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Evaluating a scale of excessive
mind wandering among males
-and females with and without
et attention-deficit/hyperactivity
et disorder from a population sample

Florence D. Mowlem(®?, Jessica Agnew-Blais’, Jean-Baptiste Pingault? & Philip Asherson!

Recent studies highlight the role of excessive mind wandering in attention-deficit/hyperactivity disorder
(ADHD) and its association with impairment. We believe assessing mind wandering could be especially

. relevant to individuals, including many females, who present with less externalising manifestations of

. ADHD. Using a new measure based on ADHD patient reports, the Mind Excessively Wandering Scale

© (MEWS), we previously found adults with ADHD had elevated levels of mind wandering that contributed

. toimpairment independently of core ADHD symptoms. Using data from an online general population

. survey, the current study assessed the factor-structure, reliability, validity and measurement invariance
of the MEWS. We also investigated sex differences in mind wandering, as well as ADHD symptoms,

. impairment and wellbeing in those with and without ADHD. The MEWS had a unidimensional structure,

: was invariant across sex, age and ADHD status, and accounted for unique variance in impairment and

. wellbeing beyond core ADHD symptoms. Among those with ADHD, we found no evidence for sex
differences in mind wandering and among those without ADHD males had higher scores. We also found

. similar levels of hyperactivity/impulsivity, emotional lability, and impairment in males and females

. with ADHD, but males reported greater inattention and lower wellbeing. Results suggest the MEWS is

. areliable and valid instrument measuring the same construct across sex, age and ADHD status, which
could aid diagnosis and monitoring of outcomes.

Given the extensive evidence that ADHD is not confined to childhood and also occurs in adulthood, identifying
. measures to aid diagnostic assessment and monitoring of treatment outcomes in this age group is of considera-
. ble interest to research and clinical practice'. Although ADHD diagnosis is made based on the presence of core
. symptoms of inattention and hyperactivity/impulsivity?, other characteristic features, such as subjective reports
© of excessive mind wandering could aid the diagnostic process and/or monitoring of treatment outcomes’. Mind
. wandering is conceptualised as periods in time when attention and the contents of thoughts shift away from
. external sources and/or ongoing tasks, to unrelated internal thoughts or feelings’. Excessive mind wandering has
: been linked to impairment in ADHD**~° and could reflect a core underlying symptom!°.
: In contrast to the core ADHD symptoms, mind wandering reflects internal thought processes, as opposed
. to directly observable behaviours. Excessive mind wandering may be particularly relevant to the assessment of
. ADHD in adolescence and adulthood when self-report plays a larger role in the diagnostic process. It may also be

more difficult for individuals to reflect upon the behavioural symptoms that are currently used in the diagnostic
. criteria, while they may be better able to report on internal thought processes. Furthermore, the traditional symp-
. toms of ADHD may not be obvious in people who have developed good adaptive skills that mask the behavioural
© symptoms of ADHD. Assessing mind wandering in ADHD could be especially relevant to individuals, including
° many females, who present with less externalising manifestations of ADHD. Thus, investigation of sex differences
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in mind wandering is especially pertinent as it does not depend on behavioural adaption to the same degree as
traditional ADHD measures.

We recently developed and validated a new rating scale reflecting excessive mind wandering in ADHD: the
Mind Excessively Wandering Scale (MEWS)?. The scale demonstrated a unidimensional structure with good
internal consistency, and high sensitivity and specificity to discriminate between ADHD cases and controls,
behaving in a comparable way to existing ratings scales of ADHD symptoms used in clinical practice. Adult
ADHD cases showed elevated levels of mind wandering that contributed to impairment independently of the core
ADHD symptom domains. Thus, excessive, uncontrolled mind wandering appears to be a common co-occurring
feature of adult ADHD with specific implications for impairment in daily-life>.

The current study sought to further validate the MEWS in a large adult population sample, including those
who report a diagnosis of ADHD, and assess measurement invariance of the scale across sex, ADHD diagnostic
status, and age. Measurement invariance examines whether a scale captures fundamentally the same processes
and construct across groups. Comparisons of group means for any scale is based on the assumption that the scale
is measurement invariant across groups being compared, and a lack of invariance can render between-group
comparisons meaningless and lead to incorrect interpretation of differences''2. Between-group differences (e.g.,
ADHD cases vs controls) should not be analysed unless measurement invariance is held across the groups, yet
this is rarely tested in empirical studies of psychiatric disorders'%.

Given the well documented sex differences in ADHD'>!4, and persistence of ADHD across the lifespan, it
is important that the scale is also measurement invariant across sex and age. Further, as previous studies show
mixed results with regard to whether males and females are affected differently by ADHD in adulthood!>, we
examined sex differences within those with and without self-reported ADHD with regard to mind wandering, as
well as inattention, hyperactivity/impulsivity, emotional lability, impairment and wellbeing. Given that sex differ-
ences in adult ADHD have received much less attention in the literature compared to childhood'>?!, there is a
clear need for additional research. Furthermore, given that mind wandering may account for unique variance in
functional impairment beyond core ADHD symptoms, and impairment is the most frequent reason for referral,
investigating sex differences in mind wandering is clinically relevant.

Methods

Sample. This study uses data from a large online survey of individuals from the general population. The
survey was advertised through King’s College London research recruitment page, ADHD user-group and infor-
mation websites, and social media. The only exclusion criterion was participants could not be below 16 years of
age. Data from 1484 participants (425 males, 1059 females) who fully completed the MEWS were used for analysis
in the current study.

Participants were aged between 16-83 years (M =34.80, SD = 13.55) and were categorised into age groups as
follows: 1) 16-23 years (n=1382), 2) 24-30 years (n=360), 3) 31-45 years (n =365), and 4) 46 + years (n=372).
Those with and without full MEWS data did not differ significantly for sex (x*(1) =1.05, p=0.31) or age group
(x*(3)=5.74, p=0.13). Participants who endorsed a childhood or adulthood diagnosis of ADHD based on
self-report were included in the ADHD group (n=198: 76 males, 122 females) and those reporting no diagnosis
or ‘not sure’ (n =59) were included in the non-diagnosed ADHD group (n=1181).

Ethical approval. Ethical approval was granted by the East of England-Cambridgeshire and Hertfordshire
REC (ref:16/EE/0226). The study was carried out in compliance with the Helsinki Declaration of 1975, as revised
in 2008. Participants provided informed consent online prior to completing the survey.

Materials. Mind Wandering. Excessive mind wandering was measured using The Mind Excessively
Wandering Scale (MEWS)?. While the MEWS was initially developed as a 15-item scale, previous psychometric
evaluation and validation found 3 items had low factor loadings and that shortening the scale to 12-items did not
reduce its sensitivity or specificity, so we use the 12-item measure.

To assess validation of the MEWS, unintentional (spontaneous) and intentional (deliberate) mind wandering
were also assessed with the Mind Wandering Spontaneous (MW-S) and Mind Wandering Deliberate (MW-D)
self-report scales?. Previously it has been shown that spontaneous, but not deliberate mind wandering is associ-
ated with ADHD?*.

ADHD symptoms, functional impairment, emotional lability and positive mental health/wellbeing. ~ADHD symp-
toms were assessed using the self-rated Barkley Adult ADHD Rating Scale which consists of 18 items that closely
parallel the DSM-5 symptom criteria for ADHD; 9 items pertain to inattention and 9 to hyperactivity/impul-
sivity?*. The Barkley Current Behaviour Scale Self-report was used to measure the degree to which a partici-
pant’s inattention and hyperactivity/impulsivity symptoms cause problems for them in major life domains (e.g.,
family, work, education, social, life-skills, relationships, money, driving, recreation, and daily responsibilities)*.
Emotional lability was assessed with the Affective Reactivity Index self-report measure of irritability*®, and the
Mental Health Continuum-Short Form assessed wellbeing (emotional, psychological, and social)*.
Further detail on the measures, including Cronbach’s alpha, are provided in Supplementary Table S1.

Statistical analysis. Statistical analyses were carried out using MPlus?” and Stata?®.

Factor Analysis.  First, we performed item factor analysis to identify the dimensionality of the MEWS, using
exploratory factor analysis (EFA) and confirmatory factor analysis (CFA). We used a random number algorithm
to split the sample into two halves, which did not significantly differ for sex (x*(1) =0.95, p=0.33) or age group
(x*(3)=2.64, p=0.45); EFA was carried out on the first half (n =742) and CFA (n="742) on the second. EFA
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(oblimin rotation) and CFA were carried out using a structural equation modelling framework and the Robust
Weighted Least Squares (WLSMYV) estimator, since this does not make distributional assumptions and is more
appropriate for use with categorical variables?. Goodness of fit was assessed based on the following®: standard-
ised mean square residual (SMSR), root mean square error of approximation (RMSEA), Tucker-Lewis Index
(TLI), and the comparative fit index (CFI). In line with recommendations, the following values were used as
indicators of good-fit: SMSR < 0.08%-32, RMSEA < 0.06°°-32, TLI values >0.9, and CFI close to 12*3%32, Of note,
although chi-square is the traditional fit index used to evaluate model fit, it is very sensitive to sample size and
can be inflated in large samples®**"** and so this was not used as a goodness of fit (GFI) index for the CFA model.

Measurement Invariance. 'The total sample was used to test measurement invariance across sex, age, and ADHD
status using multi-group CFA (MGCFA) for categorical variables (sex and ADHD status) and multiple indicators
multiple causes (MIMIC) models for continuous variables (age). MGCFA is tested in a sequential/hierarchical
manner where constraints are consecutively added to the model. The first step involves running an unconstrained
model for all groups combined to test for configural invariance (whether the same factor structure is observed
between-groups). This is followed by a series of constrained models where parameters (factor-loadings and
thresholds) are constrained to be equal across groups. Metric invariance refers to when factor-loadings are equiv-
alent across groups, and scalar invariance refers to when the factor-loadings and item-thresholds are equivalent
across the groups. Certain parameters are fixed for model identification (see Supplementary Table S2 for more
detail). If the difference in fit indices between the model and the preceding, less constrained model, is <—0.01
for ACFI and <0.015 for ARMSEA, then we considered the corresponding level of measurement invariance
was held**-%. If non-invariance was identified, modification indices were used to identify noninvariant items
and remove the corresponding equality constraint (i.e., the parameter was freely estimated in each group). Then,
if the fit indices were in line with the accepted cut-offs, partial invariance was held and the parameter remained
unconstrained in the subsequent models. Of note, the nested chi-square difference test between two models
(DIFFTEST) was not used due to its sensitivity to sample size (it has been noted that if sample size is greater than
200, any differences between groups indicated by the DIFFTEST are likely to be trivial and subsequent analyses
can proceed)¥.

MIMIC models allow covariates in the CFA model®® and as they do not split the sample by group can accom-
modate continuous covariates. If the covariate shows a significant direct effect on any of the individual scale items,
this provides evidence of measurement non-invariance and the identified items are assumed to be affected by
differential item functioning (DIF). However, if the magnitude of any direct effects is very small, then it is likely
to have a trivial impact on the model®®. In the baseline model, associations between the covariate and items are
fixed to 0 and then modification indices are consulted, with modification indices >4 of the covariate on an item
presenting DIF®. If the covariate shows an association with the latent structure (i.e., the factor), this provides
evidence of population heterogeneity.

Reliability and Validity. To assess the reliability of the scale we estimated internal consistency using Cronbach’s
alpha and examined item-total correlations. Convergent validity was assessed to provide an indication of the
degree of relationship between the scale of interest (the MEWS) and other scales measuring similar entities, by
calculating Pearson’s correlation coefficients between the MEWS and the MW-S, ADHD symptom scales, emo-
tional lability, and impairment. To examine discriminant validity, providing an indication of whether two meas-
ures that should not be correlated are actually not related, we calculated Pearson’s correlation coefficients between
the MEWS and MW-D and wellbeing. We then examined ADHD case-control differences and conducted receiver
operating characteristic (ROC) analysis to examine the capacity of the scale to discriminate between those with
and without ADHD.

We also carried out regression analysis in the ADHD group to assess whether mind wandering accounts for
unique variance in impairment and wellbeing beyond that accounted for by the core ADHD symptoms, which
would further emphasise the potential value of the scale. Specifically, a hierarchical regression was conducted
with impairment/wellbeing summary scores as the dependent variable and inattention and hyperactivity/impul-
sivity summary scores entered in Stepl, and MEWS summary scores entered in Step2.

Sex differences in those with and without self-reported ADHD.  Sex differences across ADHD diagnostic status in
mind wandering, as well as ADHD symptoms, emotional lability, impairment, and wellbeing, were tested using
linear regression models adjusted for age. Cohen’s d was used as an indication of effect size where: d>0.20 is a
small effect, d > 0.50 a medium effect, and d > 0.80 a large effect.

Results

Factor Analysis. All 12-items in the scale were included in the EFA model. The sample correlation matrix
produced 1 eigenvalue >1 (8.55), in line with the scree plot (Supplementary Fig. S1). The next largest eigenvalue
was 0.89. Goodness of fit indices for the 1-factor model were: SMSR = 0.06, RMSEA = 0.13 [95% CI: 0.12, 0.14],
TLI=0.97, CFI=0.97. Next, we entered the 12-items into a CFA model specifying a 1-factor solution. Each of the
12-items demonstrated a high loading on to the single hypothesised factor (>0.75) (Table 1.). Three out of four
fit indices (SMSR = 0.06, RMSEA =0.15 [0.14, 0.16], TLI = 0.96, CFI = 0.96) were indicative of good/acceptable
model fit; only the RMSEA was higher than the recommended cut-off.

Measurement Invariance. Table 1 shows standardised factor loadings for the MEWS items across sex and
ADHD status. Table 2 summarises the change in goodness of fit indices for measurement invariance (assessed
with MGCFA) across sex and ADHD status.
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1. T have difficulty controlling my thoughts 0.83 0.80 0.83 0.81 0.75 0.80

2. Ifind it hard to switch my thoughts off 0.82 0.80 0.82 0.81 0.80 0.79

3. T have two or more different thoughts going on at the same time 0.74 0.76 0.69 0.78 0.73 0.72

4. My thoughts are disorganised and ‘all over the place’ 0.85 0.88 0.85 0.87 0.80 0.84

5. My thoughts are ‘on the go’ all the time 0.84 0.84 0.88 0.83 0.89 0.82

6. I experience ceaseless mental activity 0.86 0.82 0.85 0.84 0.82 0.82

7 I ﬁnd' it diﬂicul't to think about one thing without another thought 0.88 0.84 0.87 0.86 0.83 0.85
entering my mind

8. Ifind my thoughts are distracting and prevent me from focusing 0.87 0.88 0.89 0.87 0.80 0.86
on what I am doing

9 I have diﬂi'culty slowing my thoughts down and focusing on one 0.91 091 0.90 091 0.82 0.90
thing at a time

10 I find it difficult to think clearly, as if my mind is in a fog 0.78 0.79 0.78 0.78 0.65 0.77

11. I find myself flitting back and forth between different thoughts 0.88 0.83 0.83 0.86 0.76 0.84

12 I can.only focus my thoughts on one thing at a time with 0.79 0.79 0.80 0.79 0.54 0.78
considerable effort

Internal | oy hbachts Alpha (o) 0.95 0.95 0.95 0.91 0.94

consistency

Table 1. Standardised factor loadings for the 12-items for EFA (with oblimin rotation) and CFA and across sex
and ADHD status, and Cronbach’s alpha for the scale.

Configural (no equality constraints) 0.968 | — 0.141 (0.135,0.147) | —

Sex Metric (factor loadings) 0.969 |0.001 |0.132(0.127,0.138) | —0.009
Scalar (factor loadings and thresholds) | 0.970 | 0.001 | 0.120(0.115,0.125) | —0.012
Configural 0.960 | — 0.138(0.132,0.144) | —

ADHD | Metric 0.964 |0.004 |0.125(0.120,0.131) | —0.013
Scalar 0.964 |0.000 |0.113(0.108,0.119) | —0.012

Table 2. Multi-group CFA models for measurement invariance across sex and ADHD diagnostic status for the
MEWS. *See Supplementary Table S2 for further detail on the constraints applied to each model.

Sex. The configural model showed acceptable model fit according to TLI and CFI (TLI=0.961, CFI=0.968),
although RMSEA was higher than the recommended cut-off (RMSEA =0.141[0.135, 0.147]). Thus, model fit
indices were similar to those for the CFA carried out above, with two out of three fit indices reaching acceptable
levels, implying the factor structure is equivalent between males and females. Metric and scalar invariance both
held in relation to the ACFI and ARMSEA.

ADHD status. 'The configural model showed acceptable model fit according to TLI and CFI (TLI=0.951,
CFI=0.960), although RMSEA was higher than the recommended cut-off (RMSEA = 0.138 [0.132, 0.144]).
Thus, model fit indices were similar to the CFA results, with two out of three fit indices reaching acceptable levels,
implying the factor structure is equivalent between those with and without a self-reported ADHD diagnosis. Both
metric and scalar invariance held as assessed by ACFI and ARMSEA.

Thus, the MEWS showed full measurement invariance across sex and ADHD status at the scalar level, and we
are satisfied that there is no substantial measurement bias.

Age. MIMIC analysis testing the direct effect of age on individual items suggested DIF for Item 12 (“I can only
focus my thoughts on one thing at a time with considerable effort”) as a function of age. Assuming equivalent
levels of mind wandering, increasing age was associated with increased scores for this item (direct-effect=0.01,
P <0.001); however, the magnitude of the direct effect is small. Further, consideration should be given to the fact
that Item 12 appeared last in the scale and the effect could be an artefact of this. Results therefore indicate that age
is not a concern regarding measurement non-invariance. Regarding population heterogeneity, the MIMIC model
suggested that mind wandering increased with age.
Thus, MGCFA and MIMIC indicate the MEWS is measurement invariant across sex, ADHD, and age.

Reliability and Validity. Internal consistency for the 12-item scale was high for the complete sample
(=10.95), with no improvement in the reliability index gained by omitting items. Item-total correlations were all
above 0.69. Similar results were found across sex and ADHD status. For males and females o was 0.95, with no
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MEWS MW-D | MW-S INN HI EL IMP
MEWS — — — — — _ _
MW-D 0.05 — ) — _ _ _
MW-S 0.76 0.19 — — — — —
INN 0.76 0.03 0.67 — — — —
HI 0.71 0.03 0.58 0.72 — — —
EL 0.4 —0.04 0.35 0.41 0.43 — —
IMP 0.74 0.01 0.63 0.84 0.68 0.46 —
WB —0.41 0.10 —0.30 —0.40 —0.21 —0.37 —0.46

Table 3. Correlations between excessive mind wandering scores and rating-scale measures of spontaneous
and deliberate mind wandering, inattention hyperactivity/impulsivity, emotional lability, impairment, and
wellbeing. Note. MEWS = Mind Excessively Wandering Scale; MW-S = Mind Wandering Spontaneous;
MW-D = Mind Wandering Deliberate; INN = inattention; HI = hyperactivity/impulsivity; EL = emotional
lability; IMP = impairment; WB = wellbeing. Statistically significant correlations are presented in bold:
significant at p < 0.001.

improvement in the reliability index gained by omitting items, and item-total correlations all >0.64. Alpha was
also high in those with ADHD (o= 0.91) and those without (ov=0.94), with no improvement in the reliability
index gained by omitting items, and item-total correlations >0.48 in those with ADHD and >0.66 in those with-
out ADHD.

Demonstrating convergent validity, the MEWS correlated moderately-to-strongly with spontaneous mind
wandering (MW-S r=0.76, p < 0.001), ADHD symptoms (inattention r=0.76, p < 0.001; hyperactivity/impul-
sivity r=0.71, p < 0.001), emotional lability (r=0.44, p < 0.001), and impairment (r=0.74, p < 0.001) (Table 3). It
also demonstrated discriminant validity, with a weak, non-significant correlation with deliberate mind wandering
(MW-D r=0.05, p=0.06) and a negative relationship with wellbeing (r=—0.41, p <0.001).

We found elevated levels of mind wandering as measured by the MEWS in those with a self-reported diag-
nosis of ADHD compared to those without ADHD (p < 0.001, d= —1.17), with the same pattern of findings for
measures of spontaneous mind wandering (MW-S) (p < 0.001, d=—0.98), inattention (p < 0.001, d = —1.54),
hyperactivity/impulsivity (p < 0.001, d = —1.42), emotional lability (p < 0.001, d = —0.45), and impairment
(p<0.001, d=—1.47). We also found higher scores for wellbeing in those without ADHD compared to ADHD
cases (p <0.001, d=0.35) (see Supplementary Table S3 for mean scores across subscales). ROC analysis exam-
ined the capacity of the MEWS to discriminate between those with and without ADHD. Area under the curve
(AUC) was 0.81 (95% CI: 0.78, 0.84, p < 0.001); the closer the value to 1, the better the discriminant capacity of
the measure, and so this indicates that in the current sample including individuals with self-reported ADHD the
MEWS has good discriminant capacity. This was comparable to the inattention (AUC = 0.86, 95% CI: 0.84, 0.89)
and hyperactivity/impulsivity rating scales in the sample (AUC = 0.83, 95% CI: 0.80, 0.86).

Regression analysis in the ADHD group examining if mind wandering (measured by the MEWS) accounts
for unique variance in impairment beyond core ADHD symptoms found that inattention and hyperactivity/
impulsivity accounted for 53.4% of the variability in impairment (R*=0.53). The addition of mind wandering in
the model led to a significant increase in the variability accounted for by the model (R?A =0.02), with an increase
to 55.3%, FA(1,194) =8.34, p=0.004. This indicates that mind wandering is having a small but significant effect
beyond that of inattention and hyperactivity/impulsivity. Inattention was the most strongly associated (3 = 0.56),
followed by mind wandering (3 =0.19) and hyperactivity/impulsivity (3 = 0.08). Only inattention and mind wan-
dering were significantly associated with impairment in the model (p < 0.001 and p =0.004, respectively).

Similar findings were found for the measure of wellbeing. Within those with self-reported ADHD, mind
wandering accounted for unique variance in total wellbeing beyond core ADHD symptoms. Inattention and
hyperactivity/impulsivity accounted for 10% of the variance in wellbeing (R*=0.10). The addition of mind wan-
dering as a predictor led to a significant increase in the variability accounted for by the model (R?A = 0.04), with
an increase to 15%, FA(1,194) =9.29, p=0.003. Mind wandering was the most strongly associated (3= —0.28,
Pp=0.003), followed by inattention (3 = —0.25, p=0.009) and hyperactivity/impulsivity (3 =0.24, p=0.005). This
implies that excessive mind wandering in ADHD is having a small but significant independent negative effect on
wellbeing beyond that accounted for by the core ADHD symptoms.

Sex differences in those with and without self-reported ADHD. Overall (irrelevant of diagnostic
status), males had significantly higher scores across all scales (p range < 0.001 to 0.004, d range 0.12 to 0.44),
except greater wellbeing reported by females (p < 0.001, d = —0.25) and no significant difference in emotional
lability (p =0.17) (Supplementary Table S3). In those with self-reported ADHD, males and females showed sim-
ilar symptom scores, except males with ADHD reported significantly greater levels of inattention (p =0.045,
d=0.32) and lower wellbeing than females (p =0.01, d= —0.37) (Table 4). Among those without ADHD, males
reported significantly greater symptom levels across all variables (p range < 0.001 to 0.04, d range 0.12 to 0.41)
and lower wellbeing than females (p =0.008, d = —0.20).
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ADHD No ADHD

Males Females Males Females

(n=76) (n=122) ?P Cohen’s d (95% CI) (n=319) (n=862) P Cohen’s d (95% CI)
MEWS | 26.34 (6.57) 25.38 (7.75) 0.44 0.13 (—0.16,0.42) 16.90 (9.98) 15.36 (8.53) 0.01 0.18 (0.05,0.31)
MW-S§ 23.41 (3.44) 23.47 (4.60) 0.78 —0.01 (—0.30,0.27) 18.99 (5.39) 17.96 (5.50) 0.006 0.19 (0.06, 0.32)
MW-D | 17.39(7.07) 17.16 (6.35) 0.78 0.04 (—0.25,0.32) 18.16 (5.58) 17.47 (5.72) 0.008 0.12 (—0.01, 0.25)
INN 19.92 (4.27) 18.30 (5.48) | 0.045 0.32(0.03,0.61) 11.34 (6.67) 8.80 (6.02) <0.001 0.41 (0.28, 0.54)
HI 15.70 (5.10) | 15.31(6.43) | 0.75 0.06 (—0.22, 0.35) 8.86 (5.46) | 7.74(4.92) 0.003 | 0.22(0.09,0.35)
EL 3.63(2.91) 429 (3.17) 0.13 —0.21 (—0.50, 0.07) 3.02(3.11) 2.65 (2.69) 0.04 0.13 (0.002, 0.26)
IMP 2.02 (0.55) 1.90 (0.63) | 0.23 0.20 (—0.09, 0.49) 1.08(0.72) | 0.86(0.70) | <0.001 | 0.31(0.18,0.44)
WB 4242 (13.77) | 47.26 (12.92) | 0.01 —0.37 (—0.65, —0.08) | 48.24 (13.89) | 51.09 (14.45) 0.008 | —0.20 (—0.33, —0.07)

Table 4. Mean scores (SD) for the study subscales comparing males and females with and without ADHD*.
Note. MEWS = Mind Excessively Wandering Scale; MW-S = Mind Wandering Spontaneous; MW-D = Mind
Wandering Deliberate; INN = inattention; HI = hyperactivity/impulsivity; EL = emotional lability;

IMP = impairment; WB = wellbeing. Statistical analysis adjusted for age. Statistically significant findings are
presented in bold. #1379 participants answered the question regarding a previous diagnosis of ADHD.

Discussion

We validated the Mind Excessively Wandering Scale (MEWS) using a large population sample. The scale showed
measurement invariance across sex, age and ADHD diagnostic status, suggesting the MEWS is a reliable and valid
instrument measuring the same construct across the studied groups. Among those with ADHD, we found no
evidence for sex differences in mind wandering, nor were there sex differences in levels of hyperactivity/impul-
sivity, emotional lability, or impairment. However, males with ADHD reported higher levels of inattention and
lower wellbeing than females with ADHD. Among individuals without ADHD, males had higher scores across all
ADHD related scales and reported significantly lower wellbeing than females.

In the current study, analysis involved a series of factor analysis models. EFA suggested that a 1-factor struc-
ture is appropriate for the MEWS. Model fit indices for the CFA model were acceptable, with three out of four
fit indices suggesting acceptable fit for the unidimensional structure. The RMSEA exceeded the recommended
cut-off, however this does not mean that one should automatically disregard the model®. It can be difficult to
achieve good fit in large samples®"** and fit indices should be interpreted with this in mind. Further, there is also
debate regarding model fit indices and the ‘rules of thumb) with a general consensus that strictly adhering to
recommended cut-offs can lead to incorrectly rejecting an acceptable model (i.e., a Type I error)*® and that allow-
ing model fit to drive the research process moves away from the theory-testing purpose of structural equation
modelling®**!. Thus, we believe the results support the MEWS as measuring one unified construct of excessive
mind wandering.

This study is the first to test measurement invariance of the MEWS, which is important to establish for any
new measure, and extends our previous findings. The MEWS had full scalar invariance across sex and ADHD
diagnostic status. No sex differences were observed at the level of factor loadings or thresholds, indicating scalar
invariance across sex in the total sample. This attests that the same latent construct of mind wandering is related
to the items and their thresholds similarly for males and females. Measurement invariance also held in those
with and without a self-reported diagnosis of ADHD (i.e., scalar invariance held). Thus, comparisons of mean
scores across these groups is appropriate and meaningful, and any between group differences observed can be
reliably interpreted as true differences in the latent construct of mind wandering. We also found each scale item
functioned similarly across age, but that increasing age may be associated with higher levels of mind wandering
(i.e., the latent construct), so age should be considered as an important covariate in analyses of mind wandering.

Reliability and validity analysis showed the 12-item scale had high internal consistency in the total sample,
as well as in males and females and those with and without self-reported ADHD. The MEWS demonstrated con-
vergent validity, with moderate to strong correlations found between the MEWS and measures of core ADHD
symptoms, impairment, and wellbeing (negative correlation). The MEWS showed strong correlation with another
existing measure of spontaneous mind wandering but not with deliberate mind wandering, supporting the
MEWS as specifically reflecting spontaneous mind wandering. Of note, the correlation between the MEWS and
emotional lability was lower than demonstrated in our previous study, which may be due to different measures
of emotional lability being employed in the studies. Regarding discriminant validity, both ROC analysis and
examination of mean differences showed the MEWS distinguished between those with and without self-reported
ADHD. Importantly, in the current sample the ROC analysis using the MEWS produced results comparable to
those of the core ADHD symptom dimensions.

The National Collaborating Centre for Mental Health*' emphasise the importance of linking symptoms to
impairment, which may be a better measure of identifying those who would benefit from treatment rather than
somewhat arbitrary symptom counts. Replicating our previous findings, among adults with ADHD, mind wan-
dering accounted for unique variance in impairment above that of core ADHD symptoms of inattention and
hyperactivity/impulsivity. The ability for the MEWS to account for unique variance beyond core ADHD symp-
toms demonstrates the value of the measure and its potential clinical utility. Similar findings were also found
for wellbeing, further emphasising the value of the scale. Thus, findings indicate that mind wandering is associ-
ated with both increased impairment and reduced wellbeing even after accounting for levels of inattention and
hyperactivity/impulsivity.
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Examination of sex differences showed that among those without ADHD males reported greater levels of
mind wandering compared to females, but among those with ADHD, males and females reported similar levels.
A similar pattern was found for inattention and hyperactivity/impulsivity, with the exception that among those
with ADHD males reported more inattention than females. This is in line with recent findings amongst youth*
showing higher ADHD symptoms in males than females in the general population, but similar symptom severity
amongst those with a diagnosis, except for higher inattention in males. To our knowledge this is the first investi-
gation of sex differences in those with and without ADHD in a population-based sample of adults, and we found
that the pattern of sex differences for the behavioural ADHD symptoms in adults with and without ADHD is
also reflected in the more internalised/subjective experience of excessive mind wandering (i.e., similar severity in
males and females with a diagnosis and greater scores in males vs females without a diagnosis).

Regarding impairment, males without ADHD reported greater impairment than females, but similar levels
were reported among those with a self-reported ADHD diagnosis. Additionally, despite similar symptom levels
and impairment in males and females with ADHD, females with ADHD reported significantly greater wellbeing,
potentially indicating differing perceptions of behaviour in males and females with ADHD. In youth, studies
show parents may under-rate ADHD symptoms and impairment in girls with ADHD compared to boys, suggest-
ing sex-specific biases in perceptions of behaviour**-**. It is possible that differing perceptions of behaviours and
impairment in males and females also occurs in adulthood. This requires further investigation.

A strength of the current study is the large sample size including a large age range and representation of
females, both of which are often a limitation of studies in the ADHD literature. However, some limitations should
be considered. First, despite the online survey being a general population sample, it is not necessarily represent-
ative of the general population, but of those who chose to participate in an online survey. Our sample included
significantly more females than males suggesting that females may be more willing to participate in such studies.
Moreover, it may mean that the findings regarding sex differences are not generalisable. Further studies should
examine if results are replicated across other populations and those with a more equal sex balance. Second, our
definition of ADHD was based on self-report and not clinical diagnosis data. However, this approach has pre-
viously been employed in a survey design*®, and was adopted in the most recent large-scale genome-wide asso-
ciation study of ADHD using 23 and me*’. In addition, our findings replicate those of our previous study that
included a clinical sample of adults with ADHD?.

Enhancing our understanding of the broader range of symptoms or problems associated with ADHD and the
phenomenology that underlies ADHD symptomatology has the potential to aid diagnosis and inform targets for
interventions. Valid and reliable assessment of disorders is a prerequisite for clinical treatment and intervention,
and the MEWS has been shown to be a reliable and valid measure of mind wandering in ADHD that discrimi-
nates between those with and without ADHD, with satisfactory sensitivity and specificity, and specific association
with functional impairment. Finding measures to assess adult ADHD, a disorder primarily defined in behavioural
terms, is of value, and mind wandering could be more useful when self-report is possible as it is the experience of
the internal mental states rather than observed behaviours. The MEWS shows promise as a brief screening tool in
the general population and could be a potential target for monitoring of treatment effects.

The replicated finding that mind wandering had an independent effect on impairment beyond that of core
ADHD symptoms of inattention and hyperactivity/impulsivity, indicates that symptoms of mind wandering are
strongly linked to impairment and so may be an important target for therapeutic interventions. Further studies
are needed to establish such interventions, but mindfulness training could be an area of future emphasis.

Data Availability
The dataset analysed during the current study is available from the corresponding author upon reasonable
request.

References

1. Asherson, P, Buitelaar, J., Faraone, S. V. & Rohde, L. A. Adult attention-deficit hyperactivity disorder: key conceptual issues. Lancet
Psychiatry 3, 568-578 (2016).

2. American Psychiatric Association. Diagnostic and statistical manual of mental disorders (DSM-5). (American Psychiatric
Association, 2013).

3. Mowlem, E D. et al. Validation of the Mind Excessively Wandering Scale and the relationship of mind wandering to impairment in
adult ADHD. Joural Atten. Disord., https://doi.org/10.1177/1087054716651927 (2016).

4. Smallwood, J. & Schooler, J. W. The science of mind wandering: Empirically navigating the stream of consciousness. Annu. Rev.
Psychol. 66, 487-518 (2015).

5. Franklin, M. S. et al. Tracking distraction: The relationship between mind-wandering, meta-awareness, and ADHD symptomatology.
J. Atten. Disord. https://doi.org/10.1177/1087054714543494 (2014).

6. Shaw, G. A. & Giambra, L. Task-unrelated thoughts of college students diagnosed as hyperactive in childhood. Dev. Neuropsychol. 9,
17-30 (1993).

7. Seli, P, Smallwood, J. & Cheyne, J. A. On the relation of mind wandering and ADHD symptomatology, https://doi.org/10.3758/
$13423-014-0793-0 (2014).

8. Biederman, J. et al. Towards operationalising internal distractibility (Mind Wandering) in adults with ADHD. Acta Neuropsychiatr.
29, 330-336 (2017).

9. Jonkman, L. M., Markus, C. R., Franklin, M. S. & Van Dalfsen, ]. H. Mind wandering during attention performance: Effects of
ADHD-inattention symptomatology, negative mood, ruminative response style and working memory capacity. PLoS One 12, 1-19
(2017).

10. Bozhilova, N., Michelini, G., Kuntsi, J. & Asherson, P. Mind wandering perspective on ADHD. Neurosci. Biobehav. Rev. 92, 464-476
(2018).

11. Marsh, H. W, Nagengast, B. & Mori, A. ]. S. Measurement invariance of big-five factors over the life span: ESEM tests of gender, age,
plasticity, maturity, and la dolce vita effects. Dev. Psychol. 49, 1194-1218 (2013).

12. Orri, M. et al. Longitudinal and sex measurement invariance of the Affective Neuroscience Personality Scales. Assessment 25,
653-666 (2016).

SCIENTIFIC REPORTS |

(2019) 9:3071 | https://doi.org/10.1038/s41598-019-39227-w 7


https://doi.org/10.1038/s41598-019-39227-w
https://doi.org/10.1177/1087054716651927
https://doi.org/10.1177/1087054714543494
https://doi.org/10.3758/s13423-014-0793-0
https://doi.org/10.3758/s13423-014-0793-0

www.nature.com/scientificreports/

13. Gershon, J. A meta-analytic review of gender differences in ADHD. J. Atten. Disord. 5, 143-154 (2002).

14. Williamson, D. & Johnston, C. Gender differences in adults with attention-deficit/hyperactivity disorder: A narrative review. Clin.
Psychol. Rev. 40, 15-27 (2015).

15. Fedele, D. A, Lefler, E. K., Hartung, C. M. & Canu, W. H. Sex differences in the manifestation of ADHD in emerging adults. . Atten.
Disord. 16, 109-117 (2012).

16. Fredriksen, M. et al. Childhood and persistent ADHD symptoms associated with educational failure and long-term occupational
disability in adult ADHD. ADHD Atten. Deficit Hyperact. Disord. 6, 87-99 (2014).

17. Nussbaum, N. L. ADHD and female specific concerns: A review of the literature and clinical implications. J. Atten. Disord. 16,
87-100 (2012).

18. Biederman, J., Faraone, S. V., Monuteaux, M. C., Bober, M. & Cadogen, E. Gender effects on Attention-Deficit/Hyperactivity
disorder in adults, revisited. Biol. Psychiatry 55, 692-700 (2004).

19. Rasmussen, K. & Levander, S. Untreated ADHD in adults: Are there sex differences in symptoms, comorbidity, and impairment? J.
Atten. Disord. 12, 353-360 (2009).

20. Wilens, T. E. et al. Presenting ADHD symptoms, subtypes, and comorbid disorders in clinically referred adults with ADHD. J.
Cliincal Psychiatry 70, 1557-1562 (2009).

21. Corbisiero, S., Hartmann-schorro, R. M., Riecher-Rassler, A. & Stieglitz, R.-D. Screening for adult attention-deficit/hyperactivity
disorder in a psychiatric outpatient population with specific focus on sex differences. Front. Psychiatry 8, 1-8 (2017).

22. Carriere, J. S. a., Seli, P. & Smilek, D. Wandering in both mind and body: individual differences in mind wandering and inattention
predict fidgeting. Can. J. Exp. Psychol. 67, 19-31 (2013).

23. Seli, P.,, Smallwood, J., Cheyne, J. A. & Smilek, D. On the relation of mind wandering and ADHD symptomatology. Psychon. Bull.
Rev. 22, 629-636 (2015).

24. Barkley, R. A. & Murphy, K. Attention-Deficit Hyperactivity Disorder: A Clinical Workbook (Guilford Press, 2006).

25. Stringaris, A. et al. The Affective Reactivity Index: A concise irritability scale for clinical and research settings. J. Child Psychol.
Psychiatry 53,1109-1117 (2012).

26. Keyes, C. L. M. Brief description of the mental health continuum short form (MHC-SF). (2009).

27. Muthén, L. K. and Muthén, B. O. (1998-2010). Mplus User’s Guide. Sixth Edition. Los Angeles, CA: Muthén & Muthén.

28. StataCorp. Stata Statistical Software: Release 14 (2015).

29. Yu, C.-Y. Evaluating cutoff criteria of model fit indices for latent variable models with binary and continuous outcomes (Vol. 30).
(Los Angeles: University of California, 2002).

30. Hooper, D., Coughlan, J. & Mullen, M. R. Structural equation modelling: Guidelines for determining model fit. Electron. J. Bus. Res.
Methods 6, 53-60 (2008).

31. Schmitt, T. A. Current methodological considerations in exploratory and confirmatory factor analysis. J. Psychoeduc. Assess. 29,
304-321 (2011).

32. Hu, L. & Bentler, P. M. Cutoff criteria for fit indexes in covariance structure analysis: Conventional criteria versus new alternatives.
Struct. Equ. Model. A Multidiscip. . 6, 1-55 (1999).

33. Blunch, N. Introduction to Structural Equation Modelling Using SPSS and Amos. (SAGE Publications, 2008).

34. Cheung, G. W. & Rensvold, R. B. Evaluating Goodness-of-Fit Indexes for Testing Measurement Invariance Evaluating Goodness-of-
Fit Indexes for Testing Measurement Invariance. Struct. Equ. Model. 9, 233-255 (2002).

35. Lucio, P. S. et al. Testing measurement invariance across groups of children with and without attention-deficit/hyperactivity
disorder: Applications for word recognition and spelling tasks. Front. Psychol. 8,1-9 (2017).

36. Chen, E E Sensitivity of goodness of fit indexes to lack of measurement invariance. Struct. Equ. Model. 14, 464-504 (2007).

37. Meade, A. W, Johnson, E. C. & Braddy, P. W. Power and sensitivity of alternative fit indices in tests of measurement invariance. J. app
93, 568-592 (2008).

38. Brailean, A., Guerra, M., Chua, K. C,, Prince, M. & Prina, M. A. A multiple indicators multiple causes model of late-life depression
in Latin American countries. J. Affect. Disord. 184, 129-136 (2015).

39. Lai, K. & Green, S. B. The problem with having two watches: Assessment of fit when RMSEA and CFI disagree. Multivariate Behav.
Res. 51, 220-239 (2016).

40. Maccallum, R. C., Browne, M. W. & Sugawara, H. M. Power analysis and determination of sample size for covariance structure
modeling of fit involving a particular measure of model. Psychol. Methods 1, 130-149 (1996).

41. NCCMH. Attention deficit hyperactivity disorder: Diagnosis and management of ADHD in children, young people and adults. (The
British Psychological Society and the Royal College of Psychiatrists, 2009).

42. Mowlem, E. D. et al. Sex differences in predicting ADHD clinical diagnosis and pharmacological treatment. Eur. Child Adolesc.
Psychiatry, https://doi.org/10.1007/s00787-018-1211-3 (2018).

43. Abikoff, H. et al. Symptomatic improvement in children with ADHD treated with long-term methylphenidate and multimodal
psychosocial treatment. J. Am. Acad. Child Adolesc. Psychiatry 43, 802-811 (2004).

44. Meyer, B. ], Stevenson, J. & Sonuga-Barke, E. J. S. Sex differences in the meaning of parent and teacher ratings of ADHD behaviors:
An observational study. . Atten. Disord. https://doi.org/10.1177/1087054717723988 (2017).

45. Mowlem, E,, Agnew-Blais, J., Taylor, E. & Asherson, P. Do different factors influence whether girls versus boys meet ADHD
diagnostic criteria? Sex differences among children with high ADHD symptoms. Psychiatry Res. 272, 765-773 (2019).

46. Hesson, J. & Fowler, K. Prevalence and correlates of self-reported ADD/ADHD in a large national sample of Canadian adults. J.
Atten. Disord. 22,191-200 (2018).

47. Demontis, D. et al. Discovery of the first genome-wide significant risk loci for ADHD, https://doi.org/10.1101/145581 (2017).

Acknowledgements

This paper represents independent research. We thank the study participants for the time they took to participate
in this research. Florence Mowlem is supported by a 1+ 3 PhD studentship awarded jointly by the Medical
Research Council and the Institute of Psychiatry Excellence Fund. Jessica Agnew-Blais is supported by an MRC
Skills Development Fellowship (MR/P014100/1). Jean-Baptiste Pingault is a fellow of MQ: Transforming Mental
Health (MQ16IP16). Philip Asherson’s research is supported by the National Institute for Health Research
(NIHR) Biomedical Research Centre for Mental Health, NTHR/MRC (14/23/17) and an NIHR Senior Investigator
award (NF-SI-0616-10040).

Author Contributions

Study concept and design: EM., P.A. Data collection, management and quality control: EM. Analysis of data:
EM. Interpretation of data: EM., J.A.B., P.A. Wrote the paper: EM. Contributed to and critically reviewed the
manuscript: All authors.

SCIENTIFICREPORTS| (2019) 9:3071 | https://doi.org/10.1038/s41598-019-39227-w 8


https://doi.org/10.1038/s41598-019-39227-w
https://doi.org/10.1007/s00787-018-1211-3
https://doi.org/10.1177/1087054717723988
https://doi.org/10.1101/145581

www.nature.com/scientificreports/

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-019-39227-w.

Competing Interests: King’s College London received payments for work conducted by Philip Asherson:
consultancy for Shire, Eli-Lilly, Novartis and Lundbeck; educational and/or research awards from Shire,
Eli-Lilly, Novartis, Vifor Pharma, GW Pharma, and QbTech; speaker at events sponsored by Shire, Eli-Lilly,
Janssen-Cilag and Novartis. Florence Mowlem, Jessica Agnew-Blais and Jean-Baptiste Pingault report no
conflicts of interest.

Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

M | jcense, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2019

SCIENTIFICREPORTS| (2019) 9:3071 | https://doi.org/10.1038/s41598-019-39227-w 9


https://doi.org/10.1038/s41598-019-39227-w
https://doi.org/10.1038/s41598-019-39227-w
http://creativecommons.org/licenses/by/4.0/

	Evaluating a scale of excessive mind wandering among males and females with and without attention-deficit/hyperactivity dis ...
	Methods

	Sample. 
	Ethical approval. 
	Materials. 
	Mind Wandering. 
	ADHD symptoms, functional impairment, emotional lability and positive mental health/wellbeing. 

	Statistical analysis. 
	Factor Analysis. 
	Measurement Invariance. 
	Reliability and Validity. 
	Sex differences in those with and without self-reported ADHD. 


	Results

	Factor Analysis. 
	Measurement Invariance. 
	Sex. 
	ADHD status. 
	Age. 

	Reliability and Validity. 
	Sex differences in those with and without self-reported ADHD. 

	Discussion

	Acknowledgements

	Table 1 Standardised factor loadings for the 12-items for EFA (with oblimin rotation) and CFA and across sex and ADHD status, and Cronbach’s alpha for the scale.
	Table 2 Multi-group CFA models for measurement invariance across sex and ADHD diagnostic status for the MEWS.
	Table 3 Correlations between excessive mind wandering scores and rating-scale measures of spontaneous and deliberate mind wandering, inattention hyperactivity/impulsivity, emotional lability, impairment, and wellbeing.
	Table 4 Mean scores (SD) for the study subscales comparing males and females with and without ADHD*.




