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Abstract: The Satisfaction with Life Scale (SWLS), a 5-item instrument with 7 response-
categories per item, measures cognitive judgments of satisfaction with one's life using
summative scoring where higher score implies higher life satisfaction. Discrete scores of
SWLS using Likert-type items fail to satisfy equidistant property and do not consider
distributions of item scores or scale scores. The paper gives an assumption-free method to
convert item scores of SWLS to continuous scores following normal distribution and scale
score is taken as sum of such normally distributed item scores. The proposed scores avoiding
tied-scores facilitate better admissibility of arithmetic aggregation, meaningful comparisons,
ranking, classification of individuals, assessment of progress/deterioration across time and
undertaking parametric statistical analysis. In addition, it helps to assess changes in
successive time-periods for an individual or a group of individuals, drawing of progress-paths
and test of significance of progress or deterioration. Normality of proposed scores facilitates
finding equivalent scores of several measures of life satisfactions with different scale formats
and different score-ranges. Empirical illustration is given with hypothetical data. The
proposed method is recommended to enhance the utilization of the SWLS for better
measurement of satisfaction with life along with meaningful comparisons and inferences.

Keywords: Assessment of progress, Equidistant scores, Equivalent scores, Likert items,
Normal distribution, Satisfaction with Life Scale.

Resumo: A Escala de Satisfagdo com a Vida (SWLS), um instrumento de 5 itens com 7
categorias de resposta por item, mede os julgamentos cognitivos de satisfagdo com a vida,
utilizando a pontuagdo sumativa onde uma pontuagdo mais alta implica uma maior satisfacao
com a vida. Pontuacdes discretas de SWLS usando itens do tipo Likert- ndo satisfazem a
propriedade equidistante e ndo consideram distribui¢des de pontuacdes de itens ou
pontuagdes de escalas. O artigo dd& um método sem pressupostos para converter as
pontuacdes dos itens de SWLS em pontuagdes continuas seguindo a distribuicdo normal e a
pontuagdo da escala ¢ tomada como soma de tais pontuagdes de itens normalmente
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distribuidas. As pontuacdes propostas, evitando pontuagdes empatadas, facilitam uma melhor
admissibilidade da agregacdo aritmética, comparagdes significativas, classificacdo,
classificacdo de individuos, avaliagio do progresso/deterioragdo ao longo do tempo e
realizacdo de analise estatistica paramétrica. Além disso, ajuda a avaliar altera¢des em
sucessivos periodos de tempo para um individuo ou grupo de individuos, desenho de
percursos de progresso ¢ teste de significancia do progresso ou deterioragdo. A normalidade
das pontuagdes propostas facilita a obtengdo de pontua¢des equivalentes de varias medidas de
satisfacdo de vida com diferentes formatos de escala e diferentes escalas de pontuacdo. A
ilustragdo empirica ¢ dada com dados hipotéticos. O método proposto ¢ recomendado para
melhorar a utilizagdo do SWLS para uma melhor medi¢do da satisfagdo com a vida,
juntamente com comparagdes ¢ inferéncias significativas.

Palavras-chave: Avalia¢do do progresso; pontuagdes equidistantes; Pontuagoes
equivalentes; Curtir itens; Distribuicao normal; Escala de Satisfagdo com a Vida.

1. Introduction:

The concept of life satisfaction, a key part of subjective well-being is widely-used
in psychology literature in general and positive psychology in particular. Broadly
speaking, two aspects of subjective well-being are (i) affective, which is further divided
into pleasant affect and unpleasant affect (Diener and Emmons, 1984), and (ii)
cognitive, referred to as life satisfaction (Andrews and Withey, 1976). Different scales
have been evolved to measure life satisfaction, involving a number of factors and
variables. Illustrative list of scale includes Satisfaction with Life Scale (Diener et al.
1985); Student’s Life Satisfaction Scale (Huebner, 1991); Life Satisfaction Measure
based on Judgment Theory (Meadow., 1992); Temporal Satisfaction with Life Scale
(Pavot et al., 1998); Brief Life Satisfaction Scales (Lubin and Van Whitlock, 2004);
Riverside Life Satisfaction Scale (Margolis et al., 2018), etc.

The most common scale is the “Satisfaction with Life Scale” (SWLS) which
measures satisfaction of people's lives as a whole and not specific satisfaction area
like health, energy, finances, etc. but allows subjects to integrate and weigh the
domains in whatever way they choose. It may be noted that Life satisfaction is the
extent of overall quality of his/her own life-as-a-whole which is different from
aspect-wise judgments like satisfaction with one’s work or marriage. Thus, it

measures only the cognitive component of Subjective well-being (SWB). The
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affective components and SWLS scores cannot be used as direct measures of
emotional well-being, which implies that SWLS is a judgmental process, where
respondents try to assess quality of their lives on the basis of their own sets of criteria
(Shin and Johnson, 1978). However, it is not clear what standards or conditions based
on which people assess their life satisfaction (Tate, 2010). Thus, SWLS is a reflective
measurement model, and not a formative model. SWLS score of an individual might
vary across time, and items may vary in terms of susceptible to change (Pavot and
Diener, 1993)

SWLS consists of five number of 7-point Likert items, where 1: Strongly
Disagree; 2: Disagree; 3: Slightly Disagree; 4: Neither Agree or Disagree; 5: Slightly
Agree; 6: Agree and 7: Strongly Agree. The five items are:

1. In most ways my life is close to my ideal.

2. The conditions of my life are excellent.

3. I am satisfied with my life.

4. So far I have gotten the important things I want in life.

5. If I could live my life over, I would change almost nothing

Score of an individual is taken as summative score of the five items which
ranges between 5 to 35. Higher score implies higher life satisfaction. People with
higher sores in SWLS are more compatible with and productive in society (Avcu,
2021) who found that SWLS items did not show gender-bias i.e. SWLS items
functioned similarly for men and women. The fifth item has been questioned due to
its focus on desire to change rather than their current sense of life satisfaction (Pavot
and Diener, 1993).

Meaningful comparisons of mean SWLS-scores across gender, culture, age-
groups, etc. may not always be valid (Emerson et al. 2017) since ability of SWLS to
measure its underlying constructs equivalently across different subgroups is usually
assumed and not tested (Kern et al.2016). Comparisons of groups presume that

SWLS scores are valid across various sub-groups i.e. measurement invariance (MI)
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which demonstrates that a construct has the same meaning to those sub-groups or
across repeated measurements. For a given factor score of a subject, MI indicates
his/her observed score is independent of his/her group membership (Lubke et al.
2003). Oishi, (2006) examined MI of SWLS between students of USA and China
using multi-group structural equation modeling, multiple indicators multiple causes,
and item response theory (IRT) and found that Items 4 and 5 were non-invariant.
Similarly, using latent-class analysis for testing MI of SWLS between USA and
China, Eid et al. (2003) found that MI did not hold. There is no agreed method of
testing MI and different methods used by researchers may give different results. Jang
et al. (2017) used three different methods to test MI and found that scalar MI did not
hold across countries. Strict MI satisfying the following four conditions across groups
are rarely used in applied context (Van De Schoot et al. 2015):

1) Equal form: The number of factors and same factor-indicator relationships

2) Equal loadings: Equal Factor loadings.

3) Equal intercepts: When observed scores as dependent variables and each
factor scores are taken as independent variable in regression equations

4) Equal residual variances:

Welzel et al. (2022) described limitations of MI tests as a tool of measurement
validation which works well for constructs with low between-group variance but not
the constructs having high between-group variance. Invariance is a guiding principle
and an ideal for model-based measurement theory but not a property of the SWLS.
One possible way to avoid the problem is to transfer SWLS scores to follow normal
distributions, parameters of which could be different for different subgroups.

The paper gives an assumption-free method to convert ordinal SWLS score to
continuous score following normal distribution and to facilitate meaningful comparisons,
ranking, classification of individuals, assessment of progress/deterioration across time
and undertaking parametric statistical analysis. In addition, such transformations also
help to find equivalent score of SWLS and another scale, keeping in mind prediction is

different from finding equivalent scores.
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2. Literature survey:

Summative SWLS score inter alia assumes:

- Equal importance to the items despite different values of item-total
correlations, item reliabilities, factor loadings. Pavot and Diener (1993) cited four
studies where factor loadings and item-total correlations of each SWLS item varied,

and the 5" item had lowest factor loadings and lowest item-total correlations. Item-

Standard deviation (SD)of item

where lower value
Item mean

wise coefficient of variation (CV) =

reflects consistency were computed by Pavot et al. (1991) for SWLS items and found
maximum CV of 43.76% for Item-5, followed by 36.84% for Item-4, 32.07% for
Item-2, 31.21% for Item-1 and 29.06% for Item-3.

- Response-categories are taken as equidistant, i.e. distance between (say)
“Disagree” and “Slightly Disagree” is same as distance between “Agree” and
“Strongly Agree”. However, distances between successive levels of an item are
different and unknown which imply arithmetic aggregations are not meaningful
(Bastien, et al. 2001).

- Response-categories are assumed to convey the same to the respondents, which
may not be true. Individuals differ on their perceptions about Ideal life, Conditions of
excellent life, Satisfied with life, Important things in life, etc. and how frequently an
action is to take place for regarding it as most ways. Participants may find it difficult
to distinguish between adjacent category levels (Avcu, 2021).

- Suggested cut-off points for SWLS for benchmarking by Pavot and Diener
(2013) are:

e 31 - 35 Extremely satisfied [chosen levels: 6 to 7 for each item]

e 26 - 30 Satisfied [chosen levels are 5 to 6]

e 21 - 25 Slightly satisfied [chosen levels are 4 to 5]

e 20 Neutral [level 4 is chosen for each item]

e 15-19 Slightly dissatisfied [chosen levels are 3 to 4]

e 10 - 14 Dissatisfied [chosen levels are 2 to 3]

5 - 9 Extremely dissatisfied [chosen levels are 1 to 2]
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One limitation of such classification is that it fails to distinguish subjects with
equal individual score i.e. individuals with tied score. For example, consider score
pattern of two individuals as 1-4-5-6-7 and 7-6-5-4-1. Here, summative score of each
individual is 23 i.e. both are slightly satisfied, as per the above classification. But,
overall satisfaction level of the 1% individual (with high scores in 4™ and 5" items)
appears to be more than the 2" individual (with low scores in 4™ and 5 items).

Efficiency of classification in terms of ratio of within group variance (small
value for a good classification) and between group variance (high value for a good
classification) need to be undertaken to assess goodness of classification, say by
Wilks’ lambda which assumes normally distributed variables. Number of class need
not be equal to number of response-categories. If the objective is to classify the
subjects in two mutually exclusive classes, “Dissatisfied” and “Satisfied” then better
is to adopt parametric Receiver Operating Characteristic (ROC) curve analysis and
decide cut-off score (Co) of SWLS in a specific population such that persons with
scores less than Co are dissatisfied and those with scores exceeding Co are
satisfied. Such analysis presumes normally distributed scores of SWLS.

Factors of life satisfaction have been measured using variables like health-status,
employment, economic status, and level of activity (Diener and Chan, 2011). Three
major factors which influence SWL are social relationship, performance with respect
to goals derived from one’s values and personal satisfaction (with the self, religious
or spiritual life, learning and growth, and leisure) (Pavot and Diener, 2013).

Subjective responses of individuals to SWLS could be based on his/her past
life (in retrospect), or future/expected life (in prospect) (future life), or the present
(current life). Thus, stability of judgments of the respondents in terms of SWLS
scores may vary with time. This can be reflected by different values of correlation
between repeated administrations of SWLS on the same cohort across time.
Factors like age, education level, cognitive level, personal capabilities and social
relations etc. of the subjects also affect stability of SWLS scores with time.
Ehrhardt et al (2000) showed that the log-graph of correlation of life-satisfaction

variable at base period t; and j-th period ¢ i.e. logrtot]. will be convex initially

and asymptotic as j increases.
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The SWLS is a valid and reliable measure of life satisfaction and has been used
worldwide in clinical and non-clinical populations across age-groups, occupations,
genders and patients suffering from chronic illnesses like arthritis (Laranjeira,2009),
mental illness (Meyer et al. 2004), systemic lupus erythematosus (Kulczycka, et al,
2010), Parkinson’s disease (Lucas-Carrasco ef al., 2014), etc.

Factor structure of SWLS were attempted using Principal Component Analysis
(PCA), Factor analysis (FA), where a single factor resulted explaining over 60% of
the variance of the scale implying one-dimensional structure of the scale (Clench-Aas
et al., 2011; Pavot and Diener, 1993;Vazquez et al., 2013). However, factor loading
of the fifth item was low in comparison to the other items (Vazquez et al., 2013).

Reliability of SWLS in terms of Cronbach Alpha is common. For example, alpha
was 0.82(Vera-Villarroel et al. 2012), 0.84 (Galanakis et al. 2017), 0.85 (van
Beuningen, 2012), 0.88 (Vazquez, et al. 2013). However, high value of alpha is not a
sufficient condition for measuring homogeneity or unidimensionality of the scale
(Cortina, 1993). Too high value of alpha may suggest that some items could be
redundant in the sense that these are measuring the same question but in a different
form. One way is to see effect of deletion of an item (say the item with minimum
item-total correlation) on alpha. However, studies reporting such deletions of item
and the resulting values of alpha are rare. Lopez-Ortega ef al. (2016) used Cronbach
alpha and inter-item correlations to find reliability of SWLS and conducted
exploratory factor analysis (EFA) which resulted in a single factor with eigenvalue of
2.71 and explaining 54.2% of the variance implying coherence to life satisfaction.
Each such technique requires meaningful admissibility of arithmetic aggregation.

SWLS was correlated well with Subjective Happiness Scale (SHS) with four items
rated on a 7-point Likert scale (Karakasidou ef al. 2016). Similar high correlations of
SWLS were observed with the Meaning of Life, a 10 item measure with 7-point scales
(Steger et al, 2006), Life Satisfaction Index — 20 items, each in 3-point scale (Abdallah,
1998; Pavot et al., 1991), Hope scale - 12 number of items each in 8-point scale (Bailey
and Synder, 2007), etc. SWLS was negatively correlated with measures of stress (-
0.39), depression (- 0.34) and anxiety (- 0.39) (Mahmoud ef al. 2012).

revistamultidisciplinar.com - vol.5 (2) 2023 - ISSN: 2184-5492 + Paginas 105-126



112

High correlation prompts to predict SWLS score with knowledge of score of
other scale (say) SHS or vice versa. But there is no cause-and-effect relationship
between SHS and SWLS. Correlations may not be suitable for analysis of agreement
of ordinal scores emerging from two scales since correlation is different from
agreements. The pertinent issue is to find equivalent score of SWLS for a given SHS
score, keeping in mind prediction is different from finding equivalence (Livingstone,
2004). Using the probability density function of SHS (f{x)) and SWLS (g(»)), one can
find equivalence score combinations {SWLS,, SHS,} so that area under the f{x) up to
SHS, = the area under the g(y) up to SWLS,, irrespective of scale format i.e. number
of items and number of response-categories.

High correlation between X and Y where X denotes SWLS score and Y denotes
score of the other scale may indicate SWLS has high construct validity. But question
may arise whether the correlation 7yy indicates validity of X or Y? In addition, high
value of 7y, could be due to similarity of the latent variable(s) being measured by X
and Y (validity) or due to similarity in distribution of X and Y or due to nature of data

and score-range of one or both the variables. For example, let X follows N (0, 1) and

-1
Y is the ordinate of N (0, 1) i.e. Y = \/% ez’ Clearly, X and Y are not linear. Here,

Tyy=-0.93302 if 0 < X < 3.9 (Case 1) and ryy= 0.00036 if —3.9 < X < 3.9 (Case
2).Interpretation of ryy from Case 1 is X and Y are highly correlated but correlation is
negative i.e. increase of one unit in X will result in decrease of Y and vice versa.
However, interpretation of 7yy from the Case 2 will be just the reverse. The example
shows that truncated score-range can affect ryyand high ryydoes not mean linearity
between two variables and justification for fitting regression lines of Y on X or X on
Y needs to be given by testing error variance is insignificant.

Distribution of SWLS score and item-wise SWLS are not known. Galanakis et al.
(2017) concluded normal distribution of each SWLS item based on item mean lying
between 4.07 to 4.80 and 2.22 < Item variance < 3.56. This can be questioned since
narrow range of mean and SD does not guarantee normal probability distribution
function. Inter-item correlations ranging between0.44 to 0.62; tend to indicate

unidimensionality of SWLS. However, this needs to be confirmed by PCA or FA.
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Psychometric properties of SWLS were empirically investigated by Avcu (2021)
using IRT approach, primarily to provide results which are independent of sample.
Vitterse et al. (2005) fitted a mixed Rasch model to study cultural differences on
SWLS items and reiterated need to use care in analyzing survey data across cultures.
Rasch analysis of SWLS showed that the scale was insensitive at high score levels of
life satisfaction (Schutte et al. 2019). However, the complex IRT technique involves
strong assumptions like equal discriminating value for the items, unidimensionality of
scale, local independence of the items, curvilinear relationship between item score
and constructs score which may not be good approximations of the reality of testing
(Livingstone, 2004). Moreover, transforming scale scores to follow normal
distribution can facilitate estimation of population parameters and drawing

conclusions accordingly.

3. Proposed method:

It is a multi-stage method to convert ordinal SWLS scores to continuous, monotonic,
equidistant scores followed by standardization and further linear transformation to ensure
1 < Proposed score < 100, proposed by Chakrabartty, (2019)

Let X;; denote the response endorsed by of the i-th person in the j-th item, for
i=12,...,nand j=1,2,.... ,5. X;j takes discrete value 1, 2, 3,4, 5, 6 and 7 for a
SWLS item.

3.1 Equidistant score:

Assign weights W;;'s to different levels of different items so that W;; >
0,21721 W;j = 1and take item score of an individual as weighted sum satisfying

equidistant condition i.e. W;, 2W,,
3Ws, 4W,, 5Ws, 6Weand 7W,, forms an arithmetic progression with a positive

common difference. One way to find such weights W;;is given below:
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Find maximum (f;,,4,) and minimum frequency (f;,;,) of levels of each item.

For the i-th item, put initial weights as W;; = wj; =fmTi". Find the common
difference g = ZYmax—min)
6n
Deﬁne[/l/iz = wi12+ 'B, Wi3 = wil; Z'B, Wi4- = —wilz 33, WiS = —wil-sl- 4'8, Wi6 =
. 5 , . Wi
@a*56 and W, = 2ot % Choose final weights Wijpinary = 57 ’:/V so that
j=1"j

X Wijrinay = 1

The procedure can be well applied for k-point scale for k = 3, 4, 5, 6,.... and so
on. Here, score of i-th person is taken as expected values and thus, the score (E;) is
continues, monotonic (choice of (j+1)-th response category instead of the j-th
category of an item will increase E-score of an individual) and equidistant property is

satisfy since j. W; — (j — 1)Wj_; = constant, for an item.

3.2 Normality:

E-E

D) To

Standardize the equidistant scores (E) to follow N(0,1) usingZ =

avoid negative values, transform Z -scores by a linear function to have a desired

range. Proposed score (P) in the range of [1, 100] can be obtained from Z by P =

(100-1)(Z;;—Min(Z;})
Max(Zij)-Min(Z))

+1 (D

Sum of transformed item scores i.e. P = },;=, P; is taken as score of scale
containing n-items, following Normal distribution. Note that if item scoresP;, P,,......,
P, are not independent and P; ~ N(y;, 6/), then scale score P = Y.I-, P; ~ Normal

with mean Y, ; y; and variance = [¥, 67 + 2 ¥;.; Cov(P;, P))]
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3.3 Responsiveness:
Responsiveness of the scale or ability to measure changes with time can be

Pi(t+1) Pi(t+1)-P

L for an individual, in successive time periods. For a

assessed by or by

it it

Py - ?
group of individuals, change is given by % or percentage change by
it

Pl(t+1)_ P_lt . .. —
— 100. Percentage change is positive if Pl(t 1)
it

> E implying progress of

the group in (¢+1)-th period over ¢-th period. P, < E indicates deterioration and

(t+1)

. . . Puygy= Py
percentage deterioration is [—————

* 100. Quantification of changes in life
it

satisfaction i.e. progress/decline of a patient or a group of patients is vital for clinical
samples to assess effect of treatment plan and make corrective decisions accordingly.
For non-clinical samples, changes in life satisfaction is important with changes in
major events of life like new employment, changed financial status, marriage/divorce,
etc. Significance of progress/deterioration can be tested statistically since ratio of two
normally distributed variable follows y? distribution.

The curve showing P;, against time-periods ¢ will give the progress-path of the i-th
individual over time. A steadily increasing progress-path for a patient is highly desirable,
but not feasible due to unstable nature of satisfaction with life. In reality, the progress-
path could be zigzag showing progress and deteriorations at different time points.
Comparison of progress-paths of patients or group of patients can help to draw important

inferences over time. The curve showing P;, against time-periods ¢ is simple to find and

is an alternative to log-graph of correlation proposed by Ehrhardt et al (2000).

3.4 Integration of Scales:

Situations often demand use of multiple measures of patient-reported life
satisfactions like SWLS, Subjective Happiness Scale, Meaning of Life, Life
Satisfaction Index, Hope scale, etc. where the scales have different scale formats,

different score-ranges and more importantly different distribution of scores and
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degree of error variances. Such comparisons are challenging to decide equivalent cut-
off scores for the classes emerging from different scales i.e. to find one-to-one
correspondence among the equivalent score of various scales, where the scales have
been administered to a common sample. The situation is different from predicting
score of Scale 2 by regressing score of Scale 2 on say Scale 1.

A solution to find equivalent score combinations of two scales was proposed by
Chakrabartty (2021) avoiding the problems of linear equating and percentile
equating. Here, raw scores of Scale 1 and Scale 2 are converted to proposed scores
for each scale separately such that X ~N(uq,0f) and Y~ N(up, 0). Let f{x) be the
normal probability density function of Scale 1 (X) and g(y) be the normal probability
density function of Scale 2 (Y). A score of ¥, in Scale 2 is equivalent to a score of X,

and vice versa if

2o fdx = [1 g(¥dy @)

That is, area under f(X) up to X, = area under g(Y) up to Y,. For a given value

of X, , the equivalent score of Y, can be found by solving (3) using the Standard
Normal Probability table. For example, if X ~N (uy,0%) and Y ~ N (i, 0%) and a cut-

off score in Scale 1 is X, is known, then the equation (3) can be written as

X L _ (X—u21)2 v L _ (Y—#Zz)z
0 209 ge= [0 Lo 20d
Lavmme "7 &= Lagimme *P & 3)
Z-value corresponding to X, is XO;M where Z ~N (0, 1).
1

_ (X_Nl)z Xo—H1

e 2D d= [0 Zdz =P

So, LHS of equation (4) becomes f_Xfo = (\1/5)
1

(say) which can be found from the Standard normal probability table. Using the table,

Yo—p2
one can also find value of Y, such that f_ogz Zdz= [ where X, and Y, are

equivalent (X, & Y;). The procedure may be extended to find equivalent scores of
three or more scales, even if they have different scale formats and different range of

scores. Equivalent score combinations will have almost perfect correlation.
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Alternate ways to find equivalent scores avoiding solution of integral equation
(3) could be to convert item-wise FE-scores to standardized scores and further
transform to a normal distribution with proposed mean and variance say N (50, 10?)

and drawing cumulative frequency curve (ogive) for each scale.

4. Illustration:

[Mustration is given with hypothetical data involving 100 persons. Table 1 given
below indicates calculation of weights for a scale with 5 items, each in a 7-point scale
to get equidistant scores along with Mean and SD of raw scores, equidistant scores

and P-score following normal.

Table 1: Weights for equidistant scores and Mean, SD of raw scores, equidistant scores and P-score

Description Item 1 Item 2 Item 3 Item 4 Item 5 Total
Frequency Max 21(L-5) 29 (L-4) 28 (L-4) 27 (L-6) 20(L-1)
Min 8(L-3) 7(L-3) 5(L-1) 6 (L-2) 8 (L-4)
Final weights  Level 1 0.09134 0.053327 0.038103 0.04857 0.097037
Level 2 0.132253 0.124429 0.121295 0.12345 0.133426
Level 3 0.145891 0.148129 0.149026 0.148409 0.145555
Level 4 0.15271 0.15998 0.162891 0.160889 0.15162
Level 5 0.156801 0.16709 0.17121 0.168377 0.155259
Level 6 0.159528 0.17187 0.176756 0.173369 0.157685
Level 7 0.161477 0.175216 0.180718 0.176935 0.159418
Total 1.0 1.0 1.0 1.0 1.0
Raw scores Mean 4.45 4.31 4.08 4.88 4.01 21.73
X SD 1.871503 1.824054 1.580692 1.924221 2.217902 4.240755
CVin % 42.056 42.321 38.742 39.431 55.309 19.545
Equidistant Mean 0.691954 0.700533 0.667923 0.818087 0.608179 3.486676
Score (E) SD 0.328293 0.356659 0.323231 0.381629 0.376632 0.790112
P-Score Mean 51.18254 55.61505 51.81997 65.02 50.66501 274.3026
SD 27.42968 30.09685 26.08143 31.749643 36.59538 68.81225
CVin % 53.592 54.116 50.331 48.831 72.230 25.986

Legend: L (K) indicates K-th level for K=1, 2, 3,4, 5, 6, 7
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4.1 Observations:
Major observations emerging from the table are:

o Weighted sum with different weights to different levels of different items
converted ordinal raw scores of items (X) to continuous, monotonic and
equidistant scores (£). Here, common difference i.e. 7W, — 6Wg= 6Wy; — 5W5=
SWs — 4W,= 4W, — 3W,y= 3W; — 2W, = 2W, — W, for Item 1, 2, 3, 4 and 5
was respectively 0.173166, 0.195531, 0.204487, 0.198329 and 0.169815

e FE-scores reduced mean and SD of an item and the scale. However, E-scores may
not follow Normal.

e Jtem-wise E-scores and P-scores avoid equal importance to items and levels and
ensure better admissibility of addition and arithmetic aggregation

e The fifth item had maximum CV= 72.23 % for P-score and also for raw score
(CV =55.309 %) indicating maximum inconsistency for the fifth item. This is in
line with observation made by Pavot & Diener, (1993)

e Distribution of P-score of each item is given below:

P,~N(51.1825, 27.4297%);

P,~N(55.61505, 30.09682);

P;~N(51.81997, 26.08142);

P,~N(65.02, 31.7496%);

Ps~N(50.6650, 36.5954%);

P-scores of the scale as sum of item-wise P-scores also follows N (274.3026,

68.81225%)

Normality of proposed score helps in estimation of population mean (u),
variance (0?), confidence interval of p, parametric analysis including testing of
statistical hypothesis of equality of mean, variance across time and space. Population
estimates of item variances (o) and test variance (o) help to find Cronbach alpha at

population level by

5 0.2

@z(ﬁ) (1—1;71)" 4
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4.2 Tied scores:

Summative scoring of SWLS resulted in large number of tied scores since usual
summative individual scores do not consider pattern of responses to Item—Level
combinations. However, the P-score with five decimal places had no tied score.

Ilustrative number of tied scores resulting from raw scores (X) is shown in Table 2.

Table 2: Number of tied scores for raw scores

Score  Tielength Score Tielength  Score Tie length

13 3 19 4 24 5
15 4 20 6 25 9
16 3 21 15 26 5
17 4 22 7 27 7
18 4 23 15 29 3

Here, 15 persons got score of 21. Maximum tie length of 15 is observed for X =
21 and X = 23. Illustrative example of each of seven persons with X = 27 and

corresponding P-scores are given in Table 3.
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Table 3: Proposed scores of seven persons who got raw score of 27

Sl.n

Scores Item 1 Item 2 Item 3 Item 4 Item 5 Total
Raw score (X) 5 5 4 6 7 27
Proposed Score (P) 58.8736 67.00004 50.49997 83.49999 99.9999 359.8736
Raw score (X) 4 4 6 6 7 27
Proposed Score (P) 44.40517 50.50005 83.50 83.49999 99.9999 361.9052
Raw score (X) 3 7 4 6 7 27
Proposed Score (P) 29.93673 100.00 50.49997 83.49999 99.9999 363.9367
Raw score (X) 6 5 4 6 6 27
Proposed Score (P) 73.34204 67.00004 50.49997 83.49999 83.50 357.842
Raw score (X) 4 4 5 7 7 27
Proposed Score (P) 44.40517 50.50005 66.99998 99.99997 99.9999 361.9052
Raw score (X) 4 6 5 7 5 27
Proposed Score (P) 44.40517 83.50002 66.99998 99.99997 67.00 361.90517
Raw score (X) 6 7 4 6 4 27
Proposed Score (P) 73.34204 100.00 50.49997 83.49999 50.50001 357.84202

Observations:

e X -scores failed to discriminate persons with same individual score.
e P-scores enable to provide unique ranks to the individuals and may increase

discriminating value of the scale.

5. Limitations

Method to find E-scores fails if frequency of a response-category of an item is
zero. This could be taken as fixed zero point of converting SLWS scores to E-scores
by weighted sum.

No missing data were considered. Estimations of missing data are beyond the

scope of the current paper.
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6. Discussion and conclusions:

The proposed method converts ordinal item-wise scores of SWLS to continuous,
monotonic scale following normal distribution and score of an individual in an item
lies between 1 to 100. Sum of such normally distributed item-wise scores is taken as
the scale score following normal distribution, parameters of which can be estimated
from the data.

Benefits of the proposed methods are:

e Avoids the problems of usual summative scores of Likert items

e Ensures better admissibility of arithmetic average

e Joint distribution of sum of item scores is Normal where parameters can be
estimated from data.

e Avoids problems of evaluation of measurement invariance (MI) for which there
is no agreed method. Distribution of transformed SWLS scores for different
subgroups will be normal with different parameters.

e Avoids problems to assess model fit

o Facilitates parametric analysis like PCA, FA, ROC including testing of statistical
hypothesis of equality of mean, variance for meaningful comparisons across time
and space.

e Estimation of population mean (i), variance (), confidence interval of u

e Estimation of Cronbach alpha at population level

e Avoidance of tied scores and providing unique ranks to the individuals and may
increase discriminating value of the scale.

e Assessment of responsiveness of the scale or ability to measure changes for an
individual or a group of individuals and drawing of progress-paths

e Statistical test of significance of progress/deterioration

¢ Finding equivalent scores of several measures of life satisfactions with different
scale formats and different score-ranges.

e The curve showing P;, against time-periods ¢ is simple to find and is an
alternative to log-graph of correlation proposed by Ehrhardt et al (2000)
requiring cohort study for long longitudinal data with risks of familiarity and

experience of the respondents in answering items of SWLS.
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Considering theoretical advantages, the proposed scoring method is
recommended for more meaningful comparisons and inferences. Future studies with
longitudinal data can be undertaken to find sensitivity of the proposed score over time
with emphasis on progression of disease and to different therapeutic interventions in
clinical samples, and comparison of progress path and log-graph of correlation in

non-clinical sapmel.
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