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Objective: The aim of this longitudinal study was to identify predictors of instantaneous
well-being in patients with amyotrophic lateral sclerosis (ALS). Based on flow theory
well-being was expected to be highest when perceived demands and perceived control
were in balance, and that thinking about the past would be a risk factor for rumination
which would in turn reduce well-being.

Methods: Using the experience sampling method, data on current activities, associated
aspects of perceived demands, control, and well-being were collected from 10 patients
with ALS three times a day for two weeks.

Results: Results show that perceived control was uniformly and positively associated with
well-being, but that demands were only positively associated with well-being when they
were perceived as controllable. Mediation analysis confirmed thinking about the past, but
not thinking about the future, to be a risk factor for rumination and reduced well-being.

Discussion: Findings extend our knowledge of factors contributing to well-being in ALS
as not only perceived control but also perceived demands can contribute to well-being.
They further show that a focus on present experiences might contribute to increased
well-being.

Keywords: amyotrophic lateral sclerosis, ALS, coping, well-being, experience sampling, ESM, reminiscence,

rumination

1. INTRODUCTION
Amyotrophic Lateral Sclerosis (ALS) is a rare neurodegenerative
disease characterized by progressive paralysis (Logroscino et al.,
2008). In the absence of a cure (Logroscino et al., 2008, 2010)
the treatment of ALS focuses on the alleviation of symptoms
and the maintenance of the best possible degree of functioning
(Clarke et al., 2001). A rich literature exists on factors influ-
encing quality of life and coping with the disease (c.f. Pagnini,
2013). For example, different styles of coping (Matuz et al., 2010;
Montel et al., 2012a), spirituality (McLeod and Clarke, 2007), or
care-giver relations (Chiò et al., 2004) have all been related to
psychosocial well-being in patients with ALS. In line with psy-
chological theories on subjective quality of life (e.g., Rapkin and
Schwartz, 2004) the great physical burden of ALS shows no sim-
ple relationship to well-being, with many studies showing small
and insignificant correlations (Robbins et al., 2001; Pagnini, 2013)
or even positive associations (Lulé et al., 2009). However, many
of the questionnaires used in research on well-being and qual-
ity of life in patients with ALS require participants to generate
aggregate statements about their experiences, e.g., by asking them
how they felt (on average) during the past days (Cohen et al.,
1995; Robbins et al., 2001) or even weeks (Hammer et al., 2008).
Thus, little is known about the factors which are associated with

instantaneous well-being, i.e., well-being as it fluctuates from
moment to moment throughout the day.

In this study, therefore, the experience sampling method
(ESM) was used (Larson and Csikszentmihalyi, 1983; Stone et al.,
2003) to analyze possible predictors of well-being. Experience
sampling, originally developed because of concerns of how accu-
rate people are in “reconstructing their experience[s] after the
fact” (Larson and Csikszentmihalyi, 1983, p. 42), asks participants
to record their experiences directly at the moment of sampling.
By randomizing sampling times throughout the study period,
it is possible to collect representative data on the participants’
experiences, such as well-being, and possible influencing factors
(Shiffman et al., 2008; Scollon et al., 2009).

At its most basic level, flow theory assumes that the physical
and mental activities people engage in, influence their well-being.
More specifically, it predicts that well-being is highest if per-
ceived control and perceived demands match in a given situation
(Csikszentmihalyi, 1990). Any imbalance between demands and
abilities results in reduced well-being, e.g., feelings of frustration,
when demands exceed abilities, or of boredom, when abilities
exceed situational demands (Csikszentmihalyi, 1990). Given that
the progressive loss of motor functions requires constant adap-
tation and change (King et al., 2009), we hypothesized that
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finding this balance would be of crucial importance in patients
with ALS. A second prediction of flow theory is that well-being
depends on the extent to which thoughts are focused on present
experiences (Schmidt et al., 2007). However, the little data avail-
able from patients with ALS is heterogeneous. Support comes
from a study by Plahuta et al. (2002), which found that hope-
lessness, a future oriented direction of thought, is related to
increased suffering and higher intentions of suicide in patients
with ALS. However, the use of the coping strategy “planning”
(Carver, 1997), an arguably more direct and less negatively
valenced indicator of “thoughts directed toward the future” does
not seem to be strongly related to well-being (Montel et al.,
2012b). Qualitative findings from interviews with patients are
also mixed (Fanos et al., 2008). On the one hand, several sub-
jects indicated the use of “living in the moment” as a successful
coping strategy while others sought consolation in remembering
positive past experiences. The constant adaptation and change
required for coping with ALS (King et al., 2009), necessitates
disengaging from goals no longer attainable, or anticipating
disengagement from goals which may become unattainable in
the future. Generally, confrontation with unattainable goals—
even more so when the factors which make a goal unattainable
are essentially uncontrollable as is the case in ALS (Nolen-
Hoeksema et al., 2008)—has been shown to be a risk factor for
rumination, and, thus, decreased well-being (Nolen-Hoeksema,
1991; Martin and Tesser, 1996). Therefore, we hypothesized that
thinking about the past and future would be associated with
reduced well-being, and that rumination would mediate this
effect.

2. METHODS
2.1. PATIENTS
A convenience sample of ten patients (seven male; see Table 1)
fulfilling the revised El Escorial criteria for clinically definite ALS
(Brooks et al., 2000) was recruited via the Institute for Medical
Psychology and Behavioral Neurobiology of the University of
Tübingen and the Department of Neurology of the University of
Ulm. All participants contacted for inclusion agreed to partici-
pate in this study. Mean time since diagnosis was 38.10 months
(SD = 35.96, range = 12–129). One patient had a percutaneous
endoscopic gastrostomy (PEG), and three were non-invasively
ventilated. The study was approved by the Ethical Review Board
of the Medical Faculty, University of Tübingen. Written informed
consent was obtained from all participants.

Table 1 | Patients’ Characteristics.

ALSFRS-R ADI-12 well-being M SD Range

Age (years) 0.52 0.32 −0.09 52.30 11.56 35–71

ALSFRS-R 0.59# −0.75* 19.20 10.57 1–35

ADI-12 −0.63# 20.70 7.41 12–34

well-being 4.79 0.69 3.93–5.86

Intercorrelations, means, and standard correlations.

Note: N = 10. #p < 0.10, *p < 0.05.

2.2. PROCEDURE
We collected data on well-being, perceived demands, perceived
control, temporal direction of thoughts and rumination over the
course of two weeks at three randomly chosen times per day
using the ESM. Patients were provided with a pager that beeped
when they should record their experiences using a standardized
questionnaire. To avoid interference with morning and evening
caring routines, sampling was restricted to between 10 a.m. and 6
p.m. Patients were instructed to answer the ESM-questionnaires
immediately after the beep and while answering the questions to
refer only to the situation in which the beep occurred. At the
beginning of the two weeks study period, patients were visited
at their homes and the procedure was explained in full detail and
questions concerning the study protocol were answered.

2.3. MEASURES
Functional status was assessed with the revised ALS Functional
Rating Scale (ALSFRS-R) (Cedarbaum et al., 1999), and the
extent of depressive symptoms with the ALS specific ALS
Depression Inventory (ADI-12) (Hammer et al., 2008). These
standardized measures were collected once at the beginning of the
two week study period.

The ESM-questionnaire used in this study was previously used
by Csikszentmihalyi and Larson (1987) and assessed the extent
of perceived demands and control with two items, “How chal-
lenging was your activity?” and “Was the situation under your
control?” To minimize participants’ burden in terms of time and
effort, rumination was measured with the single item “Did your
thoughts turn round in circles?” (Jong-Meyer et al., 2009) and
temporal direction of thoughts with two face-valid items (“Did
you look ahead/to the past?”). Each item was scored on a 10-
point Likert-type scale ranging from 0 (low) to 9 (high). Patients’
well-being was measured with 13 well-being-related items devel-
oped by Larson and Csikszentmihalyi (1983). Each item was
scored on a 7-point Likert-type scale, and a composite score
reflecting well-being was derived by averaging ESM-items of the
well-being category. To determine the reliability of this scale
while taking the inter-correlation of repeated measurements into
account Cronbach’s α was calculated across subjects for every
time point during the 2-week study period, yielding 42 coeffi-
cients. Reliability of the well-being scale was satisfactory (median
α = 0.86).

Patients completed an average of 33.30 assessments (range
13–43). Fifty percent of all questionnaires were answered within
10 min and 75% within 45 min after the beep. Further analy-
sis revealed that without the most disabled participant (one male
who used a personal computer to answer the questionnaires) 75%
of all questionnaires were answered within 30 min after the beep.
One patient was excluded from the following analyses because of
excessive numbers of missing items, leading to a final sample size
of N = 9.

2.4. STATISTICAL ANALYSES
Random intercept multiple regression analysis was used to test the
hypothesis that well-being depended on the balance of demands
and control (Edwards and Cooper, 1990; Edwards, 1994, also see
Supplementary Material). The analysis was also performed with
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functional status included as a covariate, which indicated that
the results we report here were independent of functional status.
Mediation analysis (MacKinnon et al., 2002; Kenny et al., 2003)
was used to test the hypothesis that thinking about the past would
have a negative effect on well-being and that this effect would be
mediated by rumination. We report 95% confidence intervals for
the mediated effect (Tofighi and MacKinnon, 2011). The same
analysis was repeated for thinking about the future. Analyses were
performed in R (R Development Core Team, 2011). Cohen’s f 2

was calculated as a measure of the effect size (Selya et al., 2012).

3. RESULTS
Average well-being (see Table 1) was marginally negatively asso-
ciated with symptoms of depression, but significantly posi-
tively associated with functional status. Functional status was
marginally positively associated with symptoms of depression.
Patient’s age was not associated with functional status, symptoms
of depression, or well-being.

Our first hypothesis suggested that well-being would depend
on the balance of perceived control and demands. However,
no support was found for this prediction (see Supplementary
Material). Instead, results indicated that perceived control was
associated with increased well-being (b = 0.18, SE = 0.03, p <

0.001, f 2 = 0.22), regardless of the level of perceived demands.
In contrast, the effect of perceived demands depended on
whether these demands were perceived as controllable: Only,
if demands were perceived as controllable, they were associated
with increased well-being (b = 0.09, SE = 0.02, p < 0.001, f 2 =
0.17). If demands were perceived as uncontrollable, the posi-
tive effect of demands was significantly reduced (b = −0.14,
SE = 0.05, p < 0.01, f 2 = 0.03), rendering the effect of demands
on well-being non-significant (b = 0.02, SE = 0.05, p > 0.70,
f 2 = 0.01).

Our second hypothesis proposed that thinking about the past
would lead to increased rumination which in turn would reduce
well-being. Table 2 shows that thinking about the past (Row 1),
thinking about the future (Row 2), and rumination (Row 3) were
associated with lower well-being, and that thinking about the past
(Row 4) was significantly and thinking about the future (Row
5) was marginally associated with higher rumination. Mediation

analysis confirmed a negative effect of thinking about the past on
well-being via rumination (b = −0.03, 95% CI [−0.05 −0.02]).
No evidence was found that the negative effect of thinking about
the future on well-being was mediated via increased rumination
(b = −0.01, 95% CI [−0.02 0.001]).

4. DISCUSSION
Little is known about how patients with ALS cope with their dis-
ease from moment to moment in daily life. Thus, in this study
the ESM was used to record patients’ experiences throughout the
day. Despite their severe physical disability, patients were able
to complete the ESM-questionnaires within a short time after
the scheduled signal. These results provide evidence that even
a potentially demanding procedure such as the ESM may be a
valuable tool in assessing patients’ thoughts, well-being and cog-
nitive state. The relationships between functional status, presence
of depressive symptoms and well-being indicated that depressive
symptoms were more present and well-being was lower in early
stages of the disease. This result mirrors findings of better qual-
ity of life in patients who are longer affected by the disease (Lulé
et al., 2008, 2009).

Flow theory predicts that well-being depends on finding
the optimal balance between perceived demands and control
(Csikszentmihalyi, 1990), and we hypothesized that finding this
balance would be of crucial importance in patients with ALS.
However, our data did not support this hypothesis. Instead, but
in line with previous findings (Plahuta et al., 2002), perceived
control was associated with increased well-being, regardless of
the level of perceived demands. However, our results extend this
idea, by showing that increased demands can also contribute to
increased well-being, as long as they are perceived as controllable.
While flow theory is primarily concerned with experiences related
to activities in the present, experiences may also differ in their
temporal orientation. We hypothesized that if attention is not
focused on the here and now, but directed toward the past or the
future, this would increase the risk for rumination, which in turn
would reduce well-being. Our results indicate that thinking about
the past was indeed associated with decreased well-being and that
this effect was mediated by rumination. While some patients may
find solace in remembering the good times they have had (Fanos

Table 2 | Results of mediation analysis.

Predicted Predictor b SE DF t p f 2

PREDICTORS OF WELL-BEING

1 Well-being Thinking about the past −0.03 0.01 250.83 −2.73 0.01 0.02

2 Well-being Thinking about the future −0.03 0.01 250.97 −2.08 0.04 0.01

3 Well-being Rumination −0.08 0.01 255.84 −5.60 <0.001 0.10

PREDICTORS OF RUMINATION

4 Rumination Thinking about the past 0.41 0.04 252.89 10.34 <0.001 0.40

5 Rumination Thinking about the future 0.09 0.05 252.50 1.70 0.09 0.01

MEDIATION MODELS

6 Well-being Thinking about the past 0.00 0.01 247.77 0.17 0.87

7 Rumination −0.08 0.02 254.12 −4.79 <0.001

8 Well-being Thinking about the future −0.02 0.01 250.30 −1.66 0.10

9 Rumination −0.08 0.01 254.83 −5.43 <0.001
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et al., 2008), reminiscing may also introduce the risk of being
reminded of unattainable goals, thus, in turn, increasing the risk
of reduced well-being. Likewise, thinking about the future was
negatively associated with well-being; however, it was only loosely
related to rumination, and no support was found for rumination
mediating a negative effect of thinking about the future on well-
being. We may thus speculate that thoughts about the future are
not necessarily ruminative, possibly only in patients experiencing
hopelessness (Plahuta et al., 2002).

4.1. LIMITATIONS AND CONSIDERATIONS FOR FUTURE STUDIES
4.1.1. Sampling
Several limiting factors of the current study deserve attention.
To minimize interruption of daily routine, time slots in which
patients had pre-set appointments (e.g., occupational therapy)
were excluded from the experience sampling and sampling was
restricted to the time between 10 a.m. and 6 p.m. This restriction
may have prevented us from sampling several activities of daily
living, e.g., personal hygiene, which may be very demanding and
frustrating for severely ill patients (Foley et al., 2014).

4.1.2. Economic considerations
From a research perspective it is often desirable to use longer
rather than shorter instruments, if only to increase reliability
(Spearman, 1910). However, in a repeated measures context, this
desire needs to be balanced with economic considerations, espe-
cially in a sample in which motor difficulties, e.g., when holding
a pen, are common. Thus, to avoid spurious results, e.g., low
well-being due to the frustrating experience of having to repeat-
edly answer a long questionnaire, and to reduce the risk of high
levels of non-reponse (Iglesias and Torgerson, 2000) the ques-
tionnaires we used were kept as short as possible. Yet it is clear,
that assessing rumination with only one item is a simplification
of a complex construct. However, both empirical (Jong-Meyer
et al., 2009) as well as theoretical accounts (Carver, 1996) suggest,
that the item we used possesses high face validity for assessing
rumination.

4.1.3. Sample size and generalizability
Finally, although not uncommon in ESM studies (e.g.,
Teuchmann et al., 1999), the small sample size limits gener-
alization of results, until future studies can replicate our findings.
Further, our analyses focused on within-subject variables, but
between-subject factors and their interactions could also play
an important role. For example, care-givers tend to underes-
timate the patient’s quality of life (Trail et al., 2003), and it
might be interesting to know, whether this is accompanied by
a tendency to shield the patient from demanding activities,
which according to our findings, might actually improve the
patient’s well-being. To the best of our knowledge, our study
is the first to employ the ESM in patients with ALS. Thus,
little information on appropriate sample sizes was available
beforehand, demonstrating the pilot character of this study.
Judging from the obtained effect sizes, mainly small to medium
according to Cohen (1992), we suggest increasing sample sizes
in future studies. Results from simulation studies (Snijders
and Bosker, 1993) suggest, that an increase in the number of

participants might be of greater interest than increasing the
number of observations per participant. Further, if a research
question focused primarily on between-subject factors (see
above) a larger sample size would also be recommended.
Thus, it should be kept in mind, that the optimal balance
between number of participants and the number of observa-
tions per participant is dependent on the particular research
question.

The ESM methodology has been applied in a variety of chronic
diseases, e.g., in patients with cancer, chronic pain, cardiovascu-
lar diseases, or patients requiring hemodialysis (c.f. Smyth and
Stone, 2003), testifying to the wide applicability of the method
(c.f. Christensen et al., 2003). However, depending on the research
questions, sophisticated data analysis methods, and technical
equipment, e.g., electronic paging and recording devices with a
user-friendly and unobstrusive interface, may be needed. Given
the large challenge of living with ever progressing motor impair-
ments, we suggest that future studies may take full advantage
of the widespread availability of smartphones which lend them-
selves to ESM-studies (e.g., Runyan et al., 2013). Using such a
system it might even become possible to densely track the evolu-
tion of coping with ALS over prolonged periods of time. However,
apart from generating valuable data for research purposes, such a
procedure might also affect patients’ well-being, e.g., by making
relations between certain situations and well-being transparent to
the patient.

4.2. SUMMARY
Our results suggest that the ESM may be a valuable tool to
elucidate components of coping and well-being in daily life in
patients with ALS. Perceived control over challenging situations
seems to be of major importance for maintaining high well-
being. We further show that well-being may not only depend
on perceived control, but that it also depends on the level of
perceived demands. Encouraging patients to pursue, within lim-
its, potentially demanding activities might help to improve their
well-being.

Both thoughts directed toward the past and the future may
negatively affect well-being, whereas rumination mediates this
effect when thoughts are directed toward the past. We spec-
ulate that patients who experience poor well-being and may
even be depressed might benefit from interventions which not
only strengthen an internal locus of control (Nonnenmacher
et al., 2013; Foley et al., 2014) but also encourage living in the
present.

On a more global perspective the flow-theoretical approach
and our results correspond well with recent work aiming at eval-
uating mindfulness-based (Kocovski et al., 2009) interventions in
patients with ALS (Pagnini et al., 2014a,b). These interventions
aim to help focusing on the experiences in the here and now,
and thus to reduce the risk of reactive, e.g., ruminative, thoughts,
which may otherwise reduce well-being or even lead to depres-
sion (Bishop et al., 2004). Our results provide further evidence
for this promising approach, by highlighting the importance of
the temporal direction of thoughts and the importance of per-
ceived demands and control for the experience of well-being in
patients with ALS.
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