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A B S T R A C T   

The need to feel in control is central to anorexia nervosa (AN). The sense of control in AN has only 
been studied through self-report. This study investigated whether implicit sense of control (sense 
of agency; SoA) differs across AN patients, recovered AN (RAN) patients and healthy controls 
(HC). Furthermore, we assessed whether state anxiety is influenced by negative emotional states. 
SoA was measured with the intentional binding task (IB) and state-anxiety levels through a 
questionnaire. We did not find any evidence of differences in SoA between groups. Furthermore, 
state anxiety was not a significant predictor of SoA. Further research into SoA in AN should focus 
on other features of the SoA that are not targeted by the IB task.   

1. Introduction 

Many people have experienced loss of control, for example, in a relationship or at work, or over their thoughts and emotions. Less 
common, however, is the experience of losing control over actions such as switching on the light – ‘was it me who turned on the light?’ 
The latter refers to a more implicit experience of control that is called sense of agency (SoA) (Haggard, 2017; but cf. Synofzik et al., 2008 
for a distinction between different components of agency). Several psychiatric groups, such as those with obsessive–compulsive 
disorder and schizophrenia, struggle with respect to experiencing control as well as SoA (Haggard et al., 2003; Oren et al., 2019). A 
disorder in which SoA has not been investigated yet, but in which the need for control is a central component, is anorexia nervosa (AN) 
(Fairburn et al., 2003; Froreich et al., 2016; Horesh et al., 2000). 

AN is classified by the DSM-V (American Psychiatric Association, 2013) as an intense fear of gaining weight, restriction of energy 
intake leading to a significantly low body weight, and a false experience of body weight or shape. Clinical characteristics associated 
with AN are negative body image, lack of self-confidence, impulsivity, perfectionism, fear of failure (performance anxiety), and self- 
criticism (Noordenbos & Lammers, 2018). Even though the need for control is not a direct diagnostic symptom in AN, it is a central 
aspect of the disorder and found to be a contributory factor to the development of AN (Slade, 1982). How control can be intertwined 
with someone’s eating disorder (ED) is best reflected in the following description from a patient: 
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I think of my ed [eating disorder] as a sanctuary from the pain that I’ve lived through. I have control over myself when I restrict, and I 
have control over my body when I purge and that is what has got me through the hard times in my life, the times when there was no control 
or stability in sight. (Fox et al., 2005, p. 958). 

This patient describes that when she faces difficult situations in life, over which she experiences no control, she turns to her ED to 
fulfil her need for control. It has indeed been suggested that an ED is an attempt to compensate for the lack of control that patients with 
AN experience over their lives (Bruch, 1974; Oldershaw et al., 2015; Serpell et al., 1999; Tan et al., 2006). The ED provides a strong 
feeling of self-confidence and a strong sense of self, which contributes to a more positive identity and a sense of control (Noordenbos, 
2007, p. 46). In other words, in AN patients (unhealthy) dieting behaviour leads to a feeling of being in control, which is experienced as 
extremely positive. 

At first, the dieting behaviour might seem functional to AN patients, as it alleviates distress and provides them with a sense of 
control. However, this sense of control is not permanent as AN patients need to continue and enhance these dietary behaviours, as not 
doing so leads to a perceived loss of control which in turn often results in feelings of extreme anxiety (Fairburn et al., 1999). Over time, 
these controlling behaviours can become habitual (Walsh, 2013). The paradox is that, in AN patients, restrictive and/or compensative 
behaviour to lose weight starts off as behaviour that increases the feeling of being in control. As the disease progresses, however, the ED 
will often take control over the patient, as is reflected in this patient’s report: 

It takes control of you, but it can also feel very safe. It’s a very confusing illness, because at the moment it’s probably got a lot of control 
over me, in certain ways, and I just want to get away from it, I’m just sick and tired and I’m exhausted, but then it kinds of protects you as 
well, I think, from coping with other things… It distracts you so completely about things you don’t want to think about, to lose that is quite 
scary. (Tan et al., 2006, p. 12). 

During ED treatment patients are taught healthy ways to experience control without needing the ED behaviours to accomplish this. 
Indeed, several studies show that, after recovery, patients show an increase in the feeling of control (e.g. Jenkins & Ogden, 2012). 
However, the work described above has mainly focused on the self-reported experience of control in AN, and how this experience of 
control relates to recovery (Fairburn et al., 1999; Noordenbos, 2007; Surgenor et al., 2003; Tan et al., 2006). A more implicit sense of 
control, such as the SoA, has not yet been studied in AN or in patients who are recovered from AN (RAN). Given the clinical relevance of 
this experienced lack of control and how it is intertwined with ED symptomology, it is important to fully understand all aspects of the 
sense of control. Focusing on mechanisms of implicit SoA may help to illuminate the underlying cause of experienced loss of self- 
control in AN, and how this implicit feeling of self-control is related to recovery from AN. Furthermore, adopting implicit measures 
can help to avoid some of the classic issues related to explicit self-report measures (e.g. demand characteristics), a much debated issue 
within research into AN (Engel et al., 2021). 

SoA is defined by Haggard (2017) as the association between a voluntary action and outcome – e.g. flipping the switch (voluntary 
action) that turns on the light (outcome). Haggard (2017) described two key mechanisms that are necessary for the SoA to arise, 
ownership (‘my body moved’) and volition (‘I voluntary made it move’) (For a more detailed reading on neurological and cognitive 
mechanisms involved in the SoA see e.g., Haggard, 2017; Moore & Haggard, 2008; Moore & Obhi, 2012; Wen & Haggard, 2020). SoA is 
often measured with the intentional binding (IB) task (Haggard et al., 2002; Moore & Obhi, 2012). This task is an adapted version of 
the Libet clock method (Libet et al., 1993) and measures the perceived time of action (e.g. a key press) and a sensory outcome (e.g. 
auditory tone). When participants are under the impression that they cause the tone, a temporal binding occurs, and participants 
estimate the time of action and the occurrence of the tone as closer together (Haggard, 2017). 

Targeting the SoA might be a useful way in which to explore an implicit component of the sense of control. Consistent with this 
hypothesis, the SoA has been found to be disturbed in a variety of psychiatric and neurological disorders associated with deficits in the 
explicit sense of control, e.g. schizophrenia (Haggard et al., 2003; Hauser et al., 2011; Synofzik & Voss, 2010), (Jenkinson et al., 2015), 
obsessive-compulsive disorder (Oren et al., 2019), Parkinson’s disease (Saito et al., 2017), and autism spectrum disorder (Sperduti 
et al., 2014). These findings support the possibility that the lack of control that AN patients experience may be associated with a 
reduced SoA. 

In sum, the feeling of control is central to AN and has mostly been investigated through self-report. The current study was set up to 
investigate the implicit sense of control, the SoA, in AN and RAN patients. The RAN group is included to investigate if the SoA changes 
after a successful completion of treatment, as previous research has shown that the sense of control is an important factor in recovery 
(Fairburn et al., 1999; Noordenbos, 2007; Surgenor et al., 2003). We expected that AN patients would have a lower SoA compared to 
healthy controls (HC). 

Research on healthy subjects has found that emotional states, such as fear and anger, reduce the SoA (Christensen et al., 2019). A 
recent study showed higher state anxiety in AN prior to an experimental task (Hasenack et al., 2021). It is plausible that higher states of 
anxiety lower the SoA in AN, given the evidence that emotional states reduce the SoA. In light of this, we included state anxiety in our 
design. We hypothesize that higher state anxiety predicts a lower SoA, and we expect this to be most prominent in the AN group. 

2. Method 

2.1. Ethics statement 

The ethics committee of the Utrecht University, Faculty of Social and Behavioural Sciences, Experimental Psychology approved the 
current study. The study adhered to the tenets of the Declaration of Helsinki (2013). Participants were informed about the study; they 
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received oral and written information on the purpose and procedure. Informed consent forms were signed before taking part in the 
study. 

2.2. Participants 

To our knowledge a study on the SoA in AN and RAN has not been conducted before and we were unable to conduct a power 
analysis. Therefore, we based our sample size on the Central Limit Theorem and aimed for 30 participants in each group. However, due 
to time restrictions we were unable to recruit our last 8 participants in the AN group. A total of 89 females participated in this study, of 
whom 8 people were excluded from analysis on the account of having bulimia nervosa or binge eating disorder diagnoses. In total, 81 
participants were included for the analysis: 22 AN patients, 30 RAN patients, and 29 HC. See Table 1 for demographic and clinical 
characteristics of the AN patients, RAN patients and HC. All AN and RAN reported diagnoses were checked with the SCID-IV, part H. 
RAN patients were considered recovered when they successfully completed their ED treatment. Inclusion criteria for HC were no past 
or present ED. 

AN patients and RAN patients were recruited from the Leontienhuis and treatment centre GGZ Rivierduinen Eetstoornissen Ursula, 
both located in the Netherlands. Leontienhuis is a non-treatment institution where help and support is provided by people recovered 
from an ED. For more information see https://www.leontienhuis.nl. HC were volunteers from the Leontienhuis and undergraduate 
students, who were recruited from Utrecht University. Students received course credit for participation. 

2.3. Materials and procedure 

After providing signed informed consent, participants took part in the interview, filled out the questionnaires, and participated in 
the IB task in the order as presented below. Gorilla Experiment Builder (https://www.gorilla.sc) was used to create and host the 
questionnaires (Anwyl-Irvine et al., 2020). 

2.3.1. Structured and clinical interview for DSM (SCID) IV-I part H 
Part H (Eating Disorders) of the SCID IV-I interview (First, 1997) was used to check the diagnostic criteria for the presence of an 

acute or past ED diagnosis in participants. 

2.3.2. Self-Control Scale 
The Self-Control Scale (SCS) is a trait measure of self-control (Tangney et al., 2004). It’s a validated scale that shows good internal 

consistency (alpha = 0.89) and retest reliability (alpha = 0.89). It consists of 36 statements that are scored on a 5-point scale ranging 
from 1 “not at all” to 5 “very much”, from which a total score is calculated. The questionnaire was used for a demographic description 
of the sample. 

2.3.3. State-Trait anxiety scale 
The State-Trait Anxiety Scale (STAI) measures state and trait anxiety (Spielberger et al., 1970). The STAI consists of 40 statements 

that are scored on a 4 point scale ranging from 1 “almost never” to 4 “almost always”. The first 20 items evaluate state anxiety and the 
other 20 evaluate trait anxiety. For this study, only the state version (STAI-S) was administered. The internal consistency of the STAI-S 
is good (alpha = 0.94) (van der Bij et al., 2003). The sum of the first 20 items was calculated. 

2.3.4. Intentional binding task 
An adapted version of the intentional binding task designed by Haggard, Clark and Kalogeras (2002) was used in this study. A 13- 

inch screen was used where the stimuli, followed by an answering box, were presented in a fixed order, they were both presented on a 

Table 1 
Descriptive and inferential statistics of the demographic and clinical characteristics for the sample.  

Descriptives Inferential statistics  

HC RAN AN DF F p ηp
2 

Age 30.3 ± 14.0 (18–55) 32.5 ± 10.6 (19–56) 29.9 ± 10.6 (19–63) 2, 
78  

0.392  0.677  0.010 

BMI 22.0 ± 2.72 
(18.0–28.3) 

20.2 ± 2.42 
(14.9–25.4) 

19.0 ± 2.46 
(14.0–22.7) 

2, 
55  

6.057  0.004  0.181 

Illness duration in Years – 7.21 ± 5.00 (2–20) 5.85 ± 3.69 (2–15)     
Time since completion ED treatment in 

years 
– 5.68 ± 6.75 (0–28) –     

Self-Control Scale 119.59 ± 14.24 120.00 ± 15.95 111.09 ±17.73 2, 
79  

2.428  0.095  0.058 

STAI-S 35.9 ± 8.26 48.1 ± 13.1 59.5 ± 10.9 2, 
79  

29.4  0.001  0.43 

Note. HC = Healthy Control, AN = Anorexia Nervosa, RAN = Recovered AN, BMI = Body Mass Index, STAI-S = State/Trait Anxiety Scale – State 
(Spielberger et al., 1970). 

M.M. Engel et al.                                                                                                                                                                                                       

https://www.leontienhuis.nl
https://www.gorilla.sc


Consciousness and Cognition 103 (2022) 103369

4

white background. The stimuli consisted of a clock, centred on the screen with a rotating clock hand, see Fig. 1. The hand rotated with a 
speed of 2560 ms per revolution. The starting location of the dot was determined randomly for every trial. The clock hand stopped 
rotating between 1500 ms and 2500 ms after a keypress (spacebar) or auditory tone (1,000 Hz, 100 ms duration). The answer screen 
appeared with a request to report the time of the keypress and tone and an answer box, which only logged numbers between 0 and 60. 

In the IB task, participants judged the subjective time of a simple voluntary action (keypress) or an auditory tone. Participants were 
asked to sit approximately 30 cm from the screen and fixate on the fixation dot in the centre, while the clock hand rotated until the trial 
was completed. The task consisted of 4 conditions (2 baseline, and 2 operant conditions) with 28 trials in each. The first 3 trials were 
considered practice trials, the last 25 trials were used for analysis. Note that the trials were shortened for this study, in the original 40 
trials per condition are used. This was done to keep the experiment short due to the low attention span of AN patients. 

In the Baseline Tone condition, participants were presented with an auditory tone and were asked to judge the time when they 
heard the tone. In the Baseline Action condition, participants were asked to press the spacebar at a moment of their choosing and were 
asked to judge the time at which they pressed the spacebar (action judgement). In the two operant conditions, the participants were 
asked to press the spacebar, which was followed by the auditory tone. Participants were asked to make a judgement of the time of the 
tone (Operant Tone) and a judgement of the time of action (Operant Action). In the operant conditions, the auditory tone was pre-
sented with a fixed temporal window, 250 ms after the spacebar was pressed. The conditions were randomly presented for each 
participant. See Fig. 2 for an overview of conditions. 

2.4. Statistical analysis 

All data were analysed in R (v3.6.3; R Core team, 2020). The SCS and STAI-S scores were derived by summing item scores. 
For the IB task, the variables of interest were the timing errors in judgement for each condition. To calculate the IB, the judgement 

errors were transformed into milliseconds by dividing the time of a complete rotation (which is 2560 ms) by 60. Next, the action-shift, 
tone-shift and IB were calculated with the following formulas: 

action − shift = OperantAction − BaselineAction  

tone − shift = BaselineTone − OperantTone  

IB = action − shift+ tone − shift 

A higher IB value reflects a stronger IB, which in turn reflects a stronger SoA (Haggard, 2017; Moore & Obhi, 2012). 
A one-way ANOVA was used to calculate differences between Group (AN, RAN, HC) for the STAI-S scores. A mixed ANOVA was 

used to analyse differences in judgement errors with Group (AN, RAN, HC) as between subjects variable and Condition (Baseline, 
Operant) and Event (Action, Tone) as within-subjects variables. Planned comparisons were Tukey corrected. Partial eta-square (ηp

2) 
was used to indicate effect sizes. A ηp

2 of 0.01 is considered a small effect, 0.06 a medium effect, and 0.14 a large effect. 
Three regression analyses were conducted with IB scores, action-shift, and tone-shift as the dependent variables and STAI-S scores 

and Group as independent variables. For Group, we coded HC as the reference level. 
The assumption of normality was assessed with the Shapiro-Wilks test and data plots. Homogeneity of variance was assessed with 

the Levine’s test. 
We checked for correlations of all agency measurements with, ‘age’, ‘BMI’, ‘SCS’, ‘duration ED’, ‘duration ED treatment’, and ‘time 

since completion ED treatment’, as described in Table 1. There were some significant correlations, but they did not survive the 
Bonferroni correction (critical p =.007; all p’s > 0.035) and were therefore not used as covariates in analyses. 

On the account of a null result, a Bayes Factor (BF) was calculated to determine whether the data provided evidence for the null 
hypothesis. To calculate the BF, the R package Bain was used (Gu et al., 2021). A BF of 0–1 is interpreted as no evidence, 1–3 is 
anecdotal evidence, 3–10 is moderate support, and BF > 10 is strong support (Hoijtink et al., 2019). 

Fig. 1. Schematic overview of clock presented during experiment, with clockwise rotating hand.  
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3. Results 

BMI was significantly different between groups, see Table 1 for inferential statistics. Tukey pairwise comparison revealed that AN 
patients had a significant lower BMI compared to HC (p =.009). A significant lower BMI was also found for RAN patients compared to 

Fig. 2. IB task with Baseline and Operant conditions.  
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HC (p =.038). No significant difference was found in BMI between RAN and AN (p =.49). Results showed no difference in age between 
groups, see Table 1 for statistics. 

A one-way ANOVA revealed no differences on the SCS, indicating that groups did not differ in the explicit sense of control, see 
Table 1 for statistics. A one-way ANOVA showed significant differences between Group for state anxiety, F(2,79) = 29.4, p <.001, ηp

2 =

0.43. AN patients showed higher STAI-S scores compared to RAN patients (p =.001) and HC (p <.001). RAN patients have higher STAI- 
S scores compared to HC (p <.001), see Table 1 and Fig. 3. 

3.1. IB 

The results of the mixed ANOVA revealed a significant main effect of Event and a significant interaction effect of Condition by 
Event. This interaction effect indicates a temporal binding in the Operant Conditions, see Fig. 4. In contrast to our expectations, we did 
not find a main effect of Group. See Table 2 and 3 and Fig. 4 for means in judgement error per Condition and inferential statistics. 

To further test for evidence for the null hypothesis (no differences between group) Bayesian ANOVAs were conducted. Results 
revealed a BFIB of 3.677 (anecdotal evidence), a BFaction-shift of 24.365 (strong support), and a BFtone-shift of 3.292 (anecdotal evidence). 

3.2. STAI-S and IB 

In contrast to expectations, the results of the regression indicated that STAI-S scores did not significantly predict IB scores (R2 =

0.01, F(5,75) = 1.09, p =.37, BF = 32.208 (strong support for H0)), nor action-shift (R2 = -0.03, F(5,75) = 0.62, p =.69, BF = 17.838 
(strong support for H0)) or tone-shift (R2 = 0.02, F(5,75) = 1.28, p =.28, BF = 17.860 (strong support for H0)). See Tables 4, 5 and 6 for 
the model summaries. 

3.3. Explicit control and implicit control 

To further explore whether the explicit feeling of control is related to the implicit SoA, multiple Pearson’s correlations were 
conducted between SCS and action-shift, SCS and tone-shift, and SCS and IB. After FDR correction, the Pearson’s correlations showed a 
significant association between SCS and tone-shift for RAN patients (r(28) = -0.43, p =.037). All other correlations were non- 
significant (p >.371). 

3.4. Explicit control and state anxiety 

In addition, we explored whether the explicit feeling of control is related to state anxiety, multiple Pearson’s correlations were 
conducted between SCS and STAI-S. After FDR correction, the Pearson’s correlations showed a significant association between SCS and 
STAI-S for HC (r(27) = -0.54, p =.002) and RAN patients (r(28) = -0.37, p =.045). The correlation in AN patients was not significant (r 
(20) = -0.01, p =.664). 

Fig. 3. STAI-State scores of HC, RAN and AN. Note. ***p <.001 Error bars depict SE. STAI-S = State/Trait Anxiety Scale – State (Spielberger et al., 
1970). HC = healthy control, AN = anorexia nervosa, RAN = recovered AN. 
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Fig. 4. Means in judgement errors for Baseline Action and Operant Action (left) and Baseline Tone and Operant Tone (right) Note. ****p <.0001.  

Table 2 
Descriptive statistics of the Baseline and Operant Action and Tone and Action Shift and Tone Shift by group.  

Event Group Baseline Operant Shift   

M (ms) SE (ms) M (ms) SE (ms) M (ms) SE (ms) 

Action HC − 12.7 11.8  49.3  13.9 62 10.8  
RAN 7.44 11.4  62.8  16.2 55.4 12.2  
AN 5.25 8.43  50.8  14.2 45.6 9.43 

Tone HC 13.4 9.47  − 57.9  16.9 71.3 17.6  
RAN 15.9 9.39  − 85.9  17.4 102 15.1  
AN 10.6 12.8  − 36.2  15.6 46.8 19   

M SE     
IB HC 133.3 21.1      

RAN 157.4 19.0      
AN 92.4 21.0     

Note. HC = healthy control, AN =anorexia nervosa, RAN = recovered AN, IB = Intentional Binding. 

Table 3 
Results of the mixed ANOVA for the IB task.  

Effect DF F p ηp
2 

Group 2,78  0.238  0.79  0.006 
Event 1,78  50.235  <0.001  0.392 
Condition 2,78  2.508  0.12  0.031 
Group:Event 2,78  2.028  0.14  0.049 
Group:Condition 2,78  1.405  0.25  0.035 
Event:Condition 1,78  115.057  <0.001  0.596 
Group:Event:Condition 2,78  2.385  0.10  0.058 

Note. DF = Degrees of Freedom. 

Table 4 
Model summary IB.   

Beta Std. Error t p 

Intercept  177.72  90.60  1.96  0.05 
STAI-S  − 1.24  2.46  − 0.50  0.62 
RAN  − 20.08  117.55  − 0.17  0.86 
AN  12.54  158.81  0.08  0.94 
STAI-S:RAN  1.23  2.89  0.43  0.67 
STAI-S:AN  − 0.41  3.27  − 0.12  0.90 

Note. STAI-S = State/Trait Anxiety Scale – State (Spielberger et al., 1970), AN = anorexia nervosa, RAN = recovered AN. 
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4. Discussion 

The present study was designed to determine whether an implicit sense of control, the SoA, differs between AN patients, RAN 
patients, and HC, and if state anxiety would be a predictor of the SoA. In contrast to expectations, our results did not show any group 
differences on the IB task, indicating that SoA is not different between AN patients, RAN patients and HC. Evidence for the null finding 
was supported by the Bayesian analysis, with strong evidence for the action-shift but only anecdotal evidence for tone-shift and total IB 
score. Interestingly, state anxiety was not a significant predictor of the IB. This finding was supported by the Bayesian analysis with 
strong evidence. In other words, in contrast to our expectations, we found that state anxiety does not appear to influence the SoA. 

One reason for why this study found no difference in IB scores between groups might simply be that the specific mechanisms 
underlying the IB task are not impaired or altered in AN patients (in contrast to schizophrenic patients, for example, who show an 
enhanced retrospective binding (Synofzik & Voss, 2010; Voss et al., 2010)). Consequently, the deficit in control associated with AN 
may be best conceptualised in terms of negative attitudes towards themselves and their ambitions – for example, “despair over defining 
or becoming the person they want to be” (Bers et al., 2004) – rather than the feeling of control over action and sensory outcome, which 
is targeted by the IB. Instead, dieting as a means to gain control may be triggered by negative affect and serve as a method to cope or 
avoid emotional distress (Noordenbos, 2007). 

Nevertheless, agency is a complex construct and the IB task only measures binding over an action and fixed sensory outcome and is 
a relatively predictable task. Therefore, it might only tap into some aspects of agency, and our findings might not necessarily generalise 
to all aspects of agency. For example, it has been suggested that IB only relies on stimulus anticipation, rather than a voluntary action 
(Hughes et al., 2013). 

Beyond volition, it has been claimed that ownership is needed for the SoA to arise (Haggard, 2017). However, it has been found that 
the IB effect arises without ownership of the agent (Zapparoli et al., 2022). While the IB task used in our study did not show differences 
in stimulus anticipation in our sample, the task might not pick up on differences in ownership (Zopf et al., 2018). This possibility could 
be especially likely since differences in ownership over a rubber hand have been previously found in AN (Keizer et al., 2014). 

Given the above-mentioned limitations on the IB task, future studies might incorporate different paradigms that tap into implicit 
agency in AN patients (e.g. sensory attenuation (Blakemore et al., 1999) or control feedback (Eitam et al., 2013). A recent study of 
Perrykkad et al (2021) investigated the predictive processing account of agency, which situates agency in a broader scheme of action 
and policy selection. Here the authors incorporate different degrees of uncertainty and showed that uncertainty over actions negatively 
influenced the SoA (for a detailed overview of this study see Perrykkad et al., 2021). Such paradigms, which modulate uncertainty, 
might be more informative of the SoA in AN, as AN patients experience higher anxiety and higher need for control in uncertain sit-
uations (Sternheim et al., 2011). 

This study did not find an influence of state-anxiety on the SoA. Previous studies have found that negative emotional states, such as 
fear and anger, reduce the SoA in the IB task (Christensen et al., 2019). Although anxiety and fear share the same underlying brain and 
behavioural mechanisms, they are distinct processes; fear is a directional state while anxiety is more diffuse (Barlow, 2004). Therefore, 
fear – as opposed to anxiety – might have an influence on temporal binding. For example, Christensen et al. (2019), used painful shocks 
during some trials of the IB, where they manipulated their paradigm in such a way that fear was directly related to the task. Our study 
did not specifically manipulate emotional states, but only measured the level of state-anxiety between groups before the experiment. 
However, further studies on anxiety and SoA are needed to investigate the precise relation between fear, anxiety, and SoA. 

Another interesting task for future studies is to investigate the difference between AN subtypes (i.e. restrictive and binge-purge). 

Table 5 
Model summary Action Shift.   

Beta Std. Error t p 

Intercept  41.50  49.53  0.84  0.41 
STAI-S  0.57  1.35  0.43  0.67 
RAN  59.29  64.26  0.92  0.36 
AN  59.18  86.82  0.68  0.50 
STAI-S:RAN  − 1.82  1.58  − 1.00  0.34 
STAI-S:AN  − 1.50  1.79  − 0.84  0.41 

Note. STAI-S = State/Trait Anxiety Scale – State (Spielberger et al., 1970), AN = anorexia nervosa, RAN = recovered AN. 

Table 6 
Model summary Tone Shift.   

Beta Std. Error t p 

Intercept  136.23  75.63  1.80  0.08 
STAI-S  − 1.81  2.06  − 0.88  0.38 
RAN  − 79.37  98.13  − 0.81  0.42 
AN  − 46.65  132.58  − 0.35  0.73 
STAI-S:RAN  2.74  2.41  1.14  0.26 
STAI-S:AN  1.09  2.73  0.40  0.69 

Note. STAI-S = State/Trait Anxiety Scale – State (Spielberger et al., 1970), AN = anorexia nervosa, RAN = recovered AN. 
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Restrictive patients may gain control through inhibitory behaviour whereas binge-purge patients might gain control through action 
(purging) (Weller et al., 2020). Unfortunately, our sample size was too small for statistical analysis per subtype. Future research should 
be undertaken to investigate differences in SoA between restrictive and binge-purge AN patients. 

Lastly, we conducted two exploratory analyses. First, we explored the relationship between explicit sense of control and the SoA. 
Here, we found a negative relationship between tone-shift and the explicit sense of control for RAN patients. This finding was sur-
prising, as previous studies have not found a relationship between explicit measures and SoA (Dewey & Knoblich, 2014; Saito et al., 
2015). We currently have no ready explanation why this (negative) relationship was found for RAN patients alone. Future research 
should be undertaken to elucidate this finding. 

Second, we explored the relationship between the explicit sense of control and state anxiety. We found an inverse relationship 
between explicit sense of control and state anxiety for HC and RAN patients. Interestingly, we did not find a significant relationship for 
AN patients. This finding is in direct contrast to previous literature where it is suggested that control and (state) anxiety in AN is linked 
(Fairburn et al., 1999; Noordenbos, 2013, p. 7). However, both correlation analyses were conducted on a small sample and might not 
be reliable (Bujang et al., 2016). Replication studies with an adequate sample size are needed before drawing conclusions. 

In conclusion, the aim of this study was to investigate an implicit sense of control (SoA) in AN and RAN patients through an 
objective measure (IB task). We did not find any evidence of altered SoA, as assessed by the IB task, in AN and RAN patients. We also 
did not find state anxiety to be a predictor for the SoA. Further research into SoA in AN, should investigate other features of the SoA in 
AN patients that are not targeted by the IB task. 
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