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Abstract 

Objectives: The 10-item Kessler Psychological Distress Scale (K-10) is a widely applied 

distress measure; however, its psychometric properties were not established with older 

populations using advanced methodology. The aim of this study was to examine 

psychometric properties of the K-10 through application of Rasch methodology and if 

possible, develop an ordinal-to-interval conversion to improve its reliability in older 

populations.  

Method: The Partial Credit Rasch Model was applied to analyse K-10 scores of the sample 

including 490 participants (56.3% females) aged 70 to 90 years and without dementia from 

the Sydney Memory and Aging Study (MAS).  

Results: The initial analysis of the K-10 showed poor reliability and significant deviation 

from the expectations of the Rasch model. The best model fit was evident after correcting 

disordered thresholds and creating two testlet models to address local dependency between 

items (χ
2
(35)=29.87, p=0.71). The modified K-10 demonstrated strict unidimensionality, 

enhanced reliability and scale invariance across personal factors, such as sex, age, and 

education and permitted development of ordinal-to-interval transformation algorithms. 

Limitations: Ordinal-to-interval conversion can only be applied for older adults with 

complete data. 

Conclusions: The K-10 satisfied principles of fundamental measurement defined by Rasch 

model after minor modifications. Clinicians and researchers can transform K-10 raw scores 

into interval-level data using converging algorithms published here without altering the 

original scale response format, which increases reliability of the K-10.  

Keywords: Rasch analysis; psychometrics; Kessler psychological distress scale; K-10; 

reliability; assessment  
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Measuring Distress in Older Population: Rasch Analysis of the Kessler Psychological 

Distress Scale 

Distress is frequently referred to as an overall subjective stress reaction including 

affective symptoms of depression and anxiety (Matthews, 2016). Risks of cardiovascular 

disease, chronic obstructive pulmonary disease, and incident arthritis are all increased with 

elevated distress levels in older populations (McLachlan and Gale, 2018). Internationally, 

persons aged 65 years and older account for 9% of the population (703 million) (United 

Nations et al., 2020). Psychological distress has been found to be a risk factor for cognitive 

decline and dementia in older people. A number of studies found that older adults who 

experience symptoms of depression and anxiety, for example, may be at an increased risk for 

cognitive impairment and the development of dementia (Najjar & Lengenfelder, 2017; 

Rohleder & and Kirsh, 2011). Older populations are continuing to grow exponentially and are 

anticipated to triple by 2050 (World Health Organisation [WHO], 2011). Old age is 

associated with distress, decline in functionality, and cognition, which can impact older 

adults’ mental well-being; therefore, the demand is evermore present for reliable and valid 

screening tools to measure distress in older populations (Vasiliadis et al., 2015). Accurately 

measuring distress in older people is imperative to devise optimal treatment plans that 

enhance quality of life and lessen chances of developing serious mental illness (Atkins et al., 

2013; Kessler et al., 2003). These premises accentuate the significance of determining the 

most reliable and valid measurement of distress as predictor of psychopathological onset in 

older populations, which is useful to prevent harmful physiological outcomes, such as 

dementia (Vasiliadis et al., 2015). 

The 10-item Kessler Psychological Distress Scale (K-10) is a widely applied measure 

of psychological distress suitable for both general and clinical populations (Peixoto et al., 
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2021). As the K-10 is a brief measure of distress, it is an appealing tool for screening of 

serious mental illness (Kessler et al., 2003). The K-10 has shown good construct and factorial 

validity, as well as worthy predictability (Easton et al., 2017; Kessler et al., 2002, 2003). K-

10 validity has also been established through cross-cultural application, including 

Arabic/Palestinian cultures, Portuguese cultures, and Australian Aboriginal cultures (Bougie 

et al., 2016; Easton et al., 2017; Pereira et al., 2019). The original K-10 English version had a 

high level of internal consistency (Cronbach’s α=0.93) (Kessler et al., 2002), and has 

maintained internal consistency in other applications of the English version (α=0.88) 

(Sampasa-Kanyinga et al., 2018). Moreover, acceptable internal consistency has been found 

in other countries, such as Argentina (Brenlla and Aranguren, 2010), Canada (Sampasa-

Kanyinga et al., 2018), South Africa (Andersen et al., 2011), Japan (Sakurai et al., 2011), 

France (Arnaud et al., 2010), the Netherlands (Donker et al., 2010), and Portugal (Pereira et 

al., 2019). Although the internal validity of the K-10 is well established, there is lack of 

research with older populations. 

The K-10 has previously been applied as a screening instrument in older populations 

to examine the correspondence between psychological distress and mood and anxiety 

disorders, generalised anxiety disorder (GAD), post-traumatic stress disorder (PTSD), and 

major depressive disorder (MDD) (Anderson et al., 2013; Vasiliadis et al., 2015). However, 

applying the K-10 to older populations should be taken with precaution as there are notable 

differences in physical functionality and illness among older adults that can increase 

psychological distress (Ormel et al., 1997). Consequently, these differences can cause issues 

with cut-off scores which may invalidate the application of the K-10 in older adult 

populations (Anderson et al., 2013). Only a few studies have validated the K-10 in older 

populations using traditional psychometric methods (Jong Won and Sun Hae, 2015; Lins et 

al., 2021). Although both studies found that the K-10 has acceptable reliability for measuring 
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distress in older populations, more rigorous methods are needed to validate the use of the K-

10 in older populations (Jong Won & Sun Hae, 2015; Lin et al., 2021). For example, Rasch 

analysis is more advantageous compared to other measurement models because it offers 

possibility for conversion of ordinal scores into interval level data, which ultimately improves 

the reliability of the assessment (Tennant & Conaghan, 2007). 

The K-10 is an ordinal scale and ordinal-level data only differentiates response 

options by rank order. Moreover, traditional analyses do not account for item difficulty and 

personal ability, therefore limiting precision of assessment (Hobart & Cano, 2009). The 

ordinal K-10 scale assumes all items contribute equally to the overall distress score, however, 

some symptoms are more severe than others. For example, Item 9 ‘so sad nothing could cheer 

you up’ indicates a higher severity of distress over Item 1 ‘tired for no good reason’. 

Therefore, it is necessary to acknowledge differences in item contribution to the overall 

distress score. Rasch analysis can increase the precision of measurement of the K-10 as it 

considers personal distress levels and the differential contribution of each item to the overall 

distress score (also known as item difficulty/location) (Medvedev and Krägeloh, 2022). 

Rasch model defines an interval scale that satisfies the fundamental principles of 

measurement. This can ultimately improve precision of distress assessment if satisfactory fit 

to the Rasch model is achieved (Bond et al., 2007). 

The Rasch measurement model (Rasch, 1960; Tennant & Conaghan, 2007) is a 

statistical psychometric method applied to assess compliance of individual items to the 

overall scale with the fundamental principles of measurement, including invariance across 

personal factors, such as sex, age, education, and culture; unidimensionality, and uniformity 

of measurement units across the scale continuum (Tennant and Conaghan, 2007; Thurstone, 

1931). As there are differences in item difficulty across items, distances between ordinal-

level data cannot be attained, creating diagnostic bias when items are interpreted as the same 
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value, which invalidates the total score (Marateb et al., 2014; Merkin et al., 2020). According 

to the Rasch model, only two parameters influence individual item responses: personal ability 

(e.g. personal distress level) and item difficulty (e.g. severity of a symptom reflected by an 

item) (Medvedev and Krägeloh, 2022). Rasch analysis converts ordinal scale scores into 

interval level data using both personal ability and item-difficulty, after the fundamental 

principles of measurement are satisfied (Medvedev & Krägeloh, 2022). Through the 

inclusion of both parameters, an authentic contribution of items is accounted for in the overall 

distress score, thereby eliminating assessment bias. Rasch analysis can examine fundamental 

measurement parameters of both the scale and individual items, which helps to identify issues 

(e.g., misfit, disordered thresholds) and address them, if possible, to increase accuracy and 

functionality of a scale (Christensen et al., 2012). 

To date, Rasch analysis has been applied to the Bangladesh and Chinese versions of 

the K-10 using interview format (Uddin et al., 2018; Zhu et al., 2021) but there have been no 

accounts of Rasch analysis evaluating the original K-10 in older populations. Therefore, the 

present study aimed to evaluate and if possible, improve psychometric properties of the 

original K-10 in an older population sample by applying Rasch methodology. To do this, if 

an acceptable fit to the Rasch model is achieved, a conversion algorithm for ordinal-to-

interval data transformation would be created to enhance accuracy of measurement. This 

study is essential to ensure the application of the K-10 in older populations is reliable and 

valid, and will allow researchers and clinicians to accurately determine distress levels and 

assess risks and effectiveness of interventions to lessen the chance of onset of a serious 

mental illness (Atkins et al., 2013; Kessler et al., 2003).  
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Method 

Participants 

Participants (n=1037) were extracted from the Sydney Memory and Aging Study 

(MAS study) based out of the University of New South Wales (UNSW), which is a 

community-based longitudinal cohort study of older adults aged 70 to 90 years old without 

dementia (Sachdev et al., 2010). The authors’ institutional ethics committee approved the 

study. In 2005, 8914 older adults from the Eastern suburbs of Sydney were invited to 

participate. After applying exclusion criteria, the baseline MAS sample comprised 1037 older 

Australians. (Sachdev et al., 2010). MAS participants were followed-up bi-annually – called a 

Wave – over six waves (12 years).  

It is important to have people with different levels of distress and ages when 

conducting Rasch analysis of the distress measure (K-10) in an aging population for several 

reasons. First, the validity of the K-10 measure in an aging population depends on having a 

sample that represents the full range of distress levels in this population. This includes 

individuals with high levels of distress as well as those with low levels of distress (Meade et 

al., 2018). Second, having individuals of different ages in the sample is important because the 

level and type of distress can vary with age. Third, having individuals with different levels of 

distress and ages can also help to address measurement invariance issues that may arise in the 

Rasch analysis (Wright & Masters, 1982).  

MAS participants were followed-up bi-annually – called a Wave – over six waves (12 

years). The data in the present study was extracted from the first and last assessment of the 

MAS study (baseline/Wave 1 and Wave 6). Figure 1 displays the selection method for the 

participants in the present study (n=490). An appropriate sample size for Rasch analysis is 

between 250 and 500 participants as it minimises Type I and Type II errors (Hagell and 

Westergren, 2016). To represent the full spectrum of distress levels in the sample and to 
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account for temporal difference in data collection, we extracted an upper K-10 scores 

minority (M=14.00, SD=4.18) of the sample from Wave 6 (n=240, 57.5% females), because 

participants with higher distress level were mainly identified in this wave. To achieve an 

adequate sample for the current Rasch analysis (n=490) we then randomly selected 250 

participants from the independent sample at Wave 1 (n=784), who were not included in the 

study at Wave 6. We then combined the two independent extractions from Wave 1 (n=250) 

and Wave 6 (n=240) to achieve the final overall sample (n= 490) for Rasch analysis. 

Additionally, 29.2% of participants from Wave 1 sample competed high school education and 

29.2% completed primary education. The Wave 6 sample included 32.5% participants who 

competed high school education and 67.5% primary education. There were no significant 

disproportions across sex and education levels in these subsamples.  

<Insert Figure 1 Here> 

Measures 

The K-10 (Kessler & Mroczek, 1994) is a 10-item measure of psychological distress 

that has been applied as a screening tool for mental illness (Kessler et al., 2003). Distress 

levels are measured from the past month on a 5-point Likert-type scale. For example, “In the 

past 4 weeks, about how often did you feel nervous?” is rated “All of the time (5)”, “Most of 

the time (4)”, “Some of the time (3)”, “A little of the time (2)”, or “None of the time (1)”. 

After completing the 10 items, scores range from 10 – 50, with higher scores representing 

higher distress levels (Kessler et al., 2003).  Cronbach’s alpha and McDonald’s omega 

reliability estimates were 0.82 with the current dataset. 

Data Analyses 

Descriptive statistics of the sample and reliability of the K-10 were computed using 

IBM SPSS v.28. The Rasch model RUMM2030 software package was used to conduct Rasch 
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analysis (Andrich, 1978). Rasch analysis involves two polytomous models that both assume 

variability throughout item-response category thresholds: the Rating Scale model (Andrich, 

1978) and the Partial Credit model (Masters, 1982). The Partial Credit model allows 

threshold distances across items to vary, allowing one to disregard the item uniformity 

assumption (Masters, 1982). In contrast, the Rating Scale model assumes uniform threshold 

distribution across items (Andrich, 1978). To determine which model should be more suitable, 

the likelihood-ratio test compares thresholds distances across individual items (Tennant & 

Conaghan, 2007). A significant test result suggests differences across item thresholds and, 

therefore, rejects the Rating Scale model and supports appropriateness of the unrestricted 

Partial Credit model.  

 Rasch analysis began by evaluating individual item fit and overall data fit to the 

Rasch criteria. Overall data fit was assessed by an item-trait interaction using chi-square (p > 

0.05, Bonferroni adjusted); this statistic should be non-significant for acceptable overall data 

fit. Additionally, person-item fit residual means should be near 0.00, with standard deviations 

of 1.00. Individual item fit residuals should fall between ±2.50. Differential item functioning 

(DIF), items working substantially different for separate groups (e.g., age groups, sex, 

education), should not be significantly different. This is tested through ANOVA between 

relevant sample groups. Items that exhibit poor fit or DIF are commonly removed, however, 

this can offset construct validity (Medvedev & Krägeloh, 2022). Therefore, item removal 

would only be used as a last resort. Instead, locally dependent items would be combined into 

testlets to attempt to improve overall model fit. This involved analysing residual correlations 

between items as this can influence the fit to the Rasch model. Local dependency is 

determined by residual correlation above 0.20 compared to the mean of all residual 

correlations (Christensen et al., 2017). After each modification, overall model fit is tested 

(Tennant & Conaghan, 2007) until an acceptable model fit is obtained. Person separation 
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index (PSI) is the reliability measure used in Rasch analysis. Once individual items and the 

overall fit to the model are acceptable, and unidimensionality is confirmed, Rasch analysis is 

completed. 

 Dimensionality in Rasch analysis is tested through evaluating the first principal 

component after removing the latent trait (e.g., distress; Smith Jr., 2002). Subsequently, 

independent t-tests are applied with binominal confidence intervals (± 95%) to compare 

person-locations for two groups of items. The first group consists of items with the highest 

positive loadings on the first principal component of the residuals, whereas the second 

includes items with the lowest negative loadings. Therefore, to deem the scale 

unidimensional, the lower bound of the confidence intervals must be less than 5% in the 

person-estimates t-tests (Tennant and Pallant, 2006). After the data meets Rasch model 

expectations, conversion of ordinal-to-interval level data can be produced through a 

transformation table based on person estimates. Converting ordinal-level data into interval-

level data was done to improve precision of assessment. The cut-off point for statistical 

significance was 0.05.  

Results 

A likelihood-ratio test for the K-10 sample data was computed to determine whether 

the Rating Scale (Andrich, 1978) or the unrestricted Partial Credit Model (Masters, 1982) 

would be used based on the uniformity of item thresholds. The results indicated statistically 

significant chi square (χ
2
(26)=88.36, p<0.001); therefore, variation of individual item 

thresholds violated assumptions of the Rating Scale in favour of the Partial Credit Model.  

Analysis of the initial K-10 items suggested an overall poor fit to the Rasch model as 

indicated by a significant interaction between latent traits and items (χ
2
(40)=77.81, p<0.001) 

and poor reliability (PSI=0.61), but unidimensionality was clearly evident (see Table 1, A1). 

Item-fit residuals were checked to identify any misfitting items falling outside the ±2.50 
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standard deviations (SD) (Tennant & Conaghan, 2007). All individual item fit residuals fell 

within ±2.50 SDs except item 3, which was marginally misfitting, as displayed in Table 2. 

However, disordered thresholds were identified in all items of the K-10 suggesting that 

threshold parameters associated with an item lack sequential increase on ordinal scale 

response categories (Adams et al., 2012). For example, Figure S1 (upper panel) displays item 

1’s category probability curves, which depict disordered thresholds. As shown, the 

probability of a participant choosing response option 4 after 2 is greater than 3. This implies 

that the response categories lack consistency in reporting sequential progression in the latent 

trait (e.g., distress). To correct disordered thresholds, we uniformly rescored items by 

collapsing response options 3 “A little of the time” and 4 “None of the time” in RUMM2030, 

which corresponds to ordinal scale response options 4 and 5, as these categories’ thresholds 

were disordered across most K-10 items. After this modification was implemented, all 

thresholds became ordered (see Figure S1, bottom panel), except item 10, which showed only 

a marginal disordering. Thresholds of other items before and after rescoring are presented in 

Supplementary Figures S1-S11. As expected, threshold ordering improved the overall fit 

(χ
2
(40)=77.18, p<0.001) and reliability of the scale, however, the model fit was not yet 

acceptable to permit ordinal-to-interval transformation (Table 1, A2).  

<Insert Table 1 Here> 

 

The residual correlation matrix was examined for local dependency, which is a strong 

association of two or more items beyond the latent variable that can impact on reliability, 

infringe the local independency assumption, and jeopardise estimation of model parameters 

(Medvedev and Krägeloh, 2022; Wright, 1996). Previous studies have found that residual 

correlations exceeding 0.20 reflect local dependency (Christensen et al., 2017). Residual 

correlations were identified between two groups of items in our study (i.e., 1, 5, 6, 7) and (i.e., 
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2, 8, 10). Removal of locally dependent or misfitting items is a common method of 

modification to improve the Rasch model, however, this can offset the construct validity of a 

measure (Medvedev & Krägeloh, 2022); therefore, it should only be done if there is evident 

redundancy or semantic and/or conceptual unsuitability of an item(s) (Medvedev & Krägeloh, 

2022). 

To resolve local dependency issue, testlets were created as an alternative strategy 

following a previously well-established methodology (Lundgren-Nilsson et al. 2013; 

Medvedev & Krägeloh, 2022). Note, that this testlet methodology is only applicable in scales 

reflecting one overarching latent trait because multidimensional scales with testlets fail to 

achieve Rasch model fit (Mitchell‐Parker et al., 2018). Testlets were constructed using 

locally dependent items as follows: Testlet 1 (Items: 1, 5, 6 and 7); and Testlet 2 (Items: 2, 8 

and 10). Items 3, 4, and 9 were excluded from the testlets as they did not significantly 

contribute to local dependency. Subsequently, the best model fit was achieved with non-

significant item-trait interactions (χ
2
(35)=29.87, p=0.71) as displayed in Table 1, A3. These 

modifications improved psychometric properties of the scale resulting in strict 

unidimensionality, invariance (no DIF) by age, sex, and education factors, enhanced 

reliability (PSI=0.72) and appropriately ordered thresholds as shown in Figure S11. 

We also compared individual scores (locations) of the original scale before 

modifications (analysis A1) with the modified final K-10 version (analysis A3) using paired 

t-test, which indicated a significant difference between person estimates with a large effect 

size (t(489)=12.11, p<0.001, Cohen’s d=0.55). This may reflect a significant gain in accuracy 

because Rasch transformation considers the unique contribution of each test item to the 

overarching construct of psychological distress as measured by the K-10. Accuracy in this 

context refers to compliance of the K-10 to the criteria of an interval level scale defined by 

the Rasch model and is in line with the principles of the fundamental measurement 
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(Medvedev & Krägeloh, 2022). This is important given that a main goal of this study was to 

achieve parameters of an interval scale (e.g., temperature, height, etc.) for the K-10.  

<Insert Table 2 Here> 

After the best Rasch model fit was confirmed, a person-item threshold distribution 

plot was used to evaluate how adequate the item thresholds cover the distress levels across 

the sample. Figure 2 displays the person-item threshold distribution, demonstrating an 

acceptable coverage of sample distress scores by item-thresholds of the scale with no 

evidence of ceiling or floor effects. Additionally, the sample mean is below the item mean, 

suggesting the overall sample had low levels of distress, which justifies inclusion of 

subsample from wave 6 with the highest distress levels to permit evaluation of the scale 

across different levels of distress. This also implies that the newly modified scale has 

potential to measures higher distress scores, which is especially useful for clinical 

populations.  

<Insert Figure 2 Here> 

 

 As the modified K-10 had an acceptable Rasch model fit and demonstrated excellent 

coverage across all distress levels of the sample, an ordinal-to-interval conversion table was 

created based on Rasch model estimates (Table 3). Adjusting raw data scores to interval-level 

scores enhances accuracy of the K-10  and allows for parametric statistical analysis of the 

transformed data (Hopkins et al., 2021). Table 3 provides the interval-level scores in both 

logit units and the rescored scale range and can be used in future studies for transforming K-

10 raw scores into interval-level data. As shown in Table 3, the conversion table is easy to 

apply using the following instructions: rescore all items (e.g., 1=1, 2=2, 3=3, 4=4, 5=5), 
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compute total scores by adding individual item scores together: corresponding interval-level 

scores are found on the right-hand side in logits and the rescored scale range in Table 3.  

<Insert Table 3 Here> 

Discussion 

 The present study provides compelling evidence for the psychometric validity of the 

K-10 as an interval scale, after making some minor modifications to meet the expectations of 

the unidimensional Rasch model. The original version of the K-10 suffered from disordered 

thresholds and poor reliability, however, these issues were successfully addressed by using 

modern Rasch methodology without removing any items from the scale. As a result, the 

modified K-10 showed strict unidimensionality, improved reliability (PSI=0.71), and scale 

invariance across different demographic factors such as gender, age, and education. The 

person-item threshold distribution indicated that the modified K-10 is capable of capturing all 

levels of distress without any ceiling or floor effects, making it a valuable tool for identifying 

distress in older populations. To enhance the accuracy of the K-10, an easy-to-use ordinal-to-

interval table was developed based on the best Rasch model fit. This study has important 

implications for both research and clinical practice as it demonstrates the reliability and 

validity of the K-10 as a measure of distress. 

Disordered thresholds were identified in all items within the original K-10 scale. 

Disordered thresholds refer to the lack of sequential progression in response options within 

the scale. For example, for item 1 “tired for no reason”, our older sample was most likely to 

choose the response option 2 “A little of the time”, followed by response option 4 “None of 

the time”, while likely missing the response option 3 “A little of the time”. Therefore,  a 

linear increase of distress was not progressively reflected by response options. Tennant & 

Conaghan (2007) proposed that rescoring response options is a robust method of correcting 
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disordered thresholds. Therefore, response option 3 “A little of the time” was collapsed with 

response option 4 “None of the time” across all items to achieve a progressive response 

option probability (Figure S1). After rescoring response options, a progressive increase of 

distress levels was perfectly reflected by the increase of response options achieved using 

testlet models. This highlights the statistical benefits of rescoring disordered thresholds, 

which has been successfully applied in previous studies (Medvedev et al., 2016, 2017; Sierra-

Siegert & David, 2007). 

One specific advantage of Rasch analysis is identification of local dependency 

between items, which is an association between two or more items that are not related to a 

latent trait being measured (e.g., distress) and can occur due to different reasons including 

item wording (e.g., negatively worded items; Medvedev & Krägeloh, 2022). Local 

dependency affects reliability, violates unidimensionality criteria, and jeopardises estimation 

of model parameters (Medvedev & Krägeloh, 2022; Wright & Stone, 1979). All items in the 

present study exhibited local dependency except item 5 and item 3, which were only 

marginally misfitting. The issue of local dependency was eliminated by applying two testlets 

models, designed based on residual correlations and aimed to reduce individual item errors 

and spurious correlations. Testlets (or super-items) have been successfully applied in various 

Rasch analyses to improve psychometric properties of measures without removing any items 

(An and Yu, 2021; Finaulahi et al., 2021; Hopkins et al., 2021; Merkin et al., 2020; Truong et 

al., 2021).   

After satisfactory Rasch model fit was established, an ordinal-to-interval conversion 

table was created so that researchers could apply an algorithm that enhances precision of the 

K-10 up to an interval scale, which is useful to ensure reliability and validity for future older 

populations studies that may wish to include the K-10. This is a significant benefit of Rasch 

analysis that other more traditional validation methods cannot offer. Previous studies 
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applying Rasch analysis to the K-10 have not implemented an ordinal-to-conversion table, 

which limits the practical applicability of their findings for future research. Converting 

ordinal-level data into interval-level data enhances measurement through disclosing exact 

intervals between total scale scores. For convenience of users, we have presented interval 

scores using the same range as an ordinal scale after rescoring disordered categories. For 

example, a total distress score of 20 corresponds to an interval-level score of 25.65 

suggesting a higher level of distress compared to the ordinal scale estimate. As Rasch 

transformed scores represent interval-level data, parametric analyses can now be applied to 

generate more in-depth information that ordinal-level data cannot achieve as authentic values 

are unknown (Mircioiu and Atkinson, 2017).  

The K-10 has been demonstrated to be a reliable and valid measure in older 

populations (Min & Lee, 2015), which may impose the question as to why convert ordinal-

level data into interval-level data. Ordinal-level data does not account for item difficulty and 

personal ability (Tennant & Conaghan, 2007); therefore, true distinctions cannot be made 

about the differences in distress levels based on overall ordinal K-10 scores. This also limits 

our ability to distinguish whether interventions are appropriately working (Barber et al., 

2022). For example, in a hypothetical scenario, Person X scores 23 in the K-10, whilst Person 

Y scores 33. Both individuals undergo an intervention to mitigate their distress and 

subsequently score lower; Person X scores 13 and Person Y scores 23. Though - both Person 

X and Y have scored 10 points lower, we cannot assume that distress has reduced equally as 

we have not accounted for differences in measurement units across the scale continuum 

(Barber et al., 2022). However, using the Rasch conversion table (Table 3), Person X has 

reduced their distress by 9.23 units, whereas Person Y has only reduced their score by merely 

4.44 units. This demonstrates the substantial differences between true reductions in distress 

levels of these hypothetical persons when genuine interval scale is applied. Therefore, Rasch 
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transformation is important to accurately evaluate and monitor distress levels in older 

populations (Barber et al., 2022).  

Our modified K-10 has been shown to encompass all levels of distress in an older 

population. The positive skew in the K-10 scores from the current sample is expected as the 

current sample is non-clinical and scored low for symptoms of distress, where a clinical 

sample is expected to be negatively skewed. The bottom graph displays the item and item-

option severity distributions, which appears to be negatively skewed. This implies that the 

modified K-10 can accurately measure high distress scores, despite this not being strongly 

reflected in the current sample. Therefore, converting raw scale scores from the K-10 into 

interval-level data using the Rasch conversion algorithm may be useful for assessing distress 

in clinical and non-clinical older adult samples more accurately.  

Overall, this analysis indicated that the K-10 was inadequate for screening prior to 

modification. As the K-10 is a widely applied tool for measuring distress, it is imperative that 

it accurately screens distress in older populations to allow appropriate treatment plans to be 

constructed to prevent the onset of severe mental illness. Older populations are expected to 

triple by 2050 (World Health Organisation, 2011) and distress is prevalent in this population 

(Chittleborough et al., 2011), therefore having accurate tools to measure distress is important 

to mitigate distress symptoms prior to the progression of more severe mental illnesses. The 

conversion algorithm can be applied in future studies to enhance the precision of 

measurement in older populations to allow researchers and clinicians to formulate 

comprehensive treatment plans based on distress levels, emphasising the relevance of the 

conversion algorithm created by the current analysis. The conversion algorithm offers a linear 

expression of distress scores through accounting for unequal difficulties across scale items, 

which enhances the ability to accurately diagnose and address distress symptoms without any 

ambiguity. Therefore, this tool is evermore salient as older populations continue to grow, 
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which increases the demand for accurate screening tools for mental illness; highlight the 

novelty of the conversion algorithm.  

 The present study is novel in applying Rasch analysis to the K-10 in older populations 

and using advanced testlet methodology to improve the reliability of the scale without 

modifying its response format, thereby, reducing measurement error and method effects. 

Previous studies have applied Rasch methodology to the K-10, however, have removed items 

and not created a ordinal-to-interval conversion table, which potentially affected construct 

validity and reduced its applicability in future research (Uddin et al., 2018). The present study 

was the first to create an ordinal-to-interval conversion table to enhance the accuracy of 

distress scores in older populations which allows future researchers to apply the algorithm to 

improve precision of distress measurement. It is imperative that psychometric assessments 

are accurate to provide true representation of well-being especially with the growing demand 

for mental health supports for older adults. Accurate distress measurement will allow us to 

use the K-10 more accurately as a screening tool for psychological distress, which may help 

reduce or even prevent progression to serious mental illness (Kessler et al., 2003). Preventing 

significant distress enhances quality of life among older adults (Atkins et al., 2013). 

Therefore, the novelty of this study is emphasised in the improvements of the K-10, which 

may benefit older adults by accurately capturing psychological distress allowing for early 

detection and interventions and more tailored mental health plans for older individuals. 

Limitations and Directions for Future Research  

 This study has limitations that must be acknowledged. The sample used in the present 

study was collected from a small catchment area (the Eastern suburbs) in Sydney, Australia. 

Therefore, the sample is predominantly White European, affluent and well-educated. In this 

sense, it could be problematic to assume the conversion table is valid across different cultures 

considering the differences between in results of the Bangladeshi version, despite validation 
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of the K-10 use in various cultures (Peixoto et al., 2021). There are limitations in the MAS 

dataset as well. Participants who responded through the six waves are not representative of 

the entire sample at wave 1 (non-random attrition) – therefore, participants from wave 6 are 

likely to not only be younger, more educated, and have higher cognition function, but also 

less distressed, as this is associated with withdrawal. Although Rasch analysis is generally 

considered less sample dependent compared to other methods (Tennant and Conaghan, 2007), 

and the sample size in the present study was adequate to minimise Type I and Type II errors, 

future studies must focus on validating this methodology using the K-10 in other ethnicities, 

especially those in low-and-middle-income countries.  

Conclusions 

Overall, the findings of this study indicate that the modified K-10 is reliable and valid 

screening tool for assessing distress in the current older adult sample. Rasch analysis resolved 

issues of local dependency, misfits, and disordered thresholds which contributed to the 

inadequacy of the scale prior modifications. Transforming ordinal-to-interval level scores 

using the transformation algorithm developed by this study enhances precision of the K-10 in 

older population. This allows the K-10 to be used as a screening instrument to accurately 

detect distress in older populations, which assists with application of preventive intervention 

to diminish risk of progression to more serious mental disorders and to improve quality of life 

among older adults. 
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Table 1 

Summary of fit statistics for the initial and the final Rasch analyses of the K-10. 

  

Item fit 

residual 

Person fit 

residual   Goodness of fit   PSI 

Significant t-tests 

(Unidimensionality) 

Analyses Mean / SD Mean / SD   χ2 (df) p   
 

  

A1 Initial  -1.53 1.04 -0.46 0.85   77.81(40) <0.001   0.61 2.0 (YES) 

A2 Rescoring  -1.23 1.30 -0.42 0.79  77.18(40) <0.001  0.62 1.0 (YES) 

A3 Final  -1.62 1.53 -0.46 0.70   29.87(35) 0.71   0.72 2.5 (YES) 
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Table 2 

Overall Rasch model fit statistics for K-10 items 

No. Item Content Location FitResid ChiSq 

1 Tired for no reason -1.59 0.55 8.85 

2 Nervous -0.50 -1.25 7.71 

3 So nervous nothing could calm you  0.74 -2.52* 9.72 

4 Hopeless 0.70 -1.90 6.51 

5 Restless or fidgety  -0.06 -0.01 4.98 

6 So restless you could not sit still 1.34 -2.19 6.92 

7 Depressed -0.35 -2.12 11.03 

8 Everything was an effort -0.94 -0.25 8.13 

9 So sad nothing could cheer you up 0.43 -2.56 7.89 

10 Worthless 0.23 -1.94 6.08 

Note. Items in the table are paraphrased from the original K-10 scale. Significant values are notified 

with * (p > 0.05) 
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Table 3 

Ordinal-to-interval conversion table of the K-10 scores 

Ordinal Interval Scores 

Scale Logits Scale 

10 -6.22 10.00 

11 -5.10 13.28 

12 -4.20 15.91 

13 -3.48 18.03 

14 -2.88 19.78 

15 -2.39 21.22 

16 -1.99 22.40 

17 -1.65 23.40 

18 -1.36 24.25 

19 -1.11 24.99 

20 -0.88 25.65 

21 -0.68 26.23 

22 -0.50 26.77 

23 -0.33 27.26 

24 -0.18 27.72 

25 -0.03 28.16 

26 0.12 28.58 

27 0.26 28.99 

28 0.40 29.41 

29 0.54 29.82 

30 0.69 30.25 

31 0.84 30.70 

32 1.01 31.18 

33 1.18 31.70 

34 1.38 32.27 

35 1.60 32.92 

36 1.86 33.67 

37 2.17 34.59 

38 2.57 35.78 

39 3.16 37.50 

40 4.02 40.00 

Note. To transform ordinal K-10 scores first recode ordinal category 5 as 4 for all ten items; then 

compute total scores ranging from 10 to 40 and find corresponding interval-level scores on the right-

hand side of the table. Interval transformation scores are presented in logit units in the middle column 

of the table. This table cannot be used for participants with missing item data.  
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Figure 1  

Flow Chart of the Study Population Extraction Method for Rasch Analysis of the K-10 

 

Note. Participant K-10 scores ≥ 10 were taken from MAS Wave 6 and scores < 10 were taken 

from MAS Wave 1 
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Figure 2 

Person-item threshold distribution of best model fit analysis (A3 Final) of the K-10 (Person 

mean in logits =3.71; SD=1.86) 

 

  

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



Highlights 

Psychological distress is a risk factor for cognitive decline and dementia in older people 

Accurate measurement of distress is important for diagnosis and assessment of risks  

Rasch analysis is a powerful methodology to examine and improve measurement  

Rasch analysis was applied to the Kessler Psychological Distress Scale (K-10) 

This study examined and improved accuracy of K-10 assessment scores 

Ordinal-to-interval conversion tables were developed to enhance precision of K-10 
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