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Abstract

The assessment of well-being remains an important topic for many disciplines including

medical, psychological, social, educational, and economic fields. The present study

assesses the reliability and validity of a five-item instrument for evaluating physical, psycho-

logical, spiritual, relational, and general well-being. This measure uniquely utilizes a seg-

mented numeric version of the visual analog scale in which a respondent selects a whole

number that best reflects the intensity of the investigated characteristic. In study one, 939

clinical (i.e., diagnosed with cancer and liver disease with cirrhosis) and non-clinical (i.e.,

undergraduate students and their family and acquaintances) participants between the ages

of 18 to 87 years (M = 47.20 years, SD = 19.62, 54% males) were recruited. Results showed

items have strong discriminant ability and the spread of threshold parameters attests to the

appropriateness of the response categories. Moreover, convergent and discriminant validity

were found with other self-report measures (e.g., depression, anxiety, optimism, well-being)

and the measure showed responsiveness to two separate interventions for clinical popula-

tions. In study two, 287 Canadian (ages ranged from 18 to 30 years; M = 20.78, SD = 3.32;

23% males) and 342 Italian undergraduate psychology students (age ranged from 18 to 29

years, M = 21.21 years, SD = 1.73, 38% males) were recruited to complete self-report ques-

tionnaires. IRT-based differential item functioning analyses provided evidence that the item

properties were similar for the Italian and English versions of the scale. Additionally, the

validity results obtained in study one were replicated and similar relationships between crite-

rion variables were found when comparing the Italian- and the English-speaking samples.

Overall, the current study provides evidence that the Italian and English versions of the WB-

NRSs offer added value in research focused on well-being and in assessing well-being

changes prompted by intervention programs.
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Introduction

Well-being remains an important area of study for many disciplines including medical, psy-

chological, social, educational, and economic fields. This interest has gradually grown over the

past 50 years, among scientists, healthcare professionals, politicians, and laypersons, and the

number of self-report tools designed and developed specifically to measure subjective well-

being has increased substantially [1, 2]. Currently, there are numerous distinct self-report

instruments that range from several to more than three-hundred items (for a review [1]) that

vary on the theoretical and practical conceptualizations of well-being, the number and classifi-

cation of well-being dimensions assessed, and answer options (i.e., Likert-type scales, yes/no

options, or pictorial items).

While numerous well-being theories have been developed over recent decades, only several

have been influential in the design of self-report measures, including the WHO definition of

health [3], Dieners’ model of subjective well-being based on affective and cognitive compo-

nents [4], and Maslow’s description of hierarchically distributed basic human needs [5]. Other

influential theories of well-being include Sen’s capability approach in moral significance and

values [6], Antonovsky’s theory of salutogenenesis in resources to cope with stressors [7], and

Ryff’s six-factor model of psychological well-being including self-acceptance, positive relation-

ships with others, personal mastery, autonomy, purpose and meaning in life, and personal

growth and development [8].

In the current study, our theoretical approach is based on the assumption that personality

characteristics or individual dispositions (i.e., resources such as sense of coherence [7], disposi-

tional optimism [9], locus of control/sense of mastery [10]) allow us to more effectively meet

our psychological, mental, social, and existential needs, and, as a consequence, to experience a

greater personal degree of well-being across different domains. We incorporated several theo-

retical approaches to well-being in the short, yet comprehensive, scale we aimed to develop.

First, our theoretical approach is based on the WHO definition of health as “a state of complete
physical,mental and social wellbeing, not merely the absence of disease” [3]. This approach pro-

vides a multidimensional definition to well-being in measuring three core components: (1)

physical well-being, consisting of a sense of pleasure that derives from meeting physical needs

(e.g., rest, food, sex) and comfort that derives from the quality of bodily functioning and the

feeling of having adequate energy to meet daily needs [1]; (2)mental well-being, including a

personal experience of happiness and positive feelings regarding satisfaction of psychological

needs (e.g., for positive change, fun and engaging activities, knowledge); (3) social well-being,
reflecting how positively an individual is connected to others in the social community and the

possibility to experience a sense of harmony and integration due to the gratification of social

needs (e.g. need for appreciation, need to have a positive role in the community, need for sup-

port). Additionally, we deem relevant a fourth dimension: spiritual well-being, which consists

of the sense of serenity and joy that derive from the gratification of existential needs (e.g., to

live coherently with one’s values and with the recognized meaning of life, to be satisfied with

one’s lived life and the goals achieved) and spiritual needs (e.g., for connection with something

greater than oneself) [11]. Finally, we consider general well-being as the expression of the bal-

ance among these four dimensions that might result in more than their simple summation.

This multidimensional perspective on well-being is graphically represented in Fig 1.

Among the various tools for measuring well-being, some have been developed in a multidi-

mensional perspective, such as the Biopsycosocialspiritual Inventory (BIOPSSI) [12] and the

Mental Physical Spiritual Well-Being Scale (MPS) [13]. However, these measures consist of a

large number of items (e.g., the BIOPSSI has 41 items, the MPS has 30 items). While a multidi-

mensional approach to well-being is comprehensive, there is the added value offered by a brief
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scale. Indeed, an effective, concise, and centered measure has numerous benefits in both

research and clinical practice [14, 15]. Respondents are less likely to experience fatigue, bore-

dom, loss of interest or perceive the questionnaires as time-demanding during administration

(an aspect of particular relevance when administering the scale to patients, for example).

Moreover, it is more appropriate for large, multivariate studies in which many tests and scales

may require administration, and it can be employed in rapid surveys or to test quickly pre-

post changes after an intervention program.

Starting from this premise, the aim of the present study is to develop a tool to rapidly and

accurately assess the aforementioned dimensions of well-being.

First of all, we posited that the aforementioned dimensions of well-being can be assessed

using a numerical rating scale (NRS). The NRS is a segmented numeric version of the visual

analog scale in which a respondent selects a whole number that best reflects the intensity of the

investigated characteristic (usually pain or a symptom). In most cases, it is represented by a

horizontal line or bar anchored by numbers corresponding respectively to "none” and "totally”.

This type of scale has several merits for both the test-taker and test- user, such as high compre-

hensibility and ease of completion, short administration time (usually less than one minute),

verbal (therefore also by telephone) or graphical (usually by self-completion) administration

options, and simplicity of administration and scoring [16, 17]. Moreover, the methodology has

been deemed reliable and valid [18, 19] and requires minimal language translation, which sup-

ports the use of the NRS across time, cultures, and languages [17]. Hence, relying on the afore-

mentioned theoretical approach (graphically represented in Fig 1), we developed theWell-
being Numerical Rating Scales (WB-NRSs) consisting of five NRSs to rate physical, psychologi-

cal, spiritual, relational, and general well-being. We provided evidence that the WB-NRSs

allow for a valid assessment of well-being and its components. The psychometric properties

were tested in two different studies.

In the first study, each item was examined through the application of item response theory

(IRT) [20, 21]. IRT is a parametric statistical modeling procedure which involves fitting a

hypothetical model to data starting from the assumption that the probability of an item

response depends on the respondent’s characteristic and the item characteristics. Specifically,

the IRT model provides parameters that enable an evaluation of how well an item performs in

Fig 1. Multidimensional model of well-being.

https://doi.org/10.1371/journal.pone.0252709.g001
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measuring the construct targeted by the item and the appropriateness of the response catego-

ries [22]. Along with the item properties, we also tested the validity of the scale. Specifically, we

used measures of general, psychological, relational, and physical well-being to support that

each item assesses a specific dimension of well-being and that overall well-being includes all

these components. Then, we investigated the relationships of the well-being dimensions with

several psychological constructs (i.e., dispositional optimism, sense of coherence, sense of mas-

tery, stress, anxiety, and depression) seeking to replicate the nomological net documented in

the literature (for a review [1]). Finally, we investigated the responsiveness of the scale. We

hypothesized that each item would detect changes in well-being after specific intervention

strategies in very different domains. One intervention was in the health domain: cancer

patients were invited to attended live classical music concerts during the hospitalization period

to reduce their distress [23, 24]. The other intervention was in the art domain: participants

were invited to an immersion itinerary developed by Gianni Falvo (2014) that focused on the

observer’s capacity to enter into contact with the work of art through different sensory chan-

nels [25, 26]. Both the interventions were original strategies (using music and artistic features)

specifically planned for improving participants well-being. Thus, the effectiveness of the pro-

posed measure in detecting such a change can be considered an important feature of the

instrument.

In the second study, to increase the generalizability of the WB-NRSs and its usability, the

metrical equivalence of the Italian and the English version of the WB-NRSs was investigated to

determine if the current assessment tool, originally developed in Italian, might be considered

metrically invariant once translated into English and administered to English-speaking people.

An IRT-based Differential Item Functioning (DIF) analysis was used to investigate whether

the WB-NRSs are differently understood or interpreted depending on the respondent’s lan-

guage. DIF analysis tests the assumption that the likelihood of a response option endorsement

should be equal across subgroups, which are matched on the trait measured (i.e., responses

should be the same for Italian- or English-speaking people having the same well-being level).

Additionally, in this second study, we aimed to confirm some of the relationships observed in

the previous validity testing (Study 1) and to replicate the observed patterns of relationships in

the English sample.

Study 1

Methods

Participants. A total of 939 participants between the ages of 18 to 87 years (M = 47.20,

SD = 19.62, 54% males) were recruited for the study. The sample includes both clinical and

non-clinical participants. The diversity of the sample allowed us to determine the generaliz-

ability of findings in the general population by age and gender. The sampling of clinical partic-

ipants allowed for testing of the effectiveness of the scale in the health domain. Indeed, the

scale was developed to be used in these settings in order to evaluate well-being in a treatment

setting.

Clinical participants were diagnosed with cancer and liver disease with cirrhosis. Patients

were taking part in a wider survey of patients’ unmet needs and complementary therapies. Par-

ticipation was voluntary and offered to all patients visiting outpatient clinics or admitted to

oncology wards. The percentage of patients who volunteered to take part in the research in the

different medical units ranged from 71.0% and 95.4%. After applying some exclusion criteria

(age under 18 or over 90 years, cognitive impairment, comorbid psychotic illness, learning dis-

ability, severe symptoms due to illness or side effects of therapy that precluded the possibility

to fill in questionnaires individually), the sample was composed of 366 patients (ages ranged
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from 35 to 89 years;M = 63.67, SD = 10.85; 62% males). Approval was obtained from the local

ethics review board of the academic healthcare setting (Comitato Etico per la Sperimentazione

Clinica dei medicinali, n. 46498/67; Comitato Etico Locale Azienda Ospedaliero-Universitaria

Careggi, n. 10574_oss).

For non-clinical cases (N = 573, age ranged from 18 to 84 years,M = 37.00 years,

SD = 16.67, 49% males), sampling was based on the “snowball” method [27]. Undergraduate

psychology students were invited to participate in the study and were also encouraged to

recruit their acquaintances and relatives to participate. Participation in the study was voluntary

and students received a credit towards their psychology course. The study was approved by the

university’s local institutional review board (Commissione Etica per la Ricerca dell’Università
degli Studi di Firenze, n. 31—prot. 127556).

Written informed consent was obtained from all participants.

Measures. Well-being Numerical Rating Scales (WB-NRSs). Item generation relied upon

literature reviews and the aforementioned four-dimensional theoretical model of well-being

(see also Fig 1). Health professionals’ (physicians, nurses, and psychologists) also evaluated the

content validity of the items based on their clinical experience. Hence, the five items were

developed and initially administered to a small convenience sample (n = 15) to check for

understanding. All the items were clearly understood, and no overlapping or misunderstand-

ings were detected. Respondents are asked to rate their physical (WB-NRS 1), psychological

(WB-NRS 2), relational (WB-NRS 3), spiritual (WB-NRS 4), and general well-being (WB-NRS

5) using a 1-to-10-point scale with 1 indicating a state of “absolute distress” and 10 a state of

“complete well-being.”

Hospital Anxiety and Depression Scale (HADS) [28], Italian version [29]. The HADS con-

sists of 14 items that screen for symptoms related to depressed mood and anxious symptoms

with higher scores representing greater distress. The questionnaire consists of two factors of

anxiety and depression: HADS-A (7 items) measures anxiety (e.g.,”I feel tense or ’wound up’”)

and HADS-D (7 items) measures depression (e.g., “I feel as if I am slowed down”). In the cur-

rent sample, both subscales showed adequate internal consistency (HADS-A: ω = .77;

HADS-D: ω = .77).

Short Form 12 items Health Survey (SF-12) [30]. The SF-12 is an abbreviated version of the

Short Form 36 items Health Survey (SF-36) which assesses the individual’s subjective percep-

tion of the concept of health, understood as biopsychosocial well-being [31]. The SF-12 focuses

on different aspects related to physical health (e.g., “Have you had any of the following prob-

lems, e.g., climbing flights of stairs, with your work or other regular daily activities as a result

of your physical health?”) and mental health (e.g., “Have you felt down-hearted and blue?”).

The total scores represent a physical health index (PSF-12) and a mental health index (MSF-

12). Lower scores represent greater levels of disability. In the current sample, both subscales

have an adequate internal consistency (PSF-12: ω = .80; MSF-12: ω = .85).

Psychological Well-being Scales (PWBS) [32], Italian version [33]. The PWBS contains

eighty-four Likert-type items using a six-point scale ranging from “strongly disagree” to

“strongly agree”. Six dimensions are assessed including self-acceptance, autonomy, environ-

mental mastery, personal growth, purpose in life, and positive relations. Self-acceptance (14

items) is the attitude toward oneself and one’s past life (e.g., “When I look at the story of my

life, I am pleased with how things have turned out”). Autonomy (14 items) describes the sense

of independence and acting out of the bounds of cultural norms (e.g., “I have confidence in

my opinions, even if they are contrary to the general consensus”). Environmental Mastery (14

items) measures the ability to manage life and one’s surroundings (e.g., “In general, I feel I am

in charge of the situation in which I live”). Personal Growth (14 items) assesses the inclination

to pursuit of a continued personal development (e.g., “I think it is important to have new
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experiences that challenge how you think about yourself and the world”). Purpose in Life (14

items) describes having life goals and beliefs that one’s life is meaningful (e.g., “Some people

wander aimlessly through life, but I am not one of them”), Positive Relations (14 items) deals

with the quality of the relationships with others (e.g., “People would describe me as a giving

person, willing to share my time with others”). In the current sample, the internal consistency

of each subscale is good (ω = .90 for Self-acceptance; ω = .82 for Autonomy; ω = .86 for Environ-
mental Mastery; ω = .82 for Personal Growth; ω = .86 for Purpose in Life; ω = .87 for Positive
Relations).
World Health Organization Well-Being Index (WHO-5) [34, 35]. The WHO-5 is a five-item

measure used to measure subjective psychological well-being (e.g., “I have felt cheerful in good

spirits”). The measure has been translated to over 30 languages and respondents rate each

statement according to a six-point Likert-style scale from “at no time” to “all of the time.” In

the current sample, McDonald’s ω was .85, indicating good reliability.

Perceived Stress Scale—4 item (PSS-4) [36]. The PSS-4 is a widely used psychological instru-

ment for measuring the degree to which situations in one’s life are appraised as stressful (e.g.,

“In the last month, how often have you felt difficulties were piling up so high that you could

not overcome them?”). The construct was measured with four items using a five-point Likert

scale from “never” to “very often”. Higher scores indicate greater stress. In the current sample,

McDonald’s ω was .80, indicating adequate reliability.

Pearlin-Schooler Mastery Scale (PSMS) [10]. The PSMS consists of seven items on a five-

point Likert scale (from “strongly disagree” to “strongly agree) measuring sense of mastery,

defined as the extent to which one regards one’s life as being under one’s control in contrast to

being fatalistically ruled (e.g., “I can do just about anything I really set my mind to”). Higher

scores represent stronger sense of mastery. The scale has a good internal consistency in the

current sample (ω = .83).

Life Orientation Test—Revised (LOT-R) [9], Italian version [37]. The LOT-R measures dis-

positional optimism defined as a generalized expectancy of positive future outcomes. It con-

sists of six items (e.g., “In uncertain times, I usually expect the best”) and four filler items

answered on a five-point Likert scale from “strongly disagree” to “strongly agree”. Higher

scores indicate higher dispositional optimism. The scale has a good internal consistency in the

current sample (McDonald’s ω = .80).

Sense of Coherence Scale—13 item (SOC-13) [7], Italian version [38]. The SOC-13 consists

of items scaled along a seven-point semantic differential with two anchoring phrases at both

extremes. Higher scores indicate higher level of SOC. In the current sample the scale has an

adequate internal consistency (ω = .84).

Sense of Coherence—3 items (SOC-3) [39], Italian version [40], is an ultra-brief scale that

consists of three items matching the three comprehensibility; manageability, and meaningful-

ness components of SOC as defined by Antonovsky [7]. The response format includes three

options: no, sometimes, and yes. Higher scores indicate higher level of SOC.

Design and procedure. A descriptive observational research design was adopted in this

cross-sectional study with the exception of the test-retest component for responsiveness testing

(repeated measures design). Data were collected from January 2017 to April 2019.

The WB-NRSs was presented to the sample participants as part of the questionnaire includ-

ing other measures employed for validity testing. Specifically, participants were randomly

asked to complete one of four different questionnaires developed for research and clinical pur-

poses. Clinical participants (N = 366) were administered a paper-and-pencil questionnaire that

included the WB-NRSs and HADS. A subsample (N = 110) also completed the SF-12. Among

non-clinical participants, one group (Sample 1: N = 231) were given a paper-and-pencil ques-

tionnaire that included the WB-NRSs, the WHO-5, the PSS-4, the LOT-R, the PSMS, the
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PWBS, and the SOC-13. The remaining participants (Sample 2: N = 342) were administered

an online questionnaire (using GoogleForms) that included the WB-NRSs, the WHO-5, the

PSS-4, the LOT-R, the PSMS, and the SOC-3. Depending on the length of the questionnaire,

administration time ranged from 15 to 45 minutes.

To investigate responsivity, we employed a sub-group of the clinical sample (N = 256) who

took part to the “Donatori di Musica” [Music Givers] interventions (described in detail in [23,

24]). The psycho-oncologists of the units proposed the study to inpatients assuring them that

participation was free and on a voluntary basis and that non-adherence did not alter care

received by the staff of the ward. Each patient was interviewed by psycho-oncologists before

(Time 1) and after (Time 2) a Music Givers live concert that took place once a week in a dedi-

cated space within the department of oncology. Along with the HADS, they were asked to fill

the WB-NRSs. Pre- and post-data were collected for 245 inpatients.

Responsivity was also tested by administering the WB-NRSs at the beginning (Time 1) and

at the end (Time 2) of an aesthetic experience in the Chapel of the Magi in Palazzo Medici Ric-

cardi, in Florence (for a detailed description [25, 26]). The participants (N = 23,M = 52.22

years, SD = 8.92, 48% males) were proposed some workshops, presented during two consecu-

tive days, where the experience was amplified moving from the direct observation of the fresco

to insight into specific details which are filmed and reproduced in 4K video format, adding

cognitive information (e.g., the pictorial technique, the description of details) and emotional-

sensory stimulus (e.g., music tracks).

Analysis strategy. Prior to conducting the analyses, we examined the missing values in

the data. Listwise deletion was used when one or more answers of the WB-NRSs were missing.

For the other scales, listwise deletion was used when a case had more than 10% of missing

answers [41]. Otherwise, the case item mean was used to replace the missing value.

We performed IRT analyses using IRTPRO 4.0 [42]. IRT provides an explicit measurement

model of expressing association between individual differences in observable manifestation of

a trait and the underlying latent trait θ [20, 43, 44]. Based on the WB-NRSs response format,

Samejima’s graded response model (GRM), one of the most used models for graded polyto-

mous data, was chosen [45].

Preceding the IRT analysis, we computed the item descriptive statistics on SPSS version 26.0

because the variability in item responses is a prerequisite for IRT parameter estimation. Simi-

larly, item-total correlations were computed because their variability indicates the adequacy of a

discrimination parameter estimation in IRT. Additionally, a fundamental assumption of the

GRM is unidimensionality. Hence, a parallel analysis based on minimum rank factor analysis

and an unrestricted factor analysis using a Robust Maximum Likelihood estimation method

were conducted on FACTOR [46]. The Nonnormed Fit Index (NNFI), Comparative Fit Index

(CFI), and Root Mean Square Error of Approximation (RMSEA) were employed to evaluate the

goodness-of-fit. As recommended by Byrne, NNFI and CFI� .95 along with RMSEA� .08

would suggest good model fit [47]. Finally, another prerequisite for IRT is to detect local depen-

dence (LD). The absence of LD is important for unidimensional IRT modelling because the

item parameter estimates are adequate only if there is not an excess of covariation among item

responses that is not accounted for by a unidimensional IRT model. The LD was assessed using

the diagnostic χ2LD statistic that is approximately distributed as standardized χ2 [48]. Given

this approximation, as a rule of thumb, values of 10 or greater indicate the presence of LD.

Subsequently, the GRM was applied. The model’s goodness of fit was evaluated using the M2

statistic and the associated root mean square error of the approximation (RMSEA) value. As the

M2 statistic, similar to other χ2statistics, is generally unrealistic because some error will be present

in any strong parametric model, the RMSEA provides a metric for model errors [49]. RMSEA

values of .05 or less indicate a good fit. Then, using the marginal maximum likelihood estimation,
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we obtained the item parameters, i.e., the discrimination (a) and location (bi) parameters. The a
parameter describes the ability of an item to discriminate among people with different levels of

the underlying trait (i.e., the higher a is, the higher the item’s ability to differentiate between peo-

ple with different levels of well-being). The b parameters, also called category thresholds, repre-

sent an item’s sensitivity in differentiating among the various levels of the target trait (i.e., if b
values are evenly spaced along the trait, the item categories provide a better differentiation in

measuring well-being). Ten parameters were estimated for each item, including one a parameter

and nine b threshold parameters (that are equal to the number of response options minus one).

Following Baker and Kim, a values below 0.24 are considered very low, 0.25 to 0.64 are consid-

ered low, 0.65 to 1.34 are considered moderate, 1.35 to 1.69 are considered high, and more than

1.7 are very high [50]. The b parameters should be evenly spaced along the trait to provide a dif-

ferentiation and variability along the latent continuum when measuring the trait. The graphical

representations of both item parameters are called item characteristic curve (ICC). Finally, the

Item Information Function (IIF), graphically represented by the Item Information Curve (IIC),

describes the amount of information that a particular item provides across the entire continuum

of the latent construct, and it depends on both a and b parameters. Thus, the IICs of the five

items were individually examined to investigate their precision in assessing each dimension.

Bayesian analyses were used to evaluate the scale validity and responsiveness. Jeffreys’ Bayes

Factor described the observed data using a priori and posterior distribution [51], which

allowed quantification of evidence in favor of the alternative and null hypothesis [52]. Bayes

Factors for evidence of alternative hypotheses is presented as an easy-to-interpret odds ratio

that represents the magnitude of the difference: 1–3 as weak, 3–10 as substantial, 10–30 as

strong, 30–100 as very strong, and>100 as decisive [53]. All the Bayesian tests were performed

under a default uniform prior [54] using JASP 0.14 [55].

Bayesian correlation tests were conducted to test the validity of the WB-NRSs. Convergent

and discriminant validities are two aspects of construct validity. Convergent validity refers to

the extent to which assessment of the same or similar traits intercorrelate with one another. Dis-

criminant validity involves demonstrating that a measure does not correlate too strongly with

measures they are not intended to. Thus, we expected high correlations (r� 0.55) between the

WB-NRSs and the scales that measure very similar well-being components (e.g., WHO-5 and

WB-NRS 2; SF-12 physical health index and WB-NRS 1; PWBS Positive Relations scale and

WB-NRS 3), and lower correlations (r� 0.45) between different aspects of well-being (WHO-5

and WB-NRS 1; SF-12 physical health index and WB-NRS 2; PWBS Positive Relations scale and

WB-NRS 1). Additionally, the degree to which the scores correlated with external theoretically

connected variables, provide evidence of construct and criterion validity. Hence, medium and

negative in size (-0.50< r< -0.40) correlation were expected for stress, depression, and anxiety.

Finally, significant but low to medium in size correlations (0.25< r< 0.45) were expected

between WB-NRSs and personality characteristics or individual disposition that are deemed to

promote well-being (such as, optimism, sense of coherence, and sense of mastery).

Bayesian dependent sample t-tests were used to evaluate the scale ability to detect change

(i.e., responsiveness). Since we hypothesized an increase in well-being through the course of

interventions, we tested a one-tail hypothesis (i.e., the score at Time 1 is lower compared to the

score at Time 2).

Results and discussion

Minimal data were missing across all variables. For the WB-NRSs, the missing values remained

under 2% of the total cases in the sample. Thus, listwise deletion was used and 14 cases were

excluded.
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Prerequisites for IRT analysis. Item descriptives. All indices are reported in Table 1.

Descriptives of each item showed that respondents used all the possible scale options and

answers were well distributed along the range of the numerical scale (standard deviations were

all around 2). Means (values were around 6.5) and skewness indices (all negative in sign) indi-

cated that the frequencies were slightly fewer in the lower part of the response scale (i.e.,

answers were more concentrated on the higher values). Nonetheless, all the skewness and kur-

tosis indices ranged within -1, suggesting that distributions were similar to a normal distribu-

tion. Item–total correlation values ranged from .59 - .81 suggesting that the variability in item

discrimination parameters would warrant inclusion in the IRT calibration.

Unidimensionality. The parallel analysis clearly advised a one-factor structure. The model

demonstrated a very good fit (χ2/df = 3.70, CFI = .99, NNFI = .99, RMSEA = .053 [95% CI:

.049 -.057]). The variance explained by the model was 65% and all factor loadings were higher

than 0.65 (Table 1).

Local Dependence. None of the LD statistics were greater than 10 (the maximum value was

9.3), indicating the absence of covariations between couples of items that are not accounted

for by a unidimensional model.

Overall, these results showed that IRT analysis can be performed to test the psychometric

properties of the items.

Item response theory analysis. Item parameters. The fit for the GRM was adequate (M2 =

2398.40, df = 805, p< .001; RMSEA = .05). Thus, we examined the parameter estimates. Fol-

lowing Baker’s cut-offs [56], four items had a very high discriminative power with Item 2 and

Item 5 showing the highest values (Table 2). Hence, all items can adequately distinguish

between individuals with different levels of physical, psychological, relational, spiritual, general

well-being and, in particular, psychological and general well-being items are the best perform-

ing ones.

The nine b threshold parameters were evenly spaced. The b1 and b2 were from about 3.00 to

2.00 SDs below the mean trait (fixed at 0.00, SD = 1.00, by default). The b3, b4, and b5 were

from about 2.00 to 0.50 SDs below the mean, while b6 and b7 were around the mean, and,

finally, b8 and b9 from 1.00 to 2.00 SDs above the mean (Table 2). These values indicated that

all items showed an adequate increase of the latent trait level at each subsequent response

option (i.e., the items perform well in measuring a large spectrum of the underlying construct).

Nonetheless, because ideally 3 SDs below and above the mean trait should be covered, the five

items fail to cover adequately the highest levels of the trait.

Fig 2 shows the ICCs for each item used in IRT to provide visual information regarding the

item characteristics. The graphs indicated that there was a moderate separation in the response

options and that the curves of each response option were distributed across the trait range

(except for the highest levels). Whereas all the items response curves are partially overshad-

owed by the neighbor categories, each category shows a specific level of trait for which the

Table 1. Descriptives, item-total correlations (with item deleted), and factor loadings of the Well-being Numerical Rating Scales (WB-NRSs).

Range Mean Standard Deviation Skewness Kurtosis Item-Total correlation Factor Loading

WB-NRSs

1 –Physical WB 1–10 6.49 2.06 -0.51 -0.22 0.59 0.64

2 –Psychological WB 1–10 6.54 2.14 -0.46 -0.33 0.77 0.86

3 –Relational WB 1–10 7.27 1.96 -0.75 0.34 0.63 0.68

4 –Spiritual WB 1–10 6.88 2.25 -0.56 -0.32 0.61 0.65

5 –General WB 1–10 6.75 1.90 -0.63 0.20 0.81 0.89

https://doi.org/10.1371/journal.pone.0252709.t001
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probability to choose it was higher. For example, low trait respondents (around –2.00) have a

higher probability of endorsing option 3 or 4, and high trait respondents (around 1.00) have a

higher probability of endorsing option 7 or 8. In particular, the response curves of Item 5 were

very well spaced with high picks around the corresponding response option.

Item Information. The GRM was applied to estimate the IIF. The IIF describes the amount

of information that a particular item provides across the entire continuum of the latent con-

struct. As shown in Fig 2, items showed different information characteristics. Item 1 conveyed

a moderate amount of information, but constantly along the entire trait (within the range

from 3.00 SDs below to 3.00 SD above the mean trait). Item 3 and Item 4 conveyed a similar

amount of information, but we observe a sharp drop in the range from about 2.00 SDs to 3.00

SDs above the mean. Item 2 conveyed a large amount of information from -3.00 to 2.00 SDs,

Table 2. Item response theory parameters of the Well-being Numerical Rating Scales (WB-NRSs).

Item a (SE) b1 (SE) b2 (SE) b3 (SE) b4 (SE) b5 (SE) b6 (SE) b7 (SE) b8 (SE) b9 (SE)

WB-NRS 1 1.74 (0.10) -3.15 (0.19) -2.52 (0.14) -1.88 (0.10) -1.33 (0.08) -0.66 (0.06) -0.13 (0.05) 0.54 (0.06) 1.36 (0.09) 2.41 (0.14)

WB-NRS 2 3.23 (0.18) -2.53 (0.12) -1.99 (0.09) -1.49 (0.07) -1.08 (0.05) -0.57 (0.05) -0.16 (0.04) 0.40 (0.05) 1.00 (0.06) 1.70 (0.08)

WB-NRS 3 1.86 (0.10) -3.62 (0.26) -2.79 (0.16) -2.26 (0.12) -1.79 (0.09) -1.23 (0.07) -0.70 (0.06) 0.00 (0.05) 0.85 (0.0) 1.57 (0.09)

WB-NRS 4 1.76 (0.10) -3.14 (0.19) -2.41 (0.13) -1.85 (0.10) -1.42 (0.08) -0.83 (0.06) -0.35 (0.05) 0.21 (0.06) 0.88 (0.07) 1.60 (0.10)

WB-NRS 5 4.04 (0.28) -2.60 (0.13) -2.25 (0.10) -1.70 (0.07) -1.24 (0.05) -0.75 (0.04) -0.29 (0.04) 0.34 (0.05) 1.00 (0.06) 1.80 (0.09)

Note: a = discrimination parameter; b = threshold parameter; SE = standard error.

https://doi.org/10.1371/journal.pone.0252709.t002

Fig 2. Item Characteristic Curve (ICC) and Item Information Function (IIF) of the 5 items of the Well-being Numerical
Rating Scales (WB-NRSs). Latent trait (Theta) is shown on the horizontal axis, the probability of endorsing a response option

(solid line) is shown on the left vertical axis, and the amount of information (dotted line) yielded by the item at each trait level is

shown on the right vertical axis.

https://doi.org/10.1371/journal.pone.0252709.g002
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but a similar drop can be observed for trait levels higher than 2.00 SDs. Finally, Item 5 was

greatly informative for almost the same range of the trait. Overall, measures of physical, social,

and spiritual well-being are less precise, while psychological and general well-being are highly

reliable, whereas less precise for the highest levels of the trait.

Validity. Bayesian correlation tests were computed to test the validity of the WB-NRSs.

As a preliminary step to analyses, we checked the normality of the score distributions. All the

skewness and kurtosis indices ranged within -1 and 1, suggesting that distributions were simi-

lar to a normal distribution.

As expected, evidence of convergent and discriminant validity was found (Tables 3–5).

High correlations were observed between comparable dimensions of well-being, such as the

WB-NRS 1 and the physical health index derived from the SF-12 (r = 0.59 in the clinical sam-

ple), between the WB-NRS 2 and the WHO-5 (r = 0.62 and r = 0.64 in the non-clinical Sample

1 and Sample 2, respectively) as well as with the mental health index derived from the SF-12

(r = 0.64 in the clinical sample), and the WB-NRS 3 and the Positive Relations scale of the

PWBS (r = 0.57 in Sample 1). By comparison, low to medium correlations were observed

between different dimensions of well-being, such as the WB-NRS 2 and the physical health

index derived from the SF-12 (0.16< r< 0.20 in the clinical sample), the WB-NRS 1 and the

WHO-5 (r = 0.39 and r = 0.45, respectively in the non-clinical Sample 1 and Sample 2), and

the WB-NRS 1 and the Positive Relations scale of the PWBS (r = 0.09 in Sample 1). The

WB-NRS 4 was moderately correlated with the SF-12 mental health index (r = 0.53 in the clini-

cal sample), the WHO-5 (r = 0.51 and r = 0.41 in the non-clinical Sample 1 and Sample 2,

respectively), but low correlations were obtained for the physical dimension (i.e., r = 0.20 with

the SF-12 physical health index in the clinical sample) and the relational dimension (i.e.,

r = 0.21 with PWBS Positive Relations in Sample 1). Finally, consistent with the proposed theo-

retical model, the WB-NRS 5 was strongly correlated with the SF-12 mental health index

(r = 0.70 in the clinical sample), the WHO-5 (r = 0.70 and r = 0.64 in the non-clinical Sample 1

and Sample 2, respectively), but it also includes aspects related to the physical dimension (i.e.,

r = 0.39 with the SF-12 physical health index in the clinical sample) and the relational dimen-

sion (i.e., r = 0.37 with PWBS Positive Relations scale in Sample 1).

Additionally, we provided further validity evidence computing the correlations among the

WB-NRSs and theoretically connected variables (Tables 3 and 4). Negative and medium to

Table 3. Bivariate Bayesian correlates between the Well-being Numerical Rating Scales (WB-NRSs) and the other variables in the study in the clinical sample.

(1) (2) (3) (4) (5) (6) (7) (9) (10)

(1) WB-NRS 1 -

(2) WB-NRS 2 . 70 -

(3) WB-NRS 3 .46 .61 -

(4) WB-NRS 4 .54 .62 .64 -

(5) WB-NRS 5 .74 .78 .62 .66 -

(6) HADS-D -.53 -.57 -.51 -.47 -.59 -

(7) HADS-A -.42 -.49 -.40 -.38 -.49 .60 -

(9) PSF-12 .59 .16# .12# .20# .39� -.41 -.15# -

(10) MSF-12 .59 .64 .62 .53 .70 -.70 -.58 .42 -

Note. N = 356. HADS-D = Hospital Anxiety and Depression Scale—Depression; HADS-A = Hospital Anxiety and Depression Scale—Anxiety; SF-12 = Short Form 12

items Health Survey. PSF-12 = Physical Health Index; MSF-12 = Mental Health Index.
#ns,
�BF10>10, for all the other correlations BF10>100.

https://doi.org/10.1371/journal.pone.0252709.t003
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large in size correlations were observed in the clinical sample for depression (-0.57 < r<
-0.47). Comparable correlations were found for anxiety in the clinical sample (-0.49 < r<
-0.38) and for stress in the non-clinical samples (Sample 1: -0.64< r< -0.40; Sample 2: -0.68

< r< -0.36). Positive and low to medium in size correlations were found for sense of mastery

(0.19< r< 0.52 and 0.25< r< 0.45 in Sample 1 and Sample 2, respectively), dispositional

optimism (0.25< r< 0.50 and 0.28< r< 0.43, respectively) and sense of coherence (0.29<

r< 0.59 and 0.27< r< 0.47, respectively). Specifically, WB-NRS 1 was weakly correlated with

these three individual dispositions or general resources, while the stronger correlations were

observed for WB-NRS 2 and WB-NRS 5.

Finally, observing the pattern of correlations among the WB-NRSs and the PWBS six

dimensions (Table 5), we found that that the WB-NRS 1 was not significantly correlated with

Autonomy, Personal Growth, Purpose in Life, and Positive Relations (0.09 < r< 0.14), and

weakly correlated with Self-acceptance and Environmental Mastery (r = 0.22 and r = 0.28,

respectively). The WB-NRS 4 showed low correlations with Autonomy, Personal Growth, Pur-
pose in Life, and Positive Relations (0.21< r< 0.27), and medium correlations with Self-accep-
tance and Environmental Mastery (r = 0.39 and r = 0.38, respectively). Conversely, higher

Table 5. Bivariate Bayesian correlates between the Well-being Numerical Rating Scales (WB-NRSs) and the Psychological Well-being Scales (PWBS).

PWBS

Self-acceptance Autonomy Environmental Mastery Personal Growth Purpose in Life Positive Relations

WB-NRS 1 .22�� .12# .28 .14# .12# .09#

WB-NRS 2 .53 .27 .53 .28 .38 .29

WB-NRS 3 .47 .32 .48 .34 .38 .57

WB-NRS 4 .39 .21� .38 .21� .27 .21�

WB-NRS 5 .57 .31 .57 .31 .46 .36

Note. N = 231 (Sample 1).
#ns,
�BF10>10,

��BF10>30, for all the other correlations BF10>100.

https://doi.org/10.1371/journal.pone.0252709.t005

Table 4. Bivariate Bayesian correlates between the Well-being Numerical Rating Scales (WB-NRSs) and the other variables in the study in the non-clinical samples.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

(1) WB-NRS 1 - .38 .29 .38 .45 .39 -.36 .19# .25 .29

(2) WB-NRS 2 .57 - .60 .61 .77 .62 -.62 .48 .45 .55

(3) WB-NRS 3 .47 .61 - .47 .67 .56 -.49 .39 .40 .46

(4) WB-NRS 4 .32 .49 .41 - .61 .51 -.48 .31 .30 .43

(5) WB-NRS 5 .59 .73 .65 .52 - .70 -.68 .52 .50 .59

(6) WHO-5 .45 .60 .54 .41 .64 - -.68 .53 .53 .61

(7) PSS-4 -.40 -.64 -.45 -.41 -.64 -.57 - -.63 -.53 -.66

(8) PSMS .25 .45 .32 .29 .41 .43 -.63 - .59 .71

(9) LOT-R .30 .44 .28 .32 .43 .43 -.45 .50 - .61

(10) SOC .27 .50 .32 .31 .47 .40 -.51 .53 .37 -

Note. Above Diagonal = Sample 1 (N = 231); Below Diagonal = Sample 2 (N = 342). WHO-5 = World Health Organization Well-Being Index; PSS-4 = Perceived Stress

Scale; PSMS = Pearlin-Schooler Mastery Scale; LOT-R = Life Orientation Test Revised; SOC = Sense of Coherence (SOC-13 item in Sample 1 and SOC-3 item in Sample

2).
#ns, �BF10>10, for all the other correlations BF10>100.

https://doi.org/10.1371/journal.pone.0252709.t004

PLOS ONE Well-being assessment: The Well-being Numerical Rating Scales (WB-NRSs)

PLOS ONE | https://doi.org/10.1371/journal.pone.0252709 June 14, 2021 12 / 21

https://doi.org/10.1371/journal.pone.0252709.t005
https://doi.org/10.1371/journal.pone.0252709.t004
https://doi.org/10.1371/journal.pone.0252709


correlation values were obtained for the remaining WB-NRS scales, but again smaller values

were observed for Autonomy, Personal Growth, Purpose in Life, and Positive Relations (0.27<

r< 0.36, with the exception of the abovementioned strong relationship between WB-NRS 3

and Positive Relations) and higher values for Self-acceptance and Environmental Mastery (0.48

< r< 0.57).

By and large, the pattern of correlations supports the idea that the WB-NRS 5, which was

correlated to all the measured constructs, captures a global well-being that encompasses differ-

ent components, and it is markedly associated with the general resources linked to well-being

(i.e., optimism, sense of mastery, and sense of coherence) as well as to other mental health indi-

cators (i.e., depression, anxiety, and stress). However, the patterns of correlations observed for

the WB-NRS 2 and WB-NRS 5 were quite similar, suggesting that there is a large overlap

between the psychological and the general well-being. The WB-NRS 3 seems to assess a quite

distinct well-being component. Indeed, when compared to the WB-NRS 2 and WB-NRS 5, it

is similarly connected with some mental health indices and not correlated with the physical

one, but the relationships with general resources, stress, and anxiety are weaker. Finally,

observing the correlations, the WB-NRS 1 and WB-NRS 4 appears to tap different and peculiar

aspects of well-being.

Responsiveness. The WB-NRSs were used to detect the change in well-being in cancer

patients who were invited to attended live classical music concerts during the hospitalization

period. The one-sided t-test showed that the resulting BF10 value was 9.11 for WB-NRS 5, indi-

cating substantial evidence in favor of alternative hypothesis, i.e., general well-being increased

after the intervention. The same results were obtained for WB-NRS 1 (BF10 = 5.35), suggesting

a specific effect on physical well-being. A small effect was detected for WB-NRS 2 (BF10 =

3.03), showing a minimal change in psychological well-being. The BF10 values were 0.11 and

0.15 for WB-NRS 3 WB-NRS 4, respectively, indicating there were not pre-post differences in

relational and spiritual well-being.

The WB-NRSs were also administered to detect changes in well-being induced by the

immersion in an enriched environment in a museum in Florence. The one-sided t-test showed

that the resulting BF10 value was 113.44 for WB-NRS 5, indicating very strong evidence in

favor of alternative hypothesis, i.e., subjective general well-being dramatically increased after

the intervention. A similar result was obtained for WB-NRS 2 (BF10 = 32.80), suggesting a spe-

cific large effect on psychological well-being. The BF10 value was 0.29, 2.03, and 2.14 for

WB-NRS 1, WB-NRS 3, and WB-NRS 4, respectively, showing there were not pre-post differ-

ences in physical, relational, and spiritual well-being.

Overall, the responsivity results attested that the WB-NRSs were able to detect changes in

well-being after an intervention program and that a specific change can be detected. In the

first case, a desirable effect was to reduce patients’ physical distress related to treatments and to

increase their psychological and general well-being. The WB-NRSs allowed detecting these

specific effects. Similarly, the second intervention aimed basically to increase psychological

and general well-being. Also, in this case the WB-NRSs were able to show these changes. Con-

versely, changes in relational and spiritual well-being were not an expected outcome in these

interventions, and the results confirmed this hypothesis.

Study 2

The purpose of the current study was twofold: to test the metrical equivalence of the Italian

and the English version of the WB-NRSs and to provide evidence of validity confirming the

pattern of relationships observed in Study 1 and replicating the same pattern in the English

sample.
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Methods

Participants. The English-speaking sample consisted of 287 Canadian undergraduate

psychology students (ages ranged from 18 to 30 years;M = 20.78, SD = 3.32; 23% males) from

a large Canadian university. The Italian-speaking sample consisted of 342 Italian undergradu-

ate psychology students (age ranged from 18 to 29 years,M = 21.21 years, SD = 1.73, 38%

males). Participation in the study was voluntary and students received a credit towards their

psychology course. The study was approved by the university’s local institutional review

boards (Commissione Etica per la Ricerca dell’Università degli Studi di Firenze, n. 31—prot.

127556 and Western University Non-Medical Research Ethics Board–NMREB Project ID:

116791, n. 00000941). Informed consent was obtained from all participants.

Design, measures, and procedure. A descriptive observational research design was

adopted; specifically, it was a cross-sectional study.

The five items of the WB-NRSs were translated by two Italian psychologists and the trans-

lated version was edited by an English-speaking researcher. Since a NRS requires minimal lan-

guage translation, no further steps in the translation process were deemed necessary. As

described above (Study 1), respondents are asked to rate their physical (WB-NRS 1), psycho-

logical (WB-NRS 2), relational (WB-NRS 3), spiritual (WB-NRS 4), and general well-being

(WB-NRS 5) using a 1 to 10 scale with 1 meaning a state of “absolute distress” and 10 a state of

“complete well-being.”

The WB-NRSs was presented to each sample as part of an online questionnaire (Qualtrics

was used for Canadian participants; GoogleForms for Italian participants) including the fol-

lowing scales (see Study 1 for a detailed description): the LOT-R (the scale has a good internal

consistency in the current Canadian and Italian samples: ω = .86 and ω = .84, respectively); the

PSMS (Canadian sample: ω = .85; Italian sample: ω = .80), the WHO-5 (ω = .84 and .81,

respectively), and the PSS-4 (ω were .81 and .78, respectively, indicating adequate reliability).

Analysis strategy. Missing values treatment and preliminary analyses to IRT were the

same of Study 1.

To investigate measurement equivalence, an analysis of differential item functioning (DIF)

across groups was performed by applying the Item Response Theory Likelihood Ratio test

approach (IRTLR) [57] implemented in IRTPRO software 4.0 [42]. The analysis refers to IRT

b (threshold) and a (discrimination) parameter estimates. Hence, two basic types of DIF are

examined. Uniform DIF refers to threshold parameters and non-uniform DIF refers to dis-

crimination parameters. The program uses a chi-square statistic to evaluate the difference of

parameters across the groups. Given the multiple comparisons, the critical p-value was

adjusted at .01 (i.e., p-value< .01 can be interpreted as indicators of DIF).

Bayesian correlation tests were conducted to test the validity of the WB-NRSs (see Study 1).

Results and discussion

Minimal data were missing across all variables. For the WB-NRSs, the missing values were

about 1% of the total cases in the samples. Thus, listwise deletion was used and 4 cases were

excluded.

Prerequisites for IRT analysis. Item descriptives. All indices are reported in Table 6.

Descriptives of each item showed that respondents used all the possible scale options with the

exception of the WB-NRS 1 where the option 1 was never chosen in both groups. Answers

were well distributed along the range of the numerical scale (standard deviations were all

around 2). Means (values ranged from 6.2 to 7.2) and skewness indices (all negative in sign)

indicated that the frequencies were slightly fewer in the lower part of the response scale (i.e.,

answers were more concentrated on the higher values). Nonetheless, all the skewness and
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kurtosis indices ranged within -1 and 1, suggesting there is not a substantial departure from a

normal distribution. Item–total correlation values ranged from .59–.81 suggesting that the var-

iability in item discrimination parameters would warrant inclusion in the IRT calibration.

Internal Structure. The parallel analysis clearly advised a one-factor structure in both sam-

ples. The model showed an excellent fit in the Canadian (χ2/df = 1.62, CFI = .997, NNFI =

.993, RMSEA = .047 [95%CI: .005 -.078]) and Italian data (χ2/df = 0.45, CFI = .999, NNFI =

.999, RMSEA = .001 [95%CI: .000 -.070). The variance explained by the model was 65% and

67% in the Canadian and Italian sample, respectively. Factor loadings were higher than 0.60 in

the Canadian sample and higher than 0.50 in the Italian one (Table 6).

Local Dependence. In both samples, none of the LD statistics were greater than 10 (the max-

imum value was 6.4), indicating the absence of covariations between couples of items that are

not accounted for by a unidimensional model.

Overall, these results showed that DIF analysis can be performed to describe the psycho-

metric properties of the items.

IRT differential item functioning. The DIF analyses in which the Canadian group was

the reference group, indicated that WB-NRS 1, WB-NRS 2, WB-NRS 3, and WB-NRS 4

showed neither uniform DIF (X2 statistics ranged from 7.8 to 12.5, with associated p-values

ranging from .56 to .13), nor non-uniform DIF (X2 statistics ranged from 0.0 to 2.8, with asso-

ciated p-values ranging from .86 to .09). The WB-NRS 5 did not showed DIF for the b parame-

ters (X2(9) = 9.0, p = .44) but a difference was detected for the a parameter (X2(1) = 10.5, p<

Table 6. Descriptives, item-total correlations (with item deleted), and factor loadings of the Well-being Numerical Rating Scales (WB-NRSs) in the Canadian and

Italian samples.

Sample Item Range Mean Standard Deviation Skewness Kurtosis Item-Total correlation Factor Loading

Canadian WB-NRS 1 2–10 7.23 1.65 -0.72 0.57 0.54 0.62

WB-NRS 2 1–10 6.15 2.11 -0.29 -0.72 0.76 0.85

WB-NRS 3 1–10 6.93 1.98 -0.76 0.43 0.59 0.67

WB-NRS 4 1–10 6.58 2.20 -0.46 -0.41 0.60 0.66

WB-NRS 5 1–10 6.92 1.70 -0.64 0.37 0.87 0.98

Italian WB-NRS 1 2–10 6.75 1.79 -0.51 -0.09 0.49 0.55

WB-NRS 2 1–10 6.29 1.95 -0.56 -0.37 0.76 0.84

WB-NRS 3 1–10 6.99 2.03 -0.87 0.31 0.70 0.77

WB-NRS 4 1–10 6.17 2.24 -0.36 -0.37 0.63 0.69

WB-NRS 5 1–10 6.75 1.75 -0.85 0.79 0.87 0.97

https://doi.org/10.1371/journal.pone.0252709.t006

Table 7. Differential item functioning analyses of the Well-being Numerical Rating Scales (WB-NRSs) across Italian and Canadian samples.

Total a b
Item X2 df p X2

a df p X2 df p
WB-NRS 1 13.7 9 0.131 1.3 1 0.260 12.5 8 0.131

WB-NRS 2 12.5 10 0.252 0.0 1 0.861 12.5 9 0.187

WB-NRS 3 10.6 10 0.392 2.8 1 0.094 7.8 9 0.558

WB-NRS 4 8.6 10 0.567 0.6 1 0.438 8.0 9 0.531

WB-NRS 5 19.4 10 0.033 10.5 1 0.001 9.0 9 0.440

Note. DIF was calculate under Samejima’s Graded Response Model. α was considered significant at .01 (0.05/5) in order to adjust for multiple comparisons (Bonferroni

correction). a = discrimination, b = category threshold.

https://doi.org/10.1371/journal.pone.0252709.t007
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.001). Nonetheless, the X2total statistics indicated that all the WB-NRSs can be considered

invariant across language (Table 7).

Validity. Bayesian correlations are reported in Table 8. As a preliminary step to analyses,

we checked the normality of the score distributions. All the skewness and kurtosis indices ran-

ged within -1 and 1, suggesting that distributions were similar to a normal distribution.

As expected, high correlations were observed between comparable dimensions of well-

being, such as the WB-NRS 2 and the WHO-5 (r = 0.71 and r = 0.61 in the Canadian and Ital-

ian sample, respectively). Low to medium correlations were observed between different

dimensions of well-being, such as the WB-NRS 1 and the WHO-5 (r = 0.47 and r = 0.38, in the

Canadian and Italian sample, respectively). The WB-NRS 4 was moderately correlated with

WHO-5 (r = 0.50 and r = 0.47 in the Canadian and Italian sample, respectively). Finally, con-

sistently with the proposed theoretical model, WB-NRS 5 was strongly correlated with the

WHO-5 (r = 0.70 and r = 0.66 in the Canadian and Italian sample, respectively). These results

confirm the ones obtained in Study 1 and attest that the observed relationships can be repli-

cated using the English version of the WB-NRSs.

Additionally, negative and medium to large in size correlations were observed for stress

(Canadian: -0.65< r< -0.38; Italian: -0.66< r< -0.29). Positive and low to medium in size

correlations were found for sense of mastery (0.27< r< 0.49 and 0.28< r< 0.50 in the Cana-

dian and Italian sample, respectively) and dispositional optimism (0.25< r< 0.50 and 0.28<

r< 0.43, respectively). By and large, the lower correlations were observed among the WB-NRS

1 and these individual dispositions, while the stronger correlations were observed for

WB-NRS 2 and WB-NRS 5. Also, these results were very similar to the ones obtained in Study

1 and that the observed relationships were replicated for the English version of the WB-NRSs.

General discussion

The present study aimed to develop a reliable and valid tool to assess well-being fitting together a

multidimensional approach to well-being and the added value offered by a brief scale (e.g.,

reduction of respondents’ fatigue, boredom, and loss of interest, suitability for large, multivariate

surveys with many tests and scales, rapid assessment in pre-post administration). To achieve this

goal, we deemed that the numerical rating scale as an optimal solution because it is brief, concise,

and easy to understand, interpret, and score. Thus, relying on the theoretical model represented

in Fig 1, we developed theWell-being Numerical Rating Scales (WB-NRSs) consisting of five

NRSs used to rate physical, psychological, spiritual, relational, and general well-being.

Table 8. Bivariate Bayesian correlates between the Well-being Numerical Rating Scales (WB-NRSs) and the other variables in the study.

(1) (2) (3) (4) (5) (6) (7) (8) (9)

(1) WB-NRS 1 - .50 .33 .40 .60 .47 -.38 .27 .29

(2) WB-NRS 2 .42 - .53 .56 .82 .71 -.65 .49 .54

(3) WB-NRS 3 .39 .65 - .44 .67 .50 -.43 .37 .40

(4) WB-NRS 4 .37 .58 .51 - .58 .50 -.48 .34 .32

(5) WB-NRS 5 .53 .81 .74 .65 - .70 -.63 .49 .51

(6) WHO-5 .38 .61 .49 .47 .66 - -.66 .50 .55

(7) PSS-4 -.29 -.66 -.47 -.46 -.66 -.63 - -.70 -.63

(8) PSMS .28 .50 .42 .41 .49 .46 -.56 - .66

(9) LOT-R .29 .39 .34 .37 .43 .47 -.51 .50 -

Note. Below Diagonal = Italian sample (N = 342); above Diagonal = Canadian sample (N = 283). WHO-5 = World Health Organization Well-Being Index; PSS-

4 = Perceived Stress Scale; PSMS = Pearlin-Schooler Mastery Scale; LOT-R = Life Orientation Test Revised. BF10>100 for all the correlations.

https://doi.org/10.1371/journal.pone.0252709.t008
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Administering the scales to a large sample consisting of clinical and non-clinical respondents,

we were able to provide evidence that the developed tool has adequate psychometric properties.

Through applying IRT, we showed that each NRS performs adequately in measuring the targeted

well-being component. Specifically, each item has a good discriminant ability, and the spread of

threshold parameters attests the appropriateness of the response categories. Along with item

properties, the pattern of correlations with other measures of general, psychological, relational,

existential, and physical well-being confirmed that each scale assesses a specific dimension of

well-being and that overall well-being is not simply the summation of all these components.

Moreover, we were able to replicate the nomological net documented in the literature investigat-

ing the relationships of well-being with dispositional optimism, sense of coherence, sense of mas-

tery, stress, anxiety, and depression [1]. Finally, we observed that the WB-NRSs were able to

assess changes due to intervention programs developed in the health domain [23, 24] and in the

art domain [25, 26]. Specifically, the responsivity results attested that the WB-NRSs were able to

detect the specific well-being changes consistently with the aim of the proposed intervention.

Interestingly, findings with the threshold parameters suggested that the WB-NRS assessed

individuals at the lower end of the well-being (i.e., one or two standard deviations below the

mean) as well as the higher end of well-being. Typically, the latent trait of interest is a quasi-

trait, which is a unipolar construct measuring presence or absence of a trait (e.g., content vs.

non-content [58]). This is in contrast with a bipolar trait, in which both extremes on opposite

ends represent variations in two meaningful entities (e.g., content vs. distress). Reise and Wal-

ler suggested that this discrepancy can be explained as the low end of a quasi-trait is not a

meaningful construct, and as such, there is no need to measure the extreme end of the spec-

trum in a quasi-trait [58]. It appears that the WB-NRS may act as a bipolar trait scale of mea-

suring distress on one end and well-being on another. One limitation of many personality

variable scales may be that of any quasi-trait scale, such that evaluating change may be espe-

cially difficult for individuals where only one end of the measure assesses a meaningful entity

[58]. As such, the WB-NRSs may address this important limitation.

Previous findings have demonstrated item-total scores tended to be positively skewed and

threshold parameters tend to be clustered when assessing clinical samples [58]. Individuals

two standard deviations below the mean highly likely to endorse specific responses on one end

of the continuum [58, 59]. The present findings suggested threshold parameters in this mea-

sure spread across the latent continuum, which may reflect a larger sample utilized for this

study and/or items are well-spread across the continuum to adequately capture the trait.

Although a NRS requires minimal language translation, we conducted a second study to

confirm the possibility to use the WB-NRSs once translated in English. An IRT-based Differ-

ential Item Functioning analysis provided evidence that the item properties are similar for the

Italian and English version of the scale. As such, the WB-NRSs function equivalently regardless

the respondent’s language. Additionally, in this second study, we confirmed the validity results

obtained in Study 1 and we observed very similar relationships when comparing the Italian

and the English-speaking samples.

While the two studies provide a broader support for the use of the WB-NRSs for a rapid

and sound assessment of well-being, there are some limitations and, consequently, suggestions

for future research. First of all, two administration formats (pencil-and-paper and online sur-

veys) were used in the clinical and non-clinical samples This methodological dissimilarity

should be avoided in future investigations to confirm and strengthen the current results. Sec-

ondly, to test invariance across language we employed samples of university students. Thus,

further studies are needed to generalize the usability of the scale to the English-speaking gen-

eral and clinical population akin to the Italian samples. Finally, validity testing might be

extended including other measures of the different well-being dimensions. In particular, a
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spiritual well-being measure should be included to better understand the ability of the current

NRS to assess this specific well-being component.

Overall, the current study provides evidence that the Italian and English versions of the

WB-NRSs offer added value in research focused on well-being and in assessing well-being

changes prompted by intervention programs developed for clinical and non-clinical purposes.
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