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Background: The World Health Organization Five Well-Being Index (WHO-5) is commonly 

applied to assess subjective well-being. However, evidence on its ordinal measurement properties 

among young adolescents, particularly in low- and middle-income countries, is scant. In particular, 

there is a lack of studies that have comprehensively evaluated key Mokken model assumptions, 

including scalability, monotonicity and invariant item ordering. Evaluating these properties is 

important as they support the ordinal interpretation of WHO-5 scores and clarify whether the items 

form an invariant hierarchy.
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Methods: Baseline data from the FLOURISH project, a multi-country study evaluating a family-

focused prevention program in Moldova and North Macedonia, were used. The sample comprised 

653 adolescents aged 10–14 years. The ordinal scaling properties of the WHO-5 were examined 

using Mokken Scale Analysis, a non-parametric item response theory approach. Specifically, 

overall and item-level scalability were evaluated using Loevinger’s H coefficients. Single 

monotonicity was examined under the Monotone Homogeneity Model, while invariant item 

ordering under the Double Monotonicity Model was assessed using nonintersection diagnostics 

and the manifest invariant item ordering method. The accuracy of the estimated ordering was 

evaluated using the Hᵀ coefficient. Analyses were also conducted separately by gender and 

country.

Results: The WHO-5 demonstrated strong overall scalability (h = 0.53, 95% CI: 0.49–0.57), with 

item-level scalability coefficients ranging from 0.50 to 0.56. Analyses revealed only minor and 

infrequent deviations from single monotonicity, with all diagnostic values below established 

thresholds. In addition, no meaningful violations of the nonintersection assumption were identified 

in the overall analysis. However, the Hᵀ coefficient was 0.12 and remained below 0.30 across the 

gender- and country-specific analyses, indicating that the estimated item ordering was too 

inaccurate to be useful.

Conclusions: The findings corroborate evidence for the scalability and monotonicity of the WHO-

5 and support the use of its summed score to distinguish adolescents with relatively lower or higher 

well-being at a given assessment, while cautioning against interpreting the group-level item 

ordering as a hierarchy that is accurately reproduced in individual adolescents’ response patterns.

Keywords: WHO-5, well-being, adolescents, psychometrics, Mokken Scale Analysis, Eastern 

Europe.

Background

The World Health Organization Five Well-Being Index (WHO-5) is one of the most widely used 

instruments for the assessment of subjective well-being in population-based and clinical research.1 

The scale is a brief self-report measure designed to capture central aspects of positive health, such 

as vitality and engagement with daily life. Although the WHO-5 was originally developed for adult 

populations, its application has increasingly extended to adolescent samples. This extension is 

particularly relevant because early adolescence involves significant changes in emotional 

regulation, self-concept, and interpersonal relationships that may adversely influence well-being 
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and positive development.2 Furthermore, research has shown that the COVID-19 pandemic placed 

a substantial burden on adolescents’ well-being, particularly in low- and middle-income countries 

(LMICs)3,4, where limited resources constrain response capacity.5 In these contexts, the promotion 

of adolescent well-being through preventive and early intervention approaches has become a key 

public health priority. Given its brevity and cost-free availability, the WHO-5 represents a practical 

instrument for assessing subjective well-being levels in low-resource and implementation 

settings.6 Consequently, ensuring sound psychometric properties of the scale among young 

adolescents is fundamental to support valid interpretation of well-being scores.

Existing psychometric studies in adolescent populations have largely relied on classical test theory 

and have supported good internal consistency and a unidimensional structure of the WHO-5.7-15 

However, these approaches provide limited information regarding the ordinal structure of the 

instrument. Non-parametric item response theory approaches, such as Mokken Scale Analysis 

(MSA), are well suited to address this limitation.16 MSA evaluates whether items satisfy key 

ordinal assumptions, including scalability (hierarchical ordering along a single dimension), 

monotonicity (higher trait levels correspond to higher response probabilities), and invariant item 

ordering (stable relative ordering across the trait continuum).16,17 Establishing these properties is 

important for assessing well-being with the WHO-5 in both research and clinical practice, as they 

indicate whether total scores can be used to order individuals according to their relative well-being 

and whether individual items form a consistent hierarchy.

To date, only a few studies have applied MSA to the WHO-5 in adolescent populations. One study 

involved bilingual ethnic-minority adolescents in Norway and Denmark7, another involved 

adolescents receiving psychiatric care in Sweden8, while a third included a broad school-based 

adolescent sample in Luxembourg9. All three studies reported strong scalability, while the 

Luxembourg study also found no meaningful violations of single monotonicity. The current 

evidence therefore supports the scalability of the WHO-5 in adolescents. However, evidence 

concerning the broader set of MSA assumptions, particularly invariant item ordering, remains 

limited among young adolescents and in lower-resource settings. Accordingly, the present study 

evaluates scalability, monotonicity and invariant item ordering among young adolescents from two 

LMICs in Southeastern Europe, Moldova and North Macedonia.

Methods

Study setting and participants
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The present analysis uses baseline data from Phase 2 of the FLOURISH project, a multi-country 

trial implemented in the Republic of North Macedonia and the Republic of Moldova.18 The 

FLOURISH project evaluates a family-based intervention aimed at improving adolescent mental 

health and well-being in diverse community settings.

The sample included adolescents aged 10–14 years who participated in the study alongside a 

primary caregiver. In North Macedonia, participants were recruited through collaborating schools. 

In Moldova, recruitment was conducted via youth-friendly primary healthcare services and schools 

across the country, covering broad catchment areas. Recruitment was open to all adolescents; 

however, a proportionate universalism approach was adopted, whereby all families were eligible 

but additional efforts were made to engage more vulnerable groups. Eligibility criteria required 

adolescents to reside with the participating caregiver for a minimum of four nights per week and 

to have sufficient proficiency in the local language (Macedonian or Romanian) to complete study 

questionnaires. Adolescents were excluded through a self-reported exclusionary statement if they 

had severe psychiatric, cognitive, or physical conditions that could substantially interfere with 

study participation.

Baseline data were collected prior to intervention delivery using tablet-based, computer-assisted 

self-report questionnaires. Trained assessors administered the assessments in private settings to 

ensure confidentiality, while remaining available to provide assistance when necessary.

Measure of adolescent well-being

Adolescent well-being was assessed using the World Health Organization Five Well-Being Index 

(WHO-5), a self-report scale designed to capture subjective well-being over the preceding two 

weeks.19 The WHO-5 includes five positively phrased items assessing key components of well-

being. Responses are recorded on a six-point scale ranging from 0 (“At no time”) to 5 (“All of the 

time”), with higher scores reflecting higher levels of well-being.

For use in the present study, the WHO-5 was administered in Macedonian and Romanian. The 

language versions were developed through a comprehensive cultural adaptation process described 

elsewhere.20 Briefly, this process involved forward and backward translation by bilingual mental 

health professionals, evaluation of semantic and conceptual equivalence, panel review and pilot 

testing with adolescents in both countries. In addition, qualitative think-aloud interviews were 

conducted to assess clarity and interpretability of the items, leading to final versions that were 

linguistically accessible and culturally appropriate for young adolescents. 20
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Statistical Analysis

The ordinal scaling properties of the WHO-5 were examined using MSA.21 MSA assesses key 

assumptions related to item scalability and monotonicity, thereby evaluating the extent to which 

observed response patterns support an ordinal interpretation of the total score.

Scalability was evaluated using Loevinger’s H coefficients, which quantify the degree to which 

item responses conform to a cumulative ordering structure.22 Specifically, scalability was assessed 

at two levels: the item level (hᵢ) and the overall scale level (h). Loevinger’s coefficients were 

derived by comparing the number of observed Guttman errors, defined as instances in which a 

respondent endorses a more difficult item but not a less difficult item within an item pair, with the 

number of errors expected under item independence.23,24 At the item level, hᵢ summarizes the 

scalability of a single item by comparing the number of observed and expected errors across all 

item pairs involving that item. At the scale level, the overall scalability coefficient h summarizes 

scalability across all items and is based on the comparison between the total number of observed 

and expected Guttman errors across all item pairs. Larger Loevinger´s coefficients indicate fewer 

observed errors relative to chance and, consequently, stronger ordinal scalability. Scalability was 

interpreted using established convention thresholds, with values below 0.30 indicating poor 

scalability, between 0.30 and 0.39 reflecting weak scalability, values between 0.40 and 0.49 

indicating moderate scalability and values of 0.50 or higher representing strong scalability.21,25 

Sampling uncertainty around the overall and item-level scalability coefficients was quantified 

using 95% confidence intervals, calculated from the corresponding standard errors.

Monotonicity was examined within the framework of two hierarchical models of MSA, namely 

the Monotone Homogeneity Model (MHM) and the more restrictive Double Monotonicity Model 

(DMM). The MHM is defined by three core assumptions: unidimensionality, indicating that all 

items reflect a single underlying construct; local independence, whereby item responses are 

independent conditional on the latent trait; and single monotonicity, such that the probability of 

endorsing an item at or above a given response category does not decrease with increasing levels 

of the latent trait.16,21 The DMM builds on the MHM by incorporating invariant item ordering 

(IIO), which requires that item response functions do not intersect, resulting in a consistent 

ordering of items by difficulty across the latent continuum.16,26

In the present study, we examined only single monotonicity and IIO because a prior study27 using 

the same analytic sample had already provided support for the unidimensional structure of the 
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WHO-5 and the local independence of its items. Specifically, the one-factor model showed 

adequate fit (CFI = .995, TLI = .990, RMSEA = .069, SRMR = .019), with standardized factor 

loadings ranging from 0.70 to 0.81 and residual variances from 0.34 to 0.51. Inspection of 

modification indices and expected parameter changes did not identify any substantial residual 

correlations, providing no indication of local dependence. Multi-group CFA also supported 

configural, threshold, metric and scalar invariance across Moldova and North Macedonia. The 

configural (CFI = .996, RMSEA = .063), threshold (CFI = .995, RMSEA = .045), metric (CFI = 

.996, RMSEA = .036) and scalar models (CFI = .995, RMSEA = .039) showed adequate fit. 

Relative to the preceding model, changes in CFI were −.001, .001 and −.001, while changes in 

RMSEA were −.018, −.009 and .003 for the threshold, metric and scalar models, respectively. 

These changes met prespecified criteria, and the corresponding scaled chi-square difference tests 

were also nonsignificant. Overall, these findings supported unidimensionality, provided no 

indication of local dependence and supported cross-country measurement invariance, justifying 

the present focus on single monotonicity and IIO.

Monotonicity-related assumptions were evaluated using item-level diagnostics. Potential 

violations of single monotonicity were identified through matrices summarizing local decreases in 

item response functions, whereas potential violations of IIO were assessed using the manifest 

invariant item ordering (MIIO) method, which examines pairwise intersections between manifest 

item response functions.25 The extent and relevance of detected violations were assessed by 

computing Crit coefficients for each item. These coefficients combine information on item 

scalability, the number and relative frequency of violations, their maximum and cumulative 

magnitudes and their statistical significance.28 Following established guidelines, Crit values below 

40 were interpreted as indicating no meaningful violations, values between 40 and 80 as warranting 

further scrutiny, and values above 80 as reflecting substantial violations of monotonicity 

assumptions.

After the MIIO analysis, the accuracy of the estimated item ordering was summarized using the 

Hᵀ coefficient. Hᵀ is an overall coefficient expressing the extent to which the ordering of the item 

totals is reflected in individual respondents’ item-score patterns.29 Thus, whereas MIIO evaluates 

whether item response functions intersect, Hᵀ indicates how accurately the resulting invariant item 

ordering can be estimated. Low values occur when the item response functions lie close together, 

producing a less accurate ordering, and higher values occur when the functions are farther apart, 
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producing a more stable and accurate ordering. Using proposed thresholds, values below 0.30 

indicate an item ordering that is too inaccurate to be useful, values from 0.30 to below 0.40 indicate 

low accuracy, values from 0.40 to below 0.50 indicate medium accuracy, and values of 0.50 or 

higher indicate high accuracy.29

Analyses were conducted for the overall sample and separately by country and gender. All analyses 

were conducted in R version 4.5.2 using the mokken package, version 3.1.2. WHO-5 items were 

treated as ordinal variables with six ordered response categories (0–5).

Results

The study sample included 653 adolescents with a mean age of 11.9 years (SD = 1.29; range = 10–

14 years), including 322 participants from Moldova and 331 from North Macedonia. The gender 

distribution was balanced, with 330 participants identifying as male (50.5%), 321 as female 

(49.2%) and two as diverse (0.3%). The vast majority of adolescents were currently attending 

school (98.8%). With respect to ethnicity, most participants identified as Macedonian (48.5%) or 

Moldovan (45.5%), followed by Romanian (3.2%); all other ethnic groups each represented less 

than 2% of the sample. Religious affiliation was predominantly Eastern Orthodox (87.7%).

Table 1 presents the response-category distributions for the five WHO-5 items. There were no 

missing responses for any item. Across all items, responses were concentrated in the higher 

categories, with “Most of the time” or “All of the time” selected by 61.4% of adolescents for 

feeling cheerful, 51.3% for feeling calm, 54.7% for feeling active, 41.8% for feeling rested, and 

52.1% for having an interesting daily life. The item concerning waking up feeling fresh and rested 

showed the greatest dispersion across response categories and the highest endorsement of the lower 

response categories.

Table 2 reports the scalability coefficients and monotonicity diagnostics for the WHO-5. The 

overall scalability of the scale was h = 0.53. Item-level scalability coefficients ranged from hᵢ = 

0.50 to 0.56. Specifically, item scalability coefficients were 0.52 for (1)“I have felt cheerful and 

in good spirits”, 0.53 for (2)“I have felt calm and relaxed”, 0.56 for (3)“I have felt active and 

vigorous”, 0.52 for (4)“I woke up feeling fresh and rested”, and 0.50 for (5)“My daily life has 

been filled with things that interest me”.

With respect to single monotonicity, two items showed no violations, two items showed one 

violation each and one item showed three violations. Corresponding Crit values ranged from 0 to 

14. For double monotonicity, no violations were observed for any item, with Crit values of 0 for 
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all items. The Hᵀ coefficient was 0.12. The estimated item ordering, from the highest to the lowest 

mean item score, was Cheerful, Active, Interested, Calm and Rested. Diagnostic plots for IIO are 

presented in Supplementary Figure S1.

Gender-specific analyses are reported in Tables 3 and 4. Among male adolescents, the WHO-5 

demonstrated moderate overall scalability (h = 0.44, 95% CI: 0.38–0.51), with item-level 

coefficients ranging from 0.39 to 0.49. Among female adolescents, overall scalability was strong 

(h = 0.60, 95% CI: 0.55–0.66), with item-level coefficients ranging from 0.57 to 0.64. Single-

monotonicity violations were infrequent in the male subgroup and absent in the female subgroup 

and corresponding Crit values were below 40. Similarly, although some violations of double 

monotonicity were identified in both subgroups, all corresponding Crit values were below 40. The 

Hᵀ coefficients were 0.10 for male and 0.15 for female adolescents. The estimated ordering also 

differed between the two groups: Active, Cheerful, Calm, Interested, and Rested among male 

adolescents; and Cheerful, Interested, Active, Calm, and Rested among female adolescents.

Country-specific analyses are reported in the Supplementary Material (Tables S1 and S2) and are 

fully consistent with these findings.

Discussion

The present investigation examined the ordinal scaling performance of the WHO-5 Well-Being 

Index among young adolescents in a prevention-oriented sample from Southeastern Europe using 

Mokken Scale Analysis. This study extends previous adolescent Mokken research by jointly 

evaluating scalability, single monotonicity and invariant item ordering in a younger sample and a 

geographical and cultural context in which these properties have not previously been examined. 

Overall, the findings suggest that the instrument exhibits a coherent ordinal structure in this 

context, with consistent item scalability and no meaningful violations of single monotonicity or 

IIO, although the estimated invariant item ordering was insufficiently accurate to be useful.

Specifically, the WHO-5 showed a strong overall scalability coefficient, indicating that the five 

items form a well-defined ordinal continuum of adolescent well-being. Item-level coefficients 

were also uniformly acceptable, suggesting that each item contributes consistently to the ordinal 

ordering of individuals along the latent well-being continuum. Gender- and country-specific 

analyses broadly supported this pattern, with moderate scalability among male adolescents and 

youth in North Macedonia and strong scalability among female adolescents and youth in Moldova. 

These results support the interpretation of the WHO-5 as a unidimensional ordinal measure in 
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which higher summed scores correspond to higher levels of subjective well-being. The findings 

are also consistent with previous Mokken analyses conducted among bilingual ethnic-minority 

adolescents in Norway and Denmark,7 adolescents receiving psychiatric care in Sweden,8 and 

school-based youth in Luxembourg,9 all of which reported strong scalability.

Assessment of single monotonicity revealed only a small number of minor violations across items, 

with all associated diagnostic values remaining well below established thresholds. This pattern 

was also observed in the gender- and country-specific analyses. This is consistent with the 

Luxembourg study, which similarly reported no meaningful violations of monotonicity.9 The 

findings therefore suggest that the WHO-5 items conform to a monotonic structure, such that 

higher levels of adolescent well-being are associated with an equal or greater probability of 

endorsing higher response categories within each item. This pattern supports the ordinal 

interpretation of item responses and strengthens confidence in the use of summed scores to 

represent ordered differences in well-being. This property is relevant for population monitoring 

and applied research, in which the WHO-5 may be used to distinguish adolescents with relatively 

lower or higher well-being at a given assessment.

Lastly, regarding double monotonicity, the MIIO diagnostics identified no meaningful 

intersections between the item response functions. However, the HT coefficients were consistently 

below 0.30 overall and across gender and country subgroups, indicating insufficient separation 

between the functions and, consequently, an item ordering that was too inaccurate to be useful.

One possible explanation for the limited accuracy with which the item ordering could be estimated 

is the conceptual breadth of the WHO-5. Its items assess related but distinct manifestations of well-

being, including positive mood, calmness, vitality, restorative sleep and engagement with daily 

life. These experiences may occur in different combinations while remaining indicators of a 

common underlying construct. For example, an adolescent may feel active and interested in daily 

activities while not feeling fresh and rested, whereas another may feel rested but report less positive 

mood or engagement. From an assessment perspective, the item ordering should therefore not be 

treated as a hierarchy that is accurately reproduced in individual adolescents’ response patterns.

The main limitations of this study concern the generalizability of the findings. This research 

focused on early adolescents participating in a prevention-oriented intervention trial, which may 

limit applicability to older adolescents or to youth not engaged with school or health services. In 

addition, the study was conducted in two LMICs in Southeastern Europe. Further research is 
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needed to determine whether the observed ordinal scaling performance of the WHO-5 generalizes 

to adolescents in other cultural, socioeconomic and regional settings. Adolescent well-being is a 

multidimensional and culturally embedded construct, and cross-cultural differences in how well-

being is interpreted may influence item functioning and scale performance.

Despite these limitations, the present study makes important contributions to the literature and has 

critical implications for the assessment of adolescent well-being with the WHO-5. To our 

knowledge, it is one of the first studies to jointly examine scalability, single monotonicity and IIO 

among younger adolescents from LMIC settings. The findings corroborate evidence for the 

scalability and monotonicity of the WHO-5 while showing that, although no meaningful violations 

of IIO were detected, the item ordering could not be estimated with sufficient accuracy to be useful. 

Accordingly, the findings support the use of the WHO-5 summed score to distinguish adolescents 

with relatively lower or higher well-being at a given assessment, while cautioning against treating 

the group-level item ordering as a hierarchy that is accurately reproduced in individual 

adolescents’ response patterns. Further studies in other adolescent populations are needed to 

determine whether these findings can be replicated in different cultural and geographical contexts.
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Table 1. Response-category distributions for the WHO-5 items in the overall adolescent sample
Item 0. At no time 1. Some of the 

time
2. Less than half 

of the time
3. More than 

half of the time
4. Most of 
the time

5. All of 
the time

(1) I have felt cheerful and 
in good spirits 8 (1.2) 70 (10.7) 54 (8.3) 120 (18.4) 250 (38.3) 151 (23.1)

(2) I have felt calm and 
relaxed 9 (1.4) 91 (13.9) 61 (9.3) 157 (24.0) 212 (32.5) 123 (18.8)

(3) I have felt active and 
vigorous 19 (2.9) 70 (10.7) 64 (9.8) 143 (21.9) 179 (27.4) 178 (27.3)

(4) I woke up feeling fresh 
and rested 62 (9.5) 120 (18.4) 90 (13.8) 108 (16.5) 151 (23.1) 122 (18.7)

(5) My daily life has been 
filled with things that 
interest me

13 (2.0) 94 (14.4) 71 (10.9) 135 (20.7) 186 (28.5) 154 (23.6)

Note. N = 653. 
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Table 2. Scalability coefficients, single- and double-monotonicity diagnostics and invariant item 
ordering accuracy for the WHO-5 among adolescents

Single 
Monotonicity

Double 
MonotonicityScale and Items 

h / hi (95% CI) V Crit V Crit 

              Total Scale 0.53 (0.49-0.57)

(1) I have felt cheerful and in good spirits 0.52 (0.47-0.58) 0 0 0 0
(2) I have felt calm and relaxed 0.53 (0.48-0.58) 0 0 0 0
(3) I have felt active and vigorous 0.56 (0.52-0.61) 1 0 0 0
(4) I woke up feeling fresh and rested 0.52 (0.47-0.57) 1 0 0 0

(5) My daily life has been filled with things that 
interest me 0.50 (0.45-0.56) 3 14 0 0

HT 0.12
Note. N = 653. h = overall scale scalability coefficient; hᵢ = item-level scalability coefficient; Hᵀ = accuracy of invariant item 
ordering; CI = confidence interval; V = number of violations; Crit = weighted index of the severity of violations. Estimated 
item ordering, from highest to lowest mean item score: Cheerful; Active; Interested; Calm; Rested. Items are presented in their 
original WHO-5 order.

Table 3. Scalability coefficients, single- and double-monotonicity diagnostics and invariant item 
ordering accuracy for the WHO-5 among male adolescents

Single 
Monotonicity

Double 
MonotonicityScale and Items

h / hi (95% CI) V Crit V Crit 

              Total Scale 0.44 (0.38-0.51)

(1) I have felt cheerful and in good spirits 0.44 (0.36-0.53) 1 6 3 33
(2) I have felt calm and relaxed 0.49 (0.42-0.56) 0 0 3 30
(3) I have felt active and vigorous 0.47 (0.39-0.54) 0 0 4 35
(4) I woke up feeling fresh and rested 0.43 (0.36-0.51) 0 0 3 33

(5) My daily life has been filled with things that 
interest me 0.39 (0.30-0.48) 1 13 1 21

HT 0.10
Note. N = 330. h = overall scale scalability coefficient; hᵢ = item-level scalability coefficient; Hᵀ = accuracy of the invariant 
item ordering; CI = confidence interval; V = number of violations; Crit = weighted index of the severity of violations. 
Estimated item ordering, from highest to lowest mean item score: Active; Cheerful; Calm; Interested; Rested. Items are 
presented in their original WHO-5 order.

Table 4. Scalability coefficients, single- and double-monotonicity diagnostics and invariant item 
ordering accuracy for the WHO-5 among female adolescents
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Single 
Monotonicity

Double 
MonotonicityScale and Items

h / hi (95% CI) V Crit V Crit 

              Total Scale 0.60 (0.55-0.66)

(1) I have felt cheerful and in good spirits 0.59 (0.52-0.67) 0 0 0 0
(2) I have felt calm and relaxed 0.57 (0.51-0.64) 0 0 2 22
(3) I have felt active and vigorous 0.64 (0.58-0.70) 0 0 4 26
(4) I woke up feeling fresh and rested 0.59 (0.53-0.66) 0 0 2 16

(5) My daily life has been filled with things 
that interest me 0.60 (0.53-0.66) 0 0 0 0

HT 0.15
Note. N = 321. h = overall scale scalability coefficient; hᵢ = item-level scalability coefficient; Hᵀ = accuracy of the invariant 
item ordering; CI = confidence interval; V = number of violations; Crit = weighted index of the severity of violations. 
Estimated item ordering, from highest to lowest mean item score: Cheerful; Interested; Active; Calm; Rested. Items are 
presented in their original WHO-5 order. 
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