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Abstract 

Psychological distress is widespread globally, affects both mental and physical health, and has been 

significantly exacerbated by the COVID-19 pandemic. Reliable and valid instruments to assess psychological 

distress are needed so that interventions to address this condition can be directed and evaluated. We evaluated 

the psychometric statistics of the Depression Anxiety Stress Scales (DASS-21) using the Rasch method and a 

population survey sample dataset from four nations. To meet the requirements of the Rasch model, we randomly 

selected 500 participants (at least 110 from each country) from a total sample of 1,822 individuals from 

Germany (n=475), Ghana (n=523), India (n=411), and New Zealand (n=413). Minor testlet modifications were 

necessary to achieve a satisfactory model fit for the depression (χ²(30)=40.32, p=0.099), anxiety (χ²(32)=31.22, 

p=0.510), and stress (χ²(20)=29.64, p=0.076) subscales, and the full-scale (χ²(18)=23.93, p=0.16). The scales 
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were strictly unidimensional with acceptable reliability reflected by Person Separation Index (PSI) values of 

0.86 for depression, 0.74 for anxiety, 0.82 for stress, and 0.87 for the total scale. The scales’ items showed 

invariance across the countries and sociodemographic factors. The scales also demonstrated convergent, 

structural, and external validities. The study supported the reliability and validity of the DASS-21 for assessing 

psychological distress in four countries. Rasch model algorithms developed in this study enable conversion of 

the ordinal DASS-21 scale and its subscale scores to interval-level scores, which increases the precision of 

measurement. Future studies should apply Rasch methodology to the DASS-21 in various cultural contexts, 

incorporating subgroup analyses.  

 

Keywords: Depression, Anxiety, Stress, Rasch analysis, Validity, Reliability. 

 

 

 

 

Introduction 

Depression, anxiety, and stress are common in most populations around the world, and their prevalence 

has been significantly increased by the COVID-19 pandemic (Bueno-Notivol et al., 2021). For instance, the 

prevalence of depression symptoms among US adults was over three times higher during the COVID-19 

pandemic compared to before (Ettman et al., 2020). These mental health conditions often overlap, and account 

for a substantial portion of global Disability-Adjusted Life Years (DALYs) and economic burden. In fact, the 

age-standardised DALYs for depression and anxiety have increased by 16.4% and 16.7%, respectively, between 

2010 and 2021 (Mettananda, & Mettananda, 2024). According the Diagnostic and Statistical Manual of Mental 

Disorders, Fifth Edition, Text Revision (DSM-5-TR; American Psychiatric Association [APA], 2022), 

depression is characterised by persistent negative feelings, loss of interest in activities, and physical symptoms 

such as changes in appetite and sleep disturbances. However, anxiety depicts persistent worry about future 

occurrences, while stress reflects continual state of heightened arousal and a tendency to become easily upset 

(APA, 2022). Notably, the classification of disorders by the DSM-5-TR predominately reflects the Western 
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perspective of nosology. Such classifications of diseases have been criticised by cultural psychiatrists and 

psychologists for being overly simplified, especially when considering the complexities of cultural influences on 

diseases. The presentation of psychiatric symptoms can vary significantly across diverse cultures, a concept 

known as 'idioms of distress' (Kaiser et al., 2015).  

Depression, anxiety, and stress are distinct conditions, but chronic stress can contribute to the 

development of symptoms associated with both depression and anxiety, such as disrupted sleep patterns and 

increase irritability (Cohen et al., 1997; Medvedev, 2023). The negative impacts of depression, anxiety, and 

stress are pervasive, affecting various aspects of life including education, business, health, relationships, and 

overall quality of life (Schneiderman et al., 2005). In particular, during the COVID-19 pandemic, higher levels 

of depression, anxiety, and stress were significantly linked to lower levels of COVID-19 vaccination acceptance 

(Adu et al, 2024; Sekizawa et al., 2022). These conditions have also been found to reduce work performance 

output (Harvey et al., 2011). Additionally, adolescents who reported a decline in their academic performance 

were more likely to experience depression (Fröjd et al., 2008). Depression, anxiety, and stress are often found to 

be comorbid with various other health conditions (APA, 2022).  

Assessing distress and its components, such as depression, anxiety, and stress, is important for directing 

and evaluating effectiveness of interventions to alleviate the impact of distress on mental and physical health. 

One commonly used psychometric instrument for measuring these negative affective states is the 21-item 

Depression Anxiety Stress Scales (DASS-21; Lovibond & Lovibond, 1995). The DASS-21 is the short version 

of the initial 42-item version of this scale (Lovibond & Lovibond, 1995). The DASS-21 has several advantages 

compared to the original version, including ease of administration, a clearer factor structure, and minimal inter-

factor correlations (Lovibond & Lovibond, 1995). The scale can be used to assess depression, anxiety, and stress 

separately, with each containing seven items, or the overall psychological distress by summing all subscales’ 

scores.  

Evidence supporting the psychometric statistics of the DASS-21 using the traditional Classical Test 

Theory (CTT) method, Confirmatory Factor Analysis (CFA), indicated that it is reliable and valid for assessing 

depression, anxiety, and stress (Lee & Kim, 2022; Medvedev, 2023; Yıldırım et al., 2018). Internal consistency 

estimates, using Cronbach’s alpha coefficients, range from 0.83 to 0.94 for depression, 0.76 to 0.87 for anxiety, 

and 0.79 to 0.91 for stress across different countries (Medvedev, 2023). Additionally, the DASS-21 has been 

translated into about 30 languages, such as such as Arabic, Dutch, Malaysian, Russian, Spanish, Swedish, Thai, 

German, and Turkish (Bibi et al., 2020; Medvedev, 2023). Currently, the DASS-21 was cited about 15000 across 
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different studies according to Google Scholar. The use of the traditional CFA in the assessment of instruments 

has been instrumental in the literature, providing valuable insights into the validity and reliability of 

measurement scales. However, this method has been criticised for using ordinal measures, which are limited in 

precision. Moreover, while the optimal estimation of parameters in Confirmatory Factor Analysis (CFA) 

typically requires large sample sizes (VanVoorhis & Morgan, 2007), high internal consistency in such large 

samples may be misleading. It might simply indicate that many participants are responding to items in a similar 

way, rather than the items truly measuring the underlying trait consistently across different contexts or 

populations (Hays et al., 2000). Other statistical parameters may also disproportionately reflect the 

characteristics of a specific subgroup within a broader population sample. 

Nevertheless, Rasch analysis is known to overcome the limitations of the CTT methods regarding 

instrument assessment. Rasch analysis assumes that the probability of an item response category being endorsed 

depends on the difference between the person's ability and the item's difficulty (Hays et al., 2000). This method 

focuses on the fit between the person response patterns and the item difficulty, providing a more nuanced 

reliability estimate than overall inter-item correlation typically used in CFA (Medvedev & Krägeloh, 2022). 

Therefore, the Rasch methodology provides less sample-independent assessment, interval-level scaling, and 

detailed fit statistic of scales, which aligns with basic assumptions of measurement. These assumptions include 

ensuring equitable treatment for all users of an instrument, maintaining consistent and proportional scale units 

(Thurstone, 1931). Furthermore, unlike the CFA, Rasch models do not assume that the steps between adjacent 

response rating categories are equal.  

To date, only two studies have applied Rasch methodology (Rasch, 1960) to assess the psychometric 

properties of the DASS-21, focusing on Australian (Shea et al., 2009) and New Zealand (Medvedev et al., 2020) 

populations. While these studies reported optimal fit indices after removing some misfitting items, this approach 

potentially affects the scale's validity (Boateng et al., 2018). Moreover, the lack of cross-cultural validation in 

these studies limits the generalisability of their findings and the robustness of the interval scores derived from 

the DASS-21 (Cooper, 2023). Given these limitations, our study aimed to evaluate and improve the 

measurement precision of the DASS-21 using Rasch analysis across diverse cultures, specifically samples from 

Ghana, Germany, India, and New Zealand were used in the study. We also sought to assess the scale's reliability, 

dimensionality, and structural validity in these diverse populations, examining its convergent and divergent 

validity, and investigated measurement invariance across the different cultural contexts. We hypothesised that 

the DASS-21 will demonstrate adequate fit to the Rasch model across the diverse samples, potentially requiring 
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some modifications to optimise its psychometric properties. Furthermore, we expected the scale to show strong 

convergent validity with related constructs such as negative affect, in line with previous research (Pezirkianidis 

et al., 2018). Conversely, we anticipated that the DASS-21 will exhibit weak to non-significant correlations with 

unrelated measures like positive affect, self-compassion, compassion towards others, and dispositional 

optimism, supporting its divergent validity (Chan et al., 2022; Medvedev et al., 2021). By addressing these 

objectives and testing these hypotheses, we aimed to strengthen the validity and reliability of the DASS-21 for 

use in contemporary cross-cultural research. 

Methods 

Participants 

The total sample included 1,822 individuals recruited from Germany (n=475), Ghana (n=523), India 

(n=411), and New Zealand (n=413). The data collection occurred in mid-2022 and is part of a broader dataset 

investigating the links between psychological variables and vaccination attitudes. The age of participants for the 

full data ranged from 18 to 80 years in India (Mage= 26.14; SD=8.57), 18 to 89 years in New Zealand (Mage = 

46.35; SD = 18.07), 18 to 63 years in Ghana (Mage = 29.48; SD = 5.69), and 18 to 87 years in Germany (Mage = 

44.09; SD = 5.57). Chi-square test of independence showed that the randomly selected participants for the Rasch 

analysis differed statistically significant by country in terms of education levels (χ2 (42) = 1003.72, p < 0.001), 

sex (χ2 (30) = 63.58, p < 0.001), age (χ2 (6) = 365.15, p < 0.001), marital status (χ2 (45) = 112.00, p < 0.001), 

and employment status (χ2 (42) = 157.25, p < 0.001) across the countries.   

Power analysis 

According to Hagell and Westergren (2016), a sample size of 500 is recommended for Rasch analysis 

if a Rasch Unidimensional Measurement Model (RUMM2030) is used to address the issue of chi-square 

sensitivity to large sample sizes. This sample size is also necessary for conducting Differential Item Functioning 

(DIF) invariance testing in Rasch analysis. We initially randomly selected 1,000 participants (250 from each 

country) using Microsoft Excel for the Rasch analysis, representing equal sample sizes for each country in the 

RUMM2030 and taking the advantage of large sample size. However, to ensure the required sample size was 

met for this analysis and address the chi-square test's tendency to highlight statistical significance with larger 

samples, potentially overemphasising data misfit with negligible practical implications (Pelton, 2002), this 

sample underwent continuous adjustments using the RUMM2030 software. Ultimately, we arrived at a 

satisfactory final sample of randomly selected 500 participants (120 participants from Germany, 140 from 
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Ghana, 112 from New Zealand, and 119 from India), mirroring the characteristics and diversity of the entire 

sample (Hagell & Westergren, 2016). 

Procedure 

The authors' institutional Human Research Ethics Committee approved this study. Data collection in 

Ghana and India was conducted through various online platforms such as Facebook, WhatsApp, Twitter, 

Instagram, and Email. We employed convenience sampling via a snowballing technique for the data collection in 

Ghana and India, using selectsurvey.net software. No incentives were offered to participants from these two 

countries. For data collection in New Zealand and Germany, the process was facilitated by the data collection 

company, Qualtrics, and participants received small monetary compensation (e.g., NZ$5 or an opportunity to enter 

a draw). The adoption of online data collection methods was driven by COVID-19 preventive measures, such as 

social distancing. Nevertheless, online data collection is growing internationally (e.g., Adu, et al., 2024), and it 

also offers a way of reaching out to a more diverse population for instance that may not be reached through postal 

or telephone surveys (Lee et al., 2016). Participants were first asked to provide demographic information before 

completing the main measures, which typically took about 15 minutes. The questionnaires were presented in 

English for participants in Ghana, India, and New Zealand, while a validated German version was provided for 

participants in Germany (e.g., Adu et al., 2024).  

Measures 

The DASS-21 (Lovibond & Lovibond, 1995), is rated on a 4-point Likert-scale response option: from 

0= “Did not apply to me at all” to 3= “Applied to me very much” and was utilised to measure depression, anxiety 

and stress. Each subscale contained 7 items including: depression ("I couldn't seem to experience any positive 

feeling at all"), anxiety ("I was aware of dryness in my mouth"), and stress ("I found it hard to wind down"). The 

reliability of all scales in this study were assessed using the Rasch-based Person Separation Index (PSI), with the 

coefficients of DASS-21 reported at the results section.   

 Compassion towards others was assessed with the Santa Clara Brief Compassion Scale (SCBCS; Hwang 

et al., 2008). This is a 5-item measure scored on a 7-point Likert scale, ranging from 1= “not at all true of me to” 

7= “very true of me”. Example of an item found on the scale is “I tend to feel compassion for people, even though 

I do not know them”. The reliability of the SCBCS is very good (PSI=0.81; M=24.10, SD=7.00) (Adu et al., 2024 

manuscript under review). 
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The Life Orientation Test Revised (LOT-R; Glaesmer et al., 2008; Scheier et al., 1994) was used to 

measure dispositional optimism. This 10-item scale is rated on a 5-point Likert scale ranging from 0 = “strongly 

disagree” to 4 = “strongly agree”. For instance, a positively worded item on this scale is “In uncertain times, I 

usually expect the best”. The scale demonstrated acceptable reliability (PSI=0.73; M=16.10, SD=3.62).  

 

The 12-item Self-Compassion Scale-Short Form (SCS-SF; Raes et al., 2011) was employed to measure 

self-compassion. This scale uses a 5-point Likert-scale response format: 1 = “Almost Never” to 5 = “Almost 

Always”. An example of positively worded item on this scale is “I try to be understanding and patient towards 

those aspects of my personality I don’t like”. The reliability of the scale was found to be acceptable (PSI=71; 

M=31.40, SD=7.40). 

We used the well-known 20-item Positive Affect (PA) and Negative Affect (NA) Scale (PANAS; Watson 

et al., 1988) to assess PA and NA. Participants rated each adjective on a 5-point Likert scale, ranging from 1= 

"very slightly" to 5= "extremely". Examples of adjectives measuring PA include "interested," "strong," and 

"proud"; while NA include "anger", "fear", and "sadness". While the reliability coefficient for the PA subscale was 

excellent (PSI=0.91; M=31.40, SD=7.40), the NA subscale was found to have very good reliability (PSI=81; 

M=23, SD=8.70). 

Statistical Analyses 

Data handling and preliminary analysis 

We conducted the Little’s (1988) test (p>0.05) to assess the pattern of missingness in the data. We 

found out that missing values were negligible (<1%) and were ignored as the Rasch model is not sensitive to 

missing data as it estimates parameters for items and persons independently. All analyses, except for the Rasch 

analysis, were performed using the IBM Statistical Package for the Social Sciences (SPSS) version 28. The 

analyses encompassed Pearson's correlation, paired samples t-test, descriptive statistics, and psychometric 

evaluations. By employing the Rasch transformed interval scores for all variables, the data was deemed 

appropriate for parametric test tools in related analyses.  

Rasch model evaluation 
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To assess the overall fit of the data to the Rasch model, we first examined at the chi-square test for 

item-trait interaction, aiming for a non-significant result (p>0.05) indicating an acceptable fit (e.g., no 

significant deviations from Rasch model expectations). We also examined item fit residual values to ensure they 

fell within an acceptable range (-2.50 to +2.50) and checked residual correlations between items to ensure they 

were below 0.20 (Tennant & Küçükdeveci, 2023; Wilkinson et al., 2023). Unidimensionality was assessed by 

comparing person estimates on two groups of items, with high and low loadings on the first principal component 

of residuals using t-tests, where unidimensionality is supported if the number of significant t-tests is below 5% 

or lower bound of confidence intervals overlaps 5% (Hagell, 2015; Smith, 2002). Threshold ordering was 

evaluated by examining Item Characteristic Curves (ICCs), with the intention to achieve monotonous patterns of 

items (Andrich, 1978). Good sample targeting was achieved if the difference between the average person 

measure and the average item measure of the dataset is below 1.00 logit (Finger et al., 2012). Ceiling and floor 

effects were significant only when more than 20% of participants fell outside the range covered by the items 

representing the latent variables (Murugappan et al., 2022). Any item local dependence, indicated by residual 

correlation matrices above 0.20 was addressed using testlets creation methodology (Tennant & Küçükdeveci, 

2023; Wilkinson et al., 2023). Reliability of the scale was estimated using PSI. Measurement invariance was 

evaluated across different sociodemographic factors, including biological sex, age, country of origin, health 

workers vs. general population, marital status, employment status, and educational levels using the DIF 

(Hagquist & Andrich, 2017; Pratscher et al., 2019). Age group invariance was assessed by categorizing age into 

groups (i.e., 18-35 years, 36-50, years, and 61-89) based on percentiles. If an acceptable model was achieved, an 

algorithm was developed to transform ordinal data into interval-level data (Medvedev et al., 2020). We assessed 

the convergent and divergent validity of the scales using Pearson's correlation coefficients.  

Results 

Overall model fit, reliability, and unidimensionality 

Our initial analysis (Table 1) indicated that the depression (χ² (21)= 60.80, p < 0.001), anxiety (χ²(42) = 

186.89, p < 0.001), and stress (χ² (21)=49.00, p < 0.001) subscales, and the full-scale (χ² (21)=189.96, p < 

0.001), deviated from the Rasch model expectations, as evidenced by a statistically significant interaction 

between the items and the latent variable. However, there was evidence of strict unidimensionality for all 

subscales and the total scale (Table 1). The reliability at this initial analysis were also acceptable for depression, 

anxiety, stress, and the full-scale, ranging from 0.71 to 0.92. Table 2 provides an overview of the individual item 
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fit statistics within the Rasch model, including item locations, fit residuals, and chi-square parameters. Items 5 

and 10 in the depression subscale, item 1 in the stress subscale, and items 2, 15, and 20 in the anxiety subscale 

showed significant misfit to the model reflected by elevated fit residuals (indicated by asterisks in Table 2). 

Removing these items could impact construct validity as they represent clinically important distress symptoms 

(e.g., hopelessness). However, Rasch model misfit can be due to individual items misfit or local dependency 

between items. Therefore, we examined the residual correlation matrix and identified locally dependent items 

potentially impacting the Rasch model fit.  

<Insert Table 1 here> 

<Insert Table 2 here> 

<Insert Figure 1 here> 

We used testlets method to address local dependency and combined locally dependent items as follows: 

for depression subscale, items 3+13 and 5+21; for anxiety subscale, items 2+20 and 4+15; and for stress 

subscale, items 1+11, 6+8, and 12+18. At this point, both the depression (χ²(30) = 40.32, p = 0.099), and stress 

(χ²(20) = 29.64, p = 0.076) subscales were found to fit well the Rasch model, while the anxiety subscale 

underwent further testlet modification to achieve the optimal overall Rasch model fit (Table 2; χ²(32) = 31.22, p 

= 0.510). This resulted in evidence of unidimensionality for all the subscales. An examination of local item 

dependency in the full-scale indicated three general groups of locally dependent items, as expected, 

corresponding to the three subscales. As a result, the final three subscales were treated as testlets for the full 

scale, similar to the study of Medvedev et al. (2020), which then fitted the Rasch model very well (χ²(18) = 

23.93, p = 0.160). We then achieved strict unidimensionality for the full scale, with the lower bound of 

significant t-tests within the 5% cut-off point (Table 1). Additionally, the reliability coefficients for all the scales 

were found to be acceptable, with PSI values of 0.86 for depression subscale, 0.74 for anxiety subscale, 0.82 for 

stress subscale, and 0.87 for the total scale. Furthermore, the final items, including the testlets worked 

appropriately in the final models for all the scales, indicated by the monotonous patterns in the ICCs for items 

(e.g., Figure 1). 

DIF, Person-Item Trait, and Ordinal-to-Interval Conversion 
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We found that items were invariant across demographic characteristics of participants as evidenced by 

no significant DIF. This evidence was presented by participants’ sex (Figure 2), age (Figure 3), country of origin 

(Figure 3), health workers vs. the general population (Supplementary Figure S1), marital status (Supplementary 

Figure S2), employment status (Supplementary Figure S3), and educational levels (Supplementary Figure S4).  

Further, the results indicated that the proportion of participants falling outside the range of the latent variable 

items for the scales ranged from 0.8% to 16.8%.  Since these percentages were below the 20% threshold for 

significance of ceiling and floor effects, the person-item distribution thresholds targeted the sample well (Figure 

4). Since we achieved satisfactory Rasch model fit indices for all scales, algorithms were developed based on 

Rasch model person estimates to convert ordinal scores into interval-level data (Table 3). Moreover, we were 

able to conduct paired samples t-tests to determine if there were statistically significant differences between the 

ordinal and interval level scores for the scales using the same scale range. The t-test used the total sample from 

the four countries by converting participants' scores into interval-level scores and then comparing these with 

their ordinal scores. The results showed statistically significant differences between the means of the ordinal (M 

= 6.81, SE= 0.14) and interval level (M = 7.73, SE = 0.13) scores for the depression subscale t(1821) = 32.46, p 

< 0.001); the ordinal (M = 6.04, SE = 0.13) and interval level (M = 7.05, SE = 0.12) scores for the anxiety 

subscale t(1821) = 29.47, p < 0.001);  the ordinal (M = 7.40, SE = 0.14) and interval level (M = 8.57, SE = 0.12) 

scores for the stress subscale t(1821) = 40.34, p< 0.001); and the ordinal (M = 20.25, SD = 16.47) and interval 

level (M = 24.56, SE = 0.28) of the full-scale t(1821) = -28.07, p<0.001). Effect sizes (d) were large for 

depression (d = 1.21), anxiety (d = 1.47), stress (d = 1.23) subscales, and the full-scale (d = 2.56). The observed 

lower standard error in the t-test of differences favoured the interval level scores.  

<Insert Figure 2 here> 

<Insert Figure 3 here> 

<Insert Table 3 here> 

Convergent and divergent validity 

Results from the Pearson’s correlation coefficient (r) revealed a moderate positive correlation between 

the scores of depression (r = 0.51, p < 0.001), anxiety (r = 0.51, p < 0.001), stress (r = 0.51, p < 0.001) 

subscales, the full-scale (r = 0.53, p < 0.001) and negative affect. This supported the convergent validity of the 
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scales. However, there were statistically significant weak negative correlations between self-compassion scores 

and the scores of depression (r = -0.37, p < 0.001), anxiety (r = -0.32, p < 0.001), and stress (r = -0.38, p < 

0.001) subscales, and the full-scale (r = -0.37, p < 0.001). Statistically significant negative correlations were 

also found between dispositional optimism scores and depression (r = -0.47, p < 0.001), anxiety (r = -0.35, p < 

0.001), and stress (r = -0.37, p < 0.001) subscales, and the full-scale scores (r = -0.41, p < 0.001). Compassion 

towards others measure showed weak negative correlations with depression (r = -0.03, p < 0.001), anxiety (r = -

0.02, p < 0.001), and stress (r = -0.03, p < 0.001) subscales, and the full-scale scores (r = -0.02, p < 0.001). 

Lastly, positive affect scores had weak negative correlations with the scores of depression (r = -0.36, p < 0.001), 

anxiety (r = -0.22, p < 0.001), and stress (r = -0.27, p < 0.001) subscales, and the full-scale (r = -0.30, p < 

0.001), which shows evidence of external validity. 

Discussion 

This study aimed to apply Rasch methodology to assess the psychometric statistics of the DASS-21 

across Germany, Ghana, India, and New Zealand. Specifically, we evaluated the scales’ structural validity, 

reliability, convergent and divergent validity, and invariance across sociodemographic factors. We discovered 

that none of the scales initially fit the Rasch model due to the interrelated nature of specific items, which failed 

to capture distinct aspects of the latent variables and the overall psychological distress. Implementing a testlet 

creation modification resolved this issue, leading to satisfactory model fit indices for the depression, anxiety, 

and stress subscales, as well as for the full scale. The scales were also found to be unidimensional and 

demonstrated acceptable reliability and internal validity. Moreover, all scales were invariant, with items 

showing no systematic bias across country of origin, marital status, age, sex, healthcare workers vs. general 

populace, employment status, and educational level. Meeting expectations of the unidimensional Rasch model 

allowed us to enhance measurement precision of the DASS-21. This was done by developing algorithms to 

transform ordinal data into interval-level scores using Rasch model estimations. We have also established 

external validity of all subscales and the total scale, which showed a positive relation with measures of negative 

affect, while exhibiting negative correlations with measures of self-compassion, dispositional optimism, positive 

affect and compassion towards others.  

The testlet creation method combines items with high shared variance that are not directly associated 

with the overarching latent variable of interest, which helps to reduce measurement error while meaningfully 

capturing specific aspects of the underlying latent variable (Lundgren-Nilsson et al., 2013). Testlet creation 
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benefits only Rasch-transformed interval-level scores, as testlets are incorporated into the conversion algorithm 

(Tennant & Küçükdeveci, 2023). However, previous studies, including Medvedev et al. (2020) and Shea et al. 

(2009) removed items from the DASS-21 to improve model fit, which can potentially impact the scales’ 

construct validity (Boateng et al., 2018). Our study preserved content validity by using testlet creation, keeping 

all original items in this measure. This method preserves the scales’ soundness and underscores its value in 

Rasch analysis for maintaining scale’s structure while improving model fit (Tennant & Küçükdeveci, 2023). 

Despite the advantages associated with this method, its application in the literature is limited, making the current 

study a valuable contribution to expanding its use and enhancing Rasch method. We also observed that the 

scales were unidimensional, meaning a single score is appropriate for measuring depression, anxiety, stress, and 

general psychological distress (Adu et al., 2024). In other words, items in each subscale capture a single 

underlying latent trait (e.g., depression), while the total scale reflects the overarching latent trait of 

psychological distress, which aligns with findings from previous DASS-21 Rasch studies (Medvedev et al., 

2020). While Shea et al. (2009) removed some items to achieve an acceptable Rasch model fit and 

unidimensionality, their findings failed to support the full version of the DASS-21 as a measure of general 

distress.  

The current study provides supporting evidence indicating that the DASS-21 can be adequately used 

with a non-clinical general population sample in the four countries used in this investigation. While the 

reliability coefficient for the anxiety subscale met the criteria for group-level assessment, the reliability 

coefficients for all other scales are suitable for both individual and group assessments (Fisher, 1992). 

Notwithstanding, the study by Medvedev et al., (2020) revealed reliability coefficients supporting group level 

assessment. In our study, the general distress scale demonstrated strong sample targeting, suggesting that the 

full-scale effectively captured the range of symptoms within the sample. This was supported by the monotonous 

patterns of the ICC. 

The use of interval-level scores enhances the precision of capturing the range of distress symptoms, 

enabling the detection of meaningful changes among participants. Table 3 outlines the process for converting 

ordinal data to interval-level scores. To illustrate this with the full DASS-21 scale, consider two scenarios: in 

one case, an individual's distress score decreases from 10 to 5, and another whose score drops from 15 to 10. 

Although both reductions appear equal on the ordinal scale, each showing a decrease of 5 points, converting 

these to interval scores reveals a different pattern. The first patient’s reduction is 4.75 units, while the second 

patient’s reduction is only 3.21 units in the interval scale (Table 3). This demonstrates that using the Rasch 



Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proofRasch Analysis of the Depression Anxiety Stress Scales 

 
13 

interval scores can offer a more precise measurement, providing greater clarity on actual changes in distress 

measures among individuals at both group and individual levels. This approach improves upon the traditional 

CFA by addressing the limitation of merely assuming equal intervals between score categories without 

explicitly testing this assumption (Magno, 2009). By incorporating interval-level scores, researchers can more 

accurately assess these constructs and enhance the validity and reliability of their analyses (Medvedev et al., 

2021). The lower standard error observed in the t-test of differences for the interval scores suggest reduced 

measurement error, indirectly indicating that transforming ordinal scores into interval scores enhances a scale's 

measurement accuracy. Furthermore, the evidence of measurement invariance across numerous 

sociodemographic factors improves the scale's usefulness, trustworthiness, and consistency across diverse 

populations with different characteristics, enabling dependable comparisons of study outcomes, especially from 

the countries under study (Welzel et al., 2023).  

The significant positive associations between the scores of the subscales and the measure of negative 

affect provide evidence of convergent validity for all the scales. The above correlations are congruent with well-

established evidence (Pezirkianidis et al., 2018). These associations mean that the scales are theoretically related 

to similar measures. Conversely, all the scales exhibited statistically significant correlations to measures of self-

compassion, positive affect, compassion towards others, and optimism, failing to establish divergent validity for 

the scales. However, these associations have been consistently reported in the literature, supporting the external 

validity of the scales (Chan et al., 2022; Medvedev et al., 2021). 

All the scales in this study effectively captured the full range of trait levels present in the population, 

demonstrating good targeting (fFnger et al., 2012) . This contrasts with previous research (Medvedev et al., 

2020; Shea et al., 2009) which reported poor targeting due to their samples lacking participants with clinically 

significant distress, resulting in a lower prevalence of severe distress symptoms. These studies noted that 

psychiatric measures often report fewer severe symptoms in community samples (Shorey et al., 2022). Despite 

using a relatively homogeneous convenience sample recruited from the general population via social media, our 

study found good targeting. This discrepancy might be attributed to the elevated distress levels observed during 

the COVID-19 pandemic (Bueno-Notivol et al., 2021), resulting in a broader spectrum of distress levels in our 

sample. Despite the limitations of our sampling technique, the current unidimensional scores of the all the scales 

remain promising for use in non-clinical settings within the current contexts. This is particularly supported by 
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parameters such as satisfactory model fit indices, unidimensionality, sound reliability, invariance, and its 

external validity stemming from the use of four countries from four continents.  

Moreover, the discrepancies between previous and current results regarding the DASS-21 may be 

attributed to cultural influences on the manifestation of mental disorders. Cultures vary in their expression of 

distress (Kirmayer et al., 1998). For instance, Asians often report more somatic symptoms and Western societies 

exhibiting more psychological symptoms (Arnault & Kim, 2008; Sheikh & Furnham, 2012). Therefore, it is 

possible that item 5 (“I found it difficult to work up the initiative to do things”) which was removed by previous 

researchers, e.g., Medvedev et al., (2020), may not typically represent underlying symptoms of psychological 

distress in these cultural contexts but could indicate distress in other cultures (Kaiser et al., 2015). This 

complicates the universal acceptance of distress measures, and further highlights the complexities of applying 

the Western diagnostic frameworks, such as those outlined by the International Classification of Diseases, 

Eleventh Revision (ICD-11; World Health Organization, 2022) and DSM-5-TR (APA, 2022), globally (Young, 

2013). For example, “thinking too much” idioms reflect aspects of experiencing distress and are expressed 

differently between and within cultures, but it is not captured by many psychiatric diagnoses (Kaiser et al., 

2015). Notwithstanding, removing item 5, which measures motivation toward life, from the scale could impact 

its content validity, as lack of motivation is considered a key indicator of distress (APA, 2022). Consequently, 

maintaining all items on the already developed scale is vital to preserving its validity (Clark & Watson, 2019), 

as demonstrated in the current study. Therefore, future studies could consider developing context-specific 

versions of distress measures while integrating local idioms of distress, especially in contexts where the validity 

and reliability of the DASS-21 are not fully supported (APA, 2022). For example, modifying item 5 to reflect 

the cultural conceptualisation of personal motivation could be helpful. In some cultures, the focus on group 

harmony may reduce individual motivation, while cultures emphasising personal initiative and self-driven 

achievement will increase personal motivation (Hofstede, 2001). This approach would enhance the effective 

monitoring of distress and the efficacy or effectiveness of treatment outcomes.  

Conclusion 

This study has applied Rasch analysis to assess the psychometric statistics of the DASS-21 in 

Germany, Ghana, India, and New Zealand. The results indicated that the depression, anxiety, and stress 

subscales, as well as the full scale, meets expectations of the Rasch model, supporting reliability and validity of 

these measures across the four countries. This was achieved by modifying the items using the testlet creation 
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methodology. The enhanced scales with converted ordinal data to interval-level scores were found to be reliable 

and valid measures for assessing psychological distress irrespective of individuals’ sociodemographic 

characteristics in the general population.  
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Figure 1. Example of the monotonous pattern Item Characteristic Curves (ICCs) for the final items on the scales 

for anxiety (bottom left) and depression (bottom right) are ordered. 
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Figure 2. Differential Item Functioning (DIF) curves of the depression (first column from the left), stress 

(second column from the left), anxiety (third column from the left) subscales, and the full scale (fourth column 

from the left) for biological sex of the participants.  
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Figure 3. Differential Item Functioning (DIF) curves of the depression (first column from the left), stress 

(second column from the left), anxiety (third column from the left) subscales, and the full scale (fourth column 

from the left) for age of the participants.  
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Figure 4. Differential Item Functioning (DIF) curves of the depression (first column from the left), stress 

(second column from the left), anxiety (third column from the left) subscales, and the full scale (fourth column 

from the left) for country of origin of the participants.  
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Figure 5. Person-item thresholds distributions for the depression (top left), stress (top right), and anxiety 

(bottom left) subscales, and the full scale (bottom right) 

 
  



Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proofRasch Analysis of the Depression Anxiety Stress Scales 

 
27 

 

    Table 1. Rasch model fit statistics for the initial and final analysis for all the scales of the DASS-21 

(n=500). 

Analyses(A) 
Item fit  
residual 

 Person fit 
residual 

 Goodness  
of fit 

 PSI 
Unidimensional
ity 
 t-test 

 Mean    SD   Mean      SD   χ2 (df) p    %  Lower 
bound 

Depression 
subscale 
 

          

A1 Initial 
-
0.15 

2.4
7 

 -0.42 1.48  60.80(21
) 

<0.00
1 

 0.8
3 

0.
0 

-1.9 (YES) 

A2 Final 
-
0.08 

0.6
1 

 -0.46 1.35  
40.32(30
) 

0.099  
0.8
6 

1.
8 

-0.1 (YES) 

 
Stress subscale 
 

            

A1 Initial 
-
0.06 

1.6
1 

 -0.47 1.64  49.00(21
) 

<0.00
1 

 0.8
1 

0.
0 

-1.9 (YES) 

A2 Final 
-
0.19 

2.6
0 

 -0.51 1.34  
29.64(20
) 

0.076  
0.8
2 

0.
6 

-1.3 (YES) 

 
Anxiety subscale 
 

            

A1 Initial -
0.11 

3.2
4 

 -0.38 1.36  186.89(4
2) 

<0.00
1 

 0.7
1 

0.
0 

-1.9 (YES) 

A2 Testlets 0.78 
2.9
7 

 -0.34 1.07  
71.60(40
) 

0.002  
0.7
4 

0.
2 

-1.7 (YES) 

A3 Final 
-
0.26 

3.5
0 

 -0.40 1.03  
31.22(32
) 

0.51  
0.7
4 

0.
2 

-1.7 (YES) 

 
DASS-21-Full 
scale  
 

            

A1 Initial 0.03 
2.8
7 

 -0.50 2.35  189.96(2
1) 

<0.00
1 

 0.9
2 

2.
0 

0.1 (YES) 

A2 Final 
-
0.28 

0.8
0 

 -0.51 1.06  
23.93(18
) 

0.16  
0.8
7 

1.
6 

-0.3 (YES) 

             

Note:  PSI=Person Separation Index without extremes. 
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Table 2. Items fit statistics including the initial and final analyses for all the scales of the DASS-21 

(n=500). 

 
It
e
m 
N
o. 

Item content  Loca
tion 

Fit 
resid

ual  

Chi-
squar

e  

 

Depression subscale 

3 I couldn’t seem to experience any positive feeling at all 0.09 1.90 4.28 

5 I found it difficult to work up the initiative to do things -0.47 3.49* 11.73 

10 I felt that I had nothing to look forward to I felt that I had nothing to look 
forward to 

-0.01 -2.93* 11.47 

13 I felt downhearted and blue -0.15 -0.30 5.23 

16 I was unable to become enthusiastic about anything 0.04 -2.17 12.11 

17 I felt I wasn’t worth much as a person 0.13 -2.39 15.28
* 

21 I felt that life was meaningless 0.37 1.34 0.69 

 Final Analysis: 2 Testlets (T)    

T1 Items: 3=13  -0.03 0.113 3.727 

T2 Items: 5+21 -0.05 0.785 5.268 

10  -
0.04

2 

-0.85 14.10
7 

16  -
0.00

2 

-0.059 7.233 

17  0.12
4 

-0.401 9.981 

 

Stress subscale 

1 I found it hard to wind down -0.21 2.59* 8.36 

6 I tended to over-react to situations -0.12 -0.39 5.53 

8 I felt that I was using a lot of nervous energy 0.09 0.02 2.90 

11 I found myself getting agitated 0.01 -1.91 12.56
* 

12 I found it difficult to relax -0.20 -0.95 5.82 

14 I was intolerant of anything that kept me from getting on with what I was 
doing 

0.16 1.85 3.94 

18 I felt that I was rather touchy 0.28 -0.81 7.88 

 Final Analysis: 3 Testlets (T)    
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T1 Items: 1+11 -0.14 -0.56 3.59 

T2 Items: 6+8 -0.08 -0.96 8.07 

T3 Items: 12+18 0.02 -2.71 13.30 

14  0.19 3.45 4.69 

 
 
Anxiety subscale 

2 I was aware of dryness of my mouth -0.45 6.27* 86.16
* 

4 I experienced breathing difficulty (e.g. excessively rapid breathing, 
breathlessness in the absence of physical exertion) 

0.23 0.26 10.49 

7 I experienced trembling (e.g. in the hands) 0.35 -1.04 16.11 

9 I was worried about situations in which I might panic and make a fool of 
myself 

-0.28 0.73 4.95 

15 I felt I was close to panic 0.15 -3.39* 32.09
* 

19 I was aware of the action of my heart in the absence of physical 
exertion (e.g. sense of heart rate increase, heart missing a beat) 

-0.14 -0.43 9.12 

20 I felt scared without any good reason 
 

0.13 -3.23* 27.97
* 

 Analysis 2: First 2 Testlets (T)    

T1 Items: 2+20 -0.10 0.40 23.62
* 

T2 Items: 4+15 0.23 -3.17 21.36
* 

7  0.35 0.14 13.02 

9  -0.31 2.14 4.94 

19  -0.16 0.87 8.66 

 Final Analysis: 1 Testlet (T)    

T1 Items: T1 +T2 0.04 -5.34 11.20 

7  0.37 0.41 10.55 

9  -0.27 2.55 2.76 

19  -0.13 1.35 6.71 

 

DASS-21-Full scale  

 Stress subscale  -0.11 -1.06 10.54 

 Anxiety subscale 0.17 0.54 5.48 

 Depression subscale -0.05 -0.31 7.91 
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Table 3. Ordinal-to-interval level transformation for all the DASS-21scales ordinal total scores in logits 
and the scale metric (n=500) 

Depression subscale 
 Stress 

subscale 
 Anxiety 

Subscale 
 

DASS-21-Full scale 

Ordina
l 

scores   

L
og
it 

Interva
l 

scores   

Or
din
al 

sco
res 

Lo
gi
t 

Int
erv
al 

sco
res 

Or
din
al 

sco
res 

Lo
gi
t 

Int
erv
al 

sco
res 

Or
din
al 

sco
res 

lo
gi
t  

Int
erv
al 
sco
res   

Or
din
al 
sco
res  

Lo
git
s  

Int
erv
al 
sco
res   

0 

-
4.
45 0.00 0 

-
3.
81 

0.0
0 0 

-
3.
28 

0.0
0 0 

-
2.
7
7 

0.0
0 32 

0.
03 

31.
97 

1 

-
3.
49 2.36 1 

-
2.
98 

2.4
6 1 

-
2.
47 

2.6
3 1 

-
2.
2
0 

6.4
7 33 

0.
06 

32.
39 

2 

-
2.
79 4.10 2 

-
2.
37 

4.2
3 2 

-
1.
91 

4.4
7 2 

-
1.
8
5 

10.
50 34 

0.
10 

32.
80 

3 

-
2.
27 5.38 3 

-
1.
94 

5.5
2 3 

-
1.
52 

5.7
5 3 

-
1.
6
3 

13.
02 35 

0.
14 

33.
23 

4 

-
1.
85 6.43 4 

-
1.
58 

6.5
6 4 

-
1.
21 

6.7
5 4 

-
1.
4
7 

14.
85 36 

0.
17 

33.
65 

5 

-
1.
48 7.34 5 

-
1.
27 

7.4
8 5 

-
0.
95 

7.5
8 5 

-
1.
3
4 

16.
30 37 

0.
21 

34.
08 
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6 

-
1.
15 8.16 6 

-
0.
98 

8.3
3 6 

-
0.
73 

8.3
0 6 

-
1.
2
4 

17.
51 38 

0.
25 

34.
51 

7 

-
0.
85 8.91 7 

-
0.
72 

9.1
2 7 

-
0.
54 

8.9
4 7 

-
1.
1
5 

18.
55 39 

0.
29 

34.
94 

8 

-
0.
57 9.60 8 

-
0.
46 

9.8
6 8 

-
0.
36 

9.5
2 8 

-
1.
0
7 

19.
46 40 

0.
33 

35.
37 

9 

-
0.
30 10.26 9 

-
0.
22 

10.
56 9 

-
0.
19 

10.
06 9 

-
0.
9
9 

20.
30 41 

0.
36 

35.
81 

10 

-
0.
04 10.89 10 

0.
00 

11.
24 10 

-
0.
03 

10.
58 10 

-
0.
9
3 

21.
05 42 

0.
40 

36.
25 

11 
0.
21 11.51 11 

0.
22 

11.
87 11 

0.
13 

11.
09 11 

-
0.
8
7 

21.
76 43 

0.
44 

36.
71 

12 
0.
45 12.12 12 

0.
43 

12.
48 12 

0.
28 

11.
60 12 

-
0.
8
1 

22.
41 44 

0.
48 

37.
17 

13 
0.
70 12.73 13 

0.
62 

13.
06 13 

0.
44 

12.
12 13 

-
0.
7
6 

23.
03 45 

0.
52 

37.
65 

14 
0.
95 13.35 14 

0.
82 

13.
64 14 

0.
61 

12.
67 14 

-
0.
7
0 

23.
61 46 

0.
57 

38.
14 

15 
1.
21 14.00 15 

1.
02 

14.
23 15 

0.
79 

13.
26 15 

-
0.
6
6 

24.
17 47 

0.
61 

38.
64 

16 
1.
49 14.69 16 

1.
23 

14.
86 16 

1.
00 

13.
92 16 

-
0.
6
1 

24.
71 48 

0.
66 

39.
16 

17 
1.
80 15.46 17 

1.
47 

15.
55 17 

1.
23 

14.
68 17 

-
0.
5
6 

25.
24 49 

0.
70 

39.
70 

18 
2.
16 16.33 18 

1.
74 

16.
35 18 

1.
51 

15.
60 18 

-
0.
5
2 

25.
74 50 

0.
75 

40.
27 

19 
2.
59 17.41 19 

2.
08 

17.
36 19 

1.
88 

16.
78 19 

-
0.
4
8 

26.
23 51 

0.
81 

40.
86 
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20 
3.
20 18.90 20 

2.
59 

18.
84 20 

2.
41 

18.
50 20 

-
0.
4
3 

26.
71 52 

0.
86 

41.
50 

21 
4.
04 21.00 21 

3.
32 

21.
00 21 

3.
17 

21.
00 21 

-
0.
3
9 

27.
18 53 

0.
92 

42.
19 

         22 

-
0.
3
5 

27.
64 54 

0.
99 

42.
92 

         23 

-
0.
3
1 

28.
09 55 

1.
06 

43.
73 

         24 

-
0.
2
7 

28.
54 56 

1.
13 

44.
62 

         25 

-
0.
2
4 

28.
97 57 

1.
22 

45.
64 

         26 

-
0.
2
0 

29.
41 58 

1.
33 

46.
83 

         27 

-
0.
1
6 

29.
84 59 

1.
45 

48.
26 

         28 

-
0.
1
2 

30.
28 60 

1.
61 

50.
06 

         29 

-
0.
0
8 

30.
70 61 

1.
83 

52.
55 

         30 

-
0.
0
5 

31.
12 62 

2.
18 

56.
55 

         31 

-
0.
0
1 

31.
55 63 

2.
74 

63.
00 

Note: This conversion table can only be used for complete responses to each of scale’s items. To use this 
table, ordinal raw scores (ordinal scores) should be obtained by adding the observed scores for items on 
each of the scales. Next, match the ordinal total score (0-21 for subscales; 0-63 for the full scale) to the 
corresponding interval score in the right column of each scale (0-21 for subscales; 0-63 for the full scale). 
A final converted score between 0 to 21 for the subscales, and 0 to 63 for the full scale, will be obtained, 
with higher scores corresponding to higher levels of distress. Alternatively, the current authors can be 
contacted for guidance on how to use this conversion algorithm.  
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Highlights: 

o Psychological distress can be reliably measured with the DASS-21 

o The DASS-21 can be fitted to the unidimensional Rasch model of measurement. 

o The robust measurement invariance enhances the universal acceptability of the interval-level scores 

of the DASS-21. 

o The ordinal-to-interval conversion tables developed improve the precision of the DASS-21. 

o The Rasch-converted interval scores of the DASS-21are superior for parametric statistics. 


