
Vol.:(0123456789)1 3

https://doi.org/10.1007/s12671-022-02006-2

ORIGINAL PAPER

Enhancing the Assessment of Gratitude in Mindfulness Research: 
a Rasch Analysis of the 6‑Item Gratitude Questionnaire

Emerson Bartholomew1   · Navad Iqbal2 · Oleg Medvedev3

Accepted: 8 October 2022 
© The Author(s) 2022

Abstract
Objectives  The 6-item gratitude questionnaire (GQ-6) is a widely used measure reported to be reliable and valid under 
traditional and Rasch investigations. However, recent investigations were inconsistent regarding the item structure of the 
GQ-6, with three investigations concluding that item 6 be removed. Previous Rasch analyses also did not produce interval 
conversion tables, a key benefit of this method which provides a means of improving scale accuracy and aligning the scale 
with the fundamental principles of measurement.
Methods  A Partial Credit Rasch Model was used to evaluate psychometric properties of the GQ-6 using a combined sample 
of 663 respondents from the USA (n = 345) and India (n = 318).
Results  Initial analysis showed significant scale dysfunction, with overall and individual item misfit, local dependency, 
disordered response thresholds, instances of differential item functioning by age and nationality, along with poor reliability. 
Through the use of recent advances in the Rasch methodology, locally dependent items were combined into two super-items 
and the best fit to the Rasch model was obtained with evidence of strict unidimensionality, invariance, and strong reliability. 
Results indicate the GQ-6 is suitable for individual and group assessment, while also permitting the creation of an ordinal-
to-interval conversion algorithm which has been provided here.
Conclusions  This study confirmed the robust psychometric properties of the GQ-6 after minor modifications and provides a 
means for clinicians and researchers to improve the accuracy of this widely used measure in mindfulness research and other 
relevant studies without modification of its original response format.
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Gratitude is a construct comprising appreciation and thank-
fulness in daily living, as well as in the level of grateful 
response to a perceived beneficial event (Emmons, 2004; 
McCullough et al., 2002). Often referred to as the sister of 
mindfulness (Rosenzweig, 2013), gratitude has shown a 
consistent positive association with mindfulness (Schutte 
et al., 2021; Seear & Vella-Brodrick, 2013) and is increas-
ingly recognized as an important component in enhancing 

its benefits. Gratitude has been shown to serve as a media-
tor in the relationship of mindfulness to both life satisfac-
tion, mood, and psychological well-being (Chen et al., 2017; 
Swickert et al., 2019; Voci et al., 2019). Several studies posit 
that mindfulness is a foundational pre-requisite to unlocking 
the benefits of gratitude, and several of these works utilized 
the six-item, short-form gratitude questionnaire (GQ-6; 
McCullough et al., 2002) as the primary assessment tool 
(Jankowski & Sandage, 2014; Ivtzan et al., 2016; Reeves 
et al., 2021; Voci et al., 2019; Yang et al., 2021). This grat-
itude-mindfulness connection has significant measurement 
implications as both variables are increasingly being used 
as predictors in investigations of physical health measures.

Gratitude has been implicated in improvements to 
chronic conditions such as diabetes (Schache et al., 2019b), 
inflammatory bowel disease (Sirois & Wood, 2017), HIV 
(Moskowitz et al., 2017), fibromyalgia (Toussaint et al., 
2017), arthritis, and chronic obstructive pulmonary disease 

 *	 Emerson Bartholomew 
	 mbar321@aucklanduni.ac.nz

1	 Department of Psychological Medicine, Faculty of Medical 
and Health Sciences, University of Auckland, 85 Park Road, 
Grafton, Private Bag 92019, Auckland, New Zealand

2	 Department of Psychology, Jamia Millia Islamia Central 
University, New Delhi, India

3	 School of Psychology, University of Waikato, Hamilton, 
New Zealand

/ Published online: 18 October 2022

Mindfulness (2022) 13:3017–3027

http://orcid.org/0000-0003-0735-0436
http://crossmark.crossref.org/dialog/?doi=10.1007/s12671-022-02006-2&domain=pdf


1 3

(Eaton et  al., 2013). Specific physical health measures 
include decreases in ambulatory blood pressure, eating dis-
order behaviour, re-admission rates for those hospitalized 
with acute cardiac events (Huffman et al., 2016; Redwine 
et al., 2016), improvements in sleep quality, hours spent 
exercising, and positive changes in heart rate variability and 
inflammatory markers (Bai et al., 2019; Digdon & Koble, 
2011; Emmons & McCullough, 2003; Heckendorf et al., 
2019; Jackowska et al., 2016; Mills et al., 2015; Redwine 
et al., 2016; Schache et al., 2019b; Wolfe & Patterson, 2017).

Whether physical health benefits from gratitude are mod-
erated by levels of mindfulness, or gratitude is a pre-requi-
site for many mindfulness benefits, in either case it becomes 
critical to improve the measurement accuracy of gratitude. 
Given the currently ordinal level of gratitude measures, 
scores collected using scales such as the GQ-6 are unsuitable 
for addition/subtraction, analysis by parametric statistics, or 
in comparison to interval/ratio level data such as the afore-
mentioned physical health outcomes.

The GQ-6 is a unique and convenient measure of 
gratitude, and shorter tests such as this have advantages 
in a higher willingness to respond as well as provide more 
thoughtful answers (Fan & Yan, 2010). Several previous 
studies have examined the GQ-6 for its psychometric 
properties and have found evidence of good reliability and 
validity (Kashdan et al., 2009; Wood et al., 2009). Cross-
cultural investigations assessing the GQ-6 have also spanned 
more than eight languages and unique cultural contexts, as 
well as targeting several specific populations i.e. firefighters, 
athletes, high school students, and undergraduates. These 
previous validation studies ratify the reliability and validity 
of the GQ-6 under a classical test theory (CTT) approach 
(i.e. confirmatory factor analysis), but to date, there have 
been few Rasch investigations. One such Rasch study 
carried out by Valdez and Chu (2020) examined the scale 
using a student sample from a ‘collectivist’ society of the 
Philippines and tested for a correlation of gratitude to 
academic motivation. The investigation found a significant 
ceiling effect and reinforced a previous conclusion by Chen 
et al. (2009) that recommended a 5-item solution with the 
removal of the sixth item based on a non-significant factor 
loading. These findings were supported in a study by Froh 
et al. (2011) working under a CTT approach, which also 
removed item 6, citing low factor loadings and interviews 
with their adolescent sample who expressed it was vague. 
However, removal of scale items can have negative impacts 
on reliability and content validity, especially in the case of 
already short scales such as the GQ-6. Recent advances in 
Rasch methodology have made possible the rectification of 
scale dysfunction without item removal, and this solution 
will be explored to see if psychometric properties remain 
satisfactory (Medvedev et al., 2018a, 2018b).

A recent investigation of the GQ-6 in an Indian sample 
endorsed the scales’ validity and reliability, but was not able 
to test for measurement invariance between another sample 
such as from the USA (Garg et al., 2021). Measurement 
invariance between cultures is vital for meaningful cross-
cultural comparisons of scores, and without this property, 
prevalence figures and comparisons could be misleading to 
readers.

Polytomous Rasch analysis is a commonly used modern 
test theory technique based on principles outlined by Rasch 
(1960), and it may be conducted using either the rating scale 
model (Andrich, 1978) or the partial credit model (Masters, 
1982). Polytomous Rasch analysis has increasingly become 
the gold standard for statistical analysis in fields such as 
education, agriculture, psychology, and medical and health 
science for its effectiveness in evaluating and improving 
latent trait measures (Kreiner & Christensen, 2007). The 
main advantage the Rasch approach has over traditional 
analyses is the transformation of ordinal scores into a linear 
measure, which improves accuracy of measurement. This 
approach also examines several key features in addition to 
standard validity and reliability, such as unidimensionality, 
appropriate sample targeting, local dependency, and 
differential item functioning (DIF) (Tennant & Conaghan, 
2007).

Our study aimed to examine the GQ-6 from a modern test 
theory perspective using Rasch analysis. We hypothesize 
that our approach would highlight key aspects of scale 
dysfunction and that these issues can be rectified without 
removing items. Retaining items is advantageous in that 
it preserves both construct validity and standard scale 
administration. The USA and India are the largest English-
speaking countries in the world and while India has a larger 
and more culturally diverse population compared to the 
USA, the USA is also a multicultural country. Therefore, 
a cross-cultural sample from the USA and India was used 
to ensure generalizability of the results and to test for 
differential item functioning (DIF) between cultures.

Method

Participants

Data were collected in two samples. Firstly, 500 US-based 
respondents were recruited via Amazon’s Mechanical 
Turk service from the 19th of July 2021 to the 29th of July 
2021. This sample was reduced from 500 to 345 for quality 
optimization purposes based on participant completion 
times; participants who took less than 55 s to complete the 
test were excluded. We assumed that responding to a 6-item 
scale should take a minimum of 10 s per item (60 s in total); 
therefore, all responses with less than 10 s per item (e.g. 54 s) 
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were considered as invalid. Sample 1 (n = 345) consisted of 
206 (59.8%) males, 138 (40.0%) females, and 1 (0.2%) other. 
The mean age was 36 years (SD = 12.46) and ages ranged 
from 18 to 64. Sample 1 respondents were incentivized by 
payment of 80c USD for their response. The second sample 
(sample 2) was collected from 318 respondents from India 
via Google Forms (82 non-responders were left out). There 
were no participants who completed the survey for less than 
55 s in this sample. Data were collected between the 20th of 
January 2021 and the 20th of February 2021. Sample 2 was 
comprised of 137 (43.1%) males and 181 (56.9%) females, 
and the age of the participants varied from 20 to 50 years 
(M = 28.97, SD = 5.97). No incentives were given to the 
subjects from sample 2 to participate in the study.

Sample size recommendations for Rasch analysis (Hagell 
& Westergren, 2016; Linacre, 1994) were met for both 
samples while the total sample exceeded recommendations. 
Data were split into four age groups (18–30, 31–45, 
46–55, 56 +) for later testing of potential differential item 
functioning (DIF). Ethics approval was obtained from the 
authors’ local ethics committee, and all participants provided 
informed consent to participate in the study.

Procedure

Participants were invited to take part via Amazon 
Mechanical Turk in the US sample, and by email or 
Whatsapp message in the sample from India. Each 
respondent reviewed a participant information sheet and was 
made aware that responses given could be included in data 
analysis and publication in scholarly journals. Participants 
were asked to indicate whether they consented to participate, 
and those who did not were not included in the final dataset.

Measures

This study used the 6-item gratitude questionnaire developed 
by McCullough et  al. (2002), a Likert-type self-report 
measure ranging from 1 = strongly disagree to 7 = strongly 
agree, with items 3 and 6 requiring reverse coding before 
computing the total score. The total score is the sum of 
individual items scores, with higher scores corresponding 
to higher levels of gratitude. The scale reliability Cronbach’s 
alpha (α) was 0.71 and McDonalds omega (ω) did not 
converge with US sample 1, indicating the need for Rasch 
analysis to improve psychometric properties of the scale, 
while α = 0.82 and ω = 0.88 were obtained with Indian 
sample 2.

Data Analyses

Our analysis utilized two forms of software, IBM SPSS v26 
for descriptive statistics and RUMM2030 (Andrich et al., 

2009) for Rasch analysis. There are two Rasch models 
available for use with polytomous data, the rating scale 
model (RS; Andrich et al., 2009) and the partial credit model 
(PCM; Masters, 1982). To determine which was appropriate 
for our use here, we conducted an Andersen’s likelihood 
ratio test (LRT; Andersen, 1973). Our findings from the LRT 
indicated that an unrestricted PCM Rasch model approach 
would be most appropriate for our data. This investigation 
has focused on several key features of importance based 
on guidelines outlined by Wright et al. (1994) and Tennant 
and Conaghan (2007). Rasch analysis is an iterative process 
aimed at the achievement of a satisfactory fit to the Rasch 
model in terms of both an overall and individual item fit 
along with unidimensionality. Unidimensionality is tested 
via Smith’s test and is confirmed if the number of significant 
comparisons using t test (or the lower bound of the binominal 
confidence interval around the percentage of significant t 
tests) is below 5% (Medvedev et al., 2016; Smith, 2002; 
Tennant & Pallant, 2006). Model fit requires a non-
significant item-trait interaction tested using chi-square, and 
item fit requires residuals between − 2.50 and + 2.50. Scale 
items must also be locally independent to prevent spurious 
correlations, and if found above a level of 0.20 should be 
considered for the creation of super-items (Christensen 
et al., 2016; Medvedev et al., 2018a, 2018b; Wainer & Kiely, 
1987). Sample targeting is acceptable when the average 
sample location is ± 0.50 when compared to a mean item 
difficulty of 0. Satisfactory fit to the Rasch model allows 
for the creation of a linear conversion algorithm enabling 
the measurement of gratitude on a finer, interval level 
(Medvedev et al., 2020). In Rasch approaches, reliability is 
tested via Person Separation Index (PSI), with guidelines by 
Tennant and Conaghan (2007) outlining 0.70 as a minimum 
threshold for group and 0.80 for individual use. Differential 
item functioning is another source of potential dysfunction 
and will be evaluated based on age, gender, and sample. 
Lastly, response category thresholds may be disordered and 
will be checked via item characteristic curves (ICCs) and if 
found may be addressed with scale adjustment (collapsing 
of disordered categories).

Results

Results of Andersen’s likelihood ratio test were significant 
(p < 0.01), suggesting the use of the unrestricted partial 
credit version of the Rasch model (Masters, 1982) due to 
inconsistency in response option thresholds between items 
required for the RS model (Andrich et al., 2009). Initial 
analysis displayed in Table 1 showed the overall model 
fit statistics poorly fitting the Rasch model, indicated by a 
significant item-trait interaction chi-square (p < 0.01) sug-
gesting that measurement properties of individual items are 

3019Mindfulness (2022) 13:3017–3027



1 3

not consistent across different trait levels. Reliability was 
below acceptable levels for both group (> 0.70) and indi-
vidual (> 0.80) assessment with a PSI value below 0.60 
(Table 1). Initial overall item fit statistics showed a large 
standard deviation (3.37) clearly reflecting deviation from 
the model expectations. Table 2 presents a closer view of 
initial item fit statistics, showing significant misfits for five 
out of six items.

The scale showed disordered thresholds for all items, and 
can be seen for items 1 and 2 in Fig. 1, representative of the 
disordering patterns for all other items, where categories 1, 
3, and 4 are never modal in item 1, and categories 2 and 3 
are never modal for item 2. Item 6 “Long amounts of time 
can go by before I feel grateful to something or someone” 
displayed  significant uniform DIF by age (F(2, 641) = 27.22, 
p < 0.001), with older people scoring lower on this item com-
pared to younger people  which was also confirmed by visual 
examination of the plot and subsequent sign test (Balalla 
et al., 2020). Items 2, 4, 5, and 6 showed significant uniform 
DIF by sample, with Indian participants scoring higher on 
item 2 (F(1, 641) = 138.85, p < 0.001), 4 (F(1, 641) = 487.47, 
p < 0.001), and 6 (F(1, 641) = 610.22, p < 0.001), and lower 
on item 5 (F(1, 641) = 184.42, p < 0.001). This uniform DIF 
was also confirmed by visual examination of the plots and 
sign tests.

Significant DIF by gender was observed only for item 
5 “As I get older I find myself more able to appreciate the 

people, events, and situations that have been a part of my 
life history” (F(1, 641) = 13.76, p < 0.001). However, visual 
examination and subsequent sign-test comparison demon-
strated that sex differences were not statistically consistent 
across class intervals (p > 0.05.).

Tests for unidimensionality (principal components 
analysis of residuals and equating t tests) showed strong 
evidence for strict unidimensionality (Table 1). Examination 
of the residual correlation matrix showed concerning 
correlations between items 1 and 5, as well as between items 
2 and 4. These correlations were larger than the maximum 
permissible magnitude of 0.20 with reference to the mean 
of all residual correlations as outlined by Christensen et al. 
(2016).

Several options were considered in seeking to correct 
these issues and improve the scale. However, to retain con-
ceptual importance, removing items would be considered 
as a last resort given that this widely used scale has only 6 
items. Therefore, to address local dependency, two super-
items were created by combining items 1, 5, and 6 (super-
item 1) and items 2, 3, and 4 (super-item 2) using a well-
established methodology (Lundgren-Nilsson et al., 2013; 
Medvedev et al., 2018a, 2018b). The best model fit was 
achieved after the creation of super-items, as evidenced 
by a non-significant item-trait interaction chi-square value 
of 20.69 (p = 0.191), indicating no significant deviation 
of the modified scale from the fundamental principles of 

Table 1   Summary of the Rasch 
model fit statistics for the initial 
and final analysis of the 6-item 
gratitude scale (n = 643)

PSI Person Separation Index without extremes

Analyses Item fit residual Person fit residual Goodness of fit PSI Unidimensionality

Mean SD Mean SD χ2 (df) p Sig. t test in %

Initial 0.30 3.37  − 0.22 0.85 514.75 (48)  < 0.01 .59 2.11 (yes)
Final 0.28 0.14  − 0.56 0.88 20.69 (16) .191 .81 3.32 (yes)

Table 2   Initial items fit statistics of 6-item gratitude questionnaire (n = 350)

Fit Resid fit residual, Chi Sq chi-square
* Significant item misfit to the Rasch model p < 0.05

No Item content Location Fit Resid Chi Sq

Initial analysis
1 I have so much in life to be thankful for  − 0.01  − 4.17* 103.80*
2 If I had to list everything that I felt grateful for, it would be a very long list  − 0.08  − 1.78 89.77*
3 When I look at the world, I don’t see much to be grateful for 0.06 2.30 91.07*
4 I am grateful to a wide variety of people  − 0.29  − 1.28 62.96*
5 As I get older, I find myself more able to appreciate the people, events, and situations 

that have been part of my life history
0.39 1.45 6.42

6 Long amounts of time can go by before I feel grateful to something or someone  − 0.08 5.28* 160.72*
Final analysis of the best fit: 2 super-items
Super-item 1 (1 + 5 + 6)  − 0.03 0.18 12.32
Super-item 2 (2 + 3 + 4) 0.03  − 0.38 8.37
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measurement defined by the Rasch model. Reliability was 
also improved markedly with a PSI of 0.81, indicating the 
appropriateness of the modified GQ-6 for assessment at a 
group level. Disordered thresholds showed improvement 
with no categories working inappropriately, as illustrated 
in Fig. 2. Both super-items demonstrated good model fit 
and no significant DIF by personal factors verified by 
visual examination of the plots and sign tests (Table 2).

Figure 3 shows the person-item threshold distribution 
of the GQ-6 after modification and demonstrates that item 
thresholds cover over 95% of sample abilities with no sig-
nificant floor or ceiling effects. The distribution of persons 
is slightly skewed to the right, with a person mean of 0.93 
indicating the overall high level of gratitude of the current 
sample.

Our modifications allowed the scale to correct several 
issues without removing items, keeping the original scale 
and its scoring method intact. Conversion tables have been 
included to assist clinicians or researchers in converting 
their data from an ordinal to interval level, but those 

wishing to do so must remember to reverse code required 
items and not to include any respondents with missing 
data (Table 3).

Discussion

This study aimed to investigate the characteristics of the 
commonly utilized 6-item gratitude scale using Rasch 
analysis. Our initial results showed scale dysfunction across 
several metrics, and scale modifications were undertaken 
to rectify these issues resulting in a satisfactory fit to the 
unidimensional Rasch model. Acceptable fit permitted the 
development of a conversion algorithm to transform ordinal 
raw GQ-6 responses into interval-level data without the need 
to modify the original scale format, enhancing measurement 
accuracy.

Initial analysis showed several areas of scale dysfunc-
tion; however, one positive sign was the evidence for 
strict unidimensionality. Aspects of scale dysfunction 

Fig. 1   Item characteristic curve 
(ICC) for item 1 (above) and 2 
(below) before rescoring
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Fig. 2   Item characteristic curve 
(ICC) for super-items 1 (above) 
and 2 (below)

Fig. 3   Person-item threshold distribution for the GQ-6 analysis of the best fit (n = 643)

3022 Mindfulness (2022) 13:3017–3027
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were evidenced in the overall poor model fit, unaccepta-
ble levels of reliability (0.59), large overall item standard 
deviation (SD = 3.37), significant individual item misfit, 
disordered thresholds in three items, DIF issues by age and 
sample, and lastly, local dependency in items 1 and 5, as 
well as between items 2 and 4. To remedy the host of scale 
issues, a super-item strategy was used to target the local 
dependency at the heart of the scale dysfunction while 

avoiding the removal of items on an already shortened 
scale (Lundgren-Nilsson et al., 2013; Medvedev et al., 
2020). Removal of further items reduces construct validity 
and conceptual meaning, degrading the quality of results 
obtained; hence, we aimed to only use item removal as a 
last resort (Finaulahi et al., 2021; Hopkins et al., 2021; 
Medvedev et al., 2018a, 2018b).

Two super-items were created by combining items 1, 5, 
and 6 (super-item 1) and items 2, 3, and 4 (super-item 2) 
using methodology that focuses on retaining conceptual 
meaning (Lundgren-Nilsson et al., 2013; Medvedev et al., 
2018a, 2018b; Sandham et al., 2019). This modification 
resulted in a non-significant item-trait interaction chi-square 
value of 20.69 (p = 0.191), indicating that the measurement 
properties of individual items were consistent across 
different trait levels. Reliability also improved markedly 
with a PSI of 0.81, indicating the appropriateness of the 
modified GQ-6 for assessment at both individual and group 
levels (Tennant & Conaghan, 2007). Although not directly 
comparable, our reliability results are consistent with the 
findings of a recent meta-analysis of various gratitude 
measures, which reported a Cronbach’s alpha score of 0.81 
for the GQ-6 (Card, 2019).

After minor modifications, disordered thresholds also 
showed improvement with categories no longer working 
inappropriately, as illustrated in Fig. 2. Both super-items 
demonstrated good model fit, and no significant DIF issues 
were found by either age or sample. Sample targeting of 
the scale via the person-item threshold distribution after 
modification demonstrated that item thresholds cover over 
95% of sample abilities with no significant floor or ceiling 
effects. These results differ from previous findings by Chen 
et al. (2009) in their report of a ceiling effect in their GQ-6 
data supporting benefits of Rasch analysis and application 
of super-item strategy in the current study. The distribution 
of persons is slightly skewed to the right, with a person 
mean of 0.93 indicating a high overall level of gratitude of 
the current sample. Modifications amended several issues 
without removing items, keeping the original scale and 
its raw scoring method intact. Super-item creation is an 
effective method for rectifying scale dysfunction as items 
showing local dependency share a common error variance 
unrelated to trait gratitude. This common error variance 
caused unwanted spurious correlations which in turn impact 
negatively on reliability. Due to improvements made by scale 
modification, we were able to create a conversion algorithm 
to assist researchers and clinicians in converting their data 
to an interval level without changes to the original scale or 
its administration format. However, this still requires reverse 
coding of items 3 and 6, and respondents with missing data 
cannot be converted.

Super-item methodology afforded a major advantage in 
our investigation as the primary goal of this study was to 

Table 3   Converting from 
ordinal- to interval-level 
scores for the 6-item gratitude 
questionnaire

This conversion table can only 
be used for respondents with no 
missing data

Ordinal Interval

Scores Logits Scale

6  − 4.38 6.00
7  − 3.59 9.45
8  − 3.01 11.97
9  − 2.59 13.81
10  − 2.26 15.26
11  − 1.99 16.42
12  − 1.77 17.38
13  − 1.58 18.22
14  − 1.41 18.98
15  − 1.25 19.68
16  − 1.09 20.35
17  − 0.95 20.99
18  − 0.81 21.61
19  − 0.67 22.22
20  − 0.53 22.82
21  − 0.39 23.41
22  − 0.26 24.01
23  − 0.12 24.61
24 0.02 25.21
25 0.16 25.82
26 0.30 26.44
27 0.44 27.07
28 0.59 27.71
29 0.74 28.35
30 0.89 29.01
31 1.04 29.68
32 1.20 30.37
33 1.36 31.06
34 1.52 31.77
35 1.69 32.50
36 1.86 33.26
37 2.04 34.07
38 2.25 34.96
39 2.48 36.00
40 2.78 37.30
41 3.22 39.21
42 3.86 42.00
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rectify scale dysfunction without removing items as was 
done by previous investigations under both CTT (Froh 
et al., 2011) and Rasch approaches (Chen et al., 2009; 
Valdez & Chu, 2020). The removal of item 6 is undesirable 
as it negatively impacts reliability (PSI of 0.67 without 
item 6), content validity, and overall model fit (larger and 
significant item-trait chi-square). Additionally, it changes 
the original scale format which makes implementation 
and comparisons between findings difficult as many recent 
studies did not adhere to recommendations to use GQ-5. 
It is more reasonable to retain all items to gain higher 
reliability, content validity, overall model fit, and original 
scale administration.

Conversion of scores using this algorithm resulted in 
improvements to the precision and usefulness of the GQ-6, 
most notably in the ability to use scale data in comparison 
to interval data such as physical measurements involving 
electroencephalography (EEG), or galvanic skin response 
(GSR) (Medvedev et al., 2020). Several previous gratitude 
interventions have used interval physiological measures such 
as blood pressure, cortisol (Jackowska et al., 2016), forced 
expiratory volume (Cook et al., 2018), glycaemic control 
(Schache et al., 2019b), heart rate variability (Jackowska 
et  al., 2016; Redwine et  al., 2016), and biomarkers of 
inflammation (Moieni et al., 2019). These investigations 
would have benefited from an interval level gratitude 
measure for comparisons, analysis via parametric statistics, 
and finer distinctions between trait levels aside from only 
knowing who has higher or lower levels—an Achilles’ heel 
of ordinal scales. Mindfulness is also frequently compared 
with interval-level health data, and several mindfulness 
scales have already been converted by a Rasch approach 
(Medvedev et  al., 2016, 2018c, 2020). Enhancing the 
measurement accuracy of a short and therefore clinically 
useable scale such as the GQ-6 allows future research to 
explore the relationship between mindfulness and gratitude 
as they relate to health benefits.

The current study represents an advancement to research 
on gratitude interventions as a means of improving physical 
and mental health outcomes, as ordinal scales such as the 
GQ-6 are inherently low resolution. That is, we may be able 
to tell that person A is higher in gratitude than person B, but 
we cannot tell by how much. Therefore, resolving the lack of 
precision attributable to ordinal measures aligns a scale with 
the fundamental principles of measurement (specifically 
concatenability and invariance), satisfying the assumptions 
of parametric tests (Rasch, 1960; Stevens, 1946) and 
facilitating comparisons of latent traits to relevant linear 
measures, i.e. heart rate, skin conductance, blood pressure, 
respiratory rate, and salivary cortisol (Allen & Yen, 2002; 
Stucki et al., 1996). Improvements such as this mark an 
important step for mindfulness research in beginning a 
deeper line of inquiry into the foundational relationship 

between mindfulness and gratitude, in addition to how both 
of these factors come together to influence physical health.

Achieving synergistic benefits by combining gratitude and 
mindfulness approaches holds theoretical promise. Several 
investigations have shown mindfulness to be effective in 
reducing pain in clinical populations, and some evidence 
for its influence on neuro-immune markers of inflammation 
(Creswell et al., 2019). Gratitude has also accumulated 
a rapid evidence base indicating its importance to both 
physical health in general and patients in particular (Bartlett 
& Arpin, 2019; Heckendorf et al., 2019; Moieni et al., 2019; 
Schnitker & Richardson, 2019). The primary mechanism 
by which gratitude is thought to influence physical health 
outcomes is in reducing stress and increasing behavioural 
and biological restorative pathways  (See Boehm and 
Kubzansky’s (2012) model of positive psychological well-
being adapted in Schache et al., 2019a). Synergistic benefits 
may be particularly relevant in chronic health interventions 
where both mindfulness and gratitude practices have been 
frequently deployed. By enhancing measurement accuracy, 
deeper investigations into the fundamental link between 
gratitude and mindfulness are possible—in the hopes that 
further benefits to human well-being can be uncovered.

Limitations and Future Directions

There are several limitations to the current study. Firstly, 
the Rasch transformation scores were not tested with an 
independent sample. Future work can be done to prove 
the robustness of the method. Furthermore, this work was 
conducted with a non-clinical sample and therefore is not 
generalizable to those with chronic illnesses referenced 
in this study, i.e. HIV, fibromyalgia, arthritis, COPD. 
The samples taken were reached through computer and 
mobile devices that required internet or cell service and 
therefore may not be representative of those with lower 
socio-economic status who were not accessible in this way. 
Future research should look to expand to a multi-national 
sample beyond the USA and India, as well as to clinical 
populations for replication of these findings, testing for item 
bias by illness, ethnicity, and nationality. Using incentives 
for the US sample while offering no incentives for the Indian 
sample represents a limitation of this study. However, given 
the low value of incentive (80c USD), it is unlikely that 
differences in incentive could have a significant impact on 
our results.
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