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Abstract The Mindful Attention Awareness Scale (MAAS)
is the most widely used mindfulness scale to date, with vali-
dation studies indicating acceptable reliability and convergent
validity. However, recent evidence indicates that the ability of
the MAAS items to precisely discriminate between mindful-
ness levels is compromised. To improve item functioning and
precision of the MAAS, responses of 250 participants to the
scale were subjected to Rasch analysis. To improve disordered
thresholds, items were re-scored, and each item was tested for
Differential Item Functioning. Where misfit to Rasch model
expectations was identified, items were removed and the ef-
fect on individual item-fit estimates was tested. Uniform
rescoring of all items was the best solution to order thresholds
of all items and to improve overall goodness of fit to the Rasch
model. Satisfactory model fit was achieved after removing the
misfitting items 6 and 15 and combining the locally dependent
items 7 and 8. Functioning of MAAS items can be improved
substantially by several minor modifications to scoring algo-
rithms without the need to modify the current response format.
Precision of the instrument can be improved further by using
the ordinal-to-interval conversion tables presented here.
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Introduction

Recent years have seen a surge of interest in ‘mindfulness’, on
the one hand, as a component in clinical interventions for a
wide range of psychological and health conditions (Chiesa
and Serretti 2010; Goldin and Gross 2010; Zoogman et al.
2015) and, on the other, as a trait or general capacity that is
linked to optimal psychological well-being (Keng et al. 2011).
Mindfulness has been described as ‘paying attention in a par-
ticular way: on purpose, in the present moment, and non-judg-
mentally’ (Kabat-Zinn 1994, p.4). As a broader disposition,
mindfulness is the ability to be aware of external and internal
experiences as phenomena without automatically using
existing cognitive schemas that help construct our conceptual
world and its objects (Olendzki 2005). Mindfulness is our
immediate, instant contact with reality that is not contaminat-
ed by habitual and conceptual cognitions and allows a greater
clarity of consciousness and more objectively based responses
(Brown et al. 2007). However, mindfulness definitions used in
psychology may not be adequate to capture more complex
traditional understanding of mindfulness (Chiesa 2013).

The clinical practice of mindfulness is generally associated
with mindfulness-based interventions (MBIs), such as
mindfulness-based stress reduction (Kabat-Zinn 1982, 1990)
and mindfulness-based cognitive therapy (Segal et al. 2002).
Here, participants typically complete a number of exercises,
such as meditation, body scan, hatha yoga, mindful walking,
and mindful eating. The rapidly growing evidence base for the
therapeutic application of mindfulness techniques includes
alleviating symptoms and enhancing the coping abilities of
people suffering from anxiety, stress, depression, emotional
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instability, substance abuse, post-traumatic stress disorder,
borderline personality disorder, psychophysiological disor-
ders, and suicidal/self-harm behavior (Chiesa and Serretti
2010; Hofmann et al. 2010; Ivanovski and Malhi, 2007).
Also, MBIs were shown to increase psychological well-
being (Josefsson et al. 2014; Bennet and Dorje 2015).
Regular meditation practice and the concomitantly repeated
elevations of state mindfulness have recently been shown to
lead to increases in trait mindfulness (Kiken et al. 2015). Trait
mindfulness is often conceptualized as a capacity and in-
volves enhanced emotional regulation (Chambers et al.
2009; Lyvers et al. 2014) and meta-emotion strategies, which
are also predictive of psychological well-being
(Mitmansgruber et al. 2009). In addition to participants’ prior
experience with mindfulness practice, one’s disposition to
mindfulness is an important baseline variable to control in
evaluations of MBI (Visted et al. 2015). Trait mindfulness is
also increasingly recognized as an important predictor vari-
able in models of psychological well-being (e.g. Brown and
Kasser 2005; Pearson et al. 2015).

A number of self-report questionnaires are available to as-
sess levels of mindfulness. Table 1 provides a list of some of the
most commonly cited instruments with their demonstrated psy-
chometric properties (Baer et al. 2004, 2006; Brown and Ryan
2003; Cardaciotto et al. 2008; Chadwick et al. 2008; Feldman
et al. 2007; Fresco et al. 2007; Haigh et al. 2011; Lau et al.
2006; Walach et al. 2006). Measurement of mindfulness is a
relatively new research area, with the first self-report mindful-
ness measure, the Freiburg Mindfulness Inventory (FMI), pub-
lished in 2001 (Buchheld et al. 2001; Walach et al. 2006). Of all
mindfulness instruments, the Mindful Attention Awareness
Scale (MAAS) (Brown and Ryan 2003) is the most widely
cited, and its psychometric properties are supported by a larger
number of studies than for any other instrument (Park et al.
2013). The second most cited instrument, the Five Facets
Mindfulness Questionnaire (FFMQ) (Baer et al. 2006), and
the Kentucky Inventory of Mindfulness Skills (KIMS) (Baer
et al. 2004) both proposed a multidimensional profile of mind-
fulness skills (Table 1). Temporal reliability (test-retest) has
only been reported for the MAAS (Brown and Ryan 2003),
the KIMS (Baer et al. 2004), and the State Mindfulness Scale
(SMS) (Tanay and Bernstein 2013).

Perhaps the attractiveness of the MAAS (Brown and Ryan
2003) is related to its simple unidimensional structure and
relative brevity. The MAAS is a 15-item self-report question-
naire of trait mindfulness that uses a 6-point Likert-scale re-
sponse format (1="‘almost always’ to 6="‘almost never’). A
total score is calculated as the mean of responses to all items,
with a higher score corresponding to a greater mindfulness
level. Example items are as follows: ‘I rush through activities
without being really attentive to them’ and ‘I find myself
preoccupied with the future or the past’. The MAAS is not
fully consistent with mindfulness definitions used in

psychology as it focuses on attention/awareness to the present
moment but lacks items distinctly measuring non-judgemental
attitude (Kabat-Zinn 1994; Bergomi et al. 2013). However,
based on the assumption that mindless states are more com-
mon (Brown and Ryan 2003), MAAS items ask individuals
about lack of mindfulness, which means that the instrument
may serve as an indirect assessment of self-criticism (Bergomi
et al. 2013). Converging evidence supports good internal
reliability and satisfactory external reliability over a 4-week
interval (Table 1). Tests of convergent validity of the MAAS
by comparing it with a number of other mindfulness measures
showed positive correlations in the range from weak to
moderate (Baer et al. 2006; Brown and Ryan 2003;
Christopher and Gilbert 2010). Construct validity of the
MAAS was supported by its positive correlations with
measures of positive affect, well-being and openness, and
negative correlations with stress, anxiety, rumination, and
neuroticism (Baer et al. 2006; Brown and Ryan 2003;
Carlson and Brown 2005; Christopher and Gilbert 2010;
Frewen et al. 2008). According to expectations, significantly
higher MAAS scores were found for experienced meditators
compared to novices (Cordon and Finney 2008).

A number of studies confirmed the proposed unidimen-
sional structure of the MAAS (Brown and Ryan 2003;
Carlson and Brown 2005; Christopher et al. 2009;
MacKillop and Anderson 2007). However, the factor loading
of some MAAS items (items 5, 6, and 13) were occasionally
reported to be below 0.30 (Table 2). Specific investigations of
the performance of individual MAAS items also revealed
some issues. In a study using Item Response Theory, Van
Dam et al. (2010) used category response curves (CRC) to
demonstrate functioning of MAAS items that included thresh-
olds between pairs of adjacent response options for each item.
CRC shows the probability of a person to select a specific
response category based on estimation of their latent trait
(i.e. mindfulness). The findings showed that only 6 out of 15
items (items 4, 7, 8, 9, 10, and 14) have equally distributed
thresholds indicating that only these items are capable to ad-
equately discriminate between different mindfulness levels
across available response options. In addition, the relative
contribution or ability of each item to assess a latent trait has
been examined. Only five items (items 7, 8, 9, 10, and 14)
together explain about 66 % of the information related to the
latent variable mindfulness (Van Dam et al. 2010). Table 2
shows that items with lower loadings on the first principal
component (e.g. item 6) also explain a relatively lower amount
of information related to the latent trait. These findings sug-
gest that further research is necessary to investigate the func-
tioning of individual items, which can be conducted using
Rasch analysis, a technique that is particularly suited for this
purpose (Tennant and Conaghan 2007).

The distinct advantages of Rasch analysis over classical
psychometric methods have been discussed in detail
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Table 1  Properties of commonly used mindfulness scales including: number of subscales and items, internal consistency (Cronbach’s alpha), test-
retest reliability, correlations with other mindfulness measures, and number of citations in Google Scholar and Web of Science (28 July 2015)
Scale Reference Subscales Cronbach’s alpha Reliability Validity of Google Web of Science
(original) (items) Test-retest Construct Scholar
MAAS Brown and Ryan (2003) 1(15) «=0.78-0.92 ICC=0.81; p<0.001 FMI, KIMS, MMS, 3695 1333
CAMS-R, SMQ:
r=0.14-0.51; p<0.05
FFMQ Baer et al. (2006) 5(39) «=0.67-0.93 Not reported Based on FMI, 1928 764
KIMS, MMS, SMQ,
and MAAS items.
KIMS Baer et al. (2004) 4 (39) «=0.72-0.97 r=0.81-0.86, but FMI, SMQ, SAMS-R 1138 412
observe r=0.65 r=0.51-0.67
T™MS Lau et al. (2006) 2(13) «=0.85-0.91 Not reported KIMS, MAAS,FFMQ 490 166
CAMS-R, SMQ, FMI
r=0.10-0.74; p<0.05
FMI Buchheld et al. (2001) 1 (30) «=0.80-0.94 Not reported KIMS, MAAS, SMQ, 419 186
Walach et al. (2006) 1(14) a=0.86 Not reported and CAM-R:
r=0.31-0.60
CAMS-R  Feldman et al. (2007) 1(12) «=0.61-0.81 Not reported KIMS, MAAS, FMI 366 134
and SMQ:
r=0.51-0.67; p<0.05
PHLMS  Cardaciotto et al. (2008) 2 (20) «=0.75-091 Not reported KIMS, MAAS: 287 101
r=0.38-0.61; p<0.05
SMQ Chadwick et al. (2008) 1(16) «=0.82-0.89 Not reported KIMS, MAAS, FMIL: 207 58
r=0.38-0.61; p<0.05
MMS Haigh et al. (2011) 421 «=0.45-0.86 Not reported Not reported 24 10
SMS Tanay and Bernstein (2013) 2 (23) a=0.95 r=10.64-0.65 TMS, FFMQ: 13 2

r=0.31-0.47
MAAS: r=0.00-0.07

The scales are listed in descending order of number of citations

ICC inter-class correlation coefficient, MA44S Mindful Attention Awareness Scale, FFMQ Five Facets Mindfulness Questionnaire, K/MS Kentucky
Inventory of Mindfulness Skills, 7MS the Toronto Mindfulness Scale, FMI the Freiburg Mindfulness Inventory, CAMS-R the Cognitive and Affective
Mindfulness Scale-Revised, PHLMS the Philadelphia Mindfulness Scale, SMQ the Southampton Mindfulness Questionnaire, MMS the Mindfulness/

Mindlessness Scale, SMS the State Mindfulness Scale

elsewhere (Rasch 1960; Wilson 2005; Wright and Stone
1979). Essentially, Rasch analysis provides a template to con-
vert ordinal-level data to interval level, which improves pre-
cision of measurement, provided a measure is unidimensional
(Rasch 1961). This process involves the testing of several
attributes such as potential item bias, local independence as-
sumptions including unidimensionality, appropriate stochastic
ordering of items and response option ordering in polytomous
items (Tennant and Conaghan 2007). When these prerequi-
sites are satisfied and the data thus fit a Rasch model, partic-
ipants can be ordered according to their ability on a scale
measuring the latent construct (in this case mindfulness).
Also, items are ordered by difficulty, which refers to the mind-
fulness level assessed by an item. The same log-odds interval
scale is used to order both the items and the participants. This
allows graphical representation of a participant-item threshold
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distribution, reflecting how well the range of the sample abil-
ity fits to the items’ difficulty. Applying Rasch analysis to
mindfulness measures would be beneficial through the identi-
fication of item bias or Differential Item Functioning (DIF).
This refers to the situation where participants with the same
ability on the latent construct, but from different groups (e.g.
males and females), respond differently to an item.

Taken together, MAAS is the most commonly used mind-
fulness scale, perhaps to a large extent because it is a brief, well-
validated instrument with good psychometric properties that
can be applied to a wide range of clinical and non-clinical
populations. However, recent evidence suggests that only a
small sub-set of MAAS items adequately discriminate between
mindfulness levels (Van Dam et al. 2010). Rasch analysis is a
suitable method to investigate the performance of individual
items to discriminate on their overarching construct, but to date,
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Table 2 Range of the reported loadings on the first principal component and the total amount of information explained by each MAAS item on the

latent variable mindfulness

Item Range of factor Total information®
loading® (%)
1 I could be experiencing some emotion and not be conscious of it until some time later 0.43-0.50 220
2 Ibreak or spill things because of carelessness, not paying attention, or thinking of something else 0.36-0.57 241
3 Ifind it difficult to stay focused on what’s happening in the present 0.51-0.67 5.88
4 Itend to walk quickly to get where I’'m going without paying attention to what I experience along the way 0.41-0.62 3.84
5 TItend not to notice feelings of physical tension or discomfort until they really grab my attention 0.27-0.51 4.63
6 1 forget a person’s name almost as soon as I’ve been told it for the first time 0.26-0.49 1.37
7  Itseems I am “running on automatic” without much awareness of what I'm doing 0.59-0.80 13.18
8  Irush through activities without being really attentive to them 0.68-0.76 17.60
9 I getso focused on the goal I want to achieve that I lose touch with what I am doing right now to get there 0.38-0.72 9.85
10 1do jobs or tasks automatically, without being aware of what I’'m doing 0.69-0.74 13.92
11 I find myself listening to someone with one ear, doing something else at the same time 0.45-0.56 3.01
12 I drive places on “automatic pilot” and then wonder why I went there 0.46-0.62 4.63
13 I find myself preoccupied with the future or the past 0.28-0.54 242
14 1 find myself doing things without paying attention 0.71-0.78 11.77
15 Isnack without being aware that I'm eating. 0.36-0.62 3.29

#The range of factor loading presented here is based on a systematic review by Park et al. (2013)

® Total information in percent on the latent trait (mindfulness) measured by each MAAS item is based on the Item Response Theory analysis conducted

by Van Dam et al. (2010)

Rasch analysis has only been applied to the Spanish version
(Inchausti et al. 2014) and not to an English-language version
or a non-clinical sample. The aim of the present study is to
apply Rasch analysis to explore strategies to improve the psy-
chometric properties of the MAAS.

Method
Participants

The present study analyzed data from 250 participants, based
on the recommended optimal sample size estimates for the
most purposes of Rasch analysis (Linacre 1994). For the pres-
ent Rasch analysis, the sample included a randomly selected
sub-set of 125 from a sample of New Zealand university stu-
dents and a randomly selected sub-set of 125 participants from
a New Zealand-wide postal survey to control for possible DIF
effects. Also, we aimed to make the results applicable to both
students and general adult populations in line with the original
validation study (Brown and Ryan 2003). The total sample
size of the university student sample was 253 (79.1 % females,
19.0 % males, 2.0 % missing gender identification). Ages
ranged from 18 to 59 with a mean age of 23.33 (SD=7.73).
Ethnic groups include 51.8 % Caucasians, 5.5 % Maori, 7.1 %
Pasifika, 16.5 % Asian, and 17.9 % of other unspecified eth-
nicities. The total sample size of the national general popula-
tion survey was 436, of whom 155 (35.6 %) indicated that

they were male and 280 (64.2 %) that they were female. Ages
ranged from 18 to 91, with a mean of 52.87 and a standard
deviation of 17.05. The majority self-classified as Caucasian
(81.9 %), 8.5 % as Maori, 2.8 % as Pasifika, 2.8 % as Asian,
and the remainder as other ethnicities. After merging the two
sub-sets of 125 respondents, the mean age was 38.20 years
(SD=20.01). To investigate DIF, three age categories were
created: 18-21 (n=86), 22-50 (n=83), and 51-88 (n=76).
The number of males was 63 and number of females 185
(missing gender data=5), and those regularly engaging in
mindfulness practice was 84, as opposed to 154 not engaging
in regular practice.

Procedure

The present study collected responses from university stu-
dents as well as from the general population. For the student
sample, potential participants were approached in class with
permission of a paper coordinator and invited to complete the
survey and to hand the survey back to the researchers or sub-
mit it to a locked collection box at their respective faculty.
Students completed the questionnaire in class before the lec-
ture or during the break. To obtain a sample from the general
population, a questionnaire was posted to a sample of 4000
individuals randomly selected from the national electoral roll.
Respondents returned completed questionnaires using an
enclosed self-addressed pre-paid return envelope. The
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response rate was 11 %. The authors’ institutional ethics com-
mittee approved this study.

Measures

The Mindfulness Attention Awareness Scale (MAAS) (Brown
and Ryan 2003) is a 15-item self-report questionnaire that has
been described as measuring trait mindfulness (Siegling and
Petrides 2014). Sample questions include ‘I find it difficult to
stay focused on what’s happening in the present’ and ‘I do
jobs or tasks automatically, without being aware of what I'm
doing’. All items use a 6-point Likert-scale response format
(1="almost always’ to 6= ‘almost never’). Internal consisten-
cy (Cronbach’s alpha) in the current data set was 0.87.

Data Analysis

Descriptive statistics and reliability analyses of the MAAS
were conducted using IBM SPSS v.22. Data were then for-
matted and saved as an ASCII file to be imported into the
software RUMM?2030 for Rasch analysis (Andrich et al.
2009). The likelihood-ratio test was conducted on the initial
output analysis and should indicate appropriateness of the
unrestricted (Partial-Credit) version of the model. Rasch anal-
ysis includes the following sequential steps (Siegert et al.
2010):

1. A test for overall data fit to the Rasch model.

2. Identifying MAAS items with disordered thresholds and
rescoring them.

3. Deletion of items with poorest fit to the Rasch model.

4. Re-testing individual item fits and overall fit to the Rasch
model.

5. Analysis of DIF for gender, age, sample population, and
practice experience.

6. Unidimensionality test.

7. Examination of local dependency based on the residual
correlation matrix.

8. Distribution analysis of the participant-item thresholds.

9. An associating analysis between the best-fitting MAAS
items (1-8 steps) and all 15 MAAS items.

10. Comparison of Rasch results with traditional psycho-

metric tests (e.g. item-to-total correlations and factor
analysis).

Rasch analysis is an iterative procedure that starts with
testing the overall fit to the model using the threshold map
of the software output to identify any items showing disor-
dered thresholds. A threshold is disordered when participants’
higher capacity on a construct (e.g. mindfulness) is not con-
sistently reflected in progressively higher scores on the
ordinal-scale response options for that specific item. To cor-
rect disordered thresholds, response options may be collapsed.
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Usually, one or two items with disordered thresholds are re-
scored at a time, and, at each step, goodness of fit to the model
is re-tested. In the same way, after thresholds are satisfactorily
adjusted, poorly fitting items are removed one at a time and
the overall fit is re-calculated. The iterative procedure is com-
pleted upon meeting the following criteria: Overall model and
individual item fit are both satisfactory and unidimensionality
of the scale is clearly evident. The Rasch model requires the
chi-square statistics for overall model fit, reflecting the item-
trait interaction, to be non-significant (p>0.05, Bonferroni
adjusted), and overall item and person fit residuals should
have a standard deviation close to 1.00 and a mean close to
0.00 in case of an excellent fit. At the individual item level, fit
residuals for individual items should be in the range between
—2.50 and +2.50. Also, no significant differences (Bonferroni
adjusted) should be evident between gender, age, and experi-
ence groups if DIF is tested.

Dimensionality of MAAS was tested by examining the first
principal component of the residuals (Smith 2002). Then,
person-locations for two groups of items with the highest pos-
itive and the highest negative loadings on the first principal
component after removing the Rasch (e.g. mindfulness) factor
were compared by an independent-samples 7 test. A scale is
considered unidimensional if the percentage of significant ¢
test comparisons outside —1.96 to 1.96 confidence intervals
is below 5 %. More accurate estimation is conducted using a
binominal test of proportions, which assesses the exact
amount of acceptable deviations based on sample size.
Unidimensionality is confirmed if the lower bound of a
binominal confidence interval computed for the number of
observed significant ¢ tests overlaps the 5 % cutoff point. To
test if there is any significant difference to participant esti-
mates for the shorter version, a paired-samples ¢ test was con-
ducted to compare participant estimates for the full scale, and
the short version after metric compatibility of both scales was
established by calibration and rescoring of response options.

Results
Preliminary Test of the Overall fit to the Rasch Model

The person separation index (PSI) of 0.88 indicated good
reliability. However, unsatisfactory overall fit to the model
was evident (y*(45)=146.71, p<0.001), and items 2, 5, 12
and 15 displayed clearly disordered thresholds (Table 3, test
1). Therefore, rescoring of the MAAS items was conducted
prior to any further analyses.

Rescoring of MAAS Items

Iterative rescoring of the MAAS items showed that optimal
ordering of thresholds and goodness of fit could be achieved



Mindfulness (2016) 7:384-395

389

Table 3 Summary of fit statistics

for the original MAAS version Item residual

Person residual

(1), after uniform item rescoring

(2), after removing items 6 and 15 Tests ~ Value  SD Value
(3), and after combining items 7 1 0.44 226 —0.21
and 8 into subtest (4) 2 0.16 190 -029
3 0.11 138 —0.36
4 0.11 130  -0.36

Goodness of fit Person separation  Independent #-test
SD X2 (df) p Value % 95 % CI
1.50 147 (45) <0.001  0.88 636  0.03-0.09
1.42 118 (45) <0.001  0.86 720  0.04-0.10
1.42 61 (39) <0.01 0.87 720  0.04-0.10
1.38  47(36) 0.11 0.87 720  0.04-0.10

using uniform rescoring of all the 6-point Likert scale items by
collapsing response category 2 (very frequently) with 3 (some-
what frequently), and category 4 (somewhat infrequently) with
5 (very infrequently). Figure 1 shows an example of the effect
of rescoring item 2 on the category response probability
curves. All disordered thresholds became ordered after uni-
form rescoring, and the overall fit to the model was also im-
proved, although still not at acceptable levels (x*(45)=118.14,
p<0.001, Table 3, test 2). Therefore, it was decided to remove
items with poorest fit (highest fit residuals) one at a time, with
subsequent tests of fit to the model.

Fig 1 Item category probability 10002 not paying attention

curves illustrating disordered 10—g---cmmommmmcaccnnas
thresholds for MAAS item 2 |
before rescoring (top panel) and
orderly thresholds after rescoring P 1.0
(bottom panel) r |
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t ]
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Removing non-fitting Items

Fit residuals for all 15 items were analysed after rescoring all
items. Items 6 (forgetting names) and 15 (snacking without
awareness) displayed the largest fit residuals and highest chi-
square values, indicating poor fit to the Rasch model, and
were removed before the analyses continued. Table 4 includes
the chi-square values for all MAAS items from the initial test
before rescoring (1) and after rescoring and removing non-
fitting items 6 and 15 (test 3). Large chi-square values are
associated with poor fit to the Rasch model. Also, Table 4

Locn=-0.339 Spread=0.210 FitRes=0557 ChiSq[Pr]=0.967 SampleN = 250
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includes the location of each item in log units of probability, or
logits, which indicates relative difficulty of every item on the
Rasch scale. Higher positive values signify difficult items (e.g.
item 13 preoccupied with future or past) meaning that only
few individuals obtained higher scores and negative values
correspond to less difficult items with more people having
higher scores (e.g. Item 2 not paying attention). Substantial
improvement of fit was noted after removing items 6 and 15,
which both had the lowest loading on the first principal com-
ponent and item-to-total correlations (Table 4). However, chi-
square for overall person-item interaction was still significant
(x*(39)=61.01, p<0.01, Table 3, test 3). At this stage, all the
remaining 13 items had satisfactory model fit, with fit resid-
uals below 2.50. Therefore, local dependency between items
was investigated because it affects estimations of both dis-
crimination parameters and test information.

Local Dependency

The residual correlations between items were analyzed, and
the highest correlation was found between items 7 and 8
(0.28). The residual correlations above 0.20 are generally con-
sidered as indicative for local dependency between items. To
confirm this observation, the correlation matrix between all
items was also examined and showed the highest correlation
between items 7 and 8 (0.66). Together, these observations
confirmed local dependency, and items 7 and 8 were therefore
combined into a single testlet. This solution provided a desir-
able alternative to achieve a good fit to the Rasch model

(x*(36)=46.79, p>0.05, Table 3, test 4) without excluding
further MAAS items. This solution was replicated with the
full sample size (n=689), showing identical issues with non-
fitting items and local dependency.

Test for Unidimensionality

The set of person estimates from the three items with the
highest positive loadings on the first principal component
were compared with the set of estimates from the three items
with the highest negative loadings. Out of 2507 test compari-
sons between both sets calibrated to the same metric, 17 tests
(6.8 %) were significant. A binominal test was conducted to
estimate the exact amount of acceptable deviations based on
sample size. The calculated value of the binominal 95 % con-
fidence interval (CI) for the observed proportion overlapped
5 % on the lower bound and thus confirmed unidimensionality
of the current solution (Table 3).

Differential Item Functioning

Differential Item Functioning (DIF) was analyzed by con-
trolling for gender, age, sample (students versus general
population), and practice factors. Significant DIF effect of
the sample population was found for items 3 (difficult to

focus on present) (F(1249)=11.29, p<0.001) and 5 (not

notice physical tension) (F(1249)=12.25, p<0.001),
Bonferroni adjusted. However, graphical examination
showed that for item 3, the differences between samples

Table 4 Corrected item-to-total correlation for MAAS items, item loadings on the first principal component (PC), item difficulty (location), item-fit
residuals, chi-square from the initial analysis before rescoring (1), and chi-square values after rescoring and removing Items 6 and 15 (3)

Item-to-total Item loadings on Item difficulty Item-fit Chi-square (1) Chi-square (3)
Item correlation the 1st PC (location) residuals

1 Not conscious of emotions 0.42 0.50 -0.33 1.68 1.31 1.97
2 Not paying attention 0.47 0.55 —0.34 0.56 0.26 1.55
3 Difficult to focus on present 0.59 0.70 —0.14 -1.04 11.36 6.44
4 Walk without paying attention 0.57 0.66 0.34 0.24 1.05 3.97
5 Not notice physical tension 0.51 0.59 —-0.07 0.27 0.36 5.44
6 Forgetting names 0.27 0.34 0.69 6.12 48.16 -

7 Running on automatic 0.70 0.77 0.11 —-1.56 12.47 7.92
8 Rush not attentive to activities 0.72 0.80 —0.11 —2.55 21.45 6.40
9 Focused on goal achievement 0.60 0.67 0.07 —-0.07 2.65 4.68
10 Do tasks automatically 0.54 0.62 —-0.17 0.01 1.86 0.79
11 Listening and doing something 0.42 0.50 0.28 2.58 9.48 7.85
12 Drive on ‘automatic pilot’ 0.58 0.66 -0.35 -1.51 4.57 0.99
13 Preoccupied with future or past 0.52 0.59 0.38 1.24 1.47 2.76
14 Doing things without attention 0.70 0.76 —0.16 -2.30 16.96 10.25
15 Snack without awareness 0.34 0.41 -0.21 2.86 13.29 -
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were not consistent across observed confidence intervals.
Therefore, only item 5 was split for sample DIF resulting
in the same item measuring each population independent-
ly. Also, the effect of age on DIF was significant for item
5 (F(2249)=7.90, p<0.001), Bonferroni adjusted.
However, graphical examination revealed that the respec-
tive observed means are not systematically different
across observed confidence intervals for any of the age
groups. No other significant effects on DIF were observed
for other personal factors.

Item-person Threshold Distribution

Figure 2 shows the person-item threshold distribution
where person ability and item difficulty are plotted on
the same logit scale for the final solution (Analysis 4).
Ability refers to mindfulness that is the latent trait mea-
sured by the MAAS. Person-threshold distribution is close
to normal, with evidence of a small ceiling effect indicat-
ing limited ability of the MAAS to discriminate between
higher mindfulness levels. However, the item-threshold
distribution satisfactorily covers most people’s abilities
of both students and national sample population on the
latent trait, and there was no evidence of a floor effect.

Equating Test

A paired-samples ¢ test was conducted to compare the means
of person estimates from the full 15-item MAAS and the 13-
item version. A significant difference was found between the

person estimates of the two versions (#(250)=1.96, p<0.01),
indicating significant change in the ability of the 13-item ver-
sion to discriminate between individual mindfulness levels
compared to the original 15-item version. This confirms that
the implemented modifications led to an improved solution
for the MAAS.

Item-to-total Correlations and Loadings on the First
Principal Component

Item-to-total correlations and loadings on the first principal
component for all the original MAAS items were computed
in IBM SPSS for a comparison with Rasch results and are
included in Table 4. It shows that the excluded items 6 and
15 have the lowest values for both parameters, confirming that
these items are less consistent with the latent construct repre-
sented by the remaining items.

Ordinal-to-interval Conversion Table

Table 5 shows how raw scores can be converted from an
ordinal scale to an interval scale. The raw scores shown here
are after items 6 and 15 have been removed and after response
categories 2 and 3 as well as 4 and 5 have been merged.
Researchers who have already used the MAAS to collect data
can apply the results of this study as follows: items 6 and 15
should be dropped and the response categories almost always
should be recoded as 0, very frequently and somewhat
frequently as 1, somewhat infrequently and very infrequently
as 2, and almost never as 3. Then, the 13 item responses (range

Person-ltem Threshold Distribution
(Grouping Set to Interval Length of 0.25 making 40 Groups)
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Fig 2 Person-item threshold distribution for the final solution (N=250), 13 MAAS items including both students (b/ue) and national sample (red)

thresholds
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Table 5 Converting from a

uniformly re-scored 13-item raw Raw score”  Interval measure Raw score”  Interval measure

score (0 to 39) to an interval scale

in logit units and in mean scores Students sample ~ National sample Students sample ~ National sample

ranging from 1 to 6 for the

national and student populations Logit Mean Logit Mean Logit Mean Logit Mean
0 —545 1.00 —542 1.00 20 0.13 3.61 0.19 3.63
1 —4.59 1.40 —4.55 1.40 21 0.30 3.69 0.36 3.71
2 -3.97 1.69 -3.94 1.69 22 0.47 3.77 0.54 3.79
3 -3.53 1.90 -3.49 1.90 23 0.64 3.85 0.71 3.87
4 -3.17  2.07 -3.13  2.07 24 0.81 3.94 0.88 3.95
5 —2.86 221 —2.82 222 25 0.99 4.02 1.06 4.03
6 -259 234 —2.55 234 26 1.16 4.10 1.23 4.12
7 —234 246 —230 246 27 1.34 4.18 1.41 420
8 —2.11 2.57 —2.07 257 28 1.53 427 1.59 428
9 -1.89  2.67 -1.86  2.67 29 1.71 4.36 1.78 437
10 -1.69  2.76 -1.65 276 30 1.91 4.45 1.97 4.46
11 -149 285 -145  2.86 31 2.11 4.54 2.17 455
12 -130 294 -126 295 32 2.32 4.64 2.38 4.65
13 -1.12  3.03 -1.07  3.04 33 2.55 4.75 2.60 4.76
14 —0.93 3.12 -0.89 312 34 2.80 4.87 2.85 4.87
15 —0.75 3.20 -0.70 321 35 3.08 5.00 3.12 5.00
16 -0.57 329 —0.52 329 36 3.40 5.15 3.45 5.15
17 -039 337 —034 338 37 3.81 5.34 3.85 5.34
18 -022 345 —0.16 346 38 4.39 5.61 443 5.61
19 —0.05 3.53 0.01 3.54 39 5.22 6.00 5.25 6.00

Note: * The following uniform rescoring of response options for all 13 items is required before converting into an
interval scale: 1t00;2to 1;3to 1;4to2;5t02;6to 3. The 13-item raw score is calculated as the sum of re-scored
values from all MAAS items except for Items 6 and 15

of scores 0 to 39) should be summed. Next, Table 5 should be
used to convert these scores to means on a 1-to-6 scale similar
to the original MAAS scoring system. By using the conver-
sion table provided here, users are able to increase the preci-
sion of the MAAS. Considering the above-reported DIF by
sample, separate conversion tables are presented for use with
student and with general population samples. Note that the
ordinal-to-interval scale conversion proposed here does not
require altering the response format of the scale but only in-
volves a different scoring algorithm. These conversion tables
were replicated with the full sample size (n=689), showing
almost identical results.

Discussion

The MAAS (Brown and Ryan 2003) is the most widely used
scale to measure trait mindfulness, despite the fact that its
psychometric properties have not been fully clarified.
Recently, Van Dam et al. (2010) reported results that chal-
lenged the ability of the MAAS to adequately discriminate
between mindfulness levels, as only 6 out of the total 15 items
had ordered thresholds, and 5 of these items represented

@ Springer

approximately two thirds of the total information of the scale.
The present Rasch analysis added to the limited number of
studies that have investigated the performance of individual
MAAS items in detail. While 2 items (item 6 forgetting names
and item 15 snacking without awareness) had to be removed,
the functioning of the remaining 13 items could be improved
substantially by uniform rescoring. The psychometric proper-
ties of the MAAS following these adjustments are thus robust,
and the precision of the scale can be further improved by using
the ordinal-to-interval conversion algorithm in Table 5. This
increased precision is not only desirable for studies that inves-
tigate the effects of clinical interventions on trait mindfulness
but it also means that parametric statistics may now be used to
analyse MAAS data.

Compared to Van Dam et al. (2010), who reported disor-
dered thresholds for items 1, 2, 3, 5, 6, 11, 12, 13, and 15, we
only found clearly disordered thresholds for items 2, 5, 12, and
15. However, the thresholds for items 6, 11, and 13 were only
marginally acceptable. For that reason, we decided to use uni-
form rescoring of all items. This improved the thresholds of all
items and goodness of fit to the Rasch model. This solution also
ensures that our proposed rescoring algorithm is easy to apply
and suitable for users unfamiliar with Rasch analysis.
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The removed items (forgetting names and snacking without
awareness) were found to have item-to-total correlations and
factor loadings that were clearly lower than those of other
items and were also found to explain only a relatively small
amount of information on the latent trait (Table 3). Possible
reasons are that forgetting names may be more related to as-
sessment of verbal memory and might only indirectly refer to
mindfulness. This item may also be biased as the effort to
remember a difficult (e.g. foreign) name might interfere with
attention available to the present moment (Nickerson 1978).
The item ‘I snack without being aware that I’m eating’ may
not work well because it appears relatively unlikely that peo-
ple are unaware of a whole episode of snacking, even though
they may be absentminded during some periods during their
snacking. Also, in a multicultural sample such as the present
one, snacking habits may be very varied, and some people
may prefer ‘eating’ to ‘snacking’, as the latter may be associ-
ated with unhealthy food. Future research may investigate to
what extent re-wording of these items may improve the psy-
chometric properties of the 15-item MAAS. However, until
this work has been conducted, we recommend using the 13-
item version with our proposed scoring algorithm.

Van Dam et al. (2010) argued that the ability of the MAAS
to discriminate between mindfulness levels is impaired due to
application of items measuring mindlessness because an indi-
vidual without special training is not capable of accurately
registering mindless states. However, Brown and Ryan
(2003) insisted that mindlessness is more common among
the general population, and hence, they should have the ability
to adequately report it. The results of the present study support
the construct validity of the MAAS in the 13-item format and
suggest that items measuring lack of mindfulness might be
adequate to reliably assess the construct if uniform item
rescoring is applied. Moreover, the ordinal MAAS scale can
be converted to an interval scale without changing the re-
sponse format (Table 5), which accounts for DIF between
students and general adult populations and provides interval
level scores for each sample.

The following limitations need to be acknowledged. Even
though the sample reflects New Zealand’s diversity of ethnic
groups, no efforts were made to purposively sample underrep-
resented groups. The response rate of 11 % for the national
electoral roll sample was very low, which may have amplified
self-selection biases. However, such response rates are not
uncommon for research of this nature in New Zealand (Hill
et al. 2014; Krégeloh et al. 2013), and the above DIF analyses
explored in detail any effects by demographic variables.
Additionally, achieving a suitable fit to the Rasch model re-
quired rescoring of all items, which makes scoring the scale
somewhat more complex. Nonetheless, converging from or-
dinal to an interval level scale can be conducted for both
students and general population in logit units and in mean
values using the same metric as the original scale for easy

comparison. The benefits of this certainly outweigh this in-
convenience, and the authors may be contacted for assistance
with data conversion. The readers are advised to refer to the
present version of the MAAS as ‘the 13-item version’ to dif-
ferentiate it from the original 15-item version.

Trait mindfulness has emerged as an important contributor
to health and well-being, and its accurate measurement repre-
sents an on-going challenge. The current study used Rasch
analysis to address previously reported limitations of the
widely used MAAS trait mindfulness instrument. We demon-
strated that item functioning and precision of the MAAS can
be enhanced to satisfy the expectations of a unidimensional
Rasch model using uniform rescoring of item response cate-
gories. Two items significantly affected individual estimates
and appeared less consistent with the latent trait. The precision
of the MAAS can be optimized by discarding these two items
and by using the ordinal-to-interval conversion tables pub-
lished here.
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