domains and identify appropriate measurement 

tools (for roadmap see Hall et al., 2015a).  
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