
Vol.:(0123456789)1 3

Psychopharmacology 
https://doi.org/10.1007/s00213-021-06006-3

ORIGINAL INVESTIGATION

Low‑dose LSD and the stream of thought: Increased Discontinuity 
of Mind, Deep Thoughts and abstract flow

Isabel Wießner1,2  · Marcelo Falchi1,2 · Fernanda Palhano‑Fontes3 · Lucas Oliveira Maia1,2 · Amanda Feilding4 · 
Sidarta Ribeiro3 · Natália Bezerra Mota3,5 · Draulio B. Araujo3 · Luís Fernando Tófoli1,2

Received: 31 March 2021 / Accepted: 7 October 2021 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2021

Abstract
Rationale Stream of thought describes the nature of the mind when it is freely roaming, a mental state that is continuous and 
highly dynamic as in mind-wandering or free association. Classic serotonergic psychedelics are known to profoundly impact 
perception, cognition and language, yet their influence on the stream of thought remains largely unexplored.
Objective To elucidate the effects of LSD on the stream of thought.
Methods In a randomized, double-blind, placebo-controlled, crossover study, 24 healthy participants received 50 μg lysergic 
acid diethylamide (LSD) or inactive placebo. Mind-wandering was measured by the Amsterdam Resting State Questionnaire 
(ARSQ), free association by the Forward Flow Task (FFT) for three seed word types (animals, objects, abstract words). 
ARSQ and FFT were assessed at +0 h, +2 h, +4 h, +6 h, +8 h and +24 h after drug administration, respectively.
Results LSD, compared to placebo, induced different facets of mind-wandering we conceptualized as “chaos” (Disconti-
nuity of Mind, decreased Sleepiness, Planning, Thoughts under Control, Thoughts about Work and Thoughts about Past), 
“meaning” (Deep Thoughts, Not Sharing Thoughts) and “sensation” (Thoughts about Odours, Thoughts about Sounds). 
LSD increased the FFT for abstract words reflecting an “abstract flow” under free association. Overall, chaos was strongest 
pronounced (+2 h to +6 h), followed by meaning (+2 h to +4 h), sensation (+2 h) and abstract flow (+4 h).
Conclusions LSD affects the stream of thought within several levels (active, passive), facets (chaos, meaning, sensation, 
abstractness) and time points (from +2 h to +6 h). Increased chaos, meaning and abstract flow at +4 h indicate the utility of 
a late therapeutic window in psycholytic therapy.

Keywords LSD · Stream of thought · Resting state cognition · Mind-wandering · Free association · Forward flow · Abstract 
thinking · Semantic analysis

Introduction

What is the nature of mind? Over 130 years ago, William 
James described the freely roaming mind as a stream of 
thought: “If we could say in English ‘it thinks,’ as we say 
‘it rains’ […], we should be stating the fact most simply and 
with the minimum of assumptions. As we cannot, we must 
simply say that thought goes on.” (James 1890, p. 495). The 
stream of thought is a mental state that is relatively uncon-
strained, continuous and highly dynamic (James 1890). It 
can be “passive”, task-unrelated, unintentional and unaware, 
when it is conceptualized as mind-wandering; or “active”, 
task-related, stimulus-induced and output-generating, when 
it can be captured by free association (Christoff et al. 2016; 
Gray et al. 2019).

This article belongs to a Special Issue on Psychopharmacology on 
Psychedelic Drugs
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Mind-wandering spontaneously arises during the rest-
ing state and is multifaceted: It can be of a visual, verbal, 
somatic or emotional nature and oriented to the past, pre-
sent, future, the self or others (Diaz et al. 2014; Smallwood 
et al. 2018; Zedelius and Schooler 2018). Mind-wandering 
is related to changes in emotion, cognition and behaviour, 
including decreased mood, changed executive functions and 
increased creativity (McVay and Kane 2010; Baird et al. 
2012; Smallwood et al. 2018). Mind-wandering is altered 
in clinical conditions such as pain, depression, anxiety and 
dementia (Ottaviani et al. 2015; Kucyi 2018; O’Callaghan 
and Irish 2018; Seli et al. 2019) but, on the other hand, can 
be intentionally modulated to positively influence perception 
and behaviour, for example by relaxation (Stan and Christoff 
2018), meditation (Eifring 2018) and cognitive behavioural 
therapy (Zedelius and Schooler 2018).

Free association is the “effort to speak the contents of 
one’s mind free of conscious control” (Kris 2002, p. 829), a 
basic technique in Freud’s psychoanalysis to unveil uncon-
scious structures, based on the assumption that everything 
that comes to mind from a certain starting point is associated 
internally (Freud 1940). Freud’s technique has later been 
more broadly applied, for example to map mental repre-
sentations of risk or social relations, to conduct interviews 
about sensitive issues or to enhance creativity (Joffe and 
Elsey 2014; Marron et al. 2018). Also, his “targeted” free 
association around one seed concept (e.g. mother) has been 
modified towards a “chain” free association, where a chain 
of words is freely associated from a seed concept (Gray et al. 
2019). This latter version of free association is intended to 
capture the evolution of thoughts over time and is quantified 
by forward flow, an index of semantic distances and a predic-
tor of creativity (Gray et al. 2019).

Classic serotonergic psychedelics (also referred to as 
hallucinogens), such as lysergic acid diethylamide (LSD), 
psilocybin and ayahuasca, are known to change percep-
tion, cognition and emotion (dos Santos et al. 2016; Prel-
ler and Vollenweider 2016), but their effects on the stream 
of thought are sparsely explored. Early studies anecdotally 
observed an overall disintegration and disinhibition of 
thought processes under LSD, with less contextualized, tar-
geted and coherent thinking and more pictorial, dreamlike 
and phantasy-prone thinking (Leuner 1962). This seems 
supported by recent findings of reduced convergent think-
ing and subjective control over thoughts and cognition, and 
increased divergent thinking, visual imagery, synaesthesia 
and mystical experiences under LSD, psilocybin and aya-
huasca (Studerus et al. 2011; Kuypers et al. 2016; Valle 
et al. 2016; Wießner et al. 2021). Text and speech analyses 
suggest that LSD and psilocybin induce a semantically and 
syntactically more simple, stereotyped and unpredictable 
language and augment cognitive bizarreness and primary 
processes—a Freudian concept of automatic, associative, 

emotion-driven thinking (Amarel and Cheek 1965; Landon 
and Fischer 1970; Martindale and Fischer 1977; Kraehen-
mann et al. 2017a; Sanz et al. 2021). Moreover, LSD and 
psilocybin increase indirect semantic priming and semanti-
cally similar errors, pointing to disintegrated semantic infor-
mation processing (Spitzer et al. 1996; Family et al. 2016).

These findings suggest that classic serotonergic psych-
edelics disorganize thinking and language towards more 
associative, bizarre and disinhibited processes. Yet, a more 
comprehensive, systematic investigation of their effects on 
the stream of thought is lacking. In light of this, our study 
aimed at exploring the time-dependent effects of LSD on 
passive and active stream of thought, as measured by mind-
wandering and free association. Our hypotheses were: 
LSD time-dependently (1) changes mind-wandering dur-
ing resting state and (2) increases forward flow during free 
association.

Methods

Study design

This study consisted of a randomized, double-blind, pla-
cebo-controlled, crossover design with two treatment ses-
sions (LSD, placebo) and a washout period of 14 days 
between the sessions. Participants were randomly assigned 
to treatment order. The study was approved by the University 
Research Ethics Committee and conducted according to the 
guidelines for safety in psychedelic research (Johnson et al. 
2008).

Participants

Twenty-five healthy volunteers were recruited by word-of-
mouth. Candidates for participation underwent a complete 
medical history, including a detailed psychiatric anamnesis, 
family and medical health history, systems review, routine 
physical exam and mental exam. Normal intelligence level, 
lifestyle habits, use of medications/drugs, previous comple-
mentary exams, screening of personality (DSM-V), men-
tal disorders (MINI) and inclusion/exclusion criteria were 
assessed. Inclusion criteria were as follows: ≥ 22 years, ≥ 
one experience with LSD, abstinence of at least 2 weeks 
from classic serotonergic psychedelics and 3 days from alco-
hol and other drugs before each session and from tobacco 
and caffeine during the study days. Exclusion criteria were 
as follows: presence of psychiatric symptoms, personal or 
first-degree family member history of psychotic disorders, 
use of psychiatric medication, history of severe complica-
tions after use of classic serotonergic psychedelics, alcohol 
or drug use disorder, heart disease or other relevant medical 
conditions, pregnancy and non-native speaking of Brazilian 
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Portuguese. All participants provided written informed con-
sent before participation. One participant ended the partici-
pation after the first session for personal reasons, resulting 
in a final sample of 24 subjects (8 women; age (mean ± SD): 
35 ± 11 years, range: 25–61). Detailed demographic infor-
mation of the participants, including previous drug experi-
ences, is reported elsewhere (Wießner et al. 2021).

Drug

Participants received 50 μg LSD (> 99% purity on high-
performance liquid chromatography; dissolved in alcohol 
solution) or inactive placebo (alcohol solution). Both sub-
stances were diluted in 30 ml water and administered orally. 
This LSD dose is regarded as low (Passie et al. 2008).

Study procedures

This work is part of a larger study whose detailed procedures 
are reported elsewhere (Wießner et al. 2021). Each session 
consisted of 2 study days. On the day of drug administra-
tion, two investigators were present—a psychologist and a 
psychiatrist. Participants arrived at 7:30 a.m. in the study 
room furnished in a living room style, with a couch, chairs, 
a desk and a coffee table, and were informed about study 
aims and procedures. Since only subjects with previous LSD 
experience participated and received a relatively low dose, 
we provided no standardized information on possible drug 
effects to minimize suggestions and expectations, except 
for the written informed consent on possible discomforts 
and risks (e.g. transient mental/physical anxiety, psychotic 
symptoms). Baseline measurements of free association 
(FFT) and mind-wandering (ARSQ) were conducted at 
8:50 a.m. and 9:08 a.m. (+0 h post-administration; see the 
“Measurements” section). Both measurements lasted around 
8 min and were always applied in the same order to enhance 
their comparability. LSD or placebo was administered at 
9:30 a.m., followed by measurement of subjective intensity 
and valence of drug effects in 15-min intervals for 2 h (+0 
h, +0.25 h, +0.5 h, +0.75 h, +1 h, +1.25 h, +1.5 h, +1.75 
h, + 2h) and in 30-min intervals for more 6 h (+2.5 h, +3 h, 
+3.5 h, +4 h, +4.5 h, +5 h, +5.5 h, +6 h, +6.5 h, +7 h, +7.5 
h, +8 h). FFT and ARSQ were administered in 2-h inter-
vals (+2 h, +4 h, +6 h, +8 h) and the morning after drug 
administration (+24 h). A standardized snack was served 
at 11:00 a.m. and lunch at 1:40 p.m. In task-free intervals, 
subjects were allowed to draw, write, look at photobooks and 
play with metallic and wooden puzzle games but not to listen 
to music, read, work or access the computer or internet. At 
5:30 p.m.—8 h after drug administration—the investiga-
tors made sure that the subjects were feeling well and stable 
before releasing them into the custody of a family member 

or friend. The next morning, subjects returned at 8:00 a.m., 
completed FFT and ARSQ, among other tests and question-
naires, and were released at around 10:00 a.m.

Measurements

Intensity and valence

Intensity and valence of subjective drug effects over time 
were assessed by visual analogue scales (VASs), compris-
ing a 10-cm horizontal line with the poles of 0 (no effect) 
and 100 (extremely intense effect) for intensity and −50 
(extremely unpleasant effect) and 50 (extremely pleasant 
effect) for valence. The VASs were applied as paper-and-
pencil versions to reduce the subjects’ exposure to the com-
puter monitor. Notably, the scales were created by our team 
and their psychometric properties need to be examined in 
future studies.

Mind‑wandering

The Amsterdam Resting State Questionnaire 2.0 (ARSQ) 
measures mind-wandering during resting state via 55 ques-
tions on a 5-point Likert scale (1 = completely disagree; 
5 = completely agree) (Diaz et al. 2014). For the resting 
state, participants were instructed to take off their glasses 
(if needed), relax and sit quietly on a couch with eyes 
closed and without falling asleep for 5 min. The researchers 
switched off the light (so only natural light entered the room) 
and silently remained in the room observing the participant, 
who was gently woken up if falling asleep. Afterwards, the 
participant sat in front of the computer—immediately and 
silently in order to interfere as little as possible with the 
memory of the resting state—and completed the ARSQ 
referring to the preceding 5 min. The ARSQ comprises ten 
factors ((1) Discontinuity of Mind, (2) Theory of Mind, (3) 
Self, (4) Planning, (5) Sleepiness, (6) Comfort, (7) Somatic 
Awareness, (8) Health Concern, (9) Visual Thought, (10) 
Verbal Thought) and 20 additional items on complementary 
thoughts and feelings, e.g. Deep Thoughts or Feeling Rest-
less (Supplementary Methods, Table S1).

Chain free association

The Forward Flow Task (FFT) measures the evolution of 
thoughts over time based on semantic distances between 
words associated during “chain” free association (Gray et al. 
2019). For this, the participant receives a seed word and is 
asked to type the first word that comes to mind from this 
seed word, followed by the first word that comes to mind 
from this first written word, and so on until reaching 20 
words. Words were typed in boxes on a computer screen 
via the online survey tool LimeSurvey (Schmitz 2012). The 
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duration to complete the 20 words was recorded. Overall, 
three seed word types were given: animals (e.g. dog), objects 
(e.g. carpet) and abstract words (e.g. relationship). To avoid 
habituation effects, two seed word versions were used over 
both sessions (Table S2). Version order was balanced across 
participants and counterbalanced across treatments.

Semantic distances between words were estimated based 
on their co-occurrence in a Portuguese Wikipedia corpus by 
the Fast text method with the text similarity tool (TST; ver-
sion 0.6.1) (Mota et al. 2020). For example, “ox” and “cow” 
have a lower semantic distance than “ox” and “journey”, 
since the former combination co-occurs more frequently in 
the corpus. For processing details, see Supplementary Meth-
ods. With MATLAB (version R2015a; The MathWorks, 
Inc., Natick, MA, USA), different parameters were extracted 
from the 21 × 21 semantic distance matrices of each word 
chain: Forward Flow—the average distance of each word 
to all predecessors (Gray et al., 2019); Flow Distance—the 
average distance of the seed word to all subsequent words; 
and Flow Steps—the average distance between neighbour-
ing words (Fig. S1). Notably, the latter two parameters 
were newly developed by our team and are therefore of an 
exploratory nature, intended to reflect different facets of free 
association, such as the length of the “semantic journey” 
(Flow Distance) and the size of the “journey steps” (Flow 
Steps). As an additional control, to rule out the possibility 
of a random spread of semantic distances, we furthermore 
calculated Semantic Spread, the average distance between 
all words.

Data analysis

Statistical analysis was performed with IBM SPSS Statistics 
(version 22). For intensity and valence, repeated measures 

General Linear Models (GLMreps) were implemented, with 
“treatment” and “time point” as within-subjects factors and 
“treatment order” as a between-subjects factor. For ARSQ 
(factors/items) and FFT (seed words/duration/semantic 
spread), an additional within-subjects factor “parameter” 
was added. Main effects of treatment (LSD, placebo), period 
(session 1, session 2) and order (LSD-placebo, placebo-
LSD), interactions (treatment * time point) and pairwise 
comparisons for each time point and parameter were exam-
ined. Effect sizes were estimated using partial eta squared 
(ηp

2). Results were corrected post hoc for multiple compari-
sons by the Benjamini-Hochberg (BH) procedure (Benja-
mini and Hochberg 1995) to adjust more consistently over 
the different sizes of comparison families, namely, intensity 
and valence time points (N = 21), ARSQ factors (N = 10), 
ARSQ items (N = 20) and FFT parameters (N = 3). False 
discovery rate (FDR) was set to q = α = 0.05.

Spearman’s rank correlation coefficients (rs) were cal-
culated between LSD-induced changes (Δ = LSD − pla-
cebo) of intensity (ΔInt), valence (ΔVal), mind-wandering 
(ΔARSQ) and free association (ΔFFT). Significance level 
for correlations was set to α = 0.05 and p-values were cor-
rected post hoc for multiple comparisons by the number of 
scales (N = 4), as follows: pcorrected = puncorrected * N.

Results

Intensity and valence

For intensity, there was a significant main effect of treatment 
(p < 0.001) and interaction “treatment * time point” (p = 
0.008), indicating LSD-induced time-dependent changes in 
subjective intensity (for detailed values of significant effects 

Table 1  Values for the 
significant effects of treatment, 
period and order in the repeated 
measures General Linear 
Models (GLMrep) for intensity, 
valence and free association 
(Forward Flow Task, FFT)

1 Main effects of treatment (LSD, placebo), period (session 1, session 2) and order (LSD-placebo, placebo-
LSD) and interaction effects (treatment * time point) were evaluated
2 Means and standard deviations (SD) are displayed for LSD and placebo (treatment effects), session 1 and 
session 2 (period effects) and treatment order LSD-placebo and placebo-LSD (order effects)

Measurement1 GLMrep values Means ±  SD2

Treatment effects
   Intensity F(1,22) = 204.1, p < 0.001, ηp

2 = 0.90 42.9 ± 12.8; 2.4 ± 3.4
   Valence F(1,22) = 15.81, p = 0.001, ηp

2 = 0.42 15.2 ± 14.1; 4.8 ± 13.0
   Intensity (interaction treat-

ment * time point)
F(1,22) = 8.43, p = 0.008, ηp

2 = 0.28

Period effects
   Intensity F(1,22) = 8.22, p = 0.009, ηp

2 = 0.27 26.7 ± 9.2; 18.6 ± 9.5
   FFT animals F(1,22) = 5.98, p = 0.023, ηp

2 = 0.21 0.75 ± 0.02; 0.74 ± 0.03
   FFT objects F(1,22) = 4.75, p = 0.040, ηp

2 = 0.18 0.75 ± 0.02; 0.74 ± 0.02
   FFT duration F(1,22) = 7.21, p = 0.014, ηp

2 = 0.27 109 ± 38; 96 ± 0.28
Order effects
    Intensity F(1,22) = 4.83, p = 0.039, ηp

2 = 0.18 25.5 ± 8.8; 19.8 ± 8.8
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in all scales, see Table 1). For valence, there was a signifi-
cant main effect of treatment (p = 0.001), but no interaction 
“treatment * time point”, indicating LSD-induced overall 
changes in valence (for detailed values of non-significant 
effects in all scales, see Table S3). Pairwise comparisons 
revealed higher intensity for LSD, compared to placebo, 
from +0.5 h to +8 h (all p ≤ 0.025) and more positive 
valence from +1 h to +4.5 h, at +5.5 h, and from +6.5 h 
to +7.5 h (all p ≤ 0.021; Fig. 1). For intensity, there was 
a period effect (p = 0.009), with lower means in session 
2 pointing to habituation effects, and an order effect (p = 
0.039) with higher means in order LSD-placebo pointing to 
carryover effects. For valence, no period and order effects 
were observed.

Mind‑wandering

For the ARSQ factors and items, there were no significant 
main effects of treatment, period and order and interactions 
“treatment * time point * parameter”. Pairwise compari-
sons revealed for LSD, compared to placebo, increases in 
the factor Discontinuity of Mind at +2 h (p < 0.001), +4 h 
(p = 0.002) and +6 h (p = 0.004) and in the items Feeling 
Restless (p < 0.001), Not Sharing Thoughts (p = 0.020), 
Thoughts about Sounds (p = 0.021) and Thoughts about 
Odours (p = 0.009) at +2 h and Deep Thoughts at +2 h 
and +4 h (both p ≤ 0.001) (Fig. 2, Fig. S2). Moreover, LSD 
decreased the factors Planning (p = 0.009) and Sleepiness 
(p = 0.011) at +2 h and the items Thoughts about Work (p 
< 0.001) and Thoughts about Past (p = 0.005) at +2 h, Feel-
ing the Same and Thoughts under Control at +2 h and +4 

h (all p ≤ 0.006) and Feeling Bored at +4 h (p = 0.009). In 
order to condense these results, we grouped all significantly 
changed factors and items into qualitatively similar facets 
of mind-wandering based on the similarity of theme and 
denominated them by “chaos”, “meaning” and “sensation” 
(Fig. 2, Table S4).

Chain free association

There was no treatment main effect or interaction for any 
seed word, duration or semantic spread (Fig. S3). Pairwise 
comparisons demonstrated increases under LSD, compared 
to placebo, in forward flow, flow distance and flow steps 
for abstract words at +4 h (all p ≤ 0.05; Fig. 3). There were 
period effects for animals (p = 0.023), objects (p = 0.040) 
and duration (p = 0.014), with lower means in session 2 
pointing to learning and habituation effects. No other period 
and order effect reached significance.

Correlations

Regarding intensity, ΔInt (+0.5 h to +1.5 h) correlated 
moderately positively with ΔVal (+1.5 h, +7 h, +7.5 h) 
and ΔARSQ Thoughts about Odours (+2 h) and moder-
ately negatively with ΔFFT flow distance (+4 h) (Table 2). 
Regarding mind-wandering, there were moderate positive 
correlations between ΔARSQ Discontinuity of Mind and 
Feeling Restless (+2 h), between Planning and Thoughts 
about Work (+2 h), between Deep Thoughts at +2 h and +4 
h and between Thoughts under Control at +2 h and +4 h, 
and a moderate negative correlation between Discontinuity 

Fig. 1  Time course of subjective intensity and valence under 50 μg 
LSD and placebo. LSD, compared to placebo, increased a intensity 
from +0.5 h to +8 h, as rated on a visual analogue scale (VAS) from 
0 (no effect) to 100 (extremely intense effect), and b valence from 
+1 h to +4.5 h, at +5.5 h, and from +6.5 h to +7.5 h, as rated on a 

VAS from −50 (extremely unpleasant effect) to 50 (extremely pleas-
ant effect). Displayed are means (±SEM; y-axis) over the time course 
(hours after drug administration; x-axis) in 24 subjects. * p < 0.05, 
**  p < 0.01, ***  p < 0.001 (BH-corrected post hoc pairwise com-
parisons). For ease of comparison, only 30-min intervals are depicted



 Psychopharmacology

1 3



Psychopharmacology 

1 3

of Mind and Thoughts under Control (+4 h). Moreover, 
there were moderate to very high positive correlations within 
ΔFFT (Table 2), ΔInt and ΔVal (Table S5).

Discussion

Intensity and valence

The relatively low dose of 50 μg LSD elicited considerable 
subjective intensity and positive valence, which peaked 
around +2 h, lasting until +8 h. This is comparable to pre-
vious reports on higher LSD doses (75-200 μg) (Carhart-
Harris et al. 2016; Dolder et al. 2017; Preller et al. 2017), 
besides an earlier peak and shorter duration in our study. 
The period effect (higher intensity in session 1) might be 
explained by higher expectations and insecurity regarding 
study procedures and drug effects, while the carryover effect 
(higher intensity in order LSD-placebo) indicates mid-term 
effects of LSD on the subjective experience. Both effects 
should be taken into consideration in treatment protocols 
for psycholytic therapy with doses around 50 μg (Buck-
man 1968). Specifically, lower doses might be indicated for 
the first session to accustom the patient to the setting, and for 
successive sessions with a short time lag (2 weeks) to avoid 
subjective exhaustion. Interestingly, early intensity measure-
ments (+0.5 h to +1.5 h) correlated with effects at later time 
points, including positive relationships with valence (+1.5 h, 
+7 h, +7.5 h) and Thoughts about Odours (+2 h) and nega-
tive relationships with flow distance (+4 h). Put differently, 
stronger intensity before peak seemed to predict stronger 
positive valence at the beginning and the end, stronger sen-
sory mind-wandering during peak and a shorter semantic 
journey after the peak. These findings point to a potential 
utility of early intensity to predict later emotion, perception 
and cognition and should be better explored in future studies.

Three facets of mind‑wandering

The effects of LSD on mind-wandering seem to reflect 
three facets—a “chaotic”, a “meaningful” and a “sensory” 

facet. The chaotic facet lasted from +2 h to +6 h and 
comprised increased Discontinuity of Mind and Feeling 
Restless and decreased Sleepiness, Planning, Feeling the 
Same, Thoughts under Control, Thoughts about Work and 
Thoughts about Past. The consistency within the chaotic 
facet is underlined by positive correlations between Dis-
continuity of Mind and Feeling Restless (+2 h), Planning 
and Thoughts about work (+2 h) and Thoughts under 
Control (+2 h and +4 h), and by a negative correlation 
between Discontinuity of Mind and Thoughts under Con-
trol (+4 h). The diverging effects of LSD on Discontinuity 
of Mind and Planning are opposed to the normally posi-
tive relationship between both factors (Diaz et al. 2014). 
The decreases in Planning and Thoughts about Past are 
in line with quantitative linguistic analyses and anecdo-
tal findings reporting decreased time travel in mentation 
reports and storytelling (Rinkel et al. 1955; Speth et al. 
2016) and might be related to distortions of time percep-
tion under LSD (Preller and Vollenweider 2016). Overall, 
the notion of more disorganized mind-wandering under 
LSD is coherent with anecdotal descriptions of a chase 
of loosened associations, flight of ideas and derailment 
of thoughts at the beginning of the effects (Leuner 1962, 
p. 36), subjective ratings of disinhibition and loss of con-
trol at +2 h and disconnected experiences and fast and dif-
ficult thinking at +5 h (Barr et al. 1972, p. 35). Moreover, 
recent LSD studies reported increased “cognitive bizarre-
ness” (i.e. physically improbable/impossible elements) in 
mental imagery reports and subjectively impaired control 
and cognition (Schmid et al. 2015; Carhart-Harris et al. 
2016; Kraehenmann et al. 2017b).

The meaningful facet lasted from +2 h to +4 h and com-
prised increased Deep Thoughts, Not Sharing Thoughts and 
reduced Feeling Bored. Notably, Not Sharing Thoughts was 
only increased at +2 h, but Deep Thoughts until +4 h. Simi-
larly, previous findings observed increased subjective ratings 
of new meaning of and connections between experiences, 
better understanding and “talking more […] about personal 
things one would not usually talk about” at +5 h (Barr et al. 
1972, p. 36). Changes in meaning are commonly observed 
under LSD (Preller et al. 2017; Wießner et al. 2021) and 
dose-dependently increased (Liechti 2017). Together with 
the second smaller peak of positive valence at +5.5 h in this 
study (Fig. 1B) and of trust, happiness, openness, closeness 
to others and wanting “to be with other people” at +3 h and 
+4 h in another study (Dolder et al. 2016), our results might 
point to a late therapeutic window in psycholytic therapy 
with decreased intensity and confusion, facilitated emotional 
processing, increased meaning, confidence and openness—
allowing for a focus on psychotherapeutic work. Similarly, 
a previous work on LSD differentiated an earlier psychotic-
like “stagnating-fragmented course” from a later “continu-
ous-scenic course” with a stronger need to communicate and 

Fig. 2  The effects of LSD on mind-wandering, as measured by the 
Amsterdam Resting State Questionnaire (ARSQ). Overall, three fac-
ets of mind-wandering arose, including a a chaotic facet from +2 h 
to +6 h, b a meaningful facet from +2 h to +4 h, c and a sensory 
facet at +2 h; d the mind-wandering facets demonstrated different 
time courses, with chaos and sensation peaking at +2 h and mean-
ing peaking later around +4 h (as exemplified by the time course of 
Discontinuity of Mind, Thoughts about Odours and Deep Thoughts, 
respectively). Displayed are means (±SEM) (0‒4; y-axis) over the 
time course (hours after drug administration; x-axis) in 24 subjects. 
* p < 0.05, ** p < 0.01, *** p ≤ 0.001 (BH-corrected post hoc pair-
wise comparisons). Note that only factors and items with significant 
effects are displayed; for all factors and items, see Fig. S2

◂
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more holistic experiences (e.g. childhood memories) that 
are guidable by a conversation (Leuner 1962, p. 75f, 186ff). 
Notably, some of these early LSD experiments were inter-
rupted after 5-6 h by antipsychotic or sedative medication 
to economize time, which is why the therapeutic potential 
of this late phase needs to be better explored.

The sensory facet was expressed at +2 h, comprised 
Thoughts about Odours and Thoughts about Sounds and 
might reflect intensified sensory perception, a prominent, 
mostly anecdotally reported phenomenon under LSD and 
psilocybin (Preller and Vollenweider 2016; Kaelen et al. 
2018; Wießner et al. 2021). Interestingly enough, the ARSQ 

Fig. 3  The effects of LSD on free association, as measured by the 
Forward Flow Task (FFT) for different flow parameters and seed 
words (animals, objects, abstract). Flow parameters comprised for-
ward flow, the average distance of each word to all predecessors, 
flow distance, the average distance of the seed word to all subse-
quent words and flow steps, the average distance between one word 

and its subsequent neighbour. Under LSD, all flow parameters 
were increased after abstract seed words at +4 h, while there were 
no effects for other seed words or time points. Displayed are means 
(±SEM) (0‒1; y-axis) over the time course (hours after drug admin-
istration; x-axis) in 24 subjects. *  p ≤ 0.05 (BH-corrected post hoc 
pairwise comparisons)
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factors Visual Thought, Somatic Awareness, Self and The-
ory of Mind were not affected (Fig. S2). This contradicts 
reports of LSD-induced changes in visual, body, self, other-
perception (Dolder et al. 2016; Kometer and Vollenweider 
2016; Liechti 2017; Wießner et al. 2021) and might be 
explained by the low dose. However, another explanation 
might lie in assessment differences, since these previous 
results were elicited by explicit eyes-open tests or overall, 
retrospective ratings, leaving room for stronger salience 
and memory biases than our immediate evaluation of short 
mind-wandering intervals.

Abstract flow during chain free association

LSD increased all flow parameters for abstract words but 
not for animals and objects, pointing to an LSD-induced 
“abstract flow”. Notably, several early, mostly preliminary 
or anecdotal observations described changes in the use and 
understanding of abstract content under LSD and psilocybin, 
for example within experience reports or proverb interpreta-
tions (Silverstein and Klee 1958; Leuner 1962, p. 36; Young 
1974). Our results support the notion that the processing of 
abstract content might be changed under LSD, indicating 
that abstract input augments unconstrained semantic pro-
cessing under LSD.

Specifically, LSD increased forward flow, flow distance 
and flow steps but not semantic spread, indicating that 
semantic distances of words were meaningfully increased 
in relation to their predecessors, successors and neighbours 
but not overall, randomly spread. Similarly, LSD and psilo-
cybin have been observed to change, but not completely dis-
turb, semantic recognition and production. In word/picture 
recognition tasks, medium doses of psilocybin (0.2 mg/kg 
p.o.) and LSD (40-80 μg i.v.) were shown to enhance seman-
tic priming of indirectly related (but not unrelated) words 
(Spitzer et al. 1996) and naming errors of semantically simi-
lar (but not different) pictures (Family et al. 2016). Analy-
ses of natural speech rendered decreased predictability and 
increased variability of semantic content under high (100 
and 200 μg) and moderate (75 μg) LSD doses, respectively 
(Amarel and Cheek 1965; Sanz et al. 2021). An explana-
tion might be reduced attentional control and integration of 
contextual information, which are known to emerge under 
psilocybin (Umbricht et al. 2003; Carter et al. 2005). This 
would explain the lack of effects for concrete words (ani-
mals, objects), for which semantic processing might be more 
automatic and require less attentional control and contex-
tual retrieval. This notion is supported by the period effects 
(lower animal flow and object flow in session 2), indicating 
habituation effects that did not arise for higher level abstract 
words.

Overall, our findings, together with previous results, 
indicate that LSD augments unconstrained semantic 

associations, possibly due to reduced control and integra-
tion mechanisms, and that these associations are meaningful 
and best induced by abstract input. The notion of an LSD-
induced, meaningful abstract flow is in line with anecdo-
tal reports of a “symbolic level” under LSD and related 
compounds, characterized by spontaneously arising, highly 
dynamic symbols (Masters and Houston 1966). These sym-
bols were thought to express sensations, thoughts and emo-
tions and be useful for guiding LSD-induced experiences 
and promoting therapeutically useful effects (Leuner 1962; 
Gasser et al. 2015). Similarly, Freud pointed to symbols in 
dreams being unintentional and highly problem-associated, 
underlining their importance in psychoanalytic processes 
(Freud 1940, p. 218). With this in mind, our results high-
light the importance of examining the therapeutic potential 
of LSD-induced meaning-laden thinking in the freely wan-
dering mind.

Relationships between mind‑wandering and chain 
free association

Overall, LSD seemed to similarly affect the passive and 
active stream of thought towards deviant but meaningful 
thought patterns with increased chaos and meaning during 
mind-wandering and abstract flow during free association. 
Yet, the effects in mind-wandering arose earlier and were 
more pronounced than in free association, suggesting ear-
lier and stronger modulations of spontaneous than stimulus-
induced thought.

Specifically, the chaotic, meaningful and sensory mind-
wandering facets were all pronounced near the subjective 
intensity and valence peak at +2 h. However, a remarkable 
time window emerged during decreasing intensity at +4 h, 
with lower chaotic and more meaningful mind-wandering, 
abstract flow and positive valence. These concurrent effects 
on thought processes and emotionality further support the 
notion that a late therapeutic window in psycholytic therapy 
deserves closer examination.

The stronger effects in mind-wandering than free associa-
tion might suggest that the spontaneous stream of thought 
is more impacted than its stimulus-induced counterpart. In 
line with this, mind-wandering and free association effects 
were not correlated, pointing to two unrelated processes. 
In fact, mind-wandering is involuntary and internal, while 
free association is induced by a seed word and requires the 
expression of associations. However, an alternative explana-
tion might lie in measurement differences (questionnaire vs. 
task, subjective evaluation vs. objective computation, direct 
self-reports vs. indirect semantic distances). This could 
imply that LSD changes more the subjective perception than 
the objective measurement of the stream of thought. Alter-
natively, self-reports might be more suitable for assessing 
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thought patterns than computations of semantic distances. 
These perspectives should be disentangled in future studies.

Limitations

Memory biases could have influenced self-reported mind-
wandering especially under LSD, known to affect short-term 
memory (Pokorny et al. 2019), although the ARSQ vali-
dation factor did not indicate self-reported impaired moti-
vation or capacity to evaluate the items (Fig. S2A). The 
ARSQ items (Fig. S2B) are non-factor items, and, despite 
correction for multiple comparisons, must be interpreted 
with caution. The grouping of ARSQ factors and items into 
mind-wandering facets is of explorative, qualitative nature 
and needs to be statistically confirmed in future studies. The 
free association parameters flow distance and flow steps are 
newly developed by our team, which is why their usefulness 
and relation to forward flow need to be assessed. The calcu-
lation of flow parameters depended on a Portuguese corpus 
which is not as extensive as its English counterpart, reduc-
ing the comparability across languages. The effects were 
less pronounced in free association than in mind-wandering, 
possibly due to differences in cognitive processes or assess-
ment methods, but potentially indicating null results, despite 
correction for multiple testing and possibly related to the 
small sample size. Lastly, our results were elicited in healthy 
participants and need to be replicated in clinical populations.

Conclusion

This study aimed at elucidating the time-dependent changes 
in passive and active stream of thought using a low LSD 
dose, as previously used in psycholytic therapy. The results 
might have implications on a technical and therapeutic level. 
For the technical level, our time-specific, multifaceted inves-
tigation of free thought allowed us to approach the core of 
the LSD-induced phenomenology, in other words, the nature 
of the “psychedelic mind” per se, which seems to be char-
acterized by chaos, meaning, sensation and abstract flow. 
As for the therapeutic level, LSD might provide a tool to 
modulate dysfunctional stream of thought patterns in clinical 
disorders. The concurrently increased valence, meaning and 
abstract flow during the later phase might open a valuable 
time window in psycholytic therapy.
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