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Abstract

Objectives—Questionnaires are essential for measuring tinnitus severity and intervention-related 

change but there is no standard instrument used routinely in research settings. Most tinnitus 

questionnaires are optimised for measuring severity but not change. However, the Tinnitus 

Functional Index (TFI) claims to be optimised for both. It has not however been fully validated for 

research purposes. Here we evaluate the relevant psychometric properties of the TFI, specifically 

the questionnaire factor structure, reproducibility, validity and responsiveness guided by quality 

criteria for the measurement properties of health-related questionnaires.

Methods—The study involved a retrospective analysis of data collected for 294 members of the 

general public who participated in a randomised controlled trial of a novel tinnitus device 

(ClinicalTrials.gov Identifier: NCT01541969). Participants completed up to eight commonly used 

assessment questionnaires including the TFI, Tinnitus Handicap Inventory (THI), Tinnitus 

Handicap Questionnaire (THQ), a Visual Analogue Scale of loudness (VAS-Loudness), 

Percentage Annoyance question, the Beck's Depression Inventory (BDI), Beck's Anxiety Inventory 

(BAI), and the World Health Organisation Quality of Life-Bref (WHOQOL-BREF). A series of 

analyses assessed the study objectives. Forty four participants completed the TFI at a second visit 

(within 7–21 days and before receiving any intervention) providing data for reproducibility 

assessments.

Results—The 8-factor structure was not fully confirmed for this general (non-clinical) 

population. Whilst it was acceptable standalone subscale, the ‘auditory’ factor showed poor 

loading with the higher order factor ‘functional impact of tinnitus’. Reproducibility assessments 

for the overall TFI indicate high internal consistency (α = 0.80) and extremely high reliability 

(ICC: 0.91), whilst agreement was borderline acceptable (93%). Construct validity was 

demonstrated by high correlations between scores on the TFI and THI (r = 0.82) and THQ (r = 

0.82), moderate correlations with VAS-L (r = 0.46), PR-A (r = 0.58), BDI (r = 0.57), BAI (r = 

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
*Corresponding author. NIHR Nottingham Hearing Biomedical Research Unit, Ropewalk House, 113 The Ropewalk, Nottingham, 
NG1 5DU, UK. msxklf@nottingham.ac.uk (K. Fackrell). 

Europe PMC Funders Group
Author Manuscript
Hear Res. Author manuscript; available in PMC 2017 November 30.

Published in final edited form as:
Hear Res. 2016 May ; 335: 220–235. doi:10.1016/j.heares.2015.09.009.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

https://clinicaltrials.gov/
http://creativecommons.org/licenses/by/4.0/


0.39) and WHOQOL (r = −0.48). Floor effects were observed for more than 50% of the items. A 

smallest detectable change score of 22.4 is proposed for the TFI global score.

Conclusion—Even though the proposed 8-factor structure was not fully confirmed for this 

population, the TFI appears to cover multiple symptom domains, and to measure the construct of 

tinnitus with an excellent reliability in distinguishing between patients. While the TFI may 

discriminate those whose tinnitus is not a problem, floor effects in many items means it is less 

appropriate as a measure of change in this subgroup. Further investigation is needed to determine 

whether these effects are relevant in other populations.
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Outcome instruments; Reproducibility; Reliability; Confirmatory Factor Analysis; Convergent 
validity; Discriminant validity; Responsiveness

1 Introduction

The experience of tinnitus can involve much more than the ‘phantom’ sensation of sound, it 

can also impact on daily functioning, causing insomnia, difficulties in listening and 

concentrating, impaired symptom-specific quality of life, and poor psychological well-being 

(Tyler and Baker, 1983; Robinson et al., 2003; Stevens et al., 2007; Langguth et al., 2011; 

Nondahl et al., 2011; Pierce et al., 2012). But quantifying the severity of this impact, or how 

this severity changes as a result of time or intervention, is difficult. Psychoacoustic estimates 

of tinnitus loudness may partially explain some of the variance attributed to the functional 

impact or perceived annoyance/intrusiveness of tinnitus (Dauman and Tyler, 1992; 

Andersson, 2003). But ratings of loudness, annoyance or awareness of tinnitus made using a 

Visual Analogue Scale (VAS), recommended by some as standalone measures of tinnitus 

severity, do not correlate strongly with either psychoacoustic or multi-item questionnaire 

measures of tinnitus (Adamchic et al., 2012). Given that tinnitus is a multi-dimensional 

symptom, researchers typically rely on multi-attribute self-report questionnaires to quantify 

tinnitus severity and to assess intervention-related change over time.

Numerous questionnaire measures of tinnitus have been developed to date (for reviews see 

Fackrell et al., 2014; Meikle et al., 2008; Newman and Sandridge, 2004), and recommended 

for clinical use (Department of Health, 2009; Langguth et al., 2007; Tunkel et al., 2014). For 

tinnitus research, the international standards proposed by Landgrebe et al. (2012) calls for 

the routine use of the Tinnitus Handicap Inventory (THI; Newman et al., 1996), and that 

researchers define a validated tinnitus questionnaire as at least one of the primary outcome 

measures. Questionnaires are widely used in tinnitus research to either characterise the 

participant population (e.g. to aid comparison across different studies; Boyen et al., 2013; 

Melcher et al., 2013), to measure the effects of experimental intervention (e.g. Hoare et al., 

2014a; Song et al., 2013), or to explore correlations between self-reported tinnitus severity 

and biological observations (e.g. Song et al., 2013; Szczepek et al., 2014). The approaches 

taken to validate tinnitus questionnaires to date have sometimes limited their utility (Meikle 

et al., 2008; Fackrell et al., 2014). For example, although the interpretability of the Tinnitus 

Handicap Questionnaire (THQ; Kuk et al., 1990) has been examined this has not led to 

defined categories of severity (Newman et al., 1995). The THI was developed specifically as 
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a diagnostic tool with defined categories of severity (Newman et al., 1996; McCombe et al., 

2001), and has been criticised for lacking sensitivity to change (Meikle et al., 2007). The 

Tinnitus Functional Index (TFI; Meikle et al., 2012) was developed to provide (i) 

comprehensive coverage of the broad range of symptoms associated with tinnitus severity, 

(ii) reliable measurement of tinnitus severity that distinguishes between individuals from 

those whose tinnitus is ‘not a problem’ to those whose tinnitus is a ‘very big problem’, and 

(iii) responsive measurement of change in tinnitus severity. It may therefore have a number 

of applications in research studies. 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 (see Meikle et al., 2012 for details). 

The subscales (factors) were defined through Exploratory Factor Analysis and named as (i) 

Intrusiveness (items 1–3), (ii) Sense of control (items 4–6), (iii) Cognition (items 7–9), (iv) 

Sleep (items 10–12), (v) Auditory (items 13–15, (vi) Relaxation (items 16–18), (vii) Quality 

of life (items 19–22), and (viii) Emotional distress (items 23–25). The development pathway 

included a process of exploratory factor analysis, assessment of content validity, test-retest 

reliability, internal consistency, and convergent and discriminant validity. Development of 

the TFI used data collected from clinics in the USA, primarily specialist tinnitus clinics 

(42% of participants) and Veterans' Affairs (VA) hospitals (58% of participants). Those 

recruited from the VA sites tended to be male and experienced a range of co-morbidities, 

such as Post-Traumatic Stress Disorder (PTSD). Validation of the TFI is understood 

therefore relative to this mixed clinical population. It cannot be assumed that the 

questionnaire will show the same properties when administered to a different population. In 

fact the final 25-item version of the TFI 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, and 

confirmatory factor analysis was not conducted (Meikle et al., 2012).

Here we examine the properties of the TFI for a general sample of UK adults experiencing 

tinnitus who presented themselves to take part in a clinical trial guided by quality criteria for 

the measurement properties of health-related questionnaires (Terwee et al., 2007; see also 

Fackrell et al., 2014). Specifically, the psychometric validation reported here focuses on 

assessing (a) the reliability of the 8-factor TFI structure reported by Meikle et al. (2012), i.e. 

verifying item identification with each factor and the underlying construct using 

Confirmatory Factor Analysis, and (b) the ability of the TFI to reliably measure tinnitus 

severity, distinguishing between individual differences in tinnitus-related distress, and 

responsively measure change in tinnitus severity.

2 Materials and methods

2.1 Participants and procedure

This was a retrospective analysis of data collected during a two-centre clinical trial 

conducted at the National Institute for Health Research Nottingham Hearing Biomedical 

Research Unit (BRU) and the University College London Ear Institute (RESET2, 

ClinicalTrials.gov ID:NCT01541969; Hoare et al., 2013). For that trial, participants were 
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recruited via adverts placed on the website of the Nottingham Hearing BRU or in local 

hearing clinics, or to publicity in the national media. Participants reflected a mix of those 

who had previously attended clinical appointments for their tinnitus, and those who had 

never sought medical help for their tinnitus. Although none of the participants were 

receiving any clinical interventions for their tinnitus at the time of assessment, all 

participants were strongly motivated to seek a specific treatment by volunteering for this 

clinical trial in which a novel sound therapy for tinnitus was prescribed for a period of 36 

weeks of daily use. The intake assessment for eligibility onto the trial provided data for the 

psychometric validation analysis. Assessment included Percentage Annoyance question, a 

VAS of tinnitus loudness, the TFI, THI, THQ, the Beck Anxiety Inventory (BAI; Beck and 

Steer, 1990) and Beck's Depression Inventory (BDI-II; Beck et al., 1996), and the World 

Health Organisation Quality of Life (WHOQOL-BREF; The WHOQOL group, 1998). In the 

clinical trial, 391 were assessed for eligibility but 291 were excluded from the trial at either 

telephone screening or eligibility appointments because they did not meet the inclusion 

criteria (stated in ClinicalTrials.gov Identifier: NCT01541969, but not relevant for the 

present study), or withdrew. Hence, 100 participants were allocated to one of the study arms 

and received treatment. The data contributing to the present study comprised 294 individuals 

(212 male, 82 female), with an average age of 52.8 years (range: 18 to 82) and tinnitus 

duration of 9.0 years (range: 4 months to 50 years). We have TFI data at the initial 

assessment from 285 individuals (two were excluded due of missing data) and of those, 12% 

reported tinnitus as not a problem (range: 0–17), 27% reported tinnitus as a small problem 

(range: 18–31), 31% as a moderate problem (range: 32–53), 24% as a big problem and 5% 

as a very big problem (range: 73–100). This distribution was comparable to that reported by 

some of the clinical centres participating in the original development of the TFI Protocol 1 

(Meikle et al., 2012), with individuals spanning all categories of severity.

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).

2.2 Missing data

Not all participants completed all assessments and only complete questionnaire datasets 

were analysed. Listwise deletion is considered an effective approach to deal with missing 

data when only a small amount of data (<5%) is assessed as ‘missing completely at random’ 

(MCAR) (Schafer and Graham, 2002) and avoids problems associated with over-estimating 

factors (Tabachnick and Fidell, 2013). This was the case here.

Only those data with fully completed TFI scores on all 25 items were used for analysis of 

the TFI factor structure, internal consistency and responsiveness (floor and ceiling effects) 

and so after list-wise deletion the effective sample size was 283. TFI was not completed in 9 

cases, and in 2 cases one item was missing (defined as MCAR). Furthermore, analyses of 

convergent and divergent validity were calculated after list-wise deletion of missing items on 

the different comparison assessments and so the effective sample size was 247. Forty-seven 

individuals did not complete all the necessary assessments.
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The clinical trial required a second TFI dataset for the 100 enrolled participants, which we 

used here to assess reproducibility using test-retest reliability and agreement analysis to 

determine how close repeated measures were to each other. The clinical trial protocol did not 

specify a required time interval between first and second administration of the TFI, but 

based on the previous validation (Meikle et al., 2012) and recommendations (Terwee et al., 

2007) we conservatively limited reproducibility analyses to data from a subset of 44 

participants who completed the TFI twice within an average of 15 days (SD = 7).

2.3 Measures

2.3.1 Percentage annoyance—As part of the Tinnitus Case History Questionnaire 

(TCHQ), participants were asked to state any number between 0 and 100 that represents the 

percentage of time awake they were annoyed by their tinnitus.

2.3.2 Visual analogue scale of loudness (VAS-Loudness)—As part of the 

‘Tinnitus Tester’ computerised test (Roberts et al., 2006, 2008) participants rated the 

loudness of their tinnitus on a Borg CR100 (VAS) scale (Borg and Borg, 2001). Participants 

mark the loudness of their tinnitus at any point along the numerical scale, but word 

descriptors, “extremely weak,” “moderate,” “strong,” “very strong,” and “extremely strong”, 

are utilised as anchor points which predisposes subjects to interpret it as an ordinal scale. 

Hoare et al. (2014a) recently reported that test-retest agreement was very high for this 

element of the Tinnitus Tester.

2.3.3 Tinnitus Functional Index (TFI)—Participants scored each item of the 25 items 

according to how they felt over the past week. Each item is scored on an 11-point scale, with 

descriptors at either end of the scale. The procedure for scoring the TFI followed the 

instructions provided by Meikle et al. (2012). The sum of all scores is divided by 2.5 to give 

a global score out of 100. Higher scores reflect greater impact on daily functioning. Subscale 

scores are calculated as the sum of the relevant three or four items.

2.3.4 Tinnitus Handicap Inventory (THI)—The THI measures the effects of tinnitus 

on everyday function (Newman et al., 1996, 1998; Baguley et al., 2000). Each of the 25 

items is rated on a categorical 3-point scale (yes/no/sometimes). The mean global score 

reflects the sum of all responses with a maximum score of 100 indicating the greatest impact 

on everyday function. Although subscales of the THI have been proposed (Newman et al., 

1996) subsequent analyses have demonstrated that the THI items load predominantly onto a 

single factor (Baguley and Andersson, 2003; Kennedy et al., 2004) and so for the purposes 

of analysis here this questionnaire is considered unidimensional.

2.3.5 Tinnitus Handicap Questionnaire (THQ)—The THQ measures overall 

handicap associated with tinnitus, in particular the effects of tinnitus on hearing and 

communication, physical health, social and emotional status (Kuk et al., 1990; Robinson et 

al., 2003). For each of the 27 items, participants indicate their agreement with each item, by 

assigning a number between 0 (strongly disagree) to 100 (strongly agree). Again, 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. Kuk et al. (1990) recommended a 
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two-factor structure for the THQ, with items relating to factor 1 (physical, emotional and 

social effects) and factor 2 (hearing and communication ability) considered reliable enough 

to be used as independent subscales.

2.3.6 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.

2.3.7 Beck's Anxiety Inventory (BAI)—The BAI is a measure of the clinical anxiety 

(Beck and Steer, 1990; Steer et al., 1993). It lists 21 common symptoms associated with 

clinical anxiety, such as nervousness and fear of losing control. Participants rate how much 

they were bothered by each symptom over the previous week on a categorical scale (0–3 

points) and, as for the BDI, responses are summed to give a global score out of 63 (higher 

scores indicate greater anxiety).

2.3.8 World Health Organisation Quality of Life-BREF (WHOQOL-BREF)—The 

WHOQOL-BREF 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). The WHOQOL-BREF produces four domain scores (physical 

health, psychological, social relationships and environment) and also includes one facet on 

overall quality of life and general health (“How would you rate your quality of life?”). 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).

2.4 Data screening

Non-normality of data can have adverse effects on the statistics conducted here, in particular 

the Confirmatory Factor Analysis, so as a first step the TFI data were screened for outliers, 

linearity and multicollinearity. There was no evidence of univariate outliers in the boxplots 

and histograms. However Mahalanobis distance statistic indicated that there were nine 

multivariate outliers with the greatest distance from the rest of the data points (Mahalanobis 

d-squared: 90.72 to 59.15, p ≤ 0.0001). Kurtosis and skewness did not exceed the 

recommended cut-off points (for kurtosis = 2.00; skewness = 7.00; Curran et al., 1996). 

However, Mardia's normalised coefficient estimate was 37, exceeding the recommended 

value of <5 (Bentler, 2006; Mardia, 1971). This indicates some non-normality in the 

distribution of the data, requiring control.

The data for all questionnaires (global and subscales scores) met the assumptions relating to 

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).
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2.5 Statistical analysis

2.5.1 Confirmation of the 8-factor structure of the TFI—Confirmatory Factor 

Analysis was performed in Mplus 7 (Muthén and Muthén, 2012). It was conducted on TFI 

data to test how the variables observed for our research population fit the 8-factor structure 

devised by Meikle et al. (2012, Fig. 1). The initial 8-factor model was defined by four 

properties: (i) The latent constructs: eight first-order factors corresponding to the TFI 

subscales and one second-order factor corresponding to the global measure “Functional 

impact of tinnitus”; (ii) Each item (observed variable) loaded only on to its designated first 

factor without any crossloading (i.e. constrained zero loadings on the other factors); (iii) 

Residual variance (error/uniqueness terms) associated with each variable (25 items, 8 first-

order factors) were assumed to be un-correlated and random (constrained to zero); (iv) The 

variance of the second order factor was fixed at 1 as it was assumed that the first-order 

factors are completely explained by the relationship to the second-order factor.

Data were treated as continuous rather than categorical, as the response scale was large (0–

10 points) (Mutheén and Mutheén, 2012). To adjust for non-normality in the data and to 

ensure robust standard errors for parameter estimates and goodness of fit indices, the model 

was estimated using maximum likelihood parameter estimation adjusted with Satorra–

Bentler scaled Chi-square (S–B χ2; Satorra and Bentler, 1994; Bentler, 2006; Hu and 

Bentler, 1999). Caution is needed when interpreting the significance of S–B χ2 as it is 

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

2006).

Factor intercorrelations were performed to indicate the degree to which the factors are 

related to one another and are potentially overlapping in content. These are examined first 

before the model included the second-order factor. A degree of overlap is expected between 

factors such as these as they are purported to be measuring the same underlying construct 

(functional impact of tinnitus). However, highly correlated factors (>0.85) were taken to 

indicate that they are not measuring distinct constructs from each other (poor discriminant 

validity). Weakly correlated factors (<0.30) were taken to indicate that they were highly 

distinct from each other, and potentially measuring an alternative underlying construct 

(Brown and Moore, 2012; Brown, 2006).

The criterion for goodness of fit was determined using absolute fit indices S–B χ2 (Satorra 

and Bentler, 1994) and Standardised Root Mean Square Residual (SRMR; Hu and Bentler, 

1998; Bentler, 2006) to access the discrepancies between the implied correlations (predicted 

by the model) and observed covariances. The S–B χ2 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 less than 0.06) were taken to together 

indicate poor fit and that the model should be rejected. Approximation fit indices were also 

used. TuckereLewis Index (TLI; Tucker and Lewis, 1973) and Comparative Fit Index (CFI; 

Bentler, 1990) assessed the model fit to baseline. Values for both should exceed 0.90, and 

preferably exceed 0.95 (Hu and Bentler, 1999). Root Mean Square Error of Approximation 

(RMSEA; Steiger and Lind, 1980) measured the discrepancy per degree of freedom. Ideally, 

RMSEA should be less than 0.05, but values up to 0.08 are considered reasonable when the 
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SRMR value is ≤0.06. RMSEA confidence intervals should also fall within the desired 

criteria (Brown, 2006; Hu and Bentler, 1999, 1998).

Standardised parameter estimates (β; factor loadings) provided an indication of the 

magnitude and pattern of the relationship between the latent constructs and the observed 

variables. Our assumption was that the itemefactor relationship is entirely explained by the 

influence of the latent construct. Factor loadings exceeding 0.7 are were taken to mean 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 potential source of poor model fit (Brown and Moore, 2012; Floyd and Widaman, 

1995).

The Modification Index (MI) and Expected Parameter Change (EPC) were used to identify 

any misspecification in the parameters of the model. Large modification indices exceeding 

3.84 were taken to indicate that if a parameter was freely estimated, rather than fixed or 

constrained, the overall model fit would significantly improve (Brown and Moore, 2012). 

The EPC value was used to provide an approximation of the direction or magnitude by the 

parameter would change in subsequent analysis. Together, they were used to decide, where 

supported by conceptual foundations, which parameter should be adjusted (Brown and 

Moore, 2012; MacCallum et al., 1992).

2.5.2 Psychometric properties of the TFI—All statistical analyses were performed 

in SPSS (v.21.0). Reproducibility, validity and responsiveness of the TFI were assessed.

2.5.2.1 Reproducibility of the TFI: Reproducibility was assessed using three methods; 

internal consistency, reliability and agreement across testing sessions. Internal consistency 
assesses the extent to which each item in a factor measures the same underlying construct. 

Cronbach's alpha (α) estimates between 0.7 and 0.9 were taken to indicate acceptable 

internal consistency (Peterson, 1994; Terwee et al., 2007). Reliability compares the degree to 

which people with tinnitus can be distinguished from each other across two testing sessions, 

despite measurement error, i.e. the similarity in the variability in scores. Reliability was 

assessed using Intra-Class Correlations (ICC), with scores >0.70 indicating high reliability 

(Terwee et al., 2007). Agreement relates to the measurement error, and the degree to which 

each individual's scores collected on two separate time points are in agreement with each 

other. Agreement was assessed using two methods identifying the limits of agreement 

(Bland and Altman, 1986) and the Smallest Detectable Change. The limits of agreement 

method (Bland and Altman, 1986) assumes the mean change score (difference) between 

repeated measures is zero, and that 95% of mean changes should be within ±1.96 standard 

deviations of the zero difference score (Bland and Altman, 1986). Limits of agreement were 

calculated as

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 
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standard deviation. This allows for examination of the mean change scores in relation to the 

change in standard deviation, taking into account the random measurement error. 95% 

agreement was taken as an indication of high test-retest agreement.

Smallest Detectable Change reflects the extent of expected measurement error and was 

derived from the Standard Error of Measurement (SEM) between repeated measures 

Smallest Detectable Change (de Vet et al., 2011; Terwee et al., 2007; de Vet et al., 2006a), 

where: 

The Smallest Detectable Change score should be comparable to the limits of agreement 

score to be deemed an acceptable score.

2.5.2.2 Validity of the TFI: Convergent and discriminant validity (the extent to which a 

questionnaire is measuring the construct it purports to measure; Haynes et al., 1995; Streiner 

and Norman, 2008) was assessed as Pearson bivariate correlations. To evaluate convergent 
validity, the global TFI scores were compared to THQ and THI global scores in the same 

population. The TFI was assumed to measure a similar construct and so it was predicted to 

have high convergent validity with both questionnaires (correlation > 0.60). We predict that 

the TFI global score will show a weak convergent validity (correlation < 0.6) with VAS-

Loudness and Percentage Annoyance, in the same way that THI does (Adamchic et al., 

2012).

We expect that general health and quality of life questionnaires measure general constructs 

of health, not the tinnitus-specific construct measured by the TFI. To evaluate discriminant 
validity, TFI global scores were compared with scores on our general health questionnaires 

(BAI, BDI-II, WHOQOL-BREF) in the same participants. It was predicted that there would 

be weak to moderate correlations (<0.6) indicating acceptable discriminant validity.

Secondary analyses on the strength of the relationships between the individual TFI subscales 

and other questionnaires and their subscales were assessed. Previous evaluations suggest the 

THI and THQ global scores would correlate with the emotional subscale of the TFI 

(Kennedy et al., 2004; Baguley et al., 2000; Newman et al., 1996; Kuk et al., 1990). We also 

predicted that the BDI-II and BAI would moderately correlate with scores on the emotional 

subscale of the TFI, and that WHOQOL-BREF scores would moderately correlate with the 

Quality of life subscale of the TFI.

2.5.2.3 Responsiveness of the TFI: With respect to responsiveness, this refers to items 

that are sensitive to change and confirmation that the questionnaire is able to detect 

important change (above measurement error; Terwee et al., 2007). Responsiveness was 

assessed in terms of the number of questions exhibiting floor and/or ceiling effects (having 

limited capacity for change), and to the value corresponding to the Smallest Detectable 

Change. Response frequency distributions were examined at item level to detect floor and 

ceiling effects. Potentially problematic items were predefined as those rated at the lowest or 
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highest possible response option (i.e. 0 or 10 on 10-point scales) by more than 15% of 

respondents (Terwee et al., 2007). The SEM and Smallest Detectable Change scores were 

calculated using test-retest data (method described in section 2.5.2.1).

3 Results

3.1 Inspection of the distribution of scores

Descriptive statistics for all questionnaire measures, including the TFI subscales are shown 

in Table 1. 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 Fig. 2. 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.

3.2 Confirmation of the 8-factor structure of the TFI

The initial 8-factor model shown in Fig. 1 was subjected to Confirmatory Factor Analysis.

3.2.1 Factor intercorrelations—Correlation between the first-order factors ranged 

from very weak (r = 0.11) to extremely strong (r = 0.85), but most were strong, with 85% 

above 0.60 (Table 2). 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 Quality of life (r = 0.43).

3.2.2 Original model fit—S–B χ2 was large and significant (χ2: 578.95; p < 0.001) 

suggesting poor model fit. However, the S–B χ2 relative to the degrees of freedom (df = 

267) was only marginally higher (2.1) than the critical ratio cut-off (≤2.0), suggesting the fit 

could improve with modifications (Schreiber et al., 2006). The SRMR indicated an 

acceptable fit. Approximation fit indices also suggested that the model was acceptable albeit 

less than optimal (Table 3). The TLI and CFI scores were both acceptable, whilst the 

RMSEA score indicated reasonable fit. Consequently, at this stage, factor loading estimates 

and modification indices were examined to identify the potential source of the “less than 

optimal” model fit. The identified parameters were re-specified accordingly, if they 

improved the model fit and if they were conceptually justified.

3.2.3 Factor loading estimates—The standardised and unstandardised parameter 

estimates, R-square values and the standard errors are summarised in Table 4. Standardised 

parameter estimates for the model revealed high factor loading estimates (>0.70) for all the 

items with their designated factor, except for items 1 and 4, which had factor loadings of 

0.68 and 0.57, respectively.

The Auditory and Sleep factors had the weakest factor loadings with the second-order factor. 

The Auditory factor (F5 in Table 4) loading estimate was only 0.31 indicating a very weak 

relationship to the second-order factor. The squared factor loadings mirrored these findings 
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(see R2 in Table 4). For instance, the Sense of control factor only accounted for 33% of the 

variance in Item 4. The second-order factor of only accounted for 39% of the variance in the 

Sleep factor (F4 in Table 4) and of most concern, only 9% of the variance in the Auditory 

factor. The rest of the squared factor loadings for the factors and items ranged from 0.45 to 

0.95. From this we conclude that the Auditory factor makes considerably less contribution to 

the global ‘Functional impact of tinnitus’ construct than do the other seven factors.

3.2.4 Modification index (MI) and expected parameter change (EPC)—Findings 

indicated the presence of three large MIs that were constrained in the initial 8-factor model. 

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 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: 1.05) on the 

Quality of life subscale. Inspection of these items indicated that the large error variance 

might be attributable to the similarity of the question wording. Therefore, these were freely 

estimated in the re-specified model (Table 4).

Cross-loading was identified for item 22 (MI: 25.93; EPC: 1.22). Even though item 22 

strongly loaded (0.70) onto the Quality of life factor in the initial model; results indicated 

that it also loaded onto the Cognitive factor. 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. 

There is logic to this cross-loading and although this might marginally lower the loading 

estimates these parameters were freely estimated in the respecified model.

3.2.5 Model fit for re-specified model—The SRMR improved and the approximation 

fit indices were all within desirable limits (Table 3), although S–B χ2 remained <0.001, the 

χ2/df ratio was now 1.89 so within the critical cut-off of <2.0. RMSEA improved slightly (to 

0.056), while TLI and CFI were similar to those of the original model (Table 3). 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, Table 4). This was unexpected. The standardised parameter 

estimates and R-square values for the final model are given in Fig. 3.

3.3 Psychometric properties of the TFI

3.3.1 Reproducibility of the TFI—Inter-item correlations ranged 0.055 to 0.904 

(Appendix A). Most notably, the Auditory subscale items 14 and 15 exhibited extremely low 

correlations (r ~ 0.1) with the Sleep subscale items 10, 11 and 12. Otherwise items generally 

showed low to moderate correlations with one another, indicating expected variability in 
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item content. Alpha estimates for the global TFI scores were high (α = 0.80, Table 1). Alpha 

estimates for the TFI subscales were also extremely high, except for the Intrusiveness 

subscale which was low (0.58), and considerably lower than that reported by Meikle for 

prototype 2 where α = 0.85. This lower alpha estimate further indicates poor fitting items 

within this dataset.

Table 5 summarises test-retest reliability and agreement between two repeated measures. 

ICC for the TFI global score was 0.91, indicating excellent reliability, and all subscale 

scores showed similarly high reliability with ICCs ranging 0.81 to 0.95.

In terms of agreement, the Smallest Detectable Change and limits of agreement values for 

the global and each of the subscale scores were largely comparable. For example, the TFI 

global scores had a Smallest Detectable Change score of 22.4, whereas the limits of 

agreement score was 22.2. The Smallest Detectable Change scores are all slightly different 

than the limits of agreement scores because the SEMconsistency score (i.e. SEMconsistency of 

8.1) is considered in the calculation of the Smallest Detectable Change, but not in the 

calculation of the limits of agreement.

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 outside the defined limits of agreement (more than 22.2 points below 

the mean difference; Fig. 4). 95% agreement between scores was observed for only one of 

the eight TFI subscales, Sense of Control, but not the global score (Table 5).

3.3.2 Validity of the TFI—Pearson's correlation coefficients between the global scores 

on all measures (TFI, THI, THQ, VAS-Loudness, Percentage Annoyance, BDI-II, BAI and 

global WHOQOL-BREF) are displayed in Table 6.

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-Loudness (r = 0.46) and Percentage Annoyance (r = 

0.58). 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 most of the TFI subscales, moderate to strong positive pairwise correlations were 

observed with THI and the THQ global scores (see values for r reported in Table 7). 

However, when the influence of the remaining subscales were held constant, partial 

correlation coefficients demonstrated that only the Emotional subscale remained meaningful 

with a moderate to weak correlation (THI, pr = 0.31 and THQ, pr = 0.29, respectively) and 

the Auditory subscale with a moderate correlation (THQ pr = 0.41). To confirm the strength 

of the association between the TFI subscales and the THI and THQ global scores, a series of 

multiple linear regression analyses were also conducted (see estimated values for β reported 

in Table 7). These beta values (β) mirrored the same pattern as shown by the partial 

correlations indicating that the TFI is measuring similar properties of emotional distress as 

in the THI and THQ and of auditory difficulties as in the THQ.
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Finally, correlations between TFI subscales and the two major subscales of the THQ were 

examined (Table 8). The THQ subscale 1 assesses the physical, emotional and social effects 

of tinnitus, while the THQ subscale 2 assesses hearing and communication ability. THQ 

subscale 1 scores correlated strongly with most TFI subscales, while THQ subscale 2 scores 

correlated moderately or strongly with all TFI subscales. However, when the influence of 

remaining subscales were held constant, partial correlation coefficients demonstrated that 

only the TFI Auditory subscale remained meaningfully associated with THQ subscale 2, 

with a strong correlation (pr = 0.71). TFI Emotional and Sleep subscales remained 

meaningfully associated with THQ subscale 1, with a moderate correlation (pr = 0.36 and pr 
= 0.31 respectively). 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. TFI global scores correlated 

moderately with BDI-II (r = 0.57), BAI (r = 0.39), and WHOQOL-BREF global item scores 

(r = 0.48). Therefore, the TFI demonstrates acceptable discriminant validity and is 

concluded to measures construct(s) that 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 correlated significantly with all three general health questionnaires (Table 7). 

Against our prediction, the Quality of life subscale showed only a weak negative correlation 

with WHOQOL-BREF (pr = −0.13). The only other notable correlation was the weak 

correlation between the BDI-II and the TFI Cognitive subscale (pr = 0.25). Beta values (β) 

estimated as part of a series of multiple linear regression mirrored findings from the partial 

correlation analyses, although they were marginally higher. The Emotional subscale again 

had the highest β, showing moderate associations with the BDI-II, BAI and WHOQOL-

BREF (Table 7). The Cognitive subscale showed a moderate association with the BDI-II, 

perhaps indicating some sensitivity to aspects of cognitive difficulty associated with 

generalised depression. Overall, these results suggest an acceptable degree of discriminant 

validity. The partial correlations and beta values indicate as expected that the BDI-II and 

BAI are greatly associated with the emotional subscale, whilst unexpectedly the WHOQOL-

BREF only showed a small association with the Quality of life subscale.

3.3.3 Responsiveness of the TFI—Response frequency distributions for each item on 

the TFI were examined for floor and ceiling effects (Fig. 5: Appendix B). Seventeen out of 

25 items failed to meet the a priori definition of non-significant floor or ceiling effects (i.e. 

ratings of either 0 points (floor effect) or 10 point (ceiling effect) being observed in no more 

than 15% of respondents on the 11-point scale). More specifically 15 items showed floor 

effects, with ‘0’ being observed for between 16 and 41% of participants (items 24, 13, 10, 9, 

8, 11, 12, 15, 23, 14, 20, 19, 22, 21, and 25, respectively). Two items showed a ceiling effect, 

with responses of 10 being observed for 22% and 25% of the population (items 4 and 18, 

respectively).

Smallest Detectable Change scores were identified for the TFI global and subscale scores 

(Table 5). For the TFI global score, the Smallest Detectable Change score was above or 
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below 22.4. Change scores above 22.4 were taken to detect true changes related to 

worsening or improvement of tinnitus. For example, if a change in TFI global score of 23 

was observed, it is reasonable to assume that this reflects real change rather than 

measurement error. For the TFI subscales, Smallest Detectable Change scores were in 

general larger than the global score Smallest Detectable Change, ranging from 21.1 

(Intrusiveness subscale) to 38.5 (Relaxation subscale). Therefore, the subscale scores would 

have to have large changes before a “true change” is represented.

4 Discussion

Although only recently developed, the TFI has been implemented as a baseline assessment 

and outcome measure in numerous research studies (including Henry et al., 2015; Krings et 

al., 2015; Michiels et al., 2014; Shekhawat et al., 2014; Wilson et al., 2015). The 

psychometric evaluation performed here however provides the first account of how reliably 

the TFI measures tinnitus severity and how well it distinguishes between individual 

differences in tinnitus-related distress in a research population. We raise a number of 

important points for discussion and reach a number of specific conclusions on the use of the 

TFI in a UK research population:

4.1 The global TFI is a composite measure of the functional impact of tinnitus

According to our psychometric evaluation, the TFI generally performed adequately as a 

good measure of functional impact of tinnitus. It has good construct validity and converged 

on the same construct of tinnitus severity as other multi-item tinnitus questionnaires. In 

particular, the emotional aspects as measured by the TFI were strongly associated with the 

global THI and THQ. From the discriminant validity findings, the TFI score is clearly a 

different measure from those of generalised depression, anxiety, or quality of life.

Confirmatory Factor Analysis broadly confirmed consistency with the eight-factor structure 

proposed by Meikle et al. (2012). However, there was some evidence of poor fit to the initial 

model and this improved when the questionnaire was re-specified to account for error 

covariance between two pairs of items and cross loading of one item onto two factors. 

Hence, an alternative TFI structure that slightly differed from that proposed by Meikle et al. 

(2012) was required to best explain the data captured in the general tinnitus population. The 

next section discusses several other properties in which discrepancies with the original TFI 

validation were observed, or new concerns are raised.

4.2 The TFI auditory subscale does not reliably contribute to the functional impact of 
tinnitus

Inspection of the first-order factors (corresponding to the subscales) revealed a problem with 

the Auditory factor in so far as it appeared to be unrelated to the other factors and in turn the 

underlying global construct of the functional impact of tinnitus. Hence, scores on the 

auditory subscale provide little additional information about the functional impact of tinnitus 

and in fact are likely to undermine the global TFI score. Internal consistency and reliability 

of the Auditory factor were both high, indicating that the items measure the same underlying 

construct, and that the factor can differentiate between individuals. It would therefore be 
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reasonable to consider the auditory subscale as a stand-alone measurement tool. In our 

research population, the TFI therefore seems to be measuring two distinct theoretical 

constructs (a composite measure of the functional impact of tinnitus and a specific auditory 

domain).

Despite the different tinnitus populations, our finding is consistent with the analyses of 

Meikle et al. (2012) who also observed weak intercorrelations between the Auditory factor 

and the other seven factors. The authors suggested that there is perhaps, 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). A general issue may be the difficulty patients sometimes 

have in determining their tinnitus problems as distinct from the problems they have because 

of hearing loss (Ratnayake et al., 2009).

4.3 There is mixed evidence that the TFI Intrusiveness subscale is a reliable unitary 
construct and the items that tend to be used most as single-item visual analogue scales 
are poorly associated with the global construct (functional impact of tinnitus)

Our findings indicate that the Intrusiveness subscale had unacceptably low internal 

consistency indicating that the three items (TFI 1–3) do not measure the same underlying 

construct, but instead may be distinct from each other. Questions relate to percentage of time 

that the respondent is consciously aware or annoyed by the tinnitus (TFI 1 and 3, 

respectively), and a rating of how strong or loud is the tinnitus (TFI 2). There is no further 

evidence of this discrepancy in the inter-item correlations or the CFA; all the items had 

acceptably high loading values.

Some researchers use variants of these questions as singleitem visual analogue scales to 

assess tinnitus severity and to measure treatment-related change (TFI 2 and 3 are good 

examples). Correlations between global TFI score and the VAS-Loudness and Percentage 

Annoyance were moderate at best. From this, we conclude that single item measures are not 

sufficient to capture the complexity of tinnitus symptomatology captured by multi-item 

instruments. The limitations with single items are widely recognised, they are variably 

reported to be psychometrically weak, with poor validity, low reliability and poor 

responsiveness (Adamchic et al., 2012; Hobart et al., 2007; Goebel and Hiller, 1994; 

Nunnally, 1967) yet are sometimes used as diagnostic or outcome measures in research (e.g. 

Tass et al., 2012; Vanneste et al., 2013). We recommend single-item measures are not used 

to measure the therapeutic effectiveness of interventions.

4.4 The TFI quality of life subscale does not assess the full multi-attribute nature of 
quality of life

Here we observed that the TFI Quality of life subscale did not converge with the single item 

facet on overall quality of life and general health. It is therefore unlikely that the TFI Quality 

of life subscale is a surrogate marker for the generic construct of Quality of Life used in 

health research. Health-related QoL is a ubiquitous concept that has different philosophical, 

political and health-related definitions, but the World Health Organization (1997) describe it 

as “individuals' perceptions of their position in life in the context of the culture and value 
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systems in which they live and in relation to their goals, expectations, standards and 

concerns”. Correspondingly, the WHOQOL-BREF measures four domains associated with 

quality of life; physical health, psychological health, social relationships, and environment. 

To avoid the risk of making a Type 1 error by making multiple comparisons between the TFI 

and these different domains, we evaluated only the single item. However, these findings 

enable us to draw the preliminary conclusion that health-related QoL is unlikely to be 

captured by the items in the TFI Quality of life subscale. This is explicable given the 

development of the TFI which collapsed only ‘Social Distress’, ‘Leisure’, and ‘Work’ 

domains to create the Quality of life subscale (Meikle et al., 2012), certainly leaving out 

physical health.

4.5 The global TFI score may be poorly responsive to treatment-related change in a 
research population

Arguably, the single most important factor for clinical trials is the assessment of outcome. 

Primary outcomes provide the means to determine what interventions are effective and 

hence to influence therapeutic management strategies. It is essential to identify a primary 

outcome tool that measures symptom categories and changes that are expected to occur 

according to the aims of the treatment under investigation (Landgrebe et al., 2012; Langguth 

et al., 2007).

Substantial floor effects on many items indicated that the TFI would be somewhat limited in 

its responsiveness to detecting treatment-related benefits in this study population. From our 

sample of research participants, scores on the majority of the items were close to floor, 

particularly for items in the Cognitive, Sleep, Auditory and Quality of life subscales. This 

could be an indication that the items are not related to the underlying construct or that the 

wording of the items may be misleading indicating a “no problem” response (Terwee et al., 

2009; Streiner and Norman, 2008). However, the latter is not indicated by any of the other 

findings from this study. Further research is warranted to replicate our findings and if 

necessary to reassess the items for inclusion or their wording. It may be that the TFI is 

suboptimal for use as a tinnitus outcome instrument in a research volunteer population.

Statistically significant differences in treatment effects provide information only on the error 

rate between the two interventions. Identification of a minimal change that is clinically 

meaningful is fundamental in health research and clinical trials. Following Jaeschke et al. 

(1989), our operational definition of a minimal clinically important difference is the smallest 

difference in score in the domain of interest which patients perceive as beneficial. Generally, 

a minimal clinically important difference involves patient perception. An important step 

towards determining minimal important differences is to evaluate the smallest change above 

measurement error, i.e. the Smallest Detectable Change (Landgrebe et al., 2012; Terwee et 

al., 2009; Revicki et al., 2008; de Vet et al., 2006a; de Vet et al., 2006b).

Test-retest data was used to identify a Smallest Detectable Change score and results 

indicated that a change in the TFI global score of at least 22.4 points would be required to 

represent a true change above measurement error. 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. It is possible that 
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the statistical method used by Meikle et al. (2012) provided a too conservative estimate. 

Meikle et al. (2012) used an anchor-based approach and Lipsey's criterion group approach 

(Lipsey, 1983, 1990), using grouped responses from a global question on self-reported 

change to anchor the changes on the TFI. Such anchor-based methods do not account for 

measurement precision which could potentially result in unrealistically low cutoffs that sit 

within the measurement error (de Vet et al., 2006b; Crosby et al., 2004). Consequently, a 

change score of 13 points might not be a realistic reflection of true change in score and may 

still include measurement error.

Given the potential for conflicting results simply arising from whether anchor-based or 

distribution-based methods are used to calculate the clinically meaningful change score, we 

recommend an integrated approach using both to identify a clinically meaningful change 

score that is comparable across methods (Crosby et al., 2004).

5 Conclusions and recommendations

This study provides an overview of the psychometric properties of the TFI when used in 

research. Our findings lead us to draw the following conclusions:

5.1 Not all of the TFI subscales contribute equally to the composite measure of the 
functional impact of tinnitus. In particular, the auditory subscale score does not contribute 
to the functional impact of tinnitus

Generally speaking, the TFI provides an adequate composite measurement tool for 

evaluating the functional impact of tinnitus. However, researchers should remain aware that 

not all of the TFI subscales contributed equally to the global TFI scores measured in this 

tinnitus population. In particular, the Auditory subscale appeared to be measuring something 

different from that of the other subscales. Further improvements in the TFI that tailors this 

measurement tool are warranted. We note that Meikle et al. (2012) also observed a similar 

pattern in their clinical population. One priority area for future research would therefore be 

to explore the impact of removing the auditory subscale. For example, the Auditory subscale 

score could be calculated and reported separately.

5.2 The TFI quality of life subscale does not assess generic quality of life

Our current recommendation is to include a multi-attribute health-related QoL measure in 

research that asks questions about quality of life, and not to rely on this particular TFI 

subscale for a meaningful interpretation of generic quality of life. Future studies should 

consider the inclusion of a well-established quality of life scale that generates a global score 

which seems at least to be responsive to treatment-related change in a clinical population of 

patients with tinnitus. The HUI3 would seem to be a good candidate (Maes et al., 2011).

5.3 The global TFI score and subscale scores may be poorly responsive to treatment-
related change in a research population

We provide a cautious recommendation that the TFI is suboptimal for use as a tinnitus 

outcome instrument in a research volunteer population. However, this warrants further 

independent replication. Poor responsiveness could be mitigated to some degree by 
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specifying a lower cut-off score as a participant inclusion criterion, one that is at least as 

large (if not greater) than the Smallest Detectable Change score. As for making a 

recommendation about the Smallest Detectable Change score that is clinically meaningful 

and which considers measurement precision, our recommendation is to use the Smallest 

Detectable Change score of 23 until further research suggests otherwise.

Psychometric validation is an ongoing process that requires continuous evaluations in a 

variety of populations to provide the much needed evidence that the measurement tool is 

appropriate and performs as anticipated (Noble, 1998). For the TFI, the various evaluations 

are ongoing internationally and so we look forward to better understanding and optimising 

the use of this questionnaire for research and clinical practice alike.

Appendix

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

This report is independent research by the National Institute for Health Research Biomedical Research Unit 
Funding Scheme. The original research study for which the data were collected (RESET2) was part funded by The 
Tinnitus Clinic. The views expressed in this publication are those of the author(s) and not necessarily those of the 
NHS, the National Institute for Health Research, the Department of Health or The Tinnitus Clinic.

References

Adamchic I, Tass PA, Langguth B, Hauptmann C, Koller M, Schecklmann M, Zeman F, Landgrebe M. 
Linking the tinnitus questionnaire and the subjective clinical global impression: which differences 
are clinically important? Health Qual Life Outcomes. 2012; 10:79. [PubMed: 22781703] 

Andersson G. Tinnitus loudness matching in relation to annoyance and grading of severity. Auris 
Nasus Larynx. 2003; 30:129–130. [PubMed: 12753982] 

Baguley DM, Andersson G. Factor analysis of the tinnitus handicap inventory. Am J Audiol. 2003; 
12:31–34. [PubMed: 12894865] 

Baguley DM, Humphriss RL, Hodson CA. Convergent validity of the tinnitus handicap inventory and 
the tinnitus questionnaire. J Laryngol Otol. 2000; 114:840–843. [PubMed: 11144832] 

Beck, AT., Steer, RA. Manual for the Beck Anxiety Inventory. The Psychological Corporation; San 
Antonio, TX: 1990. 

Beck, AT., Steer, RA., Brown, GK. Manual for the Beck Depression Inventoryd–II. second ed. 
Psychological Corporation; San Antonio, TX: 1996. 

Bentler PM. Comparative fit indexes in structural models. Psychol Bull. 1990; 107:238–246. [PubMed: 
2320703] 

Bentler, PM. EQS Structural Equations Program Manual. Multivariate Software; Encino, CA: 2006. 

Bland MJ, Altman DG. Statistical methods for assessing agreement between two methods of clinical 
measurements. The Lancet. 1986; 327:307–310.

Borg G, Borg E. A new generation of scaling methods: level anchored ratio scaling. Psychologica. 
2001; 28:15–45.

Boyen K, Langers DRM, de Kleine E, van Dijk P. Gray matter in the brain: differences associated with 
tinnitus and hearing loss. Hear Res. 2013; 295:67–78. [PubMed: 22446179] 

Brown, TA. Confirmatory Factor Analysis for Applied Research. Guilford Press; 2006. 

Brown, TA., Moore, MT. Confirmatory factor analysis. Handbook of Structural Equation Modeling. 
Hoyle, RH., editor. Guilford Press; 2012. p. 361-379.

Crosby RD, Kolotkin RL, Williams GR. An integrated method to determine meaningful changes in 
health-related quality of life. J Clin Epidemiol. 2004; 57(11):1153–1160. [PubMed: 15567631] 

Fackrell et al. Page 18

Hear Res. Author manuscript; available in PMC 2017 November 30.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Curran PJ, West SG, Finch JF. The robustness of test statistics to non-normality and specification error 
in confirmatory factor analysis. Psychol Methods. 1996; 1:16–29.

Dauman, R., Tyler, RS. Some considerations on the classification of tinnitus. Tinnitus 91-Proceedings 
of the Fourth International Tinnitus Seminar. Aran, JM., Dauman, R., editors. Kugler Publications; 
Amsterdam: 1992. p. 225-229.

de Vet HC, Terwee CB, Knol DL, Bouter LM. When to use agreement versus reliability measures. J 
Clin Epidemiol. 2006a; 59:1033–1039. [PubMed: 16980142] 

de Vet HC, Terwee CB, Ostelo RW, Beckerman H, Knol DL, Bouter LM. Minimal changes in health 
status questionnaires: distinction between minimally detectable change and minimally important 
change. Health Qual Life Outcomes. 2006b; 4:54. [PubMed: 16925807] 

de Vet, HC., Terwee, CB., Mokkink, LB., Knol, DL. Measurement in Medicine: a Practical Guide. 
Cambridge University Press; 2011. 

Department of Health. Provision of Services for Adults with Tinnitus. A Good Practice Guide. Central 
Office of Information; London: 2009. 

Dozois DJ, Dobson KS, Ahnberg JL. A psychometric evaluation of the beck depression inventorye–II. 
Psychol Assess. 1998; 10:83.

Fackrell, K., Hall, DA., Barry, J., Hoare, DJ. Tools for tinnitus measurement: development and validity 
of questionnaires to assess handicap and treatment effects. Tinnitus: Causes, Treatment and Short 
& Long-term Health Effects. Signorelli, F., Turjman, F., editors. Nova Science Publishers Inc; New 
York: 2014. p. 13-60.

Floyd FJ, Widaman KF. Factor analysis in the development and refinement of clinical assessment 
instruments. Psychol Assess. 1995; 7:286–299.

Goebel G, Hiller W. Tinnitus-Fragebogen (TF). Standardinstrument zur Graduierung des 
Tinnitusschweregrades. Erbebnisse einer Multicenterstudie mit dem Tinnitus-Fragebogen (TF). 
HNO – Hals–, Nasen–, Ohrenärzte. 1994; 42:166–172.

Haynes SN, Richard DCS, Kubany ES. Content validity in psychological assessment: a functional 
approach to concepts and methods. Psychol Assess. 1995; 7:238–274.

Henry, James A., Frederick, Melissa, Sell, Sara, Griest, Susan, Abrams, Harvey. Validation of a novel 
combination hearing aid and tinnitus therapy device. Ear Hear. 2015; 36(1):42–52. [PubMed: 
25211767] 

Hoare DJ, Pierzycki RH, Thomas H, McAlpine D, Hall DA. Evaluation of the acoustic coordinated 
reset (CR®) neuromodulation therapy for tinnitus: study protocol for a double-blind randomized 
placebo-controlled trial. Trials. 2013; 14:207. [PubMed: 23842505] 

Hoare DJ, Van Labeke N, McCormack A, Sereda M, Smith S, Al Taher H, Kowalkowski VL, Sharples 
M, Hall DA. Gameplay as a source of intrinsic motivation in a randomized controlled trial of 
auditory training for tinnitus. PLoS One. 2014a; 9:e107430. [PubMed: 25215617] 

Hoare DJ, Edmondsn-Jones M, Gander PE, Hall DA. Agreement and reliability of tinnitus loudness 
matching and pitch likeness rating. PLoS One. 2014b; 9:e114553. [PubMed: 25478690] 

Hobart JC, Cano SJ, Zajicek JP, Thompson AJ. Rating scales as outcome measures for clinical trials in 
neurology: problems, solutions, and recommendations. Lancet Neurol. 2007; 6:1094–1105. 
[PubMed: 18031706] 

Hu LT, Bentler PM. Fit indices in covariance structure modeling: sensitivity to underparameterized 
model misspecification. Psychol Methods. 1998; 3:424.

Hu LT, Bentler PM. Cutoff criteria for fit indexes in covariance structure analysis: conventional criteria 
versus new alternatives. Struct Equ Model A Multidiscip J. 1999; 6:1–55.

Jaeschke R, Singer J, Guyatt GH. Measurement of health status. Ascertaining the minimal clinically 
important difference. Control Clin Trials. 1989; 10(4):407–415. [PubMed: 2691207] 

Kennedy V, Wilson C, Stephens D. Quality of life and tinnitus. Audiol Med. 2004; 2:29–40.

Krings JG, Wineland A, Kallogjeri D, Rodebaugh TL, Nicklaus J, Lenze EJ, Piccirillo JF. A novel 
treatment for tinnitus and tinnitus-related cognitive difficulties using computer-based cognitive 
training and D-Cycloserine. JAMA Otolaryngol – Head Neck Surg. 2015; 141:18–26. [PubMed: 
25356570] 

Kuk FK, Tyler RS, Russell D, Jordan H. The psychometric properties of a tinnitus handicap 
questionnaire. Ear Hear. 1990; 11:434–445. [PubMed: 2073977] 

Fackrell et al. Page 19

Hear Res. Author manuscript; available in PMC 2017 November 30.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Landgrebe M, Azevedo A, Baguley D, Bauer C, Cacace A, Coelho C, et al. Methodological aspects of 
clinical trials in tinnitus: a proposal for an international standard. J Psychosom Res. 2012; 73:112–
121. [PubMed: 22789414] 

Langguth B, Goodey R, Azevedo A, Bjorne A, Cacace A, Crocetti A, et al. Consensus for tinnitus 
patient assessment and treatment outcome measurement: tinnitus research initiative meeting, 
regensburg, July 2006. Prog Brain Res. 2007; 166:525–536. [PubMed: 17956816] 

Langguth B, Kleinjung T, Landgrebe M. Tinnitus: the complexity of standardization. Eval Health Prof. 
2011; 34(4):429–433. 0163278710394337. [PubMed: 21224265] 

Lipsey MW. A scheme for assessing measurement sensitivity in program evaluation and other applied 
research. Psychol Bull. 1983; 94:152. [PubMed: 6622618] 

Lipsey, MW. Design Sensitivity: Statistical Power for Experimental Research. Sage; Newbury Park, 
CA: 1990. 

MacCallum RC, Roznowski M, Necowitz LB. Model modifications in covariance structure analysis: 
the problem of capitalization on chance. Psychol Bull. 1992; 111:490. [PubMed: 16250105] 

Maes IH, Joore MA, Cima RF, Vlaeyen JW, Anteunis LJ. Assessment of health state in patients with 
tinnitus: a comparison of the EQ-5D and HUI mark III. Ear Hear. 2011; 32:428–435. [PubMed: 
21221004] 

Mardia KV. The effect of nonnormality on some multivariate tests and robustness to nonnormality in 
the linear model. Biometrika. 1971; 58:105–121.

McCombe A, Baguley D, Coles R, McKenna L, McKinney C, Windle-Taylor P. Guidelines for the 
grading of tinnitus severity: the results of a working group commissioned by the British 
Association of Otolaryngologists, Head and Neck Surgeons, 1999. Clin Otolaryngol. 2001; 
26:388–393. [PubMed: 11678946] 

Meikle MB, Stewart BJ, Griest SE, Martin WH, Henry JA, Abrams HB, et al. Assessment of tinnitus: 
measurement of treatment outcomes. Prog Brain Res. 2007; 166:511–521. [PubMed: 17956815] 

Meikle MB, Stewart BJ, Griest SE, Henry JA. Tinnitus outcomes assessment. Trends Amplif. 2008; 
12:223–235. [PubMed: 18599500] 

Meikle MB, Henry JA, Griest SE, Stewart BJ, Abrams HB, McArdle R, Myers PJ, Newman CW, 
Vernon JA. The tinnitus functional index: development of a new clinical measure for chronic, 
intrusive tinnitus. Ear Hear. 2012; 33:153–176. [PubMed: 22156949] 

Melcher JR, Knudson IM, Levine RA. Subcallosal brain structure: correlation with hearing threshold 
at supra-clinical frequencies (>8 kHz), but not with tinnitus. Hear Res. 2013; 295:79–86. 
[PubMed: 22504034] 

Menard, S., editor. Applied Logistic Regression Analysis. Vol. 106. Sage; 2002. 

Michiels S, De Hertogh W, Truijen S, Van de Heyning P. Physical therapy treatment in patients 
suffering from cervicogenic somatic tinnitus: study protocol for a randomized controlled trial. 
Trials. 2014; 15:297. [PubMed: 25056151] 

Muthén, LK., Muthén, BO. Mplus User's Guide. seventh ed.. Muthén & Muthén; Los Angeles, CA: 
2012. 

Myers, RH. Classical and Modern Regression with Applications (Duxbury Classic). second ed. 
Duxbury Press; Pacific Grove: 2000. 

Newman, CW., Sandridge, SA. Tinnitus questionnaires. Tinnitus: Theory and Management. Snow, JB., 
Jr, editor. BC Decker Inc; Ontario: 2004. p. 237-254.

Newman CW, Jacobson GP, Spitzer JB. Development of the tinnitus handicap inventory. Arch 
Otolaryngol – Head Neck Surg. 1996; 122:143–148. [PubMed: 8630207] 

Newman CW, Sandridge SA, Jacobson GP. Psychometric adequacy of the Tinnitus Handicap Inventory 
(THI) for evaluating treatment outcome. J Am Acad Audiol. 1998; 9:153–160. [PubMed: 
9564679] 

Newman CW, Wharton JA, Jacobson GP. Retest stability of the tinnitus handicap questionnaire. Ann 
Otol Rhinol Laryngol. 1995; 104(9/1):718–723. [PubMed: 7661523] 

Noble, W. Self-assessment of Hearing and Related Function. Whurr; London: 1998. 

Fackrell et al. Page 20

Hear Res. Author manuscript; available in PMC 2017 November 30.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Nondahl DM, Cruickshanks KJ, Huang GH, Klein BEK, Klein R, Nieto FJ, Tweed TS. Tinnitus and its 
risk factors in the Beaver Dam Offspring. Study Int J Audiol. 2011; 50:313–320. [PubMed: 
21309642] 

Nunnally, JC. Psychometric Theory. McGraw-Hill; New York: 1967. 

Peterson RA. A meta-analysis of Cronbach's coefficient alpha. J Consum Res. 1994; 21:381–391.

Pierce KJ, Kallogjeri D, Piccirillo JF, Garcia KS, Nicklaus JE, Burton H. Effects of severe bothersome 
tinnitus on cognitive function measured with standardised tests. J Clin Exp Neuropsychol. 2012; 
34:126–134. [PubMed: 22168528] 

Ratnayake SA, Jayarajan V, Bartlett J. Could an underlying hearing loss be a significant factor in the 
handicap caused by tinnitus? Noise Health. 2009; 11(44):156–160. [PubMed: 19602769] 

Revicki D, Hays RD, Cella D, Sloan J. Recommended methods for determining responsiveness and 
minimally important differences for patient-reported outcomes. J Clin Epidemiol. 2008; 61:102–
109. [PubMed: 18177782] 

Roberts LE, Moffat G, Bosnyak DJ. Residual inhibition functions in relation to tinnitus spectra and 
auditory threshold shift. Acta Oto Laryngol. 2006; 126:27–33.

Roberts LE, Moffat G, Baumann M, Ward LM, Bosnyak DJ. Residual inhibition functions overlap 
tinnitus spectra and the region of auditory threshold shift. J Assoc Res Otolaryngol. 2008; 9:417–
435. [PubMed: 18712566] 

Robinson SK, McQuaid JR, Viirre ES, Betzig LL, Miller DL, Bailey KA, Harris JP, Perry W. 
Relationship of tinnitus questionnaires to depressive symptoms, quality of well-being, and internal 
focus. Int Tinnitus J. 2003; 9:97–103. [PubMed: 15106282] 

Satorra, A., Bentler, PM. Corrections to test statistics and standard errors in covariance structure 
analysis. Latent Variables Analysis: Applications for Developmental Research. von Eye, AE., 
Clogg, CC., editors. Sage Publications, SAGE Publications Inc; Thousand Oaks, CA: 1994. p. 
399-419.

Schafer JL, Graham JW. Missing data: our view of the state of the art. Psychol Methods. 2002; 7:147. 
[PubMed: 12090408] 

Schreiber JB, Nora A, Stage FK, Barlow EA, King J. Reporting structural equation modeling and 
confirmatory factor analysis results: a review. J Educ Res. 2006; 99:323–338.

Segal DL, Coolidge FL, Cahill BS, O'Riley AA. Psychometric properties of the Beck Depression 
Inventoryd–II (BDI-II) among community-dwelling older adults. Behav Modif. 2008; 32:3–20. 
[PubMed: 18096969] 

Shekhawat GS, Searchfield GD, Stinear CM. Randomized trial of transcranial direct current 
stimulation and hearing aids for tinnitus management. Neurorehabilitation Neural Repair. 2014; 
28:410–419. [PubMed: 24213961] 

Skevington SM, Lotfy M, O'Connell KA. The World Health Organization's WHOQOL-BREF quality 
of life assessment: psychometric properties and results of the international field trial. A report 
from the WHOQOL group. Qual Life Res. 2004; 13:299–310. [PubMed: 15085902] 

Song, Jae-Jin, Punte, AK., De Ridder, D., Vanneste, S., Van de Heyning, P. Neural substrates 
predicting improvement of tinnitus after cochlear implantation in patients with single-sided 
deafness. Hear Res. 2013; 299:1–9. [PubMed: 23415916] 

Steer RA, Ranieri WF, Beck AT, Clark DA. Further evidence for the validity of the beck anxiety 
inventory with psychiatric outpatients. J Anxiety Disord. 1993; 7:195–205.

Steiger, JH., Lind, JC. Statistically Based Tests for the Number of Common Factors. Paper Presented at 
the Annual Meeting of the Psychometric Society; Iowa City, IA: 1980. 

Stevens C, Walker G, Boyer M, Gallagher M. Severe tinnitus and its effect on selective and divided 
attention. Int J Audiol. 2007; 46:208–216. [PubMed: 17487668] 

Streiner, DL., Norman, GR. Health Measurement Scales: a Practical Guide to Their Development and 
Use. Oxford University Press; 2008. 

Szczepek AJ, Haupt H, Klapp BF, Olze H, Mazurek B. Biological correlates of tinnitus-related 
distress: an exploratory study. Hear Res. 2014; 318:23–30. [PubMed: 25445818] 

Tabachnick, BG., Fidell, LS. Using Multivariate Statistics. sixth ed. Pearson; Boston: 2013. 

Fackrell et al. Page 21

Hear Res. Author manuscript; available in PMC 2017 November 30.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Tass PA, Adamchic I, Freund HJ, von Stackelberg T, Hauptmann C. Counteracting tinnitus by acoustic 
coordinated reset neuromodulation. Restor Neurol Neurosci. 2012; 30:137–159. [PubMed: 
22414611] 

Terwee CB, Bot SDM, de Boer MR, van der Windt DA, Knol DL, Dekker J, Bouter LM, de Vet HC. 
Quality criteria were proposed for measurement properties of health status questionnaires. J Clin 
Epidemiol. 2007; 60:34–42. [PubMed: 17161752] 

Terwee CB, Roorda LD, Knol DL, De Boer MR, De Vet HC. Linking measurement error to minimal 
important change of patient-reported outcomes. J Clin Epidemiol. 2009; 62:1062–1067. [PubMed: 
19230609] 

[date accessed: 27.01.15] Tinnitus Case history questionnaire. www.tinnitusresearch.org/en/consensus/
consensus_en.php

Tucker LR, Lewis C. A reliability coefficient for maximum likelihood factor analysis. Psychometrika. 
1973; 38:1–10.

Tunkel DE, Bauer CA, Sun GH, Rosenfeld RM, Chandrasekhar SS, Cunningham ER, Archer SM, 
Whamond EJ. Clinical practice guideline tinnitus. Otolaryngol – Head Neck Surg. 2014; 151:S1–
S40. [PubMed: 25273878] 

Tyler RS, Baker LJ. Difficulties experienced by tinnitus sufferers. J Speech Hear Disord. 1983; 
48:150–154. [PubMed: 6621006] 

Vanneste S, van Dongen M, De Vree B, Hiseni S, van der Velden E, Strydis C, Joos K, Norena A, 
Serdijn W, De Ridder D. Does enriched acoustic environment in humans abolish chronic tinnitus 
clinically and electrophysiologically? A double blind placebo controlled study. Hear Res. 2013; 
296:141–148. [PubMed: 23104014] 

The WHOQOL group. Development of the World Health Organization WHOQOL-BREF quality of 
life assessment. Psychol Med. 1998; 28:551–558. [PubMed: 9626712] 

Wilson MB, Kallogjeri D, Joplin CN, Gorman MD, Krings JG, Lenze EJ, Nicklaus JE, Spitznagel EE, 
Piccirillo JF. Ecological momentary assessment of tinnitus using smartphone technology a pilot 
study. Otolaryngol – Head Neck Surg. 2015; 152:897–903. Epub ahead of print: 
0194599815569692. [PubMed: 25676150] 

World Health Organization. Measuring Quality of Life. World Health Organization; 1997. 

Fackrell et al. Page 22

Hear Res. Author manuscript; available in PMC 2017 November 30.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

http://www.tinnitusresearch.org/en/consensus/consensus_en.php
http://www.tinnitusresearch.org/en/consensus/consensus_en.php


Fig. 1. 
Illustrative diagram of the theoretical 8-factor structure of the TFI assessed by Confirmatory 

Factor Analysis. 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). The model has the following properties: (i) Second-order 

latent construct: “Functional impact of tinnitus” with the variance fixed at 1. Here, the 

unidirectional black arrows  from the second-order factor to the first order factors 

represent the direct effects of the second-order latent construct onto those factors; (ii) Eight 

first-order latent constructs: F1: Intrusiveness; F2: Sense of control; F3: Cognition, F4: 

Sleep; F5: Auditory; F6: Relaxation; F7: Quality of life; F8: Emotional with the variance 

explained by second-order factor. In this case, the unidirectional black arrows  represent 

the direct effects of the first-order constructs onto the observed measures; (iii) 25 observed 

variables: TFI item 1 to TFI item 25 with the variance of the first item on each factor fixed at 

1, and all items have zero loadings on the other factors; (iv) The unidirectional grey arrows 

 represent the residual variance (e) associated with each variable (25 items; 8 first-order 

factors), which were constrained to zero. F1 = Intrusiveness; F2 = Sense of control; F3 = 

Cognition, F4 = Sleep; F5 = Auditory; F6 = Relaxation; F7 = Quality of life; F8 = 

Emotional; e = residual variance (error and uniqueness terms).
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Fig. 2. 
Cumulative frequency distributions of Tinnitus Functional Index (TFI), Tinnitus Handicap 

Inventory (THI), and Tinnitus Handicap Questionnaire (THQ) global scores. The percentage 

of responses for 247 participants on the three different tinnitus questionnaires completed. 

The graph indicates that the TFI global scores are evenly distributed across the scale, i.e. 

100% of participants scored below 90, whilst the THI and THQ global scores distributed 

towards the lower end, i.e. 70% of participants scored below 50 on the THI and all 

participants scored less than 70 on the THQ.
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Fig. 3. 
Illustrative diagram of the re-specified 8-factor model including standardised parameter 

estimates and r-squared values. The diagram represents the re-specified model results. The 

standardised parameter estimates indicate the strength of the association between the 

observed variables, first-order factors and the second-order factor. The unidirectional arrows 

represent the direct effects of the latent constructs. The solid black unidirectional arrow 

indicates a very strong association (>0.70). The dotted unidirectional arrows  indicate 

moderate associations with loading values below 0.65. The dash line unidirectional arrows 

 indicate poor associations below the recommended cut-off (<0.40). The residual 

variance (e) represents the error and unique variance associated with each of the items and 

the factors. The bidirectional curved arrows  represent the association between the error 

variance. The dotted unidirectional arrow  from first-order factors; Sense of control (F3) 

and Quality of life (F7) to the observed variable TFI22 indicates the cross-loading for item 

22. F1 = Intrusiveness; F2 = Sense of control; F3 = Cognition, F4 = Sleep; F5 = Auditory; 

F6 = Relaxation; F7 = Quality of life; F8 = Emotional; e = residual variance (error and 

uniqueness terms).
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Fig. 4. 
Blande–Altman plot of test-retest agreement for repeated measures of the TFI global scores. 

The limits of agreement are represented as ±2 standard deviations from the standard error of 

measurement. The dotted line denotes the 95% limits of agreement for the TFI global scores. 

93% of scores are within the limits of agreement, suggesting marginal measurement error 

between the repeated measures. Dashed line = mean difference. Dotted lines = limits of 

agreement (1.96 × SD of the mean difference).
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Fig. 5. 
Response frequency distributions for each Tinnitus Functional Index 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. Item 4 and item 18 both show ceiling effects. For example, the 

upper quartile for item 18 is at the end of the scale, indicating that 25% of people endorsed 

the highest category (10) and the medium indicates that over 50% of participants selected 

the response options 8, 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. Fifteen 

items showed floor effects. For example, the lower quartile and medium for item 25 

indicates that 50% of participants selected response options 1 and 0. This suggests that these 

items are limited in their detection of change in tinnitus severity, reducing the responsiveness 

of the TFI. TFI = Tinnitus Functional Index; INTRU = Intrusiveness; SOC = Sense of 

control; COG = Cognition; SLP = Sleep; AUD = Auditory; REL = Relaxation; QOL = 

Quality of life; EMO = Emotional.
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Table 1

Descriptive statistics and internal consistency. The maximum score is 100, except for BDI and BAI where the 

maximum score is 63. Values presented in bold indicate poor internal consistency below the recommended 

criteria (α < 0.7).

Questionnaire/subscale # Items Descriptive statistics Internal consistency Sample size

Mean SD Range α N

Tinnitus Functional Index (TFI)a 25 40.6 20.1 4–93 0.80 283

Intrusiveness   3 52.8 21.1 6–93 0.58

Sense of control   3 53.9 23.2 0–100 0.75

Cognition   3 35.8 27.1 0–100 0.95

Sleep   3 39.6 32.3 0–100 0.94

Auditory   3 34.0 27.3 0–100 0.95

Relaxation   3 54.6 29.2 0–100 0.93

Quality of life   4 28.2 25.4 0–100 0.90

Emotional   3 30.3 26.3 0–100 0.91

Tinnitus Handicap Inventory (THI)b 25 37.6 20.1 0–90 0.91 247

Tinnitus Handicap Questionnaire (THQ)c 27 41.3 17.9 3–90 0.91 247

Social, emotional and physical functioning 15 39.4 23.2 1–91 0.94

Hearing ability and unease   8 40.4 22.7 0–98 0.86

Beck's Depression Inventory-II (BDI-II)d 21   8.4   8.2 0–51 0.92 247

Beck's Anxiety Inventory (BAI)e 21   5.0   6.4 0–44 0.90

WHOQOL-BREF global item 1f   1 39.1   8.0 10–50 –

Tinnitus loudness VAS-L – 50.1 22.0 1–100 –

Tinnitus annoyance rating – 39.8 30.4 1–100 –

SD = standard deviation; α = Cronbach's alpha estimates.

a
(Meikle et al., 2012).

b
(Newman et al., 1996).

c
(Kuk et al., 1990).

d
(Beck et al., 1996).

e
(Beck and Steer, 1990).

f
(WHOQOL group, 1998).
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Table 2

Correlations between first-order factors in the Confirmatory Factor Analysis. The correlations between the 

first-order factors were in general strong, with 85% above 0.60. The Auditory factor showed the weakest 

correlations with all the other factors. 1 = Intrusiveness; 2 = Sense of control; 3 = Cognition; 4 = Sleep; 5 = 

Auditory; 6 = Relaxation; 7 = Quality of life; 8 = Emotional. Values presented in bold are below or above the 

recommended criteria (<0.30 to >0.85).

Factor 1 2 3 4 5 6 7 8

(1) Intrusiveness 1

(2) Sense of control 0.842 1

(3) Cognitive 0.640 0.795 1

(4) Sleep 0.507 0.570 0.562 1

(5) Auditory 0.328 0.223 0.330 0.114 1

(6) Relaxation 0.655 0.814 0.725 0.613 0.239 1

(7) Quality of life 0.655 0.733 0.782 0.465 0.413 0.687 1

(8) Emotional 0.676 0.855 0.784 0.543 0.197 0.722 0.855 1
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Table 3

Summary of the model fit. Model based on proposed factor structure and re-specified model for final factor 

structure with modifications. Following modifications, model fit improved with all fit statistics, but the S–B 

χ2, within the desired limits. Therefore the re-specified model represents the best fit of this population data. 

S–B χ2 = Satorra & Bentler adjusted Chi-square; SRMR = Standardised Root Mean Square Residual; TLI = 

TuckereLewis Index; CFI = Comparative Fit Index; RMSEA = Root Mean Square Error of Approximation.

Models Modifications S–B χ2 (df) χ2/df p-value TLI CFI SRMR RMSEA
(95% CI)

Original model None 578.947 (267) 2.17 <0.001 0.939 0.946 0.06 0.064
(0.057–0.071)

Re-specified model Error covariance, cross-loading (Q22 
with F3)

498.484 (264) 1.89 <0.001 0.954 0.959 0.056 0.056
(0.048–0.064)
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Table 4

Parameter estimates, R-squared values and Standard Error for the proposed Confirmatory Factor Analysis 

Model and Re-specified Model. The factor loadings (standardised/unstandardized), standard errors and 

squared factor loadings (R-squared) for all 25 observed variables (Items) and the eight first-order factor (factor 

loadings). Two loading estimates representing the cross-loading for Item 22 are given for the re-specified 

model. 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. TFI = Tinnitus functional Index; F1 = Intrusiveness; F2 = Sense of control; 

F3 = Cognition, F4 = Sleep; F5 = Auditory; F6 = Relaxation; F7 = Quality of life; F8 = Emotional.

First order factor Observed variable Original model Re-specified model

β B SE R2 β B SE R2

Intrusiveness TFI 1 0.68 1.00 0.45 0.67 1.00 0.45

Intrusiveness TFI 2 0.69 0.77 0.08 0.48 0.69 0.78 0.08 0.48

Intrusiveness TFI 3 0.79 1.16 0.11 0.63 0.80 1.17 0.12 0.63

Sense of control TFI 4 0.57 1.00 0.33 0.57 1.00 0.33

Sense of control TFI 5 0.92 1.16 0.11 0.84 0.92 1.16 0.10 0.84

Sense of control TFI 6 0.72 1.06 0.11 0.52 0.72 1.05 0.11 0.52

Cognitive TFI 7 0.94 1.00 0.89 0.94 1.00 0.89

Cognitive TFI 8 0.93 0.96 0.03 0.87 0.93 0.96 0.03 0.87

Cognitive TFI 9 0.91 0.90 0.03 0.82 0.91 0.90 0.03 0.82

Sleep TFI 10 0.88 1.00 0.78 0.88 1.00 0.78

Sleep TFI 11 0.98 1.13 0.04 0.95 0.98 1.13 0.04 0.95

Sleep TFI 12 0.91 1.04 0.04 0.82 0.91 1.04 0.04 0.82

Auditory TFI 13 0.92 1.00 0.85 0.92 1.00 0.85

Auditory TFI 14 0.98 1.10 0.03 0.97 0.98 1.10 0.03 0.97

Auditory TFI 15 0.89 1.09 0.03 0.79 0.89 1.09 0.03 0.79

Relaxation TFI 16 0.93 1.00 0.93 0.88 1.00 0.78

Relaxation TFI 17 0.94 0.98 0.02 0.94 0.98 1.08 0.03 0.97

Relaxation TFI 18 0.82 0.92 0.04 0.82 0.75 0.89 0.04 0.57

Quality of life TFI 19 0.83 1.00 0.83 0.80 1.00 0.64

Quality of life TFI 20 0.91 1.14 0.05 0.91 0.94 1.23 0.07 0.89

Quality of life TFI 21 0.85 0.95 0.06 0.85 0.81 0.94 0.06 0.65

Quality of life TFI 22 0.76 0.91 0.06 0.76 0.43 0.53 0.09 0.60

Cognitive TFI 22 – – – – 0.40 0.42 0.07 –

Emotional TFI 23 0.89 1.00 0.89 0.89 1.00 0.80

Emotional TFI 24 0.90 1.07 0.04 0.90 0.90 1.07 0.04 0.82

Emotional TFI 25 0.83 0.87 0.04 0.83 0.83 0.87 0.04 0.68

Second order factor

Functional impact of tinnitus F1 0.80 1.48 0.14 0.62 0.78 1.47 0.14 0.62

F2 0.92 1.71 0.17 0.83 0.91 1.71 0.16 0.83

F3 0.87 2.38 0.10 0.75 0.87 2.37 0.10 0.75

F4 0.62 1.83 0.15 0.39 0.62 1.84 0.15 0.39
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First order factor Observed variable Original model Re-specified model

β B SE R2 β B SE R2

F5 0.31 0.79 0.15 0.1 0.30 0.77 0.16 0.09

F6 0.83 2.36 0.12 0.69 0.84 2.26 0.12 0.70

F7 0.87 2.10 0.13 0.75 0.86 2.01 0.14 0.74

F8 0.91 2.28 0.12 0.83 0.92 2.29 0.12 0.84

Hear Res. Author manuscript; available in PMC 2017 November 30.



 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

Fackrell et al. Page 33

Table 5

Reproducibility of Tinnitus Functional Index (TFI) scores: Intra-class correlations (ICC) and limits of 

agreement between two administrations. The TFI showed excellent stability over time as indicated by the high 

ICC values and acceptable test-retest agreement. Although most of the subscales were below 95% limits of 

agreement, it only suggested marginal measurement error. The smallest detectable change scores for the global 

TFI and subscales are comparable to the limits of agreement. ICC = Intra-class correlations; Mean diff = the 

mean difference scores between the repeated measure; SEM = Standard error of measurement; SDC = 

Smallest detectable change.

N = 44 Mean (±SD) Reliability Agreement

Scale Baseline Retest ICC (95%CI) Mean diff SEM SDC Limits of agreement % of agreement

Tinnitus Functional index 45.3 (±20.1)  45.6(±19.4) 0.91 (0.84–0.95)   −0.3    8.1 22.4 22.2–22.7 93.2%

Intrusiveness 57.1 (±19.1) 58.8 (±21.3) 0.92 (0.82–0.96)   −1.7    7.6 21.1 19.4–22.7 93.2%

Sense of control 58.1 (±22.8) 57.6 (±20.9) 0.81 (0.65–0.90)     0.5  12.5 34.8 35.3–34.2 95.5%

Cognitive 39.2 (±38.2) 41.9 (±24.3) 0.89 (0.79–0.94)   −2.6  11.8 32.8 30.2–35.5 93.2%

Sleep 41.9 (±31.6) 41.2 (±30.1) 0.91 (0.83–0.95)     0.7  12.8 35.5 36.2–34.8 93.2%

Auditory 33.9 (±29.7) 36.1 (±30.2) 0.95 (0.90–0.97)   −2.3    9.6 26.6 24.3–28.9 93.2%

Relaxation 64.6 (±25.9) 62.9 (±25.3) 0.83 (0.69–0.91)     1.7  13.9 38.5 40.3–36.8 88.6%

Quality of life 35.1 (±26.1) 34.0 (±24.6) 0.86 (0.75–0.92)     1.1  12.6 34.9 36.0–33.8 93.2%

Emotional 36.0 (±28.1) 36.6 (±27.5) 0.87 (0.77–0.93)   −0.6  13.3 36.8 36.2–37.4 91.0%
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Table 6

Correlations between global scores of all eight measures. The correlations between all eight measures indicate 

acceptable construct validity for the TFI. The strong correlations (>0.60) between the tinnitus questionnaires 

show high convergent validity, whilst the moderate correlations (>0.30) with the general health questionnaires 

show acceptable discriminant validity. TFI: Tinnitus Functional Index = THI; Tinnitus Handicap Inventory = 

THQ = Tinnitus Handicap Questionnaire, VAS-L = Visual analogue scale for loudness, PR-A = Percentage 

Rating Annoyance, BDI-II = Beck's Depression Inventory-II, BAI = Beck's Anxiety Inventory, WHOQOL-

BREF = World Health Organisation Quality of Life-Bref.

TFI THI THQ VAS-L PR-A BDI BAI WHOQOL

TFI      1

THI      0.82     1

THQ      0.82     0.79     1

VAS-L      0.46     0.41     0.29     1

PR-A      0.58     0.58     0.41     0.42     1

BDI      0.57     0.60     0.53     0.27     0.31     1

BAI      0.39     0.43     0.43     0.20     0.19     0.67     1

WHOQOL    −0.48   −0.52   −0.44   -0.16   −0.37   −0.55   −0.35 1
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Table 7

Correlation coefficients (r), partial correlation coefficients (pr) and beta (β) values for the Tinnitus Functional 

Index (TFI) subscales and the Tinnitus Handicap Inventory (THI) global score, Tinnitus Handicap 

Questionnaire (THQ) global score, Beck's Depression Inventory-II (BDI-II), Beck's Anxiety Inventory (BAI); 

and World Health Organisation Quality of LifeeBREF (WHOQOL-BREF). r = Pearson's correlation 

coefficient; Pr = partial correlation coefficient; β = Standardised Beta values.

TFI subscale THI THQ BDI-II BAI WHOQOL

r pr β r pr β r pr β r pr β r pr β

Intrusiveness 0.58 0.13 0.10 0.49 0.15 −0.11 0.29 −0.09 −0.10 0.14 −0.16 −0.19 −0.29 −0.00 −0.00

Sense of control 0.64 0.00 0.00 0.60 0.02 0.02 0.35 −0.19 −0.24 0.23 0.10 −0.14 −0.34 0.10 0.15

Cognition 0.72 0.09 0.09 0.73 0.19 0.17 0.58 0.25 0.34 0.39 0.14 0.22 −0.42 −0.01 −0.02

Sleep 0.58 0.19 0.14 0.54 0.21 0.15 0.40 0.07 0.07 0.28 0.09 0.10 −0.34 −0.03 −0.03

Auditory 0.22 0.06 −0.03 0.46 0.41 0.28 0.20 0.07 0.06 0.20 0.16 0.16 −0.04 0.13 0.12

Relaxation 0.66 0.10 0.09 0.63 0.10 0.09 0.44 0.06 0.07 0.27 −0.01 −0.02 −0.43 −0.12 −0.17

Quality of life 0.75 0.27 0.28 0.75 0.22 0.22 0.53 0.02 0.03 0.35 −0.02 −0.04 −0.47 −0.13 −0.20

Emotional 0.79 0.31 0.33 0.74 0.29 0.30 0.59 0.30 0.45 0.24 0.24 0.42 −0.53 −0.22 −0.36
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Table 8

Correlation coefficients (r), partial correlation coefficients (pr) and beta (β) values for the Tinnitus Functional 

Index (TFI) subscales and the two major subscales of the Tinnitus Handicap Questionnaire (THQ). r = 

Pearson's correlation coefficient; Pr = partial correlation coefficient; β = Standardised Beta values.

THQ factor 1 THQ factor 2

r pr β r pr β

Intrusiveness 0.48 –0.13 –0.09 0.27 –0.15 –0.12

Sense of control 0.65   0.04   0.04 0.25 –0.02 –0.02

Cognition 0.75   0.21   0.19 0.42   0.10   0.11

Sleep 0.64   0.31   0.21 0.16 –0.02 –0.02

Auditory 0.21 –0.01 –0.01 0.77   0.71   0.68

Relaxation 0.68   0.14   0.11 0.26 –0.03 –0.03

Quality of life 0.73   0.19   0.18 0.52   0.25   0.27

Emotional 0.81   0.36   0.37 0.31   0.01   0.23
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