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Abstract

Objectives The Comprehensive Inventory of Mindfulness Experiences (CHIME) comprises 37 items over eight domains
and was validated in German and English languages using Rasch methodology. However, the length of the scale might limit
its application due to the response burden it places on participants, especially in studies that examine additional constructs.
This study aimed to develop a short but comprehensive CHIME version using cutting-edge methodology.

Method Ant colony optimization was applied to optimize and reduce item content of individual CHIME facets and create
24-item (CHIME-S) and 16-item (CHIME-XS) versions. We used data collected in New Zealand (n=512), and in the USA,
which included two independent samples (n =605 and n=210). The construct validity of the newly developed CHIME-S
and CHIME-XS was established by correlating its scores with measures of mindfulness, affect, and distress.

Results Overall, the ant-colony algorithm identified a stable solution which included 3 best fitting items per facet CHIME
short form (CHIME-S) and the 2 best-fitting items CHIME-XS (16 items). This solution was successfully replicated across
all samples and the scale demonstrated acceptable confirmatory factor analysis fit and good internal consistency, and cor-
related with measures of mindfulness, distress, and affect in expected directions.

Conclusions The CHIME-S and CHIME-XS are reliable and valid short-scale versions that can be used for assessment of
total mindfulness and its facets in a comprehensive way. Future research efforts are invited to validate the CHIME-S and
CHIME-XS across different cultures and sample populations, aiming at establishing robustness of the measure.

Keywords Mindfulness - Comprehensive Inventory of Mindfulness Experiences - CHIME - Ant colony optimization -
Validation - Assessment - Psychometrics

Mindfulness is commonly defined as the awareness that
arises from intentionally paying attention to the present
moment in a non-judgmental manner (Kabat-Zinn, 2003).
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It has been shown to alleviate various psychological and
physical symptoms associated with depression, anxiety,
stress, and other psychopathologies (Krigeloh et al., 2019).
Furthermore, mindfulness-based interventions (MBIs)
have demonstrated positive effects on well-being (Bennett
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& Dorjee, 2016) and emotional regulation (de Vibe et al.,
2018). Given the growing importance of MBIs, researchers
and clinicians require accurate and comprehensive measures
of mindfulness to discriminate between individual levels of
mindfulness. Scale development and validation are essential
steps in creating reliable and valid tools for assessment.

Comprising 37 items, the CHIME offers a multifaceted
understanding through its eight subscales. The Awareness
of Internal Experiences subscale gauges an individual’s
attentiveness to their inner emotional, cognitive, and bodily
sensations, reflecting the introspective facet of mindfulness.
The Awareness of External Experiences component focuses
on an individual’s level of awareness and attention to exter-
nal stimuli, capturing mindfulness’ extrospective dimen-
sion. Third, the Acting with Awareness subscale assesses
the conscious presence and attention in one’s actions, which
underscores the importance of being present in the moment
and engaging with tasks deliberately. Fourth, the Accept-
ing Non-judgmental Attitude dimension emphasizes the
unconditional acceptance of experiences without evaluat-
ing or labeling them, epitomizing the non-critical nature of
mindfulness. Fifth, the Nonreactive Decentering compo-
nent pertains to the ability to observe one’s thoughts and
feelings without getting entangled in them, signifying the
detached observation characteristic of mindfulness. Sixth,
the Openness to Experience subscale measures an individ-
ual’s willingness to engage with and accept a wide range
of experiences, which reflects the open-hearted quality of
mindfulness. Seventh, the Awareness of Thoughts’ Relativ-
ity subscale captures the recognition that thoughts are tran-
sient and not absolute truths, underlining the discerning
aspect of mindfulness. Finally, the Insightful Understanding
component delves into the deeper realizations and insights
derived from mindful practices, an important aspect that
taps into the profound transformative potential of mindful-
ness. Each of these subscales, as detailed by Bergomi et al.
(2014), intricately captures distinct yet interrelated facets
of mindfulness, ensuring a comprehensive assessment of an
individual’s mindfulness experiences.

We recognize and appreciate the rich historical and spir-
itual roots of mindfulness, especially its foundational signifi-
cance in Buddhism. It is crucial to acknowledge that while
mindfulness has been embraced within psychology both
as a therapeutic intervention and a means to enhance well-
being, this adaptation often leans towards a secular perspec-
tive, distanced from its spiritual origins. The intent behind
such secular applications is to make mindfulness accessible
and beneficial to a broader audience, irrespective of their
spiritual or religious affiliations. However, we are cogni-
zant of the ongoing discourse regarding the authenticity
and completeness of defining mindfulness purely in secu-
lar, psychological terms, as highlighted by studies like Van
Gordon et al. (2015). While acknowledging this limitation,

@ Springer

it is noteworthy that among the CHIME domains, “Insightful
Understanding” does come closer to capturing the spiritual
essence of mindfulness, setting it apart from many purely
secular scales. We believe that the inclusiveness of such a
domain provides a bridge, however modest, to the profound
spiritual depths of mindfulness, while still catering to its
broader, secular applications. While the CHIME is an effec-
tive measure rooted in theoretical frameworks, its length
may limit its applicability in large-scale studies involving
numerous variables, where shorter scales are necessary for
valid and/or complete responses. Therefore, developing a
concise yet comprehensive version of CHIME is important.

Currently, the Five Facet Mindfulness Questionnaire
(FFMQ; Baer et al., 2006) stands as the predominant mul-
tifaceted tool for evaluating mindfulness. The FFMQ’s
development involved using factor analysis on the Kentucky
Inventory of Mindfulness Skills (KIMS; Baer et al., 2004),
Mindful Attention and Awareness Scale (MAAS; Brown &
Ryan, 2003), and other existing mindfulness measures. It
encompasses five subscales: Describing, Observing, Non-
Judging, Non-Reacting to Inner Experience, and Acting
with Awareness. However, a study by Bergomi et al. (2013)
demonstrated that the FFMQ, along with other mindfulness
assessments, did not sufficiently cover all relevant aspects
of mindfulness. To tackle this limitation and devise a more
comprehensive tool, the CHIME was created (Bergomi et al.,
2014). The CHIME integrates all the mindfulness elements
emphasized by Bergomi et al. (2013) and is grounded in
pertinent theoretical frameworks (Krigeloh et al., 2019). It
consists of eight subscales, as described above.

The CHIME scale possesses two primary advantages over
other mindfulness measures. First, it was designed with a
solid theoretical foundation in traditional mindfulness con-
ceptualizations (Bergomi et al., 2014; Krégeloh et al., 2019).
This differs from the FFMQ, which was devised through
factor analysis of existing mindfulness measures (Baer et al.,
2006). As a result, the majority of FFMQ items originate
from the MAAS and KIMS, inheriting their inherent meth-
odological flaws. Specifically, the MAAS has faced sub-
stantial critique in the mindfulness literature for measuring
mindlessness/inattention rather than mindfulness (Bergomi
et al., 2013). Furthermore, the KIMS was developed based
on the mindfulness conceptualization found in Dialectical
Behavior Therapy (DBT; Linehan, 1993), an intervention
primarily used to address symptoms of borderline person-
ality disorder. In response to these concerns, the CHIME
was designed using a mindfulness conceptualization derived
from Eastern spiritual traditions.

Secondly, the CHIME encompasses a broader array
of characteristics of the practice of mindfulness that
are frequently misrepresented in other measures, such
as awareness of internal experiences, openness to expe-
rience, awareness of thoughts’ relativity, and insightful
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understanding (Bergomi et al., 2014). Most mindfulness
measures focus on broad concepts of practice, including
awareness, attention, and non-judgmental attitude fac-
tors. The CHIME offers a distinctive approach to assess-
ing mindfulness by delving deeper into nuances that are
often not explicitly highlighted in other instruments.
While many mindfulness measures predominantly focus
on overarching constructs such as awareness, attention,
and non-judgmental attitudes, the CHIME introduces fac-
ets that provide a richer understanding of the practice. For
instance, the CHIME uniquely emphasizes components
like Awareness of thoughts’ relativity and Insightful under-
standing, both of which resonate with traditional mindful-
ness teachings from Eastern traditions.

Drawing from foundational texts and traditional interpre-
tations (Harvey, 2013), mindfulness is not just about being
aware or non-judgmental; it is also a tool for understanding
the true nature of reality, ultimately aiming to alleviate suf-
fering and enhance well-being. It is from this perspective
that the inclusion of “wisdom factors” becomes pivotal.
These wisdom elements, which encompass insights into
the impermanent and interconnected nature of existence,
are integral to a comprehensive understanding of mindful-
ness. CHIME’s Insightful understanding and Awareness of
thoughts’ relativity can be viewed as operationalizations of
these wisdom factors, bridging conventional measures and
traditional conceptualizations.

Initially created in German, the CHIME has undergone
validation through both conventional techniques and Rasch
analysis (Bergomi et al., 2014; Medvedeyv et al., 2019), veri-
fying its outstanding psychometric qualities. The CHIME
boasts high internal consistency (a ranging from 0.70 to
0.90) and temporal reliability (test—retest reliability across
7 to 9 weeks, with r ranging from 0.70 to 0.90). Moreover,
CHIME items displayed measurement invariance over time,
signifying no significant differences in participants’ compre-
hension of the items at different time points (Krédgeloh et al.,
2018). The scale’s external validity was established through
a strong positive correlation with the FFMQ (r=0.85) and
moderate negative correlations with depression (r=-0.46),
anxiety (r=-0.39), and stress (r=-0.40) (Bergomi et al.,
2014). Moreover, a Dutch version of the CHIME, along with
a shortened Dutch edition, has been developed and validated
using classical test theory approaches (Cladder-Micus et al.,
2019). The English version of the CHIME, recently vali-
dated using Rasch methodology by Wilkinson et al. (2023),
provides a solid foundation for further adaptation. How-
ever, to maximize the measure’s use in both research and
clinical settings around the world, a shorter version of the
CHIME in English is necessary. Building strong and reli-
able instruments relies on applying appropriate and rigorous
psychometric methods. To achieve that goal, we used ant
colony optimization with confirmatory factor analysis in our

validation of the shorter version of the CHIME (Dorigo &
Stiitzle, 2004; Olaru et al., 2019).

It is indisputable that the field of mindfulness measure-
ment has grown substantially over the years, with several
short forms emerging to suit diverse research and clinical
needs. For instance, the shortened versions of the FFMQ
(Bohlmeijer et al., 2011) and the already concise MAAS
offer insights into different facets of mindfulness. Moreover,
the study that selected a 24-item short form from an initial
pool of 173 items using an ant colony optimization approach
(Altgassen et al., 2023), encompassing various mindfulness
questionnaires including CHIME, presents a commend-
able approach to synthesizing mindfulness metrics across
theoretical approaches. Nevertheless, while these measures
offer significant advantages, a CHIME short version would
distinguish itself through its comprehensive coverage and
clear theoretical alignment. The CHIME encapsulates all the
components of mindfulness as illuminated by Bergomi et al.
(2013), deeply rooted within pertinent theoretical frame-
works (Krigeloh et al., 2019). Comprising eight diverse
subscales, the CHIME offers a holistic evaluation of mind-
fulness, ranging from awareness of internal and external
experiences, acting with awareness, accepting nonjudgmen-
tal attitude, nonreactive decentering, openness to experience,
awareness of thoughts’ relativity, and extending to insightful
understanding. Since its inception, the CHIME has consist-
ently demonstrated exemplary psychometric properties (Ber-
gomi et al., 2014; Wilkinson et al., 2023).

While the existing version of the CHIME shows good
psychometric properties and is clearly aligned with a broader
theory, its use might be limited by its length. To address
this, we are using an ant colony optimization approach on
the English version of the CHIME to create two short forms
of the CHIME with 24 (CHIME-S) and 16 (CHIME-XS)
items respectively, comparing their psychometric proper-
ties against the full CHIME and non-English short versions
of the CHIME. Ant colony optimization is an advanced
metaheuristic machine-learning technique inspired by the
foraging behavior of ants (Dorigo et al., 1996). Collective
foraging of ants involves multiple ants exploring an open
space for food. Successful tracks are marked via pheromones
and as an increasing number of ants is using the most effi-
cient path, the pheromone levels become stronger until only
the shortest or most efficient route is being used. Inspired
by this biological model, the method uses simulated agents
(artificial ants) to search for optimal model solutions in a
network graph and over multiple interactions, the shortest
paths encountered are being given greater weights (similar
to pheromone tracks by ants). This method has been widely
applied for solving complex computational problems and
can be applied to the question of optimizing and reducing
scales by combining the ant colony optimization algorithm
with confirmatory factor analysis to search for the optimal
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solution within defined parameters (Dorigo & Stiitzle, 2004;
Olaru et al., 2019). In essence, the algorithm iteratively
improves the quality of selected items, ultimately retaining
those that best represent the underlying construct (in this
case, mindfulness) and simultaneously optimize associa-
tions with third variables. Ant colony optimization offers
an innovative and efficient approach to simplifying complex
measures while maintaining validity and reliability (Blum &
Roli, 2003; Olaru et al., 2019).

One of the main benefits of using ant colony optimization
in scale development is its ability to overcome the limita-
tions of traditional methods, which often rely on subjective
decisions around a limited set of criteria such as factor load-
ings of individual items or the absence of cross loadings and
may lead to suboptimal solutions (Schroeders et al., 2016).
For instance, conventional methods like factor loadings are
prone to researcher bias, as decisions regarding item reten-
tion or deletion are often based on arbitrary cutoff values
or guidelines. To provide an example from the mindfulness
literature in the development of the FFMQ, differing cutoffs
are applied for factor loadings depending on sub-scale exam-
ined (0.40 for Non-Reactivity and 0.50 for Observing). Fur-
thermore, traditional factor analytic approaches often only a
single exploratory run with one factor solution is evaluated
and, subsequently, items for validation are selected. This
may result in the exclusion of potentially important items or
the retention of less relevant ones as the factor structure and
solution is likely to change with the inclusion and exclusion
of different items, thereby compromising the content validity
and psychometric properties of the shortened scale (Mat-
sunaga, 2010). Beyond internal validity, construct validity
(e.g., correlation with criterion variables) is a crucial ele-
ment of scale validation and is often of primary concern in
applied settings.

Ant colony optimization provides an objective, data-
driven approach to item selection, ensuring that the result-
ing scale is both psychometrically sound and theoretically
grounded. The underlying approach is inherently robust and
adaptive because it was developed to efficiently explore com-
plex search spaces and identify optimal solutions that might
be overlooked by traditional methods (Dorigo et al., 1996).
By harnessing the collective intelligence of the simulated ant
colony, the algorithm balances exploration and exploitation,
effectively avoiding local optima and converging towards
a global optimum solution. Consequently, the use of ant
colony optimization in scale development can lead to the
identification of more accurate, reliable, and parsimonious
measurement instruments that are better suited to assess the
intended constructs such as mindfulness (Olaru & Danner,
2021; Olaru et al., 2019; Schroeders et al., 2016).

The primary aim of the present study was to develop a
shorter version of the CHIME using ant colony optimiza-
tion, ensuring the resulting measure is comprehensive and
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psychometrically sound. In the current study, we utilized
three samples from anglophone populations to compre-
hensively examine the robustness of the derived CHIME
versions across student and general populations. We used
internal validity criteria (model fit) as optimization criteria
and construct validity criteria (correlation with other estab-
lished mindfulness and subjective well-being measures) as
additional validation criteria. By harnessing the advantages
of this cutting-edge methodology, we expected to create
an efficient and practical tool that can be widely used in
research and clinical settings, contributing to the field of
mindfulness assessment and promoting the understanding
and practice of mindfulness in various contexts.

Method
Participants

We collected responses from 512 undergraduate students
in psychology at a New Zealand University using an online
questionnaire through Qualtrics between January 2020 and
December 2020, which took 15 min to complete on average.
Participants consented to take part in the study in exchange
for research credit and could participate only once. The
study obtained approval from the authors’ institutional eth-
ics review board, and all participants who took part in the
study gave their informed consent for their involvement in
the research. The participants were on average 19.14 years
old (SD=3.34) and majority female (74.66%).

Data for the first US sample was collected in March 2018,
via an online questionnaire hosted on Qualtrics Research
Services, ensuring an equal distribution between male and
female respondents. By referring to the time taken by five
volunteers, we gauged that an average response time was
around 15 min. This online collection process spanned about
10 days. For their efforts, respondents received US$5 upon
completion. To ensure no repeated submissions, we logged
each respondent’s IP address. The wide distribution of IP
addresses indicated a comprehensive national reach, assur-
ing a well-represented sample. The study secured approval
from the institution’s ethics review board, and all respond-
ents willingly gave their consent before participating. The
participants were on average 41.68 years old (SD=13.04)
and were nearly balanced in gender (51.07% female).

The second US dataset was collected from students tak-
ing part in an introductory university course in exchange
for research credit. The studies obtained approval from the
authors’ institutional ethics review board, and all partici-
pants gave their informed consent prior to participating. The
participants were on average 18.64 years old (SD=1.25),
majority female (75.24%), and identified largely as White
(88.10%) followed by Asian (4.76%) and Black (4.29%).
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Measures
Comprehensive Inventory of Mindfulness Experiences

We administered the 37-item CHIME (Wilkinson et al.,
2023) which allows participants to rate themselves on a
6-point Likert scale with greater scores indicating higher
mindfulness (1 =Almost never to 6 =Almost always). The
original 37 items are distributed across eight facets: Aware-
ness of internal experiences (“When my mood changes, I
notice it right away.”), Awareness of external experiences
(“I notice details in nature, such as colors, shapes, and tex-
tures.”), Acting with Awareness (“I break or spill things
because I am not paying attention or I am thinking of some-
thing else.”), Accepting nonjudgmental attitude (“In the ups
and downs of life, [ am kind to myself.”), Nonreactive decen-
tering (“When I have distressing thoughts or images, I am
able to feel calm soon afterward.”), Openness to experience
(“I try to stay busy to avoid specific thoughts or feelings
from coming to mind.”), Awareness of thoughts’ relativity
(“It is clear to me that my evaluations of situations and peo-
ple can change easily.”), and Insightful understanding (“In
everyday life, I notice when my negative attitudes toward a
situation make things worse.”).

Convergent Validity Measure Collected in US Sample
2

Five Facet Mindfulness Questionnaire (FFMQ)

The FFMQ (Baer et al., 2006) contains 39 items, measuring
five separate facets: Describing, Observing, Non-Judging,
Non-Reacting to Inner Experience, and Acting with Aware-
ness. Answers are scored on a 5-point Likert scale with
greater sum scores indicating greater mindfulness, from
never=1to always true =>5. The measure contains 19 items
that are negatively worded (3, 5, 8, 10, 12, 13, 14, 16, 17,
18, 22, 23, 25, 28, 30, 34, 35, 38, and 39), which require
reverse coding before the total and subscale scores can be
calculated. All subscales showed good @y, reliability:
Describing (0.91, 95% CI[0.89, 0.93], M=26.90, SD=5.65,
Min= 12, Max =40), Observing (0.79, 95% CI[0.75, 0.84],
M=25.29, SD=5.14, Min=_8, Max =37), Non-Judging
(0.93, 95% CI[0.91, 0.94], M=25.78, SD=6.64, Min=8§,
Max =40), Non-Reacting to Inner Experience (0.81, 95%
CI[0.77, 0.85], M=20.97, SD=4.12, Min=7, Max =31),
and Acting with Awareness (0.88, 95% CI[0.86, 0.91],
M=26.11, SD=5.49, Min =9, Max =40).

Depression Anxiety Stress Scales (DASS)

The DASS (Lovibond & Lovibond, 1995) is a self-admin-
istered questionnaire evaluating the negative emotional

aspects of depression, anxiety, and stress. Comprising 42
items, the DASS features 14 items per subscale. Items are
scored on a 4-point Likert scale from Did not apply to me at
all=0to Applied to me very much or most of the time=3. A
shorter 21-item version, the DASS-21 (Antony et al., 1998),
is also accessible. Both variants demonstrate strong internal
consistencies and reliable psychometric properties. For this
study, the DASS-21 was employed resulting in a total score
range for each scale from O to 21. All subscales showed good
W1y Teliability: Stress (0.88, 95% CI[0.86, 0.91], M=4.14,
SD=3.78, Min=0, Max=19), Anxiety (0.88, 95% CI[0.86,
0.91], M=2.96, SD=3.27, Min=0, Max = 16), Depression
(0.92, 95% CI[0.90, 0.94], M=3.18, SD=3.80, Min=0,
Max =18).

Positive and Negative Affect Schedule (PANAS)

The PANAS (Watson et al., 1988) is a concise list of adjec-
tives describing various emotions and feelings. Participants
are asked to rate the extent to which they experienced these
emotions/feelings over the past week using a 5-point Lik-
ert scale, with responses ranging from Very slightly or not
at all=1 to Extremely=35. After completing the question-
naire, scores from positive emotion adjectives are combined
to form the Positive Activation scale, while scores from
negative emotion adjectives create the Negative Activation
scale. The w, reliability was high for both scales: Positive
Activation (0.89, 95% CI[0.87,0.91], M=21.93, SD=6.88,
Min =10, Max =42), Negative Activation (0.92, 95%
CI[0.90, 0.94], M=17.06, SD=6.81, Min= 10, Max =46).

Beck Anxiety Inventory (BAI)

The BAI (Beck et al., 1988) is a self-report instrument
designed to assess the severity of anxiety symptoms. The
BAI comprises 21 items, each describing a common symp-
tom of anxiety. Participants are asked to rate how much they
have been bothered by each symptom over the past week
on a 4-point Likert scale, ranging from Not at all=0 to
Severely, I could barely stand it=3. The total score, rang-
ing from O to 63, is obtained by summing the individual
item scores, with higher scores indicating greater anxiety
severity. The BAI has demonstrated good internal consist-
ency, test—retest temporal reliability, and construct validity
in various populations and showed good @y, reliability in
the current sample (0.95, 95% CI[0.94, 0.96], M =13.06,
SD=10.17, Min =0, Max =59).

Penn State Worry Questionnaire (PSWQ)
The PSWQ (Meyer et al., 1990) is a self-administered meas-

ure developed to evaluate the tendency to worry excessively.
The PSWQ contains 16 items, and respondents are instructed
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to rate the extent to which each statement is characteristic
of their usual worry style on a 5-point Likert scale, ranging
from Not at all typical of me=1 to Very typical of me=35.
The total score is calculated, ranging from 16 to 80, by sum-
ming the item ratings, with higher scores indicating a higher
propensity for worry. The PSWQ has shown strong internal
consistency, test—retest temporal reliability, and convergent
and discriminant validity in multiple studies and showed
good wr,, reliability in the current sample (0.95, 95%
CI[0.95, 0.96], M=54.09, SD=14.46, Min= 19, Max = 80).

Center for Epidemiological Studies-Depression (CES-D)

The CES-D (Lewinsohn et al., 1997) is a widely used tool
for measuring depressive symptoms in the general popu-
lation. The CES-D assesses the frequency of depressive
symptoms experienced over the past week and consists of
20 items that are designed to represent major symptoms of
depression measured on a 4-point Likert scale ranging from
0= Rarely or none of the time (less than 1 day) to 3 =Maost
or all of the time (5-7 days). The scale is scored on a range
of 0 to 60, with higher scores indicating a greater likeli-
hood of depression. The CES-D also includes four subscales,
each of which measures a different aspect of depression.
The Positive Activation subscale measures the frequency of
positive emotions such as happiness and joy, while the nega-
tive activation subscale measures the frequency of negative
emotions such as sadness and guilt. The somatic symptoms
and retarded activity subscales measure the extent to which
depression interferes with physical functioning and daily
activities, while the interpersonal difficulties subscale meas-
ures the extent to which depression affects social relation-
ships. In the current sample, the total score had good @y,
reliability (0.92, 95% CI[0.91, 0.94], M =14.85, SD=9.48,
Min=0, Max =44).

Data Analyses

We initially used the New Zealand dataset, running an ant
colony optimization using 20 ants (which represents dis-
tinct short-form configurations of the CHIME), 5% evapo-
ration, a stability of 2000 runs, and a maximum of 20,000
runs (based on recent recommendations Leite et al., 2008;
Raborn & Leite, 2018), to estimate the best stable CHIME
version specified to provide a final model with 3 items
per facet as this allows for a just-identified model should
a researcher be interested in only administering a single
factor. For researchers interested in applying the whole
scale, we derived an extra short version of the CHIME with
only 2 items per factor. We used the CFI (Comparative Fit
Index), SRMR (Standardized Root Mean Square Residual),
and RMSEA (Root Mean Square Error of Approxima-
tion) fit based on a Confirmatory Factor Analysis model
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as criteria for optimization. We modelled the facets of the
CHIME as correlated facets without a higher order factor,
using ordinal Weighted Least Squares Means and Variances
(WLSMV) estimation. We defined good fit as CFI> 0.95,
RMSEA <0.06, and SRMR <0.08 (Hu & Bentler, 1999).
To examine differences between scales, we examined the
Acpy between two scales with 0.01 defined as a substantial
difference in fit (Fischer & Karl, 2019). We have used 3
decimal points to report the relevant fit indices in the results
section for the purpose of precision. Subsequently, we fit-
ted the resulting short model and the extra short model to
our first US dataset using a WLSMYV estimated Confirma-
tory Factor Analysis method and comparing it against the
original CHIME longform and the alternative short form
of the CHIME developed by Cladder-Micus et al. (2019) in
Dutch. We repeated this analysis in the second independent
US dataset, in which then also examined the correlation of
the short vs long forms of the CHIME as a criterion for
external validity. We used R4.30 for all analyses.

Results
NZ Sample

The ant colony algorithm converged after 164 runs repre-
senting 3280 individual ant runs for the 24-item short form
and after 170 runs representing 3400 individual ant runs
for the 16-item extra short form at which point the model
showed no more improvement in mean y (standardized latent
variable loadings). We show the improvement in total phero-
mone level across the runs in Fig. S1 in the supplementary
material and the final selected items for the short and extra
short CHIME in Table 1. Examining the fit of all scale forms,
we found good fit for all scale forms (Table 2), but found that
both the CHIME-S (A ¢y origina = 0-05, A cprputch-short = 0-03)
and CHIME-XS (4 cgp origina = 0-03, Ackrputch-short = 0-03)
showed improved measurement characteristics above the
original CHIME and the previously short version derived
in Dutch. Similarly, both the CHIME-S and CHIME-XS
showed comparable reliability to the original and previous
short form, with the notable exception of the CHIME-XS
Openness to experience facet which showed low reliability
(Table 3). This facet showed the lowest reliability across
all scale forms, which might be exacerbated by the 2-item
solution. Similarly, the CHIME-S and CHIME-XS showed
substantial correlations with the CHIME long form (as can
be seen in Table 4). Finally, the CHIME-S and CHIME-XS
showed a very high similarity of their facet intercorrela-
tions compared to the facet intercorrelation in the origi-
nal scale (CHIME-S ry,ne1=0.94, p<0.001; CHIME-XS
IMante1 = 0.92, p <0.001) indicating a high comparability of
facet intercorrelations.
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Table 1 Items selected for the
short forms (CHIME-S and
CHIME-XS) by the ant colony
algorithm

Awareness of internal experiences

*When my mood changes, I notice it right away.

When I am sitting or lying down, I notice the sensations in my body.

*$When I talk to other people, I notice what feelings I am experiencing.

I clearly notice changes in my body, such as quicker or slower breathing.

*+1 am usually aware of how I am feeling at any given time.

Awareness of external experiences

*I notice details in nature, such as colors, shapes, and textures.

When I ride in a car or train, I am aware of the surroundings, such as the landscape.

*+1 pay attention to sensations, such as the wind in my hair or sunshine on my face.
*+1 notice sounds in my environment, such as birds chirping or cars passing.

Acting with awareness

I break or spill things because I am not paying attention or I am thinking of something else.
*It is easy for me to stay focused on what I am doing.

*1In everyday life, I get distracted by many memories, images, or daydreams.
*$When I read, I have to reread paragraphs because I was thinking of something else.
Accepting nonjudgmental attitude

*7In the ups and downs of life, I am kind to myself.

I am hard on myself when I make a mistake.

*1 see my mistakes and difficulties without judging myself.

*$Even when I make a big mistake, I treat myself with kindness and understanding.

I resent my own mistakes and weaknesses.

Nonreactive decentering

When I have distressing thoughts or images, I am able to feel calm soon afterward.

When I have distressing thoughts or images, I am able to notice them without having to react.
In difficult situations, I can pause for a moment without reacting immediately.

*$When caught in thoughts and emotions, I am able to “step back’ and quickly notice the thought or
image without getting taken over by it.

*7] am able to notice my thoughts and feelings without getting tangled up in them.

*I notice my thoughts and feelings and can also ‘“‘step back’ and observe them from a distance.
Openness to experience

FI try to stay busy to avoid specific thoughts or feelings from coming to mind.

*1 try to distract myself when I feel unpleasant emotions.

*11 do not like it when I am angry or fearful and I try to get rid of these feelings.

*When I am in pain, I try to avoid this sensation as much as possible.

Awareness of thoughts’ relativity

It is clear to me that my evaluations of situations and people can change easily.

*7In everyday life, I realize my thoughts are not always facts.

*7In everyday life, I am aware that my view on things is not always based on facts.

*I am aware that even my strongly held opinions may change over time.

Insightful understanding

In everyday life, I notice when my negative attitudes toward a situation make things worse.

*71 am able to smile when I notice myself seeing things as more complicated than they actually are.
*When I have needlessly given myself a hard time, I can see it with humor.

*71 am able to smile to myself when I notice I have made a big deal out of a small problem.

I am able to notice when I needlessly make life more difficult for myself.

Items in bold and marked with * were selected for the short-form; items marked with 1 were selected for
the extra short form
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Table 2 Comparison between all confirmatory factor analysis models in all samples

Scale Parameters Ve df CFI RMSEA RMSEA lower RMSEA upper SRMR 7
New Zealand
Original 102 1442.36 601 0.93 0.07 0.06 0.07 0.07 0.91
CHIME-S 76 441.98 224 0.98 0.04 0.04 0.05 0.05 0.96
CHIME-XS 60 288.1 76 0.96 0.06 0.06 0.07 0.06 0.95
CHIME-S-Dutch 76 690.97 224 0.93 0.07 0.06 0.07 0.07 0.93
USA Sample 1
Original 102 2848.39 601 0.94 0.08 0.08 0.09 0.10 0.83
CHIME-S 76 963.04 224 0.97 0.06 0.05 0.06 0.07 0.91
CHIME-XS 60 152.62 76 1.00 0.03 0.02 0.03 0.03 0.98
CHIME-S-Dutch 76 1515.12 224 0.94 0.09 0.08 0.09 0.09 0.85
USA Sample 2
Original 102 961.74 601 0.89 0.08 0.07 0.09 0.10 0.91
CHIME-S 76 351.74 224 0.98 0.06 0.04 0.07 0.07 0.95
CHIME-XS 60 161.03 76 0.91 0.07 0.05 0.08 0.07 0.95
CHIME-S-Dutch 76 405.89 224 0.87 0.07 0.06 0.08 0.09 0.93

All models were fitted with a WLSMV estimator to account for the ordinality of the scale. The CHIME-S-Dutch is based on the 24-item model
developed by Cladder-Micus et al., (2019) in a Dutch population

Table 3 Reliability of scale

Facet Short Extra-short Dutch-Short Original
forms across samples

NZ
Awareness of internal experiences 0.70[0.65, 0.74] 0.62 0.61[0.55, 0.67] 0.73[0.69, 0.77]
Awareness of external experiences 0.82[0.79, 0.85] 0.73 0.82[0.79, 0.85] 0.83[0.80, 0.85]
Acting with Awareness 0.72[0.68, 0.76] 0.66 0.72[0.68, 0.76] 0.72[0.68, 0.76]
Accepting nonjudgmental attitude 0.84[0.82, 0.87] 0.78 0.74[0.70, 0.78] 0.86[0.84, 0.88]
Nonreactive decentering 0.86[0.84, 0.88] 0.78 0.80[0.78, 0.83] 0.87[0.86, 0.89]
Openness to experience 0.59[0.52, 0.65] 0.29 0.48[0.40, 0.56] 0.63[0.58, 0.68]
Awareness of thoughts’ relativity ~ 0.79[0.76, 0.82] 0.75 0.79[0.76, 0.82] 0.76[0.72, 0.79]
Insightful understanding 0.74[0.70, 0.78] 0.69 0.74[0.70, 0.78]  0.73[0.70, 0.77]

US1
Awareness of internal experiences 0.81 [0.78, 0.84] 0.746 0.77 [0.73, 0.80] 0.85[0.83, 0.87]
Awareness of external experiences 0.90 [0.88,0.91] 0.827 0.90 [0.88, 0.91] 0.90 [0.89, 0.92]
Acting with awareness 0.63 [0.58, 0.69] 0.761 0.63 [0.58,0.69] 0.72[0.69, 0.76]
Accepting nonjudgmental attitude 0.85[0.83, 0.87] 0.795 0.63 [0.57,0.69] 0.72[0.69, 0.75]
Nonreactive decentering 0.88 [0.87,0.90] 0.846 0.89 [0.87,0.90] 0.93[0.92, 0.94]
Openness to experience 0.7410.71, 0.78] 0.608 0.71 [0.67,0.75] 0.80[0.77, 0.82]
Awareness of thoughts’ relativity ~ 0.82 [0.80, 0.85] 0.745 0.82[0.80,0.85] 0.83[0.80, 0.85]
Insightful understanding 0.85[0.83, 0.87] 0.782 0.85[0.83,0.87] 0.85[0.84, 0.87]

US2
Awareness of internal experiences 0.71 [0.64,0.78] 0.58 0.63 [0.55,0.72] 0.72[0.66, 0.78]
Awareness of external experiences 0.84 [0.80, 0.88] 0.77 0.84 [0.80, 0.88] 0.83[0.80, 0.87]
acting with awareness 0.77 [0.71,0.82] 0.67 0.77[0.71,0.82] 0.74 [0.69, 0.80]
Accepting nonjudgmental attitude 0.80 [0.76, 0.85] 0.68 0.7310.67,0.79] 0.82[0.79, 0.86]
Nonreactive decentering 0.80[0.75, 0.84] 0.58 0.69 [0.62, 0.76] 0.86 [0.84, 0.89]
Openness to experience 0.76 [0.70,0.81] 0.46 0.66 [0.58,0.74] 0.77[0.72, 0.82]
Awareness of thoughts’ relativity ~ 0.56 [0.46, 0.66] 0.47 0.56 [0.46, 0.66] 0.65[0.57,0.73]
Insightful understanding 0.79 [0.75, 0.84] 0.70 0.79 [0.75,0.84] 0.72[0.66, 0.78]

All reliability estimates are based on @y orgina With the exception of the extra short form which repre-
sents the Spearman-Brown coefficient
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Table 4 Pearson’s correlation Facet CHIME-Dutch CHIME-S CHIME-XS
between original CHIME and
the shortened versions in all NZ
samples Awareness of internal experiences 0.91 0.87 0.83
Awareness of external experiences 0.97 0.97 0.92
Acting with Awareness 0.93 0.93 0.86
Accepting nonjudgmental attitude 0.95 0.93 0.89
Nonreactive decentering 0.94 0.92 0.89
Openness to experience 0.95 0.93 0.85
Awareness of thoughts’ relativity 0.95 0.95 0.88
Insightful understanding 0.92 0.92 0.87
UsS1
Awareness of internal experiences 0.95 0.92 0.87
Awareness of external experiences 0.98 0.98 0.95
Acting with Awareness 0.94 0.94 0.89
Accepting nonjudgmental attitude 0.95 0.83 0.81
Nonreactive decentering 0.96 0.95 0.92
Openness to experience 0.97 0.96 0.92
Awareness of thoughts’ relativity 0.97 0.97 0.91
Insightful understanding 0.94 0.94 0.90
Us2
Awareness of internal experiences 0.90 0.86 0.82
Awareness of external experiences 0.97 0.97 0.93
Acting with Awareness 0.94 0.94 0.89
Accepting nonjudgmental attitude 0.95 0.92 0.86
Nonreactive decentering 0.93 0.90 0.86
Openness to experience 0.97 0.94 0.89
Awareness of thoughts’ relativity 0.94 0.94 0.83
Insightful understanding 0.93 0.93 0.86
All correlation coefficients were significant at p <0.001
US Sample 1 this shows that both solutions derived by the ant colony

To test the out-of-sample applicability of this solution,
we fitted the long and ant colony shortened form in our
US Sample 1. Overall, we found a pattern similar to our
initial results in our New Zealand sample with both the
CHIME-S (4 crorigina = 0-03, Ackrputch-shor = 0.03) and
CHIME-XS (Acgy-origina = 0-06, Ackrputch-short = 0.06)
showing improved measurement characteristics above the
original CHIME and the previously short version derived
in Dutch (Table 2), while showing comparable reliability
(Table 3) and robust correlations with the long form of the
CHIME (Table 4). Notably, while the CHIME-XS Open-
ness to experience facet, it was above commonly accepta-
ble cutoffs indicating that the reliability of this facet might
be sample dependent. As in the New Zealand sample, the
CHIME-S and CHIME-XS showed a very high similarity
of their facet intercorrelations compared to the facet inter-
correlation in the original scale (CHIME-S ry;, . =0.92,
p <0.001; CHIME-XS ryune1 =0.91, p<0.001). Overall,

optimization algorithm perform robustly across samples.
US Sample 2

Replicating our results from the US Sample 1 with the US
Sample 2, we found a similar pattern, with both the CHIME-
S (Acrrorigina = 0-08, Acrr putch-shor = 0.10) and CHIME-XS
(Acrrorigina = 0-02, Ackr pueh-shore = 0-04) showing improved
measurement characteristics above the original CHIME and
the previously short version derived in Dutch (Table 2),
while showing comparable reliability (Table 3) and robust
correlations with the long form of the CHIME (Table 4).
We further examined post hoc differences in construct
validity correlations, between the short and long forms of
the CHIME, the FFMQ, the DASS, the PANAS, the BAI, the
PSWQ, and the CESD. Overall, we found a highly similar
pattern of correlations between the long and short forms and
the respective construct validity variables (Table 5). To com-
pute the statistical similarity of the matrices, we computed
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Table 5 (continued)

Depression-CESD

Anxiety-BAI Worry

Negative activa-

tion

Depression Positive activa-

Anxiety

Non-judging Non-reacting Stress

Observing Describing Act-

tion

ing with

awareness
0.26%**

—0.27%5

—0.24%%%
— 024

-0.17*

—0.19%*
—0.22%%*

0.23%%*
0.20%*

— .24
—0.27%%%

—-0.10
-0.13
-0.13
-0.13

-0.17*

—0.19%*
—0.18%*
—0.19%*

0.21%*

0.16*
0.20%*

0.3 1%

0.12
0.05
0.09
0.05

0.17%*
0.13

0.26%

0.27%%*

—0.31%%%

— 0,235
— 0,245

—0.23%x
—0.22%%

0.20%*
0.20%*

—0.29%#*
—0.27#%

0.18%*
0.20%*

0.27%#%*

0.28%**

0.17%*

0.26%**

0.27%#%**

Correlation coefficients within each cell represent (from top to bottom within each panel) the original configuration, the CHIME-S, the CHIME-XS, and the Dutch CHIME-S

w8 0,001, #p <0.01, *p <0.05

the asymmetric correlation matrix between the construct
validity variables and the long or short form of the CHIME
respectively. Subsequently, we calculated a Mantel test to
determine the overall similarity of the matrices based on
9999 permutations of the test. Overall, we found a very high
similarity (CHIME-S ry,e; =0.94, p <0.001; CHIME-XS
Pvantel = 0.97, p <0.001), indicating the similarity in the pat-
terns of relationships between the long and short forms. In
summary, the results demonstrated that the shortened ver-
sions of the CHIME not only possess comparable or superior
measurement properties to the long-form in most samples
but also exhibit similar patterns in their relationships within
the instrument and with construct validity variables.

Discussion

The present study aimed to create a comprehensive 24-item
short-form (CHIME-S) and a 16-item extra short-form
(CHIME-XS), of the CHIME by employing cutting-edge
ant colony optimization methodology. The shortened scales
exhibited comparable or improved confirmatory factor analy-
sis fit indices compared to the full version of the CHIME and
existing non-English short forms of the CHIME (Cladder-
Micus et al., 2019), good internal reliability, and expected
correlations with other measures of mindfulness, distress,
and activation. The CHIME-S and CHIME-XS preserve the
original CHIME’s comprehensive nature while making it
more accessible and applicable for large-scale studies, where
shorter scales are preferred to ensure response validity and
completion. This shorter version maintains the theoretical
foundations of the original scale while offering an efficient
and reliable assessment tool for researchers and clinicians
alike. (The full scale with scoring instructions can be found
in the supplementary material.)

When comparing the CHIME-S and CHIME-XS with
other mindfulness measures, such as the FFMQ (Baer
et al., 2006), our findings suggest that the CHIME-S and
CHIME-XS provide a more comprehensive assessment of
mindfulness in line with traditional conceptualizations. The
development of the CHIME-S and CHIME-XS supports
the growing body of research emphasizing the importance
of incorporating a broader range of mindfulness character-
istics (Bergomi et al., 2013; Wilkinson et al., 2023), such
as Insightful Understanding and Awareness of Thoughts’
Relativity, to better understand and measure the construct.
The CHIME-S and CHIME-XS might enable researchers to
utilize the CHIME’s broad conceptualization of mindful-
ness in a wider range of studies and measure these often
disregarded mindfulness concepts. The shorter version of
the CHIME offers a more feasible way to explore the effects
of mindfulness on cognition beyond the changes in atten-
tional control. More complex skills, such as the ability to
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understand and incorporate concepts such as impermanence
in one’s life, will now be possible to capture by an objective
measure, making room for a more in-depth understanding of
the mechanisms of change related to mindfulness practice.
Researchers and practitioners alike are encouraged to con-
sider the CHIME-S and CHIME-XS as an alternative to the
FFMQ. We also encourage further validation of the measure
across different cultural contexts and populations, in order to
strengthen its robustness and generalizability.

Limitations and Directions of Future Research

While our study offers valuable insights into the develop-
ment and validation of the short CHIME version, there are
several limitations to consider. Primarily, our sample selec-
tion predominantly comprised students, which might limit
the generalizability of our findings to broader populations.
The student demographic might have specific characteris-
tics that differ from the general public or specific clinical
groups; and thus, future studies should consider a more
diverse sampling strategy. Another significant limitation is
the absence of objective mindfulness measures to further
validate the scale. Relying solely on self-report measures
can introduce biases and may not capture the full depth
and nuances of an individual’s mindfulness practices. The
study by Altgassen et al. (2023) is particularly illuminating
in this respect, showcasing how a mindfulness measure can
be derived across existing mindfulness scales. Nevertheless,
this approach favors simplicity above clear alignment with
theory and might led to the derivation of factors which are
empirically stable but encompass a large amount of non-spe-
cific variance (Alexandrova & Haybron, 2016). Our CHIME
short forms retain a balance between an empirically derived
short form which nevertheless can be clearly mapped onto a
wider theory of mindfulness.

The successful replication of the CHIME-S’s and
CHIME-XS’s psychometric properties across three inde-
pendent samples including both student and non-student
populations indicates its potential for generalizability across
different populations. Moving forward, it is essential to vali-
date the scale in other cultural contexts, transcending West-
ern samples, and diverse sample populations to establish its
robustness as a measure of mindfulness which has been a
consistent issue for mindfulness measures (Karl et al., 2020,
2022). Similarly, while the current study indicates the cross-
sectional robustness of the shortened CHIME, this does not
indicate temporal stability, which should be explored in
future studies. Additionally, future studies could explore
the clinical utility of the CHIME-S in assessing changes
in mindfulness following mindfulness-based interventions
and investigating the relationship between mindfulness and
various psychological outcomes.

@ Springer

In conclusion, the CHIME-S and CHIME-XS are reliable
and valid short-form scales for assessing mindfulness and
its facets in a comprehensive manner. The development of
this shortened scale will facilitate its use in large-scale stud-
ies and enable researchers and clinicians to assess mindful-
ness more efficiently. We also demonstrated the application
of a novel optimization technique which shows significant
promise for further scale development work. Future research
should focus on validating the CHIME-S and CHIME-XS
across different cultural contexts and sample populations,
as well as exploring its clinical utility in various therapeu-
tic settings. The CHIME-S and CHIME-XS administration
format and scoring instructions are included here (Supple-
mentary Tables S1 and S2).
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