
VU Research Portal

The Amsterdam Resting-State Questionnaire

Diaz, B.A.

2015

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Diaz, B. A. (2015). The Amsterdam Resting-State Questionnaire: Measuring and characterizing resting-state
cognition and its neural correlates. [, Vrije Universiteit Amsterdam]. Gildeprint.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 24. May. 2023

https://research.vu.nl/en/publications/3973cab4-0396-4761-9ebc-0c19e88e314a


123 
 

 

 
 
 
 

Chapter 7  
General Discussion 

  



124 
 

The core mission of this research project was to develop a tool to quantify and characterize 
facets of mind wandering in a both time-efficient and widely applicable manner. Our efforts 
came to fruition in the form of the Amsterdam Resting-State Questionnaire (ARSQ), a Likert-
type self-report survey from which multiple cognitive dimensions were derived. Equipped 
with this tool, we proceeded to investigate its correlation with a variety of psychometric 
instruments quantifying depression, anxiety and sleep quality as well as the potential 
relationships between the ARSQ and both hemodynamics and electrophysiological measures 
of brain activity. Here, the methodology underlying these results will be critically reflected 
upon and potential future directions will be suggested.  
 
 

Conception of the Amsterdam Resting-State Questionnaire 

The Amsterdam Resting-State Questionnaire (ARSQ) was built for the efficient exploration 
of conscious cognitive content experienced during a state of wakeful rest. The methodology 
underlying its development is a crucial determinant of whether the obtained results are 
congruent with this aim. Item selection therefore constitutes a primary and necessarily 
fundamental step. With efficiency as a guiding principle, the choice for a self-report type of 
instrument with a fixed number of items was preferred over a (semi)-structured interview 
(Delamillieure et al., 2010; Heavey & Hurlburt, 2008). In case of the ARSQ, the items take 
the form of statements pertaining to the subjective experience of the participant during the 
previous (resting) period. Selection of items was partially based on informal inquiries 
directed at participants after resting-state EEG-recordings, but mostly guided by literature on 
mind wandering and associated (hypothesized) cognitive processes (Buckner & Carroll, 
2007; Killingsworth & Gilbert, 2010; Smallwood & Schooler, 2006). Additionally, after 
studying leading personality scales, such as the NEO-PI-R and NEO-FFI (Costa & McRae, 
1985; McCrae & Costa, 1994) it was decided that many items, when slightly modified, e.g., 
removing frequency of occurrence related references in statements such as “I often worry”, 
could be applied to resting-state inquiries as well. The process of item selection necessarily 
involves the trade-off between specificity and generality with regard to the level of detail 
with which a particular experience is to be sampled—too specific bears the risk of gaining 
information from few participants only, whereas too general a statement provides less 
meaningful data. Thus, to strike a balance between these extremes, the ARSQ 1.0 (Chapter 
1), contains a set of statements referring to both concrete thoughts and feelings such as “I 
thought about my work/study” as well as broad experiences (“I thought about the future”). 
However, as the mind-wandering experience is by nature rich and infinitely nuanced, the 
ARSQ can sample but a subset of these qualities within its limited number of items. Even 
though expanding the ARSQ item pool is possible as shown in Chapter 2, further expansion 
necessarily increases the length of the instrument, potentially requiring further trade-offs. 
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Given the widely accepted use of Likert-type items in cognitive and psychological research 
(Christoff et al., 2009; Duncan & Cheyne, 1999; Kane, Inez, & R., 2007; Smallwood, Ruby, 
& Singer, 2013; Stawarczyk et al., 2011; Van der Heijden, Smits, Van Someren, 
Ridderinkhof, & Gunning, 2007), a 5-point rating scale similar to the established NEO-PI-R 
(Costa & McRae, 1985) ranging from “Completely Disagree” to “Completely Agree” was 
adopted for the ARSQ. It is important to note that Likert-type items, despite their many 
benefits and wide-spread usage, do harbor potential caveats, which may therefore also apply 
to the ARSQ. First, and perhaps most relevant to the current discussion, is the inherent 
ambiguity with regard to duration of the inquired experience. For example, a response of 5 
“Completely Agree” on an item such as “I thought about others” could mean that the 
participant spent most of her time thinking about other people, or that she merely 
acknowledges that the inquired experience occurred, regardless of frequency or intensity. 
The implicit assumption made here is that participants do rate their experience in at least 
some proportion to perceived frequency of occurrence.  Secondly, the discreteness of the 
rating scale, while well-suited for aggregating data and “smoothing” individual differences, 
by necessity, leaves little room for capturing the multitude of nuances likely associated with 
subjective experience. Depending on item form and semantic structure, increasing the 
number of response options by choosing a more fine-grained response scale, e.g., a 9-point 
scale may yield better detail (Gorgolewski et al., 2014), especially when attempting to detect 
subtle differences between groups of individuals, albeit at the expense of increased rating 
time. In addition, a broadened response scale may provide a closer approximation of the 
normal probability density, simplifying certain statistical procedures. However, expanding 
the number of response categories does not avoid the inherent ambiguity associated with 
discrete options and measurement scale, i.e., it can always be argued that the perceived 
distance between “Completely Disagree” and “Agree” is not proportional to the numerical 
distance.   
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Derivation of resting-state cognition model 

Keeping the aforementioned caveats with respect to response scale and temporal judgment 
in mind, we next focused on deriving a model of resting-state cognition from the various 
ARSQ-data sets sampled across different populations, e.g., laboratory and home settings 
(Chapters 1 and 2). Central to this aim was the reduction of the 50+ items of the ARSQ to a 
far smaller number of factors, each ideally representing a facet of resting-state cognition. A 
popular approach in these cases is to use data reduction techniques such as principal 
components analysis or exploratory factor analysis (Muthén & Kaplan, 1985; Tinsley & 
Tinsley, 1987), which essentially compute estimates for the model that best fits the input data, 
producing one or more (uncorrelated) factors. By contrast, confirmatory factor analysis or 
CFA (Schreiber et al., 2006; Tully et al., 2011) allows for a more hypothesis driven approach, 
by testing whether a pre-specified model, i.e., a combination of factors and indicator variables 
(e.g., questionnaire items), is sufficiently supported by the data (Schreiber et al., 2006).  
 Pivotal to factor analysis is the presence of correlation between variables which can 
then be harnessed to find common dimensions among them. Consequently, the ability to 
detect clusters of associated variables depends directly on the choice of variables: if variables 
exhibit no correlation, decomposition into fewer dimensions will either fail or be arbitrary at 
best. Unfortunately, (strong) correlation does not necessarily imply an interesting 
relationship (Armstrong, 1967) or additional information, as when two variables measure 
essentially the same underlying quality (i.e., collinearity). In short, the quality of factor 
analysis depends on the quality of the variables involved (Einhorn, 1972). When deriving the 
resting-state cognition factors (Chapter 1), the choice was made to combine the strengths of 
both exploratory factor analyses (Preacher & MacCallum, 2003) and confirmatory factor 
analyses, by letting the results of the former guide the specification of the latter CFA model. 
The end product was the ARSQ resting-state cognition model introduced in Chapter 1, with 
a total of seven factors each with a number of associated ARSQ items. The underlying CFA 
model was deliberately kept simple, in the sense that ARSQ items were unidimensionally 
associated with the factors and were not modeled to share residual variance (i.e., uncorrelated 
errors), in order to facilitate interpretation. However, simplification may come at the cost of 
reduced accuracy which translates to reduced fit indices for the overall model. In addition, 
the estimation of the sizeable number of ARSQ-factors demands a substantial sample size of 
between 5 and 20 times the number of free parameters in the model (Bentler & Chou, 1987; 
Tanaka, 1987). The revised model obtained from the ARSQ 2.0 (Chapter 2), improves model 
fit mainly by removing items with low correlation from each factor, which is especially 
apparent when keeping the original seven factors.  
 Although the presented ten-factor model based on the ARSQ 2.0 fits the data 
adequately and having more or less discrete factors mapped to facets of mind wandering is 
intuitively appealing, alternative models are conceivable and, keeping in mind the inherent 
trade-off between fit and interpretability, possibly better suited. One such alternative involves 
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adding a layer of factors on top of the current factors (second-order factor models), which 
could be modeled to explain the correlation among the underlying factors. After all, even 
though operationalized as separate entities in practice, through the use of mean scores to 
approximate estimated factor scores (Chapters 2 and 3), the models we propose here 
inherently assume correlations between the factors, in line with what would be expected from 
a thoroughly intertwined construct such as conscious thought. On the other hand, there may 
be no theoretical basis for adding extra layers of complexity: perhaps consciousness simply 
cannot be reduced to a few general processes, in which case having several defined facets at 
one’s disposal may be sufficient. 
 
 

Identifying neural correlates of consciousness using the ARSQ 

Linking conscious cognition directly to neurophysiology poses a formidable challenge, 
owing largely to the limitations of current technology and methodology, despite the 
spectacular advances made in recent decades. For instance, functional Magnetic Resonance 
Imaging (fMRI) with its superior spatial resolution, struggles with high temporal resolution, 
consequently demanding intricate yet repeatable experimental designs which by necessity are 
likely to restrict cognition to well-defined facets. By contrast, electro- and 
magnetoencephalographic recordings provide excellent temporal resolution, potentially 
offering the possibility to time-lock cognitive events and derive patterns of (semi)-stable 
brain states (Lehmann et al., 1995, 1998; Wackermann et al., 2002), albeit without much of 
the spatial resolution associated with fMRI. But even if one were able to perfectly tap into 
the neurophysiology of the stream of consciousness, the hard problem of translating these 
into meaningful concepts to be understood by a conscious observer would not be solved. 
Until such a (causal) translation can be made, research remains dependent on self-reflection 
and subjective reports in order to derive general abstractions and hence requires correlational 
designs to provide insight into the relationship between conscious thought and underlying 
neuronal activity3.  
 This correlational approach forms the backbone of the results obtained from our 
attempts at linking the ARSQ to fMRI-measurements (Chapter 4) and high-density EEG 
(Chapter 5). In Chapter 3 we have shown that especially Discontinuity of Mind, Visual 
Thought and Sleepiness can be associated with functional connectivity in predominantly 

                                                           
3 This leaves open the possibility that consciousness may not play any significant role in behavior. After all, it is 
entirely conceivable that conscious thought is no more than an epiphenomenal echo of underlying neuronal activity, 
with all its philosophical implications. However, even if conscious thought does not bear any significant effect on 
behavior, it still remains arguably one of the most important facets of man’s mental life as it provides a meaningful 
interface with the surrounding environment. Whether the meaning the human mind attributes to its behavior and 
place in said environment is correct or merely consequence of an unreliable narrative is irrelevant with respect to 
the attributed importance of conscious thought. 
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visual, auditory, sensorimotor and executive networks. These associations, although linked 
to different ARSQ-dimensions, share the same intrinsic connectivity networks and positive 
directions of the effects, i.e., higher sleepiness is associated with higher functional 
connectivity and vice versa. However, increases in functional connectivity do not appear to 
be necessarily reflective of the degree of engagement in mind wandering. Conscious thought 
is hypothesized to strongly depend on frontal lobe involvement and widespread recruitment 
of cortical networks (Dehaene et al., 2006; Dehaene & Naccache, 2001), therefore one would 
expect that correlates of active mind wandering should be partially located in networks such 
as the default mode network (M E Raichle et al., 2001). By contrast, our results suggest that 
increases in sleepiness, decoherence of thought, comfort and visual imagery all reflect 
increasing functional connectivity in networks primarily related to the processing of external 
stimuli, with the exception of the executive network. Assuming that functional connectivity 
increases in these networks are indeed associated with diminished cognitive processing, it 
would appear that our results highlight neurophysiological correlates of cognitive 
disengagement rather than mind wandering per se. Interestingly, these networks appear to 
correspond well to aspects of Baddeley & Hitch’s multi-component model of working 
memory (Baddeley, 1992; Repovs & Baddeley, 2006; Teasdale et al., 1995) consisting of 
dedicated units tasked with the storage and maintenance of phonological and visuo-spatial  
information in working memory, governed by a “central executive” allowing for the 
manipulation of information gated into working memory. Although the research 
methodology presented in this text profoundly differs from the cognitive research aimed at 
exploring (working) memory, the hypothesized cognitive disengagement we ascribe to our 
results may be speculated to also reduce the load on working memory systems, which in turn 
could increase functional connectivity locally in associated networks. The absence of 
significant findings related to other ARSQ-dimensions and networks more readily associable 
with conscious thought, such as the default mode network (Christoff et al., 2009), may be 
partially be explained by the methodology employed, i.e., de facto extracting the most stable 
patterns across a multitude of subjects and during a relatively long period of (external) task-
passivity, thereby potentially disregarding much of the temporal dynamics underlying 
conscious thought.  
 In similar vein, using measures of EEG-activity that integrate over the full period of 
the recording, tend to disregard subtle fluctuations and overall temporal dynamics, 
highlighting only the strongest and most persistent activations. Depending on the research 
question, capitalizing on prominent activations may actually be desirable, for instance when 
attempting to model pervasive changes in consciousness such as the transition from 
wakefulness to sleep. As shown in Chapter 5, EEG-biomarkers in the theta (4–7 Hz) and 
alpha (8–12 Hz) range computed over the full 5 minutes of resting-state can exhibit 
significant effects in relation to several ARSQ-dimensions, especially those inquiring 
comfort and sleepiness.   
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Potential applications for the ARSQ 

The current ARSQ is a tool for summarizing thought content along several dimensions after 
a set period of wakeful passivity which usually takes the form of 5 minutes eyes-closed rest. 
As such, the ARSQ allows efficient sampling of large amounts of data from target 
populations, for instance to create a normative database (possibly in conjunction with 
neuroimaging data) of resting-state cognition. Creating subsequent resting-state cognition 
profiles may shed more light on the impact of various neurological diseases and disorders on 
mental experience, given that age and mental health appear to affect subjective experience 
(Chapter 3). Such a profile could then invite the administration of more specific diagnostic 
tools. Furthermore, if recorded alongside (neuro)physiological data, large scale data mining 
may reveal more subtle associations between physiology and its subjective dimension. 
 On a more fundamental level, ARSQ-like tools may be embedded within event-
related designs in order to ease interpretation derived from tightly controlled behavioral 
observables. For example, changes in reaction time may suggest lapses in attention which in 
turn may be associated with BOLD-fMRI responses in a certain neuro-anatomical region 
(Smallwood, Tipper, et al., 2013). This may well explain the “when” and “where” of mind-
wandering, but disregards much of its qualitative aspects. 
 Another venue where measures of resting-state cognition may potentially be of use 
is the growing field of biofeedback, specifically biofeedback linked to neuroimaging 
techniques (Chapter 6). At their core, biofeedback systems derive specific information from 
physiological input signals, e.g., heartbeat, skin conductance, EEG and even fRMI-BOLD, 
associated with a known behavioral or cognitive correlate and relay this information, 
potentially transformed for ease of comprehension, back to the user who then judges the 
output response. In an iterative and extensive process, the user learns to control and possibly 
amplify her physiological output such that the accuracy of the output is increased towards 
acceptable levels. In the case of neuroprosthetics this may take the form of reading out and 
forwarding cortical signals to a device that acts as a substitute for lost bodily function, e.g., 
limb replacement (Schwartz, 2004; Wolpaw, McFarland, Neat, & Forneris, 1991). Generally, 
when used for control of external devices, from prosthetics to cursor control or virtual reality 
applications, biofeedback systems are designated “brain-computer interfaces” (Kleih et al., 
2011; Santhanam, Ryu, Yu, Afshar, & Shenoy, 2006), yet when applied to cognitive 
modulation, as is common in pre-clinical settings focused on the reduction of attention-deficit 
hyperactivity disorder (Lofthouse et al., 2011) it is often referred to as “neurofeedback”. This 
difference in nomenclature is unlikely accidental, for even though both variants make use of 
brain-computer interfaces, the externally directed application is much more readily validated 
and conformable to scientific best practice. By contrast, the results of modulating brain states 
in order to change behavior or mental activity lack much of this transparency and often invite 
controversy. In Chapter 6 we discussed the efficacy of neurofeedback in applications aimed 
at reducing ADHD-symptomatology and alleviating insomnia and conclude that although the 
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early history of neurofeedback may have been mired by methodological issues (e.g., solely 
relying on non-blinded parent and teacher reports regarding efficacy in the case of ADHD 
applications), the trend clearly indicates a transition towards ever more rigorous designs 
mirroring the high standards of other fields of clinical treatment. As to a possible role for the 
ARSQ in biofeedback research, the results of Chapter 5 suggest that resting-state EEG-
measures in the theta band combined with ARSQ scores on the dimensions “Sleepiness” and 
“Self” can explain a substantial amount of variation in the time it takes participants to enter 
stage 1 sleep. Although these findings necessitate further study, by for instance enlarging the 
target population and modelling the probability of sleep onset as a function of cognitive and 
neural correlates, they also highlight the potential for creating a personal monitoring device 
that uses both brain-wave activity and ARSQ-scores. Considering the large number of 
(healthy) individuals who suffer from difficulties falling asleep combined with the societal 
and financial burden this is accompanied with (Meagan Daley et al., 2009), such a device 
may be highly desirable. 
 
 

Conclusion and recommendations 

In this thesis we have shown how a self-report questionnaire tool, the Amsterdam Resting-
State Questionnaire, can be used to measure and characterize resting-state related thoughts 
and feelings and how these characterizations can in turn be used to establish associations with 
resting-state neurophysiology. The ARSQ succeeds therefore in its aim of shedding at the 
very least a modicum of light on the subjective experiences occurring during the resting state, 
paving the way for forthcoming studies to compare these experiences across different 
(patient) populations.  
 Still, the resting-state by itself, however suited for sampling the wide spectrum of 
mental content, may not provide enough information to map the high-level abstractions of 
conscious thought to underlying neural correlates precisely because it largely lacks 
constraints. Event-related protocols that constrain mental content may be more successful in 
this regard. Restricting conscious thought to a specific subset by experimental manipulation 
and subsequent characterization by the ARSQ may seem to contradict the common 
conception of mind-wandering and resting-state cognition however. After all, if the 
participant is not in the resting-state which assumedly promotes free mind-wandering, but is 
instead bound to tasks set by the experiment, then results obtained from the ARSQ scores 
should more reflect the thoughts associated with the manipulation rather than mind-
wandering. Conceptually, however, mind-wandering represents the occurrence of thoughts 
unrelated to the current task, yet there appears no reason to attribute any special subjective 
quality to either “on-task” or “off-task” thoughts. In addition, neurological disorders may be 
viewed as physiological constraints on cognition, their magnitude only becoming evident 
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after comparison to healthy individuals. Furthermore, while the resting-state may facilitate 
mind-wandering to the extent that it provides a setting mostly free of external constraints, it 
is not per se a model setting for studying the nature of attentional lapses, be they directed 
internally or externally. Nevertheless, the ability to detect the act of mind-wandering, i.e., 
diverting attention inwards, for instance through increasing response times, is crucial in itself 
considering the rich possibilities in the realm of applied science and technology it offers (e.g., 
safety systems monitoring the attentional focus of pilots, drivers or surgeons). But it does not 
require knowledge of the conscious representation of mind-wandering. In the view presented 
here, mind-wandering is the result of shifting attention inwards and self-generating tasks that 
are evaluated using conscious thought. This fits well with the idea that the human brain is at 
its core highly evolved and sophisticated information processing system with conscious 
evaluation continuing relentlessly, unless disrupted by sleep or trauma. If the environment 
does not provide adequate stimulation, or fails to captivate attention momentarily, processing, 
perhaps necessarily so, shifts inwards, drawing on memory to generate new tasks and targets 
of evaluation. Mind-wandering therefore is task-relative. 
 Assuming this hypothesis to be true, experimental manipulation of conscious states 
embedded in hybrid event-related and resting-state designs may be feasible. Cognitive 
neuroscience has predominantly attempted to associate physiological measures to 
neurobiology that have assumedly the tightest or most obvious link to certain aspects of 
cognition, e.g., increases in button-press response times as indicator of attentional lapses. The 
high degree of experimental control is naturally motivated by the desire to establish causal 
relationships between cognition, behavior and neurophysiology. However, the subsequent, 
oftentimes broad, generalization to higher orders of cognition or behavior based on the 
evidence obtained from such limited subsets of behavioral correlates may not always be 
warranted. In isolation, post-hoc questionnaires such as the ARSQ may suffer from a lack of 
specificity, because conscious thought is by nature dynamic, volatile and variable. 
Pinpointing neural correlates based on approximate representations of this abstract concept 
alone is therefore hard and is unlikely to reach the degree of causal inference derived from 
careful experimental manipulation. Still, only by having these representations available can 
experimental evidence be given context and meaning. The key to understanding conscious 
thought and its neural correlates is to treat these approaches not as opposing but as 
complementary. The Amsterdam Resting-State Questionnaire is one possible tool to facilitate 
this process of integration. 
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