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ABSTRACT
Previous studies have found that PTSD is associated with hippocampal-related impairment in cognitive flexibility. However, little is
known about this impairment following nature adventure interventions. The current ex post facto study aimed to examine the
relationship between cognitive flexibility, sailing-based intervention and PTSD symptoms. Thirty-nine individuals with PTSD diag-
nosis (17 who engaged in sailing and 22 who did not engage in sailing) and 38 healthy control (18 who engaged in sailing and 20
who did not engage in sailing) completed a performance-based reversal learning paradigm to assess cognitive flexibility and were
evaluated for PTSD, depressive and anxiety symptoms. The results revealed significantly lower levels of PTSD and trait anxiety
symptoms in the PTSD-sailing group, compared to the PTSD-no-sailing group. In addition, both PTSD groups showed selective,
though different, impairments in reversal learning. Specifically, PTSD-no-sailing individuals showed a selective impairment in re-
versing the outcome of a negative stimulus- they struggled to learn that a previously negative stimulus was later associated with
a positive outcome. PTSD-sailing individuals, on the other hand, displayed a selective impairment in reversing the outcome of a
positive stimulus- they had difficulty learning that a previously positive stimulus was later associated with a negative outcome.
The results may suggest that although individuals who participated in a sailing-based intervention had lower clinical symptoms,
their hippocampal related cognitive flexibility was mot improved, and the impairment exists in a different domain.
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Introduction
Cognitive flexibility is the ability to dynamically adapt and change our reaction in accordance with different contex‐
tual demands (Baddeley, 2012). Recent research reveal that such ability is associated with hippocampal function and
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structure (Anacker & Hen, 2017; Burghardt, Park, Hen, & Fenton, 2012; Levy-Gigi, Szabo, Richter-Levin, & Kéri,
2015) and may be vital in determining the way individuals cope with stressful events (Fu & Chow, 2017; Haim-Na‐
chum & Levy-Gigi, n.d.; Ionescu, 2012). Indeed, trauma-exposed individuals with better cognitive flexibility show
decreased PTSD symptoms, enhanced post-traumatic growth and higher life satisfaction compared to those with poor
cognitive flexibility (Hijazi, Keith, & O’Brien, 2015; Joseph & Gray, 2011; Keith, Velezmoro, & O’Brien, 2015;
Levy-Gigi et al., 2012; Metzl, 2009; Palm & Follette, 2011; Radell, Beck, Gilbertson, & Myers, 2017).

In a set of studies which evaluated the associations between post-traumatic stress disorder (PTSD) and cognitive
flexibility we showed that both individuals with and without PTSD are equally able to acquire and retain positive and
negative stimulus-outcome associations (Haim-Nachum & Levy-Gigi,[AQ10] 2019; Levy-Gigi, Richter-Levin,
Okon-Singer, Kéri, & Bonanno, 2016; Levy-Gigi et al., 2012, 2015). However, only individuals with PTSD fail to
reverse the acquired rules whenthe situation changes and learn that previously negative associations become positive.
Moreover, this selective impairment negatively correlates with hippocampal volume (Levy-Gigi et al., 2015).

Interestingly, while studies revealed alterations in hippocampal volume following clinical interventions in PTSD
(Dickie, Brunet, Akerib, & Armony, 2011; Levy-Gigi, Szabó, Kelemen, & Kéri, 2013; Zhu et al., 2018), it is not yet
clear, whether such interventions are associated with behavioral implications. The present study is the first step to‐
wards this understanding, aiming to test differences in cognitive flexibility as a function of PTSD diagnosis and en‐
gagement in nature adventure rehabilitation intervention.

Nature adventure rehabilitation, is an outdoor group therapeutic approach based on physical activity intervention
(Bussell, 2001; Dietrich, Joye, & Garcia, 2015). Sailing-related intervention is based on the assumption that exposure
to anxiety evoking (but not trauma-related) real-life situations may improve the way PTSD individuals cope with the
deleterious effects of traumatic exposure (Caddick & Smith, 2014; Dietrich et al., 2015; Gelkopf, Hasson-Ohayon,
Bikman, & Kravetz, 2013; Rosenbaum et al., 2015). It was found to be efficient in reducing PTSD and depressive
symptoms, as well as improving social and emotional quality of life, daily functioning and sense of hope (Dietrich
et al., 2015; Gelkopf et al., 2013). Here we tested whether PTSD individuals who took part in this intervention are
also better in cognitive flexibility, as compared to PTSD individuals who did not get any treatment, healthy controls
and individuals who sail as a hobby.

To that end we recruited participants from four groups differed as a function of PTSD diagnosis and Sailing inter‐
vention. We postulated that the PTSD-sailing group would exhibit less PTSD, depressive, and anxiety symptoms as
compared to the PTSD no-sailing group. In addition, we predicted that in line with previous studies, all groups would
equally be able to learn and retain positive and negative stimulus–outcome associations. However, the PTSD-sailing
group would exhibit a better reversal learning from negative to positive outcome, and therefore greater cognitive flex‐
ibility as compared to the PTSD-no-sailing group.

Methods

Participants
Seventy-seven participants volunteered to take part in the study. Thirty-nine individuals diagnosed with chronic

PTSD acknowledged by the Israeli department of defense; 17 of them took part in a sailing intervention (PTSD-sail‐
ing group) while the remained 22 matched for time of PTSD onset, had not participated in such activity (PTSD-no
sailing group), 38 healthy controls; 18 individuals who participate in the same sailing activity but do it as a hobby
(Control-Sailing group), and 20 individuals without such a hobby (Control-no-sailing group). The sailing intervention
lasted one year and included one 4-hour session a week. The Control-Sailing group was active at the same club and
spent in average the same amount of time. PTSD groups (sailing and no-sailing) had previous therapeutic experience
including participation in supportive therapy and different types of CBT. However, no significant differences between
the groups as a function of past therapeutic experiences (t(37) = .31, p = .76).

Demographic data of the sample is presented in Table 1. As can be seen, participants in all four groups were
matched for gender and education. The mean age of the PTSD-sailing group was significantly higher compared to the
mean age of the participants in the other groups. However, we controlled for these differences in our analyses. Exclu‐
sion criteria included any history of psychiatric or neurological disorders and current alcohol abuse or dependence.
Investigation was carried out in accordance with the Declaration of Helsinki. The study design was reviewed by the
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appropriate ethical committee. All participants provided a written informed consent at the beginning of the experi‐
ment after the nature of the procedure was fully explained.

Table 1. Demographic characteristics of the sample.

 PTSD – Sailing(n = 17) PTSD-no-Sail‐
ing(n = 22)

Control – Sailing(n = 18) Control-no-Sail‐
ing(n = 20)

Gender 17 males 20 males 17 males 18 males
Age 53.23 (15.92) 35.45 (11.91) 42.00 (15.48) 36.75 (6.78)
Education 14.65 (1.66) 13.82 (1.74) 13.97 (1.63) 14.79 (1.81)
Time since
PTSD onset

14.88 (9.8) 12.86 (9.82) N/A N/A

Measures
The cue and context reversal paradigm

In this paradigm (Levy-Gigi et al., 2015) participants viewed a series of boxes on a computer screen (Figure 1).
On each box, a picture of a various objects, (cues, e.g. a hat) was presented against various color (context; e.g. or‐
ange). Each combination of cue and context (i.e. a box with a hat on an orange background or a box with a car on a
yellow background) was associated with either a positive (points earned, marked as gold coins) or a negative (points
lost, marked as a bomb) outcomes (Figure 2). Participants aim was to open the boxes associated with positive out‐
comes only, and refrain from opening the boxes associated with negative outcomes.
Figure 1. Illustration of the different experimental conditions. This Figure is being reproduced with the permission of the copyright
holder Neuropsychology. Reference of the original source Levy-Gigi et al. (2015). Reduced hippocampal volume is associated
with overgeneralization of negative context in individuals with PTSD. Neuropsychology 29(1), 151–161.
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Figure 2. Examples of experimental trials in which participants chose to (a) open a positive outcome box and (b) open a negative-
outcome box. This Figure is being reproduced with the permission of the copyright holder Neuropsychology. Reference of the
original source Levy-Gigi et al. (2015). Reduced hippocampal volume is associated with overgeneralization of negative context in
individuals with PTSD. Neuropsychology 29(1), 151-161.

The paradigm had two phases (Figure 1). In the first, acquisition, phase, participants learned by trial and error to
predict the outcome of four different cue-context combinations (i.e. open the two “positive” boxes and skip the two
“negative” boxes). In order to complete the acquisition phase and move on to the second, retention and reversal
phase, participants needed to learn the four cue-context-outcome associations to a criterion of six consecutive error-
free responses within a minimum of 40 trials. Correct responses refer to conditions in which participants opened posi‐
tive cue-context combinations and left negative cue-context combinations untouched. Similarly, incorrect responses
refer to conditions in which participants opened negative cue-context combinations (boxes) or left positive boxes un‐
touched.

A subsequent retention and reversal phase started immediately following the acquisition phase without any transi‐
tion or warning. In this phase, participants saw both retention (old) and newly formed cue-context-outcome combina‐
tion. The retention trials included already-learned trials in which the original cue-context-outcome combinations were
presented. The new trials included two different types of trials: old cue with new background (e.g. a hat on a gray
background) or new cue and old background (e.g. a phone on an orange background) (Figure 1). Crucially, the newly
formed cue-context combinations were associated with the opposite outcome relative to the combinations including
the original cue or context (i.e. if the original cue-background was associated with reward, then the new-cue-old-
background was associated with punishment). Therefore, in order to successfully learn these new combinations, par‐
ticipants need to reverse the association rules of either the original cue or the original context.

Boxes in this phase were presented in 10 blocks of 12 boxes each (two boxes from each of the following condi‐
tions: positive/negative retention, positive/negative cue reversal, positive/negative context reversal). Thus, a total of
120 trials with 20 trials per condition were presented. At the end of the task participants, saw the total sum of earned
points.
Self-report questionnaires and cognitive assessment

PTSD symptoms were assessed using the PTSD Check List (PCL-5, Blevins, Weathers, Davis, Witte, & Domino,
2015). In addition, all participants completed the following self-report questionnaires in order to control for possible
confounds and possible effects of levels of cumulative trauma exposure: the revised version of the Beck Depression
Inventory (BDI–II; Beck, Steer, & Brown, 1996) was used to assess depressive symptoms over the previous 2 weeks.
The STAI (State–Trait Anxiety Inventory; Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983) was used to assess
current and general anxiety.

Data analysis
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All data were checked for normality of distribution using Kolmogorov–Smirnov tests. Because participants were
instructed to open all new boxes when they first saw them, we did not include the first response to each new box in
the acquisition and reversal phases in our analyses (note that retention trials include only old boxes, and therefore all
trials are analyzed).

Results

Acquisition and retention of stimulus–outcome associations
We conducted a Phase (acquisition vs. retention) by Valence (positive vs. negative outcome) by PTSD (yes vs. no)

by Sailing (yes vs. no) mixed model ANOVA on the percentage of correct responses, in order to examine whether the
groups were equally able to learn and retain positive and negative stimulus–outcome associations. In this model
PTSD and Sailing were the between-subjects factor, whereas Phase and Valence were the within-subject factors. Age
and gender were added as control variables. We found a significant main effect of PTSD (F (1,71) = 5, p < .05,
η2 = .07) indicating that overall the performance of individuals with PTSD was significantly lower compared to the
performance of control participants. However, as predicted, there was no significant main effect of sailing (F
(1,71) = .19, p = .66) nor significant interaction of PTSD by phase (F (1,71) = 2.58, p = .11) or PTSD by valence (F
(1,71) = .28, p = .60). The results are depicted in Figure 3.
Figure 3. Percentage of correct responses as a function of Phase (acquisition vs. retention) and Valence (positive vs. negative) in
the four groups.

Cue and context reversal
We conducted a Reversal Type (Cue vs. Context) by Reversal-Valence (Positive to Negative vs. Negative to Posi‐

tive) by Sailing (Yes vs. No) by PTSD (Yes vs. No) mixed model ANOVA on the percentage of correct responses in
order to examine whether the PTSD-sailing group exhibited better reversal learning from negative to positive out‐
come. In this model Sailing and PTSD were the between-subjects factor whereas Reversal-Type and Reversal-Va‐
lence were the within-subject factors. Age and gender were added as control variables. There was a significant main-
effects of PTSD (F (1,71) = 9.42, p < .01, η2 = .12). In addition, there was a significant interaction of Reversal-Va‐
lence by Sailing (F (1,71) = 10.97, p < .01, η2 = .13), and most importantly there was a significant three-way interac‐
tion of Reversal-Valence by Sailing by PTSD (F (1,71) = 9.42, p < .01, η2 = .12). Figure 4 graphically depicts these
findings. To understand the nature of this interaction we conducted simple effects analyses with Bonferroni’s correc‐
tion for multiple comparisons. The results revealed that individuals in the PTSD-no-sailing group showed impaired
ability to reverse negative to positive outcome compared to all other groups (F (3,71) = 5.05, p < .01, η2 = .18),
which did not differ in their performance (All F  <  1). As predicted, PTSD-sailing group exhibited better reversal
learning from negative to positive outcome, as compared to the PTSD-no-sailing group. However, individuals in the
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PTSD-sailing group showed impaired ability to reverse positive to negative outcome compared to all other groups (F
(3,71) = 4.74, p < .01, η2 = .17), which did not differ in their performance (All F  <  1).
Figure 4. Percentage of correct responses as a function of Reversal Type (cue vs. context), and Reversal Valence (positive to nega‐
tive vs. negative to positive) in the four groups.

Symptoms severity measures
We conducted a multivariate analysis of covariance (MANCOVA) with PTSD (yes, no) and sailing (yes, no) in

order to examine differences in PTSD, depressive and anxiety symptoms. Age and gender were added as control vari‐
ables. Significant main effect was demonstrated for group (Wilks’s lambda = 0.29, F (12,180) = 9.23, p  <  .001,
η2 = .34). No other main effects or interactions were found (all ps > 0.27) The results are depicted in Figure 5. There
were significant differences between the groups (F (3,71) = 45.7, p  <  .001, η2 = .36; F (3,71) = 10.59, p < .001,
η2 = .31; F (3,71) = 8.38, p < .001, η2 = .26; F (3,71) = 10.95, p < .001, η2 = .32 for PTSD, depressive, state and trait
anxiety symptoms respectively). Sidakpost-hoc tests revealed the following significant relationships between the
groups: PTSD symptoms: PTSD-no-sailing > PTSD-Sailing > Control-Sailing = Control-No-Sailing; Depressive
symptoms: PTSD = PTSD-Sailing > Control-Sailing = Control-No-Sailing; State anxiety: PTSD = PTSD-Sail‐
ing > Control-Sailing = Control-No-Sailing; Trait anxiety: PTSD > PTSD-Sailing > Control-Sailing = Control-No-
Sailing. Results suggest that our hypothesis was partially supported- the PTSD-sailing group exhibited less PTSD and
trait anxiety symptoms but not less depressive symptoms nor state anxiety as compared to the PTSD no-sailing group.
Figure 5. Symptoms severity of PTSD, depression, state and trait anxiety in the four groups.
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Discussion
The aim of the present study was to compare cognitive flexibility and clinical symptoms among four groups of

participants who differed as a function of PTSD diagnosis (yes/no) and participation in sailing nature adventure inter‐
vention (yes/no). The results revealed decreased level of clinical symptoms in PTSD individuals who participated in
the sailing intervention compared to patients in the no-sailing group. Specifically, similar to previous findings (Gel‐
kopf et al., 2013), they displayed lower levels of PTSD symptoms. In addition, PTSD individuals who participated in
the sailing intervention showed lower levels of trait, but not state, anxiety symptoms. These results may suggest that
while both groups may experience an intense degree of state anxiety to specific situations, among those who partici‐
pated in sailing intervention this experience is narrowed to limited conditions and hence describes a temporary feel‐
ing rather than a personality characteristic (Julian, 2011).

Importantly for the focus of the present study, as expected and in line with previous findings, all groups were
equally able to acquire and retain positive and negative stimulus-outcome associations. However, there were signifi‐
cant differences in cognitive flexibility as a function of PTSD diagnosis (Levy-Gigi, Richter-Levin, & Kéri, 2014;
Levy-Gigi et al., 2015; Levy-Gigi & Richter-Levin, 2014). Specifically, while non-PTSD individuals were able to
flexibly modify their reaction in accordance with situational demands individuals with PTSD showed impaired cogni‐
tive flexibility. However, distinct patterns of such impairment were noted in the different groups. Specifically, PTSD
individuals who did not participate in the sailing intervention showed impaired ability to learn that a previously nega‐
tive stimulus becomes positive when presented later in a new combination. These results replicate our previous find‐
ings in PTSD individuals, suggesting that PTSD symptomatology relates to impaired ability to learn that a stimulus
that was once negative might become positive in a different context (Levy-Gigi et al., 2012, 2016; Levy-Gigi &
Richter-Levin, 2014). Therefore, it may explain why individuals with PTSD more likely to react in a similar way
when hearing a loud noise either in a battle field (e.g. missile attack) or in a safe environment (e.g. fireworks). Sur‐
prisingly, PTSD individuals who took part in the sailing intervention displayed an opposite impairment. While they‐
were able to learn that a negative stimulus becomes positive, they struggled to learn that positive stimulus becomes
negative.

Taken together, the results indicate that while individuals after sailing intervention displayed lower PTSD and
trait- anxiety symptoms they still suffered cognitive flexibility impairment. Therefore, while sailing intervention
might be associated with enhanced self-regulation and improved capacity to face fears (Gelkopf et al., 2013), it is
also associated with a rigid behavior. Specifically, it is possible that the need to deal with stressful unknown situations
may lead individuals to follow a clear set of rules, which does not allow any exception, and therefore, may not en‐
courage nor improve flexibility.

These results question previous studies which showed that poor cognitive flexibility is associated with a more se‐
vere PTSD and depressive symptoms (Keith et al., 2015; Palm & Follette, 2011), whereas adequate cognitive flexibil‐
ity predicts reduction in PTSD symptoms following a yoga intervention (Avery, Blasey, Rosen, & Bayley, 2018).
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[AQ3] A possible explanation for such a discrepancy may relate to the fact that despite the lower PTSD symptoms in
the PTSD-sailing group, those participants did not reach full remission and stillexhibited higher levels of symptoms
compared to healthy controls.

While the present study serves as an important first step toward understanding the relationship between cognitive
flexibility, sailing intervention and clinical symptoms, several limitations need to be noted. First, similar to other ex
post facto studies in which the participants were not randomly assigned to the different groups, the interpretation of
the results is limited. Specifically, our experimental design does not allow reaching conclusions regarding causality
and all the observed effects reflect between-groups differences rather than individual progress. However, the partici‐
pants in the different PTSD groups were matched for education and time since onset, whereas possible effects of age
and gender were controlled in all analyses (see also Anantharaman & Swee Han, 2001; Besser, Neria, & Haynes,
2009; Engelhard, van den Hout, Weerts, Hox, & van Doornen, 2009 for similar experimental design). Importantly, the
current results serve as a proof of concept which paves the way for a future longitudinal study with randomized con‐
trolled design and symptoms assessment at multiple time points.

Another limitation relates to the cognitive flexibility assessment. Specifically, the current study used a well valida‐
ted performance based paradigm to assess cognitive flexibility (Levy-Gigi et al., 2016, 2015; Levy-Gigi & Kéri,
2015; Levy-Gigi & Richter-Levin, 2014). In opposed to self-report questionnaires which may suffer from different
biases and provide a biased view of the individuals’ abilities (Holtgraves, 2004; Van De Mortel, 2008), performance-
based paradigms may reflect the individual condition more accurately. However, this paradigm focuses on a single
aspect of cognitive flexibility – the ability of individuals to update their reaction in accordance with changes in the
situation. Other aspects of flexibility may have generated a different result pattern. Future studies may aim to test
multiple aspects of cognitive, as well as emotional, flexibility in order to provide a wider picture of this phenomenon.

Finally, while the current study suggests no associations between lower symptoms-severity and cognitive flexibili‐
ty, future neuroimaging studies may further test this relationship as well as its correlations with hippocampal structure
and function, treatment related symptoms reduction and cognitive flexibility. Specifically, it is possible that in op‐
posed to CBT, sailing intervention does not result in hippocampal volume modification (Levy-Gigi et al., 2013). Al‐
ternatively, it might be found that post- treatment hippocampal volume growth is not associated with improved cogni‐
tive flexibility.

To summarize, the present study serves as a crucial first step towards understanding the relationship between cog‐
nitive flexibility, sailing intervention and clinical symptoms. The results add to previous findings, which highlight the
central role of cognitive flexibility. It shows that while individuals who took part in sailing intervention display lower
level of PTSD and trait anxiety symptoms, they still exhibit impaired cognitive flexibility, though it shifted from one
domain to another. Therefore, it suggests that not only cognitive flexibility deficit may appear in various forms, it
may also exist after intensive therapeutic intervention. In conclusion, while individuals with PTSD who took part in
therapeutic interventions may show reduced level of clinical symptoms, they may still suffer difficulties to adaptively
behave in new circumstances. Hence, there is a need to develop focused interventions to improve cognitive flexibility
as a key factor towards a more comprehensive rehabilitation process.
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