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FEATURE ARTICLE

Feldenkrais to Improve Interoceptive Processes and Psychological Well-being in 
Female Adolescent Ballet Dancers: A Feasibility Study
Amie Wallman-Jones, MSc*, Claudia Mölders, MFA*, Mirko Schmidt, PhD , and Andrea Schärli, PhD

Institute of Sport Science, University of Bern, Bern

ABSTRACT
The Feldenkrais Method® (FM) is a form of somatic education aiming to increase brain-body 
communication, reportedly via interoceptive mechanisms. Although empirically proven to improve 
perceived interoceptive ability and psychological well-being in adults, feasibility in adolescents 
remains unclear. We therefore used a combined randomized control-group pretest-posttest design 
with qualitative interviews to explore the feasibility of an eight-week FM intervention to enhance 
interoceptive processes and psychological well-being in a population of adolescent female recrea
tional ballet dancers. Participants’ (N = 12, Mage = 14.25 ± 1.29) interoceptive accuracy, perceived 
interoceptive ability, and psychological well-being were measured pre- and post-intervention, 
followed by individual interviews. Interview responses demonstrated high enjoyment, increased 
perceived embodied criticality, and reduced social comparison, supported by a significant increase 
in self-reported attention regulation (p = .042) in the intervention group. These preliminary findings 
support the feasibility of FM in this population and thus warrant further research using well- 
powered randomized controlled trials.
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Body-awareness; dance 
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Adolescence is a critical period of development open to 
great adversity, where mounting social-environmental 
pressures can increase ones’ vulnerability to impaired 
psychological well-being (Reinboth, Duda, and 
Ntoumanis 2004; Niwa et al. 2016). Among other con
cerns, issues of low self-esteem and negative body self- 
perception are particularly prevalent in females in this 
age group (Bibiloni et al. 2013), with ballet dancers 
representing a subgroup of this population who are 
most vulnerable (Nerini 2015). The increased suscept
ibility of this subgroup is thought to originate from 
ballet being regarded as an art form where emphasis is 
on aesthetic effect and expression (Schärli 2016). In this 
way, practices incorporate cultural pressures toward an 
“ideal of leanness” (Ravaldi et al. 2006) with an increased 
focus on body-image and weight concerns (Davison, 
Earnest, and Birch 2002). A lack of objective indicators 
of ability promotes socially driven evaluation and sub
jective judgments of performance (Quested and Duda 
2010). This approach encourages social comparison and 
unhealthy competition which is thought to lead to 
impaired psychological well-being, reflected by an 
increased prevalence of eating disorders (Abraham 
1996; Smolak, Murnen, and Ruble 2000; Byrne and 
McLean 2001) and lower levels of self-esteem in this 
population (Bettle et al. 2001). As a result, researchers 

from the field of pediatric psychiatry are calling for 
a shift away from the purely technical and aesthetic 
focus of ballet to adopt an increased regard for the 
dancers’ psychological well-being (Bettle et al. 2001).

Self-determination theory (SDT) (Deci and Ryan 
1985, 2000), which is a theory explaining how motiva
tion influences human behavior and well-being, has 
become a popular framework within which to examine 
the social-environmental factors associated with both 
psychological well-being and ill-being in dance 
(Quested and Duda 2010; Quested et al. 2013). The 
Basic Psychological Need Theory (BPNT), a central sub- 
theory of SDT, proposes that the fulfillment of the three 
basic psychological needs are essential for human flour
ishing and well-being (Vansteenkiste, Ryan, and 
Soenens 2020). These are: autonomy (the feeling one 
has choice), competence (the feeling of mastery and 
feeling effective in ones’ activity), and relatedness (the 
need to feel connected to and belongingness with 
others). Investigating which social-environmental fac
tors have the strongest influence on these indicators 
therefore posits an important avenue to better under
stand how the basic needs can be best fulfilled. In doing 
so, previous studies have found factors such as perceived 
autonomy support from the teacher to be the most 
important predictor of basic need satisfaction in dance 
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students (Quested and Duda 2010; Quested et al. 2013), 
whilst physical self-concept has been found to represent 
an important factor in childhood and adolescence (Garn 
et al. 2012; Schmidt et al. 2013; Fraguela-Vale et al. 
2020). Taken together, this supports the need for auton
omy promoting practices with an increased focus on the 
bodily self in adolescent dance. One method appearing 
to fit this criterion is the Feldenkrais Method® (FM), 
with a strong focus on strengthening the participants’ 
own resources through increasing body awareness 
(Öhman, Åström, and Malmgren-Olsson 2011). Whilst 
FM has been used for somatic practice with children and 
adolescents, it has seldom been empirically examined as 
a viable method of somatic education in this population. 
Its feasibility therefore remains unclear, warranting 
further research into potential benefits in children and 
adolescents.

The Feldenkrais Method® represents a mind-body 
approach to somatic education, where it is believed 
that changes in the physical state can lead to changes 
in the emotional or cognitive state, and vice versa 
(Feldenkrais 1987). What makes FM unique is its 
focus on independent learning, aiming to engage the 
learner to recognize such changes in states. Through 
increasing the metacognitive awareness of the connec
tion between the mind and body in this way, it is 
thought that FM improves aspects such as growth, 
learning, and mastery to encourage autonomous deci
sion making (Lazarus and Folkman 1984), which thus 
may have a positive impact on psychological well- 
being. Previous researchers described the method as 
a conscious exploration of one’s own movements to 
achieve a differentiated self-awareness (Klinkenberg 
2006), where reflection in action is encouraged to 
promote embodied criticality (Kampe 2015). 
Movement in this context is therefore not understood 
strictly in relation to dance, but rather in how 
increased self-awareness can improve self-regulation 
(Ives 2003).

The core principles of FM concerning sensing, feel
ing, and action emulate those of interoception, defined 
as the sense of the physiological condition of the body 
(Craig 2003). Whilst serving as a homeostatic regula
tor at the basic physiological level, the psychological 
significance of interoceptive processing can be seen in 
its implications to emotion, cognition, and behavior 
(Tsakiris and Critchley 2016). More specifically, the 
successful exchange of signals along the brain-body 
axis is key to self-regulation and well-being, where 
an inaccurate representation of the body has been 
associated with numerous somatic-based mental health 
conditions e.g., anxiety (Garfinkel et al. 2016b) and 
panic disorders (Ehlers 1993), somatic symptom 

disorders e.g., chronic pain (Di Lernia, Serino, and 
Riva 2016), and body-image disorders e.g., anorexia 
(Badoud and Tsakiris 2017; Zamariola et al. 2017) and 
body dysmorphia (Kunstman et al. 2016). As such, the 
ability to accurately track and monitor physiological 
signals—interoceptive accuracy (IAcc)—has been pro
posed to support a more finely-tuned regulation of the 
self. This therefore posits the question of whether we 
can train someone to become more accurate in per
ceiving their internal bodily signals, where both cog
nitive e.g., focus of attention (Ainley et al. 2013; 
Fischer, Messner, and Pollatos 2017) and physiological 
e.g., induced physiological arousal (Jones and 
Hollandsworth 1981; Montgomery, Jones, and 
Hollandsworth 1984; Durlik, Brown, and Tsakiris 
2014) interventions have been found effective in alter
ing interoceptive ability. The FM could be argued to 
present a combined mind-body intervention, with 
a focus on teaching embodied criticality through 
movement. Here the integration of afferent stimuli 
with later top-down processing could be optimized, 
in line with previous research supporting the equal 
importance of the cognitive and physiological adapta
tions of physical activity in increasing IAcc (Wallman- 
Jones et al. 2021).

Benefits from FM interventions in adults support 
its efficacy in improving IAcc, where improvements 
have been found in areas previously coupled to inter
oceptive processes, e.g., psychological well-being 
(Kerr, Kotynia, and Kolt 2002; Connors, Pile, and 
Nichols 2011; Teixeira-Machado et al. 2015), eating 
disorders (Fortin and Vanasse 2012), and chronic pain 
(Öhman, Åström, and Malmgren-Olsson 2011; 
Paolucci et al. 2017; Ahmadi et al. 2020). Despite the 
lack of overlap in previous research, it could be argued 
that embodied interoceptive mechanisms underpin 
the core values of FM in increasing metacognitive 
awareness of the connection between the mind and 
body (Craig 2014). Whilst a recent study has found 
improvements in perceived interoceptive ability 
(Paolucci et al. 2017; Ahmadi et al. 2020), we do not 
know how FM affects more objective measures of 
interoceptive ability, such as IAcc. This is important 
considering IAcc has been found to have more rele
vance to well-being due to potential bias in subjective 
judgments (Garfinkel et al. 2016b). Taken together 
this presents a gap in the research addressing the 
potential role of underlying interoceptive mechanisms 
in the ameliorative effects of FM. Additionally, the 
lack of empirical research across ages fails to address 
how FM could work as a protective measure during 
critical periods of development, rather than as 
a prospective response.
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The aim of the present study, therefore, was to test the 
feasibility of FM to improve interoceptive processes 
(objective and subjective) and psychological well-being 
in a group of adolescent female recreational ballet dan
cers. In doing so, a mixed methods design was used 
combining a randomized control-group pretest- 
posttest design with qualitative interviews. In the quan
titative part of the study, IAcc (objective), perceived 
interoceptive ability (subjective), and psychological well- 
being were measured before and after an eight-week FM 
intervention. In the qualitative part, attitudes toward the 
intervention were assessed using qualitative individual 
interviews to determine the suitability of FM in female 
adolescent populations. The novel age range of the par
ticipants should reveal whether adolescents are accept
ing of this holistic approach, where previous studies 
using FM have been limited to adult populations (Kerr, 
Kotynia, and Kolt 2002; Connors, Pile, and Nichols 
2011; Öhman, Åström, and Malmgren-Olsson 2011; 
Fortin and Vanasse 2012; Teixeira-Machado et al. 
2015; Paolucci et al. 2017; Ahmadi et al. 2020). Results 
from this study could provide important information to 
shape future FM research to adopt a more interoceptive- 
centered approach, as well as supporting its use across 
different ages.

Methods

Participants

Twelve adolescent female recreational ballet students 
(Mage = 14.25 ± 1.29, MBMI = 18.11 ± 2.49) aged 
between 13 and 17 were recruited from a private ballet 
school. To be included in the study, participants had to 
be between 10 and 19 years, should have engaged in 
classical ballet training around once a week for an 
average of ten years, reached a higher level of “Royal 
Academy of Dance” education, and additionally had no 
experiences in somatic training methods. Further, par
ticipants did not partake in any other dance classes 
during the intervention. To allow for a fair comparison, 
participants were selected to be matched closely on 
their demographic characteristics (i.e., age, height, 
weight, BMI) before being split randomly into two 
groups to form an intervention (IG) (N = 6, Mage = 
15.17 ± 1.17, MBMI = 19.17 ± 2.27) and a waitlist con
trol (CG) (N = 6, Mage = 13.33 ± 0.52, MBMI = 17.05 ± 
2.39) group. The experiment was approved by the 
ethics committee of the University of Bern and con
ducted in accordance with the Declaration of Helsinki. 
Due to the age of the sample, both participants and 
their parents or legal guardians gave written consent to 
participate.

Procedure

This feasibility study was designed with an eight-week 
FM intervention. The eight FM lessons were performed 
on top of the weekly classes, directly following the reg
ular ballet training (total of one additional hour per 
week). The duration of eight-weeks was selected based 
on previous studies reporting positive effects after this 
length of intervention on both psychological (Burkhardt 
and Brennan 2012) and physiological (Vrantsidis et al. 
2009; Czasche et al. 2018; Joseph et al. 2020) outcome 
measures. Further, this is in line with recommendations 
based on systematic reviews of the literature, where 
eight-weeks was determined as the minimum timeframe 
for dance interventions in young people (Schwender 
et al. 2018). Demographic variables were measured 
once at pretest, whilst all dependent variables (IAcc, 
perceived interoceptive ability, psychological well- 
being) were measured at two separate time points: pre- 
and post-intervention. Due to known effects of aerobic 
exercise on IAcc scores (Jones and Hollandsworth 1981; 
Montgomery, Jones, and Hollandsworth 1984), all mea
surements were taken at rest. Finally, individual inter
views were conducted at posttest once all measures had 
been taken.

Intervention

The Feldenkrais Method® (FM) is a mind-body practice 
based on Awareness Through Movement lessons (ATM) 
(Feldenkrais 1987), conducted as a group exercise. FM is 
traditionally taught by two forms: Functional 
Integration (FI), which uses one-on-one hands-on les
sons where the practitioner uses gentle, noninvasive 
touch to help the student explore new movements, and 
Awareness Through Movement (ATM), which involves 
verbally led group lessons, guiding the students through 
movement sequence. This study will refer to ATM alone 
considering the greater relevance to the focus of inter
oception through increased autonomous sympathetic 
activity. Further, group lessons were chosen considering 
the increased accessibility for a wider population of 
participants. All eight lessons were taught by a certified 
FM practitioner, who was both a trained dancer and 
dance teacher, and had been teaching ATM through 
FM for 20 years. In each lesson, the FM practitioner 
verbally guided the exploration of a movement that is 
related to a specific function, such as a forward bend 
performed as a cambré devant in ballet training. 
Participants were encouraged to use sensory awareness 
to modulate movement range and effort, exploring the 
potential for new methods of mobility. In this way, the 
participants should pay attention to the quality of 
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movement, sensing subtle differences between repeti
tions of movement and acknowledging the functional 
relationships that are created throughout the body. For 
example, in a forward bend of the upper body, the whole 
spine can be used, from the thoracic vertebrae to the 
lumbar vertebrae. To achieve this whole-body integra
tion, the dancer must perform the movement with 
increased critical attention. Habitual patterns of move
ment were therefore addressed with the aim of increas
ing self-awareness and expanding the movement 
repertoire. Here, the learning process emphasizes perso
nal exploration, self-acceptance, and non-judgment, 
shifting away from a goal-oriented effort toward 
a refined muscular effort. Lessons were selected due to 
their relatedness to ballet training (e.g., pelvis move
ment, spinal alignment, arm extension, and joint range 
of motion) and their suitability to adolescents 
(Appendix), chosen from Alexander Yanai (AY) mate
rial. The AY material was selected from the original 
records of Moshe Feldenkrais and taught without devia
tions. During the lessons, the practitioner provided the 
following prompts aiming to promote the ideals of 
Feldenkrais in reframing mind-body communication: 
Is the movement easy and flowing? Can you take care of 
yourself while doing the movement? How many parts of 
the body are involved in the movement? Can you breathe 
freely while doing the movement? Can you find the most 
effective way to move? In doing so, the practitioner 
aimed to use language appropriate to the adolescent 
age group. All participants were provided with the 
same type of mat, and the FM practitioner encouraged 
the participants to adjust as necessary to make them
selves comfortable.

Measures

Interoceptive Accuracy
Interoceptive accuracy (IAcc) was assessed using the 
heartbeat counting task (HCT) (Schandry 1981). After 
a practice interval of 20 s, there were three randomized 
intervals (25, 35, and 45 s) separated by standard resting 
periods of 20 s (Schandry, Bestler, and Montoya 1993; 
Ainley, Brass, and Tsakiris 2014). During each interval, 
participants were given the following instructions: 
“Without manually checking, can you silently count 
each heartbeat you feel in your body from the time you 
hear ‘start’ to when you hear ‘stop?’” Participants were 
seated throughout the task and were given no informa
tion as to the length of the intervals or their performance. 
Participants were asked to report the number of counted 
heartbeats straight after the “stop” signal, as well as rating 
their confidence in their response using a continuous 
visual analogue scale (VAS) with verbal descriptors of 

“Total guess/No heartbeat awareness” and “Complete 
confidence/Full perception of heartbeat.” Participants’ 
heartbeats were recorded using the mobile heart fre
quency monitor (Polar Electro Oy, Kempele, Finland), 
for which validity and reliability compared to alternative 
ECG measurement devices have been shown in children 
and adults (Radespiel-Tröger et al. 2003; Gamelin et al. 
2008; Nunan, Sandercock, and Brodie 2010). For each 
trial, an accuracy score was derived: 1- |(nHBrecorded 

—nHbcounted)/nHBrecorded|. Resulting accuracy scores 
were averaged over the three trials, yielding an overall 
average value for each participant. To account for poten
tial confounds of the HCT (Ring et al. 2015; Brener and 
Ring 2016; Desmedt, Luminet, and Corneille 2018; 
Zamariola et al. 2019), participants’ ability to estimate 
the length of an elapsed interval was also calculated. 
During the time control task, participants were required 
to estimate elapsed time duration for three randomized 
intervals (23, 40, 56 s), following the same procedure as 
the HCT. This was named the “time modulus” measure 
as done in previous studies (Dunn et al. 2010; Ainley, 
Brass, and Tsakiris 2014).

Perceived Interoceptive Ability
Perceived interoceptive ability was measured using the 
Multidimensional Assessment of Interoceptive 
Awareness (MAIA) (Mehling et al. 2012). The following 
four subscales were chosen based on their relatedness to 
the FM; noticing (assessing the awareness of uncomfor
table, comfortable, or neutral body sensations), non- 
distracting (assessing the tendency not to use distraction 
to cope with discomfort), attention regulation (assessing 
the ability to sustain and control attention to body 
sensations), and self-regulation (assessing the ability to 
regulate distress by attention to body sensations). The 
German version of the MAIA demonstrates acceptable 
internal validity for each subscale (Cronbach’s α = 0.69 
—noticing, 0.66—not-distracting, 0.87—attention regu
lation and 0.83—self-regulation), and good construct 
validity with measures of mindfulness (Five Facet 
Mindfulness questionnaire) and body perception ques
tionnaires (Private Body Consciousness questionnaire) 
(Mehling et al. 2012; Reis 2017; Cramer et al. 2018).

Psychological Well-being
Psychological well-being was measured using The Basic 
Psychological Need Satisfaction and Frustration Scale 
(BPNSFS) (Deci and Ryan 2000). The BPNSFS was 
chosen for this study as it is based on the three psycho
logical needs of autonomy (the feeling one has choice), 
competence (the feeling of mastery and feeling effective 
in ones’ activity), and relatedness (the need to feel con
nected and belongingness with others), which together 
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are said to be prerequisites for maintaining optimal 
performance and well-being. Answers are given using 
a 5-point Likert scale ranging from 1 (completely dis
agree) to 5 (completely agree), and the role of basic need 
satisfaction and frustration in the context of well-being 
and ill-being was examined. Participants were instructed 
to respond to each question in terms of their feelings and 
thoughts concerning everyday life. Examples of ques
tions include, “I feel capable at what I do” (basic need 
satisfaction) and “I feel excluded from the group I want 
to belong to” (basic need frustration). The German ver
sion of the twelve-item scale has been shown to have 
good internal validity, with Cronbach’s α = .84 (Heissel 
et al. 2018).

Interviews
Following completion of the eight-week intervention, all 
participants completed qualitative individual interviews 
to assess their feelings toward FM, e.g., “How did you find 
the Feldenkrais intervention?” and “What experiences did 
you have in the lessons?” Interviews took place between 
the investigator and participant one-by-one after the final 
session of the intervention period, and once all posttest 
measurements had been taken. All interviews have been 
translated from German to English.

Data Analysis

All statistical analyses were conducted using SPSS 27.0 
(SPSS Inc., Chicago, IL, USA). Due to the small sample 
size in this initial feasibility study and because of the 
ordinal nature of our questionnaires, non-parametric 
tests were used. Wilcoxon signed rank tests were used 
to compare pre- and post- scores for each variable 
within group, and Mann-Whitney U tests were used to 
compare the difference in IAcc change scores between 
the intervention and control group. Statistical signifi
cance was set a priori at p < .05 for all analyses. 
Responses from the interviews were categorized into 
themes that reflect the core values of FM: examples of 
embodied criticality, examples of critical attention, 
examples of transfer from the social environment.

Results

Demographic Variables

A Mann-Whitney U test revealed that there was 
a significant difference in age between the intervention 
and control group (U = 2.00, p = .008), but no significant 
difference in height (U = 6.00, p = .053), weight (U = 
6.00, p = .054), or BMI (U = 9.00, p = .146). Detailed 
sample characteristics are shown in Table 1.

Confounding Variables

A Wilcoxon signed rank test revealed that there was no 
significant difference between pre- and post-time mod
ulus scores (pre = 0.90 ± 0.06, post = 0.83 ± 0.11, p = 
.060), supporting that any differences in IAcc will not be 
down to training effects. Furthermore, there was no 
significant correlation between pretest IAcc and time 
modulus scores (r = −.203, p = .700).

Main Results

Wilcoxon signed ranks tests revealed a significant differ
ence in the MAIA subscale—attention regulation (p = 
.042) between pre-post scores in the intervention group, 
but not in the control group (Table 2 and Figure 1). 
Further, a Mann-Whitney U test revealed a significant 
difference in MAIA—attention regulation change scores 
(post-pre) between the intervention and control group 
(p = .020). Wilcoxon signed ranks tests revealed no sig
nificant differences between pre-post scores for all other 
variables in both groups; Interoceptive accuracy (IAcc), 
psychological well-being [BPNSFS] (autonomy, compe
tence, and relatedness), and perceived interoceptive ability 
[MAIA] (noticing, non-distracting, and self-regulation).

Table 1. Sample characteristics.
Group

Variable Intervention Control

Age 15.17 ± 1.17 13.33 ± 0.52
Height (cm) 165.83 ± 5.56 158.66 ± 4.96
Weight (kg) 53.33 ± 4.59 43.33 ± 7.96
BMI 19.17 ± 2.27 17.05 ± 2.39

*BMI = body mass index

Table 2. Descriptive statistics (median and IQR) of the dependent 
variables separated by group with results of the two-tailed 
Wilcoxon signed-rank test.

Variable Pre median (IQR) Post median (IQR) Sig. (p)

Intervention group
Interoceptive accuracy .52 (.85—.32) .49 (.91—.74) .345
BPNSFS autonomy 3.50 (4.00–3.00) 3.65 (3.98–3.00) .496
BPNSFS competence 3.65 (4.30–2.32) 3.9 (4.20–2.55) .194
BPNSFS relatedness 4.4 (4.85–4.23) 4.50 (4.58–4.45) .785
MAIA noticing 3.8 (4.08–3.50) 3.65 (3.93–3.50) .498
MAIA non-distracting 2.0 (2.70–1.45) 2.0 (2.08–1.45) .285
MAIA attention regulation 2.2 (3.00–1.40) 3.6 (4.25–2.60) .042*
MAIA self-regulation 3.05 (6.75–1.58) 3.9 (4.33–2.10) .686

Control group
Interoceptive accuracy .56 (.76—.38) 0.41 (.63—.22) .075
BPNSFS autonomy 3.3 (3.75–2.83) 3.3 (4.35–2.73) .715
BPNSFS competence 3.30(3.58–2.56) 3.5 (4.05–3.13) .138
BPNSFS relatedness 4.15 (4.58 −3.38) 4.5 (4.85–4.00) .223
MAIA noticing 3.0 (3.58 −2.95) 3.4 (3.88–1.68) .916
MAIA non-distracting 3.0 (3.48 −1.68) 1.5 (1.78–1.23) .058
MAIA attention regulation 3.0 (3.58 −2.50) 3.35 (3.95 −2.38) .344
MAIA self-regulation 2.5 (4.85–1.50) 3.3 (4.25–2.05) .785

*Significance set at p <.05 
MAIA = multi-dimensional assessment of interoceptive awareness 
BPNSFS = basic psychological need satisfaction and frustration scale 
IQR = interquartile range
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Interviews

After the intervention was finished, the participants of 
the intervention group gave individual feedback 
regarding their feelings and attitudes toward FM. 
Participants were asked, “How did you find the 
Feldenkrais intervention?” and “What experiences did 
you have in the lessons?”

Examples of Embodied Criticality
Some of the participants reported a differentiated ability 
to recognize the quality and effort of their movement, 
demonstrating embodied criticality through a conscious 
evaluation of movements during the exercises.

● “For me the head rolling at the beginning of every 
Feldenkrais lesson was unpleasant and at the end 
very easy and natural. Things that just seemed to be 
easy, such as lifting the legs, were surprisingly 
exhausting. Twists were easier than expected, and 
I was surprised every time what strange twists are 
possible without it hurting.”

● “In the beginning I wasn’t lying on the floor with 
my whole body, some parts were heavier, bigger, 
etc. At the end of the lesson, I lay completely on the 
ground. Meanwhile, after a few weeks, I already lay 
‘better’ at the beginning.”

Examples of Critical Attention
One participant could enjoy the outcome of a lesson and 
felt more relaxed, finding it easier to breathe, as well as 
showing critical attention to the body and their feelings.

● “I found all the exercises very relaxing and enjoyed 
everything very much. After the exercises, I felt 
a very nice change and could breathe more relaxed. 
But when I lay down, I sometimes had a little head
ache because I didn’t have a pillow under my head.”

● “The Feldenkrais lessons were a kind of ‘duty’ for 
me to recover, to take time for myself and my body 
as I can’t otherwise do.”

● “Relax from everyday life, it’s interesting what you 
feel in your body during the exercises and also 
notice how far you can go.”

Examples of Transfer from the Social Environment
One student referred to changes in their practice of 
comparison, indicating a transfer from the social envir
onment that can be ego involved i.e., reduced compar
ison to others.

● “I think the Feldenkrais lessons helped me not only 
to pay more attention to my breathing, but also to 
do exercises without comparing myself with 
others.”

● “It’s always a nice change from everyday life, always 
come to rest here and concentrate only on me.”

Discussion

FM is a form of somatic education that uses a mind- 
body approach to learning, where it has been suggested 
to improve psychological and physical well-being via 
interoceptive mechanisms (Paolucci et al. 2017; 
Ahmadi et al. 2020). Whilst the efficacy of FM has 

Figure 1. Boxplot depicting median, Q1 and Q3 with smallest and largest unbooked sample values shown as whiskers for IQR of 
attention regulation (MAIA) in both pre- and posttest in the intervention and control group respectively.

6 A. WALLMAN-JONES ET AL.



been shown in adults (Ives 2003; Vrantsidis et al. 2009; 
Joseph et al. 2020), little is known about how suitable 
FM is for children and adolescents due to a lack of 
empirical research, despite being frequently used in 
practice. The aim of this feasibility study therefore was 
to assess the suitability of an eight-week FM intervention 
for adolescent female recreational ballet dancers, inves
tigating its efficacy in improving interoceptive processes 
(objective and subjective) and psychological well-being. 
Results revealed a significant increase in the MAIA 
attention regulation subscale (subjective) in the inter
vention group, but not in the control group (IG pre = 
2.30 ± 0.94, IG post = 3.47 ± 1.28; CG pre = 3.05 ± 0.82, 
CG post = 3.17 ± 0.90). Further, participants from the 
intervention group generally reported a positive attitude 
toward the eight-week FM intervention in the individual 
interviews, where responses reflected the core principles 
of FM: Embodied criticality, critical attention, and trans
fer from the social environment. Contrastingly, how
ever, no significant improvements were observed in 
IAcc (objective) or psychological well-being (BPNSFS).

The attention regulation subscale of the MAIA 
assesses the subjective ability to sustain and control 
attention to body sensations. Improvements in this 
subscale were therefore unsurprising considering the 
interview responses, where several participants stated 
a better perceived ability to maintain focus on bodily 
sensations (e.g., “ . . . helped me not only to pay atten
tion to my breathing . . . ”). Further, the attention 
regulation subscale emulates one of the core aims of 
FM in encouraging directed critical attention toward 
the body, increasing awareness through movement 
(Fortin and Vanasse 2012). This therefore supports its 
efficacy in achieving its specific goals. Despite such 
promising findings, it should be noted that there were 
no significant changes in IAcc, a more objective mea
sure of attention toward and processing of bodily sen
sations. These results should therefore be considered 
with caution, bearing in mind the tendency for subjec
tive and objective measures of interoception to lack 
correspondence (Garfinkel et al. 2016b). In other 
words, believing to have a good accuracy in perception 
doesn’t necessarily constitute to an objectively good 
accuracy in perception in behavioral tasks. Despite 
the lack of significant findings in IAcc, however, there 
was a trend toward an increase in the intervention 
group (IG pre = 0.56 ± 0.30, IG post = .070 ± 0.23, 
CG pre = 0.58 ± 0.24, CG post = 0.44 ± 0.29). This 
could therefore indicate that effects could be observed 
with a larger sample size, supporting the need for 
further research at a larger scale. Alternative explana
tions for the null results could be down to the intensity 
of the activity. It has been suggested that interoceptive 

mechanisms are primarily activated in an intensity- 
dependent manner, where interoceptive cues dominate 
past the point of the anaerobic threshold (Ekkekakis 
2009). Although objective measures of exercise inten
sity were not taken during this study, intensities were 
determined based on the principles of FM to use lim
ited force (Feldenkrais 1987). This could therefore 
indicate that the low to moderate intensity of FM may 
curtail potential improvements in IAcc. If true, this 
would therefore put the benefits of FM down to atten
tion toward bodily signals rather than the strength of 
the signals themselves. As no objective measures of 
exercise intensity were taken in this feasibility study, 
future research should measure or systematically 
manipulate intensity during the intervention sessions 
to support the above speculation.

Surprisingly, there were no significant findings for all 
other variables (BPNSFS; autonomy, competence, relat
edness, and MAIA; noticing, non-distracting, self- 
regulation). As with the IAcc results, this could be 
explained by the small sample size. Regarding psycholo
gical well-being, however, alternative explanations could 
refer to the fact that the population of the present study 
was a healthy, non-clinical sample. More specifically, the 
baseline basic needs’ scores would already be considered 
moderately satisfied in comparison to previous studies 
(Quested and Duda 2010). This therefore would make it 
unlikely that improvements would have been observed 
due to potential ceiling effects. Benefits could instead 
however come in the form of protection against viola
tions to psychological well-being, rather than direct 
benefits to psychological well-being itself. Future 
research could therefore add additional measures related 
to improved self-regulation, such as resilience and cop
ing strategies (Artuch-Garde et al. 2017), which would 
be more indicative of an improved ability to cope with 
future violations of psychological well-being. 
Alternatively, it could have been that the duration and 
frequency of the intervention was too short to elicit 
effects. The duration of eight weeks (eight one-hour 
lessons) was chosen based on guidelines as the mini
mum requirement for dance interventions (Schwender 
et al. 2018). Nevertheless, perhaps this minimum 
requirement was not suitable for this specific interven
tion. It should be noted, however, that feasibility studies 
are recommended in preparation for randomized con
trol trials (Craig et al. 2008; Eldridge et al. 2016), with 
the aim of determining whether the research question 
should be pursued at a larger scale. The shorter duration 
was therefore chosen specifically to provide an initial 
insight on the efficacy of the intervention, with the 
intention to use more rigorous designs in follow up 
studies.
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Considering the individual interviews, findings pro
vide an initial positive view for the use of FM in female 
adolescent recreational ballet dancers, supporting the fea
sibility of such interventions in future research to further 
establish their efficacy. The reports incorporate themes of 
improved attention regulation toward the body, embo
died criticality, and reduced social comparison. 
Contextualizing these findings relating to our research 
outcomes, one could assume that there is some level of 
bodily processing stimulated by FM. This could provide 
initial support for our predictions, in that the core prin
ciples of FM are based upon the foundations of inter
oceptive processing. As mentioned earlier, however, it 
remains unclear how deep this level of processing goes, 
where changes in bodily perception were only observed at 
the subjective level. Without demonstrating objective 
improvements in perception, we cannot assume that 
these subjective evaluations are based upon psychophy
siological adaptations (Garfinkel et al. 2016a). Despite 
this, co-occurring reductions in social comparison pro
vide some indication that even subjective improvements 
in bodily perception could provide benefits to indices of 
psychological well-being. This emulates previous findings 
where increases in perceived interoceptive ability were 
associated with improved positive states of mind follow
ing an integrative exercise program of aerobic exercise 
with mindfulness-based principles (Mehling et al. 2018).

The results from both the quantitative and the quali
tative data analyses indicate the feasibility of FM inter
ventions for adolescent populations, adding to findings 
from previous studies focussed on adult populations 
(Kerr, Kotynia, and Kolt 2002; Connors, Pile, and 
Nichols 2011; Öhman, Åström, and Malmgren-Olsson 
2011; Fortin and Vanasse 2012; Teixeira-Machado et al. 
2015; Paolucci et al. 2017; Ahmadi et al. 2020). This 
study provides a first step to provide empirically driven 
recommendations for the use of FM in adolescent popu
lations. Being able to use such somatic-oriented educa
tion practices in younger populations presents 
a potential avenue to intervene and foster healthy prac
tices to promote psychological well-being and prevent 
the manifestation of mental health conditions. Through 
integrating principles of FM into classes, dance educa
tors could promote healthy practices through increasing 
metacognitive awareness of brain-body communication 
to promote self-awareness and self-control. This could 
be transferred to benefits in different dancing contexts, 
where dancers learn to develop more autonomous 
movement sequences that could mitigate the challenges 
and psychological demands of a dance class. It should be 
emphasized, however, that well-powered randomized 
controlled trials are needed to test these speculative 
hypotheses.

Limitations

This feasibility study does not come without limitations. 
Firstly, the small sample size limited our statistical 
power. Whilst this present study was only a feasibility 
study, a larger sample size would provide a greater pow
ered comparison between groups. Other limitations 
include potential ceiling effects resulting from the non- 
clinical sample. As mentioned earlier, the basic needs of 
participants in this sample were already moderately 
satisfied at baseline. This makes it unlikely to observe 
benefits due to a reduced room for change. Future 
research should therefore look at differences compared 
to a more experienced population of ballet dancers, 
where through increased participation they could be 
more at risk to violations of psychological well-being. 
Due to increased exposure to competitive environments, 
such interventions could thus hold more relevance to 
professional dancers. It should be acknowledged, how
ever, that risks to psychological well-being are relevant 
independent of the level of dance. This is down to more 
generalized issues to female adolescent populations as a 
whole, such as difficulties with personality development, 
self-esteem, and body-image (Lee 2001).

Considering background characteristics, whilst parti
cipants were matched as closely as possible, results 
revealed a significant difference in age between the inter
vention and control group. This could have confounded 
the results due to rapid physical, psychological, and 
social developmental changes in this critical period 
(Christie and Viner 2005). However, it should be noted 
that no significant differences were found in the other 
physical characteristics, such as height, weight, or BMI. 
This age difference could have further impacted the level 
of dance experience, where it’s possible that the older 
group have been participating in ballet for longer. As no 
participants from either group had experience in FM, 
however, we suspect that this was unlikely to confound 
the results. Nonetheless, more effort should be made in 
future research to ensure participants are matched more 
closely. With this should come additional measures of 
sporting background and fitness to complement current 
background characteristics.

From a methodological perspective, future research 
might use alternative strategies to assess IAcc based on 
the current discussion concerning the reliability and 
validity of the HCT (Zamariola et al. 2018; Ainley et al. 
2020; Corneille et al. 2020). Nonetheless, it should be 
mentioned that the HCT is a widely used research 
instrument to measure IAcc, mainly due to its feasibility 
of implementation. IAcc scores from the HCT have also 
been associated with concepts related to interoceptive 
processes e.g., emotional regulation (Füstös et al. 2013), 
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mental health conditions (Garfinkel et al. 2016b), and 
the regulation of exertion (Herbert, Ulbrich, and 
Schandry 2007), further supporting its validity. In addi
tion, the correlation between results from the HCT and 
related neuropsychological indices such as heartbeat- 
evoked potential (Mai et al. 2018) suggest that the per
ception of cardiovascular signals is somewhat reflected 
in this task.

Considering the design of the intervention, the FM 
lessons were performed on top of regular dance 
classes for convenience, as an additional session for 
the intervention group. To avoid potential training 
effects, however, it would have been better to have an 
additional dance class for the control group, acting as 
a form of placebo. Further, this would have also 
accounted for potential effects of fatigue that may 
have been experienced in the intervention group. 
Future research should therefore use an active con
trol group to minimize both training and fatigue 
effects in the intervention group.

Finally, although open questions were chosen in the 
interviews as to not influence the participant, a further 
follow-up question would have provided more informa
tion to explain the results in the case of no changes being 
observed. For example, if the participant reported 
a negative response to “How did you find the 
Feldenkrais intervention?” further probing into the rea
sons for this negative response would provide important 
information for future developments. This should there
fore be considered in future research to ensure no 
important information is lost.

Conclusion

The findings from this current study not only provide 
confidence in the feasibility of FM in this sample of female 
adolescent recreational ballet dancers, but they also support 
its ability to improve important variables closely related to 
the goal of improving embodied criticality e.g., attention 
regulation (MAIA). This supports the rationale for future 
research where we would hypothesize to see similar bene
fits, as well as additional increases in IAcc based on the 
trends observed in this smaller sample. Whilst these pre
liminary findings of the presented feasibility study are 
promising, a well-powered randomized controlled trial is 
now needed to test the efficacy of FM as a mind-body 
intervention to improve IAcc and psychological well- 
being, supporting its generalizability to wider populations.
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Appendix

Lesson Description Focus, key

1. AY 19: Preparation for a clock Exploration of pelvis movements performed in a circle in 
different positions

Pelvis flexibility

2. AY 43: Lifting the pelvis to the raised feet Lying on the back, feet standing slow pelvis movement lifted 
from the floor with spine articulation

Spine flexibility

3. AY 40: Lifting the pelvis with the swing of the legs Exploration of dynamic, controlled pelvis sways exerted by the 
legs

Mobility + strength of the back 
in relation to the legs

4. AY 32: Lengthening and straightening of the left leg Hands stroking the left leg while increasing back and torso 
mobility

Flexibility of hamstrings

5. AY 61: Arms in a circle above the head, soles of feet 
together 

Exploration of arm movement combined with turned out leg 
movement

Arm flexibility, hip turn out 
position

6. AY 44: Lengthening the arms in the shoulder blades Examination of the extent of arm movement under 
observation of shoulder movement

Arm and shoulder flexibility

7. AY 75: Turning the shoulder in relation to the pelvis    Shoulder lying on the floor, legs move independent to 
shoulders

Rotation in spine

8. AY 34: Foot on the head Lifting the legs above the head in sitting position by increasing 
back mobility

Spine flexibility

*Significance set at p <.05 
MAIA = multi-dimensional assessment of interoceptive awareness
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