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Abstract 
Background: A number of tools are used for measurement of severity of Rhinology 

and Otology related disorders and their impact on Quality of Life. The tools differ in 

terms of length (number of items), width (number of response-categories/levels), 

dimensions covered, psychometric documentation and scores are not comparable.  

Objectives: To address methodological issues of tests and suggests remedial measures 

by transforming ordinal item scores to follow normal distribution for meaningful 

evaluation of measurement properties and better utilization of such tests.  

Methods: Using data-driven weights to response-categories of different items, ordinal 

item scores are converted to equidistant score (E-scores) in ratio scale with fixed zero 

point. Proposed scores (P-scores) are obtained from E-scores via linear 
transformations lie between 1 and 100 following normal distribution. Dimension 

scores and test scores are taken as sum of item-wise P-scores which also follow normal 

with parameters obtained from data 

 Results: Normally distributed P-scores satisfy the basic assumption of statistical 

techniques and offer platform for parametric analysis facilitating meaningful 

arithmetic aggregation, meaningful comparisons and better utilization of such tests. It 

also help to find reliability as per theoretical definition, factorial validity avoiding 

criterion variable, assessment of responsiveness, optimal number of clusters and 

efficiency of classification, equivalent scores of two tests, etc.  

Conclusion: Proposed scores following normal and satisfying desired properties of 

measurement is recommended. Experts and researchers can derive benefits of the 

proposed score for better comparisons and prognosis.
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Introduction 
Large numbers of tools are there for diagnostic and measurement of severity of Rhinology and Otology related disorders and 

their impact on Quality of Life (QoL). In addition to bio-markers, disease-specific QoL scales are used containing Likert items, 

Numerical rating scale (NRS), “True-False” type binary items, Euroqol 5-Dimensions (EQ-5D-5L) scale, etc. Patient reported 

Outcome (PRO) instruments used for assessment of individual's perceptions of his/her physical and psychosocial health-status 

highlighting impact of illness in a patient's day-to-day life and also to adjust treatment strategies, improve delivery of care and 

optimize clinical outcomes. QoL scales differ with respect to dimensions covered; numbers of items, number of levels in items, 

scoring method, values of reliability, validity, responsiveness, etc. and scores are not comparable. Different experiences of 

patients are measured by different QoL tools [1]. Measurement issues and associated statistics and psychometrics are foundational 

elements of the scales. The tools do not consider distribution of scores and most of them use summative score for dimensions 

and the test.  
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Desired properties of scoring a scale to get a single value are: 

𝑃1: To ensure meaningful arithmetic aggregation of item 

scores to get scale scores reflecting position of individuals by 

monotonically increasing continuous variables i.e., gain in a 

domain/item score to increase the scale score 

𝑃2 : Computation of mean and variance and other moments of 

scale scores 

𝑃3 : Same range of scores for each item  

𝑃4 : Finding relative importance of the domains  

𝑃5: Quantification of progress made by one or a group of 

individuals over times i.e. responsiveness.  

 

The paper describes methodological issues of scales used in 

disease severity and QoL measures and suggests 
transformation of item scores to continuous, monotonic and 

normally distributed scores in the range 1 to 100, satisfying 

the above said desired properties and facilitating meaningful 

application of statistical analysis under parametric set up and 

better utilization of such tests.  

 

Major shortcomings of summative scores 
 Levels of an item are ordered but not equidistant. 

Equidistant property requires constant value of distance 

between j-th and (j+1)-th levels ∀ j =1, 2, 3, 4 for a 5-
point item. Distance between successive levels is 

unknown and not uniform [2]. 

 -. Equal importance to the items and subscales 

(dimensions) for summative score ignores different 

contributions of items and dimensions to total score, 

different item-total correlations, and different factor 

loadings [3]. Non-admissibility of addition means 

statistics like mean, standard deviation (SD), correlation, 

regression, analysis of variance (ANOVA), Principal 

component analysis (PCA), Factor analysis (FA), 

Cronbach alpha (which uses item variances and test 

variance), etc. are not meaningful and may produce 

strange results[4].  

 Test results are sample based without throwing light to 

estimations and testing hypothesis in terms of population 

parameters. 

 Rating data are skewed with floor and ceiling effects, and 
normality checks are necessitated [5]. Discrete ordinal 

data are non-normal and violate assumptions of many 

statistical procedures [6]. Features like metric, presence of 

zero point and clearly defined operational procedure of 

scoring of scales are the basics for measurement [7].  

 -Summation of two random variables 𝑋 + 𝑌 = 𝑍 is 
meaningful if distributions of X and Y have same shape. 

It is necessary to know probability density function (pdf) 

of Z for application of parametric statistical analysis and 

better comparisons.  

 Computation of mean, SD of test scores assume 
admissibility of addition of ordinal data and equidistant 

response-categories. Comparisons by t-test, ANOVA, 

finding independent factors by PCA, FA, assume normal 

distribution of scores, which are not usually tested in 

empirical investigations. 

 Results may go wrong if assumptions of the techniques 

used are violated. For example, high correlation between 

two variables X and Y is taken as linear relationship 

between X and Y and regression of the form 𝑌 = 𝛼 +
𝛽𝑋 + 𝜖 is fitted. But, 𝑟𝑋𝑌  may be high even if Y is non-
linearly related with X. If X takes integer values from 1 

to 30, 𝑟𝑋,𝑋2= 0.97;𝑟𝑋,𝑋3 = 0.92; despite each of 𝑋2, 𝑋3 

being non-linear function of X. Clearly, high correlation 

may not imply linearity.  

 EQ-5D-5L gives pattern of health-status of persons. 

Calculation of value sets for EQ-5D-5L with upper 

bound 5-5-5-5-5 and lower bound 1-1-1-1-1, can be 

questioned on soundness of central estimates of each 

dimension–level combination and may result in different 

variance at different range of values i.e. 

heteroskedasticity [8]. 

 

Illustrative scales 
Chronic rhinosinusitis (CRS) is a chronic disease of adults. 
Probability [persons with CRS to have poor QoL] = 9* 

Probability [persons without CRS][9]. CRS is a heterogeneous 

group of inflammatory diseases of nasal and para-nasal 

cavitie with polyp formation (CRSwNP) or without polyps 

(CRSsNP). CRS evaluations with multiple intrinsic and 

extrinsic factors, wide spectrum of disease variants with 

diverse characteristics on clinical and pathophysiologic level 

are complex [10]. Symptoms of CRS include nasal discharge, 

post-nasal drip, nasal congestion and/or obstruction, facial 

pain, pressure or fullness and decreased sense of smell for 

duration ≥12 weeks with objective findings on either 
computed tomography or nasal endoscopy [11]. Clearly, CRS 

disrupts day-to-day life of patients by affecting leisure and 

sleep [12]. 

QoL scores of CRS patients are significantly lower in 

comparison with the same in other common chronic diseases 

like congestive heart failure, angina, chronic obstructive 

pulmonary disease, back pain [13]. The etiology and 

pathophysiology of CRS is not known. Specialists differ in 

defining rhinitis and sinusitis as one clinical entity, or regard 

both as separate diseases. CRS affect negatively QoL, as 

emerged from rhinosinusitis QoL instruments [14]. Poor QoL 

scores from Sino-nasal Outcome Test 22 (SNOT-22) are due 

to functional, physical and psychological aspects unique to 

CRS. Factors affecting QoL in CRS patients include: 

symptom types, comorbidities like gastro-esophageal reflux 

disease (GERD), socio-bio-demographic factors like age, 

gender, behavioral factors including smoking habit, etc.[15-16].  
Since treatment for rhinosinusitis is based on symptoms and 

their impact, it is important to quantify the sensitivity to 

change in health-status i.e. responsiveness. Out of 16 QoL 

instruments measuring sinusitis, following three met basic 

requirements of validity, reliability, and responsiveness [17]:  

 Chronic Sinusitis Survey (CSS), 

 Rhinosinusitis Outcome Measure-31(RSOM-31),  

 SNOT-16.  

 

CSS measures sinusitis-specific symptoms and medications 

during the previous 8 weeks using six items. Standardized 

total CSS-scores range between 0–100 where lower scores 

signify greater impact of disease on patients.  

RSOM-31 is a broad-based tool covering disease-specific 

rhinosinusitis and also general QoL measurements. RSOM-

31 was compacted into SNOT-22 to improve SNOT-16.  

Other Rhinology and Otology related disorders having effects 
on QoL are:  

 Tinnitus and hearing loss with or without mass are 

primarily due to otospongiosis, labyrinthitis ossificans, 

superior semicircular canal dehiscence, enlarged 

vestibular aqueduct syndrome, etc. While Otospongiosis 

affects the bony labyrinth, the labyrinthitis ossificans 
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affects the membranous labyrinth. The imaging for 

tinnitus and hearing loss in adults are undertaken by 

otoscopic exam and audiometry testing. Computed 

tomography and MR imaging have different and 

complementary roles in identifying causes and 

evaluating the disease. QoL scores of hearing loss group 

without tinnitus> QoL scores for normal hearing with 

tinnitus group [18].  

 

Tinnitus Handicap Inventory (THI) using EQ-5D-6L 

quantifies impact of tinnitus on daily life indicated a single 
factor solution. Thus, separate analysis of subscales are 

invalid [19-20]. 

 Bilateral vestibular hypo-function (BVH) is 

characterized by reduced/absence of vestibular function, 

primarily due to ototoxic, infectious, traumatic, 

autoimmune resulting in vestibular end organ and/or 

vestibular nerve dysfunctions. Major symptoms of BVH 

are imbalance (vestibular ataxia), decreased dynamic 

visual acuity, oscillopsia during head and body 

movements due to instability of gaze. Evaluations of 

vestibulo-ocular function to diagnose BVH and 

assessing severity are usually undertaken using caloric 

testing, rotatory chair testing, and video-based 

quantitative head impulse testing (vHIT). However, no 

tool allows evaluation of frequency range of vestibular 

sensors in a continuous fashion unlike hearing loss. To 

assess QoL of BVH-patients, Oscillopsia Severity 

Questionnaire was developed for assessing oscillopsia 
severity with nine number of 5-point items(1 to 5). SF-

36 and Dizziness Handicap Inventory (DHI) were used 

to assess QoL linked to vestibular dysfunctions [21]. 

 Meniere’s disease (MD) is more common among 

women, and prevalence increases with increase in age. 

MD is a chronic and intermittent disorder with a variety 

of symptoms like vertigo, hearing loss, tinnitus, aural 

pressure, disequilibrium, etc.[22]. Changes in QoL for 

MD patients who had failed diuretic therapy and treated 

with migraine prophylactic medications were 

evaluated[23] by Meniere’s Disease Outcomes 

Questionnaire–Retrospective (MDOQ-R) scale with 18 

multiple-choice items (36 paired items) for pre- and post-

treatment conditions[24]. Change in QoL by difference of 

mean scores of pre- and post-treatment conditions can be 

questioned since mean is not meaningful for ordinal 

scores [4] and non-normal distribution of MDOQ-R 
scores violate assumption of t-test to compare means. 

 Dysphagia (swallowing difficulties) and dysphagia-

related interventions affects QoL as measured through 

Swallowing Disorders questionnaire (SWAL-QOL) 

containing 44 items distributed over 11 domains 

(Burden; Eating desire; Feeding duration; Symptom 

frequency; Food selection; Communication; Fear; 

Mental health; Social Function; Sleep; and Fatigue), 

which are scored on a scale of 0 to 100 and can be 

cumbersome to complete.  

 
Self-reported QoL Instruments:  

SNOTT-22, a 22-item questionnaire with four domains 

(rhinologic symptoms, ear and facial symptoms, sleep 

disturbance and psychological symptoms) is designed to 

include symptoms intimately related with rhinosinusitis. 

Participants indicate their degree of agreement on each item 
in a 6-point scale marked from 0 to 5 where 0: no problem, 5: 

most serious problem. Domain scores and total scores for 

each participant is sum of item scores. A SNOT-22 score >7 

is taken as poor QoL and a score ≤ 7 is considered as normal 

[25].SNOT-22 scores can differentially predict and guide 

treatment modality across different groups with CRS 
symptoms [26].  

The 36-Item Short Form Survey (SF-36) is a generic QoL 

tool containing 36-item, and eight sub-scales that came out 

from the Medical Outcome Study [27]. SF-36 does not provide 

overall score like 𝑆𝐹36𝑇𝑜𝑡𝑎𝑙  due to several independent 

dimensions (http://www.webcitation.org/6cfeefPkf). SF-36 

has been used to evaluate post-operative outcomes after 

Endoscopic Sinus Surgery (ESS), health and socio-economic 

burden of chronic CRS [28-29]. SF-36 with low response rate in 

older age groups [30] does not consider “sleep”. However, 

CRS patients suffer from sleep disruption which may result 
in reduced QoL, impaired cognitive functions and mood 

disturbances [31]. 

Nasal Obstruction and Symptom Evaluation (NOSE) has 

been used to classify nasal obstruction severity [32]. However, 

it is not suitable for CRS severity and outcomes 

measurements [33]. 

EQ-5D-5L, commonly used generic health-status 

measurement tool has been used to study clinical outcomes 

in CRS [34]. A value set of EQ-5D-5L gives a pattern of health-

status of a person. Value set 12345 is different from 54321 or 

any permutation of 1, 2, 3, 4 and 5. While 12345 indicate 

extremely poor health-state for the 5th dimension, the reverse 

is indicated by 54321 implying different clinical needs of the 

two persons. Clearly, summative scoring of dimensions of 

EQ-5D-5L is not valid. QoL as per the hearing status and the 

presence of tinnitus was evaluated using EQ-5D-5L[18] where 

dimensions were mobility, self-care, usual activities, 
pain/discomfort, and anxiety/depression. However, the study 

did not consider relative severity or grade of tinnitus.  

DHI is a handicap scale to assess effect of dizziness and 

unsteadiness on QoL. 25-items are grouped into 3 subscales 

(emotional, functional, and physical aspects of daily living). 

An item score could be 0 (no), 2 (sometimes) and 4 (yes). 

DHI score ranges between 0 implying absence of handicap 

and 100 indicating worst self-perceived disability handicap 

[35]. Total DIH-scores are used for interpretation and not the 

three subscales.  

Rhinosinusitis disability index (RSDI) is a disease-specific 

QoL questionnaire containing 30 numbers of 5-point items (0 

to 4) where 0: never, 1: almost never, 2: sometimes, 3: almost 

always, 4: always. Maximum RSDI-score 120 indicates worst 

QoL and the minimum RSDI-score 0 indicates better QoL. 

RSDI gives total score and domain scores for functional (9 

items:1-5, 13, 23, 28, 29), emotional (10 items:12, 14-19, 21, 
26, 27) and physical (11 items: 6-11, 20, 22, 24, 25, 30). 

Contributions of sub-scales to total RSI are clearly different 

[36]. 

Perceived Control of Rhinitis Questionnaire (PCRQ) 

contains 8 items where 8 ≤ Total scores≤ 40. Higher score 

indicates greater perceived control of rhinitis. 

 

Observations: 
 Discrepancies exist in assessment of disease burden by 

objective and subjectively perceived measures, 

especially for statistical and clinical importance sinus 
surgery results [37].  

 Heterogeneity of outcome assessment methodologies 

poses obstacle on treatment effectiveness evaluation and 
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comparison. While RSDI and SNOT-22 are more 

sensitive to emotional impact of CRS, CSS examines 

medication use and symptoms [1]. 

 Directions of scales differ. While higher score of RSDI, 

DHI, SNOT-22, SWAL-QOL, etc. imply poor QoL, 

reverse is true for CSS-scores 

 Domains with higher number of items contribute more 

to total test scores.  

 Challenge is to find total score of an individual in SF-36, 

EQ-5D-5L  

 Scales differed with respect to domains considered, 
dimensional structure, cut-off scores, sensitivity of 

changes, etc. Better is to convert discrete test scores to 

continuous variables enabling detection of small changes 

and to find equivalent scores of different scales for 

integration of scales. 

 

Main Points 
 Tools for measurement of severity of Rhinology and 

Otology related disorders and their impact on Quality of 

Life are not comparable since they differ in terms of 

length (number of items), width (number of response-

categories/levels), dimensions covered, psychometric 

documentation and scoring methods.  

 The paper addresses methodological issues of such tools 

and proposes remedial measures by transforming ordinal 

item scores to follow normal distribution for meaningful 

evaluation of measurement properties and better 

utilization of such tests 
 Normally distributed scores facilitate meaningful 

aggregation, satisfy desired properties and offer platform 

for parametric analysis including statistical testing. In 

addition, the proposed method also helps to find 

reliability as per theoretical definition, factorial validity 

avoiding criterion variable, assessment of 

progress/deterioration of one or a group of patients, 

efficiency of classification, equivalent scores of two 

tests, etc.  

 

Proposed method 
Proposed scores by [38] are obtained by following stages:  

1: Convert item scores to equidistant scores (E-scores) as 

weighted sum where weights 𝑊𝑖𝑗′𝑠 are different for different 

levels of different items, and 𝑊1 , 2𝑊2, 3𝑊3, 4𝑊4 and 5𝑊5 
forms an arithmetic progression with common difference > 0. 

Find maximum (𝑓𝑚𝑎𝑥) and minimum frequency (𝑓𝑚𝑖𝑛) of the 

levels of each item. Take initial weights𝜔𝑖𝑗 =
𝑓𝑖𝑗

𝑛
. Arrange 

𝜔𝑖𝑗′𝑠 so that 𝜔𝑖1< 𝜔𝑖2 < 𝜔𝑖3 < 𝜔𝑖4 < 𝜔𝑖5 where 

 𝜔𝑖1 = 
𝑓𝑚𝑖𝑛

𝑛
 and  

  𝜔𝑖5 =
𝑓𝑚𝑎𝑥

𝑛
 . Consider intermediate weight 𝑊𝑖1 =  𝜔𝑖1 and 

common difference 𝛼 so that 

 𝑊𝑖1 +  4𝛼 = 5Wi5 ⟹ 𝛼 = 
5𝑓𝑚𝑎𝑥−𝑓𝑚𝑖𝑛

4𝑛
  

 Thus, 𝑊𝑖2 =
𝜔𝑖1+ 𝛼 

2
, 𝑊𝑖3 =

𝜔𝑖1+ 2𝛼

3
;𝑊𝑖4 =

𝜔𝑖1+ 3𝛼

4
; and 

𝑊𝑖5 =  
𝜔𝑖1+ 4𝛼

5
. Compute final weights 𝑊𝑖𝑗(𝐹𝑖𝑛𝑎𝑙 ) = 

𝑊𝑖𝑗

∑ 𝑊𝑗
5
𝑗=1

 

enabling ∑ 𝑊𝑖𝑗(𝐹𝑖𝑛𝑎𝑙 ) = 1 and 𝑗. 𝑊𝑗(𝐹𝑖𝑛𝑎𝑙) − (𝑗 −
1). 𝑊(𝑗−1)(𝐹𝑖𝑛𝑎𝑙)  = constant, value of which are different for 

different items. 

2: Standardize E-scores of the i-th item, 𝑍𝑖𝑗 =
𝐸𝑖𝑗− 𝐸𝑖̅̅̅

𝑆𝐷(𝐸𝑖)
 

~𝑁(0, 1)  

3: Transform 𝑍𝑖 to proposed score 𝑃𝑖  in the score range 

[1,100] by  

 

𝑃𝑖 = (100 − 1) [
𝑍𝑖 −𝑀𝑖𝑛𝑍𝑖

𝑀𝑎𝑥𝑍𝑖 −𝑀𝑖𝑛𝑍𝑖
] + 1  (1) 

 

𝑃𝑖-scores in the range [1,100] are continuous, normally 
distributed implying better admissibility of arithmetic 

aggregation and can be used for any number of items with 

different number of levels. Dimension scores and test scores 

taken as sum of 𝑃𝑖 ′𝑠 will also follow normal. Such procedure 

also helps to find scale/battery score (say𝑆𝐹36𝑇𝑜𝑡𝑎𝑙).  
Procedure to obtain normally distributed score of EQ-5D-5L, 

proposed by [8] are: 

I: Find proportion of responses in j-th level of i-th item as 

𝑝𝑖𝑗 > 0 and ∑ 𝑝𝑖𝑗
5
𝑗=1  = 1. For  

Item 1, proportions are 𝑝11 =
𝑓11

𝑛
, 𝑝12 =

𝑓12

𝑛
, 𝑝13 =

𝑓13

𝑛
, 𝑝14 =

𝑓14

𝑛
, and 𝑝15 =

𝑓15

𝑛
 for n-respondents who completed the entire 

questionnaire.  

II: Consider 𝑝𝑖𝑗 as data-driven weights and assign numerical 

values to a health-profile as weighted sum. For example, 

profile 12345 for i-th person (𝑌𝑖) can be expressed as an 

expected value = 1(𝑝11) +2(𝑝22) + 3(𝑝33) + 4(𝑝44) +
5(𝑝55) which is different from 54321 for j-th person (𝑌𝑗) = 

5(𝑝11) +4(𝑝22) + 3(𝑝33) + 2(𝑝44) + 1(𝑝55). Following 
similar approach, dimension scores can also be obtained. 

Scores as weighted sum are expected values and are 

continuous. 

 III: Standardize by 𝑍𝑖 =
𝑌𝑖−𝑌̅

𝑆𝐷(𝑌)
 ~𝑁(0,1) and transform 𝑍𝑖 to 

proposed score 𝑃𝑖  such that 1 ≤ 𝑃𝑖 ≤ 100 by the linear 

transformation given in equation (1)  

 

Major benefits of proposed scores:  
1. Find single total score of an individual for a test or 

battery including EQ-5D-5L 

2. Sub-class scores and total scores are continuous, 
monotonic, normally distributed with better 

admissibility of addition and facilitate parametric 

analysis including estimation of population mean (𝜇), 

population variance (𝜎2), confidence interval of 

𝜇, testing hypothesis like 𝐻0: 𝜇1 = 𝜇2 or 𝐻0: 𝜎1
2 = 𝜎2

2 

either for longitudinal data or snap-shot data. 

3. Classify and rank group of persons. 

4. Test effectiveness of treatments/cares by𝐻0: 

𝜇𝑃𝑝𝑟𝑒−𝑔𝑟𝑜𝑢𝑝
= 𝜇𝑃𝑝𝑜𝑠𝑡−𝑔𝑟𝑜𝑢𝑝

 using paired t-test since pre-

treatment group and post-treatment group are not 

independent. 

5.  Percentage progress/deterioration of i-th patient in t-th 

time-period (𝑃𝑖𝑡) by 
𝑃𝑖𝑡 −𝑃𝑖(𝑡−1)

𝑃𝑖(𝑡−1)
× 100 reflects 

responsiveness of the scale and effectiveness of a 

treatment plan for better prognostication. 𝑃𝑖𝑡 − 𝑃𝑖(𝑡−1) >

0 implies progress in t-th period over (t-1)-th period. 

Deterioration in terms of P-scores indicated by 𝑃𝑖𝑡 −
𝑃𝑖 (𝑡−1) < 0 may be probed to identify the sub-classes 

where deterioration occurred and extent of deterioration 

for possible corrective actions. Similarly, progress for a 

group of persons is reflected if 𝑃𝑖𝑡
̅̅̅̅ > 𝑃𝑖(𝑡−1)

̅̅ ̅̅ ̅̅ ̅̅  

6. 𝐻0 : 
𝑃𝑖𝑡−𝑃𝑖(𝑡−1)

𝑃𝑖(𝑡−1)
= 0 is possible since ratio of two 

normally distributed variables follows 𝜒2  distribution  

7. Plotting of progress/deterioration of one or a group of 
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patients across time can help to compare progress pattern 

i.e. response to treatments from the beginning. 

8. Normality helps to estimate variance of each item and 

the scale and thus enables estimation of Cronbach alpha 

at population level. 

9. P-scores help to find Equivalency or integration of two 

scales. Let 𝑓(𝑋) and 𝑔(𝑌) denote respectively normal 
density function of P-scores for Scale X and Scale Y. 

Equivalent score combinations 𝑃01 and 𝑃02  for Scale X 

and Y respectively can be found by solving the equation 

∫ 𝑓(𝑋)
𝑃01

−∞
𝑑𝑥 = ∫ 𝑔(𝑌)

𝑃02

−∞
𝑑𝑦 using normal probability 

table for a known value of𝑃01.  

10. Normality distributed P-scores enable PCA and 

computation of factorial validity as
𝜆1

∑ 𝜆𝑖
, where 𝜆1  is the 

highest eigenvalue associated with the first principal 

component. Factorial validity reflects the main factor for 

which the test was developed and accounts for 
𝜆1

∑ 𝜆𝑖
 ×

100 percent of overall variability. Such factorial validity 
avoids the problems of construct validity (administration 

of two tests to the same sample) and is independent of 

criterion scale [38]. However, factorial validity needs to 

tally with clinical findings. 

11.  

12. Test reliability as per theoretical definition 
True  score variance (𝑆𝑇

2)

Observed score variance (𝑆𝑋
2 ) 

 was proposed [40] 

 

By dichotomizing a test in two parallel subtests (g-th and h-

th) and finding Error variance 𝑆𝐸
2 by 

 

𝑆𝐸
2 =  

1

𝑛
[‖𝑋𝑔‖

2
 + ‖𝑋ℎ‖2 - 2‖𝑋𝑔‖‖𝑋ℎ‖𝐶𝑜𝑠𝜃𝑔ℎ]  (2) 

 

where n is the sample size; ‖𝑋𝑔‖ =  √∑ 𝑋𝑖𝑔
2𝑛

𝑖=1  denotes 

length of the g-th vector; ‖𝑋ℎ‖ is defined similarly and 𝜃𝑔ℎ is 

the angle between the g-th and h-th vectors given by  

 

𝐶𝑜𝑠𝜃𝑔ℎ =
∑ 𝑋𝑔𝑖

𝑁
𝑖=1 𝑋ℎ𝑖

‖𝑋𝑔‖. ‖𝑋ℎ‖
 

 

Thus, 𝑟𝑡𝑡(𝑇ℎ𝑒𝑜𝑟𝑖𝑡𝑖𝑐𝑎𝑙) =
𝑆𝑇

2

𝑆𝑋
2 = 1- 

𝑆𝐸
2

𝑆𝑋
2 = 1 - 

1

𝑁
[‖𝑋𝑔‖

2
 + ‖𝑋ℎ‖2  − 2‖𝑋𝑔‖‖𝑋ℎ‖𝐶𝑜𝑠𝜃𝑔ℎ]

𝑁𝑆𝑋
2  (3) 

  

g-th and h-th subtests are parallel if 𝐻𝑜 : 𝑃𝑔̅ = 𝑃ℎ
̅̅ ̅ by t-test and 

𝐻𝑜 : 𝜎𝑃𝑔
2 = 𝜎𝑃ℎ

2  by F-test are accepted. Both t-test and F-test 

assume normal distribution of variables. 

Equation (3) helps to test 𝐻0: 𝑟𝑡𝑡(𝑇ℎ𝑒𝑝𝑟𝑒𝑡𝑖𝑐𝑎𝑙) = 1 which boils 

down to test 𝐻0: 𝜎𝑋
2 = 𝜎𝑇

2 by F-test.  

𝑟𝑡𝑡(𝑇ℎ𝑒𝑜𝑟𝑖𝑡𝑖𝑐𝑎𝑙) ≥ Split-half reliability (𝑟𝑔ℎ) [41] and reliability 

of a battery with K-subtests by  

 

 𝑟𝑡𝑡 (𝐵𝑎𝑡𝑡𝑒𝑟𝑦) = 
∑ 𝑟𝑡𝑡𝑖

𝐾
𝑖=1 𝑆𝑋𝑖

2 + ∑ ∑ 2 𝐶𝑜𝑣(𝑋𝑖 ,𝑋𝑗)𝐾
𝑗−1

𝐾
𝑖=1 𝑖≠𝑗

∑ 𝑆𝑋𝑖
2𝐾

𝑖=1 + ∑ ∑ 2 𝐶𝑜𝑣(𝑋𝑖 ,𝑋𝑗 )𝐾
𝑗−1

𝐾
𝑖=1 𝑖≠𝑗

  (4) 

 

 

where battery score is taken as sum the scores of the sub-tests 

(without weights) 

If the battery score is defined as 𝑏 = ∑ 𝑊𝑖𝑋𝑖
𝐾
𝑖=1  where 

𝑋𝑖  denotes the score of the i-th sub-test and 𝑊𝑖 is the 

corresponding weight of the sub-test such that 𝑊𝑖 > 0 and 

∑ 𝑊𝑖 = 1𝐾
𝑖=1 , then  

 

𝑟𝑡𝑡 (𝐵𝑎𝑡𝑡𝑒𝑟𝑦) = 
∑ 𝑟𝑡𝑡𝑖

𝐾
𝑖=1 𝑊𝑖

2𝑆𝑋𝑖
2 + ∑ ∑ 2𝑊𝑖 𝑊𝑗 𝐶𝑜𝑣(𝑋𝑖 ,𝑋𝑗)𝐾

𝑗−1
𝐾
𝑖=1 𝑖≠𝑗

∑ 𝑊𝑖
2𝑆𝑋𝑖

2𝐾
𝑖=1 + ∑ ∑ 2 𝑊𝑖 𝑊𝑗𝐶𝑜𝑣(𝑋𝑖 ,𝑋𝑗)𝐾

𝑗−1
𝐾
𝑖=1 𝑖≠𝑗

  (5) 

 

However, different selection of weights will give different 

values of𝑟𝑡𝑡 (𝐵𝑎𝑡𝑡𝑒𝑟𝑦).  

12.Efficiency of classification may be assessed by Davies-

Bouldin Index (DBI) which is based on ratio of within-cluster 

and between-cluster distances[40]. For K-number of classes 

DBI is computed by  
 

𝐷𝐵𝐼𝐾  = 
1

𝐾
∑ ∑ 𝑀𝑎𝑥[

𝐷𝑖𝑎𝑚𝐶𝑖 −𝐷𝑖𝑎𝑚𝐶𝑗

‖𝐶𝑖 −𝐶𝑗‖
]𝐾

𝑗=1 (𝑖≠𝑗)
𝐾
𝑖=1   (6) 

 

where diameter of i-th class 𝐷𝑖𝑎𝑚𝐶𝑖 = √
∑ ‖𝑥𝑖−𝐶𝑖‖2

𝑥𝑖∈ 𝐶𝑖

𝑛𝑖
 

 

𝐶𝑖: Centroid or mean of the i-th class; 𝑛𝑖: Number of members 
in the i-th class.  

Upper limit of DBI is 1 and lower value implies better 

efficiency. 

The optimal number of clusters has the smallest DBI value, 

which can be obtained from the graph of DBI and Number of 

clusters.  

 

Limitations  
The proposed method assumes no missing data. If cases with 

missing data are dropped, it produces systematic bias which 

may undermine the validity of the sample representativeness.  

 

Discussion 
Ordinal item scores and health-profiles of 5D-5L are 

converted to continuous score in [1, 100] following normal 

distribution. Dimension scores and test scores are obtained as 

sum of item-wise P-scores and are normally distributed, 

parameters of which can be estimated from data. 

 

Advantages of Normally distributed P-scores include 
 Satisfy the basic assumption of statistical techniques like 

PCA, FA, t-test, paired t-test, F-test, etc. and enables 

estimation of population parameters and testing 

statistical hypothesis.  

 Meaningful arithmetic aggregation, meaningful 

comparisons and better utilization of such tests 

 Test reliability as per theoretical definition from single 

administration of a test and battery reliability avoiding 

inherent problems of Test-retest reliability and 

Cronbach’s alpha. 

 -Testing hypothesis 𝐻0: 𝑟𝑡𝑡(𝑇ℎ𝑒𝑝𝑟𝑒𝑡𝑖𝑐𝑎𝑙) = 1 and also to 

test whether two tests are parallel.  

 Undertaking PCA and computation of factorial validity 

i.e. validity of the main purpose for which test was 

constructed. 

 Assessment of responsiveness i.e. progress/deterioration 

of one or a group of patients across time. Significance of 

progress/deterioration can be tested by𝜒2test. The curve 

showing 𝑃𝑖𝑡
 against time-periods gives progress-path 

over time. Comparison of progress-paths can help to 

draw important inferences. 

 Optimal number of clusters and efficiency of 

classification by Davies-Bouldin Index considering ratio 

of within-cluster and between-cluster distances. 

 Equivalent scores of two tests avoiding problems of 

linear equating, IRT model, statistical prediction and 
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equipercentile equating. This helps to equate boundary 

points of classification based on scores of two tests 

including cut-off points (𝑋0) such that individuals with 

scores ≤ 𝑋0 are normal healthy persons and those with 

scores exceeding 𝑋0 have the disease.  

 

Conclusions  
Normally distributed proposed scores, satisfying the desired 

properties of measurement, facilitating parametric analysis 
and better computation of psychometric qualities is 

recommended. Practicing experts and researchers can derive 

benefits of the proposed score for better comparisons and 

prognosis. Simulation studies may be undertaken to evaluate 

merits of the proposed approach.  
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