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Abstract
Background Substantial evidence shows that physical activities of daily living are positively correlated with affective
states in middle-aged and older adults. However, people’s
physical activity decreases when they grow older, and conditions that enhance older individuals’ physical activities of daily living are not well understood.
Purpose This study investigated need satisfaction (competence, relatedness, and autonomy) and its moderating effect
on the within-subject relation between physical activities of
daily living and three dimensions of affective states (valence,
energetic arousal, and calmness) based on an ambulatory assessment that used activity-triggered e-diaries.
Method The physical activities of daily living of 68 adults
aged 50+ (mean age = 60.1 ± 7.1) were measured objectively
for three consecutive days, and need satisfaction and affective
states were assessed as a function of the amount of physical
activity during the preceding 10 min before the affect measurement (in activity-triggered e-diaries). Hierarchical multilevel analyses were performed.
Results Need satisfaction was significantly and positively
correlated with the three dimensions of affective states.
Further, physical activities of daily living were significantly
associated with energetic arousal and calmness, but not valence. However, when physical activities of daily living were

more autonomously regulated, the association of physical activities of daily living and valence became significant and
positive.
Conclusion The findings regarding the significant moderating effects of need satisfaction are crucial for interventions
aiming to improve the health-enhancing effects of physical
activity in adults aged 50+. Positive feelings owing to physical
activities in daily living depend on the extent that psychological needs are satisfied.
Keywords Emotions . Feelings . Self-determination theory .
Ecological momentary assessment . Subjective well-being .
Activities of daily living
In both the USA and several European countries, the baby
boomer cohorts will define what we call the elderly. Hence,
the proportion of older people will increase, and the old age
dependency ratio will be altered to the disadvantage of young
people. In this regard, positive affective reactions due to physical activity are relevant for public health initiatives for two
reasons: first, positive affective reactions enhance mental
health [1]; second, positive feelings and well-being constitute
important predictors of the maintenance of physical activity
[2]. The maintenance of physical activity is particularly important for adults aged 50+, who can reduce the risk of diseases and premature mortality and secure autonomy by
staying active in everyday life and during leisure time [3].
Nevertheless, the total amount of physical activity decreases
as people age [4, 5].
To enhance positive affective reactions due to physical activity, studies need to investigate the conditions and circumstances that influence the relationship between physical activities and positive affect. This study used psychological need
satisfaction based on autonomy, competence, and relatedness
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and analyzed the moderating effect on the abovementioned
relationship in daily living situations among people aged 50+.
Meta-analyses have shown that physical activity is positively
associated with different components of psychological wellbeing for adults aged 50+ [6–8]. Moreover, recent ambulatory
assessment studies on adults aged 50+ (e.g., [9–13]) have confirmed the positive association of psychological well-being with
various physical activities of daily living (e.g., doing household
tasks, going for a walk, playing with (grand)children, and shopping for groceries). These physical activities of daily living are
most often characterized by reduced intensity and short duration
[14, 15], and they are particularly relevant as people get older. It
has been shown that compared to younger people, with increasing age, the amount of energy expended on leisure time physical
activity usually decreases, whereas energy expenditure on
household activities increases [16].
According to self-determination theory (SDT), which suggests that people tend to be driven by a need for optimal
psychological growth, integrity, and well-being [17], people
strive to satisfy three psychological needs: competence, the
need to experience mastery and to produce desirable actions;
relatedness, the need to feel a connection with or a sense of
belonging to the social environment; and autonomy, the need
to take actions that are fully integrated into one’s own value
system. Deci and Ryan [18] conceptualized autonomy as a
continuum ranging from intrinsic regulation to extrinsic
regulation. In this regard, intrinsic goals are personally valued
and autonomous (self-determined), whereas extrinsic goals
are controlled and less self-determined. According to SDT,
people’s subjective well-being is enhanced when their activities are more autonomously regulated and when they experience more feelings of competence and relatedness.
Indeed, many studies have investigated the influence of
need satisfaction on well-being and found that well-being is
affected by the degree to which behaviors satisfy the three
above mentioned psychological needs [17, 19, 20]. A few studies have analyzed within-subject relations between need satisfaction and subjective well-being in daily life. For instance,
Reis, Sheldon, Gable, Roscoe, and Ryan [21] investigated daily
variations in well-being and showed that such variations arise
from the degree to which the three psychological needs are met
in situ. In addition, Howell, Chenot, Hill, and Howell [22]
demonstrated that momentary psychological need satisfaction
is correlated with momentary happiness. These studies analyzed within-subject effects and showed that in addition to a
trait component, psychological needs also include a state component. However, both studies used a retrospective diary,
which may have influenced participants’ ratings of their affective states [23]. To address this limitation, real-time techniques
such as an ambulatory assessment method should be used [24].
Since the degree to which behavior (e.g., physical activity)
supports psychological needs influences affective states, one
could assume that the relation between physical activity and

affective states differs according to the extent to which a certain
need is satisfied by physical activity. To our knowledge, the
moderating effect of need satisfaction with respect to the relation between physical activities of daily living and affective
states in daily living situations has been investigated only rarely. For instance, examining autonomy as a moderator between
physical activities of daily living and affective states, Kanning,
Ebner-Priemer, and Brandt [25] found that the greater extent
students engaged in physical activities of daily living and the
more this preceding bout of physical activities of daily living
was autonomously regulated, the better students in the sample
felt. No studies have investigated the moderating role of autonomy in adults aged 50+ or the moderating effects of feelings of
competence and relatedness in daily life. However, these are
crucial issues for creating effective public health initiatives. If
an intervention enhances physical activities of daily living to
improve health, people may mainly benefit from its physiological effects such as lower body weight or improved blood pressure. However, if an activity intervention would also consider
individuals’ need satisfaction, it will strengthen psychological
health effects such as improved positive feelings.
The purpose of our study is to analyze the extent to which
feelings of autonomy, competence, and relatedness moderate
the association between physical activities of daily living and
affective states. For this purpose, we first analyzed the main
effects of the within-subject relation between need satisfaction
(autonomy, competence, and relatedness) and momentary affective states as well as the association between physical activities of daily living and affect. Second, we analyzed the
interaction effects of need satisfaction on the relation between
physical activities of daily living and affective states. We hypothesized that the association between activity and affect in
daily life situations would be greater when the amount of
physical activities of daily living was higher and when the
preceding bout of physical activities of daily living was (1)
more autonomously regulated, (2) characterized by more feelings of competence, or (3) characterized by more feelings of
relatedness. Third, we examined cross-level interactions.
Because the extent to which individuals engage in physical
activity varies by their body weight and gender [26], we analyzed the moderating effects of body mass index (BMI) and
gender on the main effects of the within-subject relations.
Furthermore, we examined cross-level interactions of the cognitive dimension of well-being (i.e., life satisfaction) and trait
components of the three psychological needs.

Method
Selection of the Study Participants
This ambulatory assessment study involving activity-triggered
e-diaries included 74 adults aged 50+. The authors received
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600 randomly chosen addresses of individuals older than
50 years of age from the registration office of a city in the
southern part of Germany. The sample was stratified by age
(50 to 70 years old) and sex (with a balanced distribution of
men and women). All 600 individuals were contacted, and 74
decided to participate in the study. All of the subjects participated voluntarily, and they received 15 € as compensation for
their participation. In accordance with the process of institutional ethical approval, all of the participants provided written
informed consent: (cf. a further paper of the same dataset: [13]).
Because of technical problems with one of the accelerometers, data for one participant were excluded from the analysis.
In addition, data for five people were excluded either because
they did not provide any data on the covariates (one person) or
because they did not provide any input in the electronic diary
(four people). When asked about the missing data, the four
individuals cited problems with electronic entry or their inability to hear the acoustic signal. Table 1 presents the characteristics of the study participants.
Ambulatory Assessment with Activity-Triggered e-Diaries
Given that the amount of physical activity decreases with
older age [4, 26], capturing episodes of physical activities of
daily living by using a time-based ambulatory assessment
(e.g., prompting participants every hour to fill out an electronic diary) is more difficult. To solve this problem, the current
study used an ambulatory assessment with activity-triggered
e-diaries, as described in another paper [13]. The accelerometer measured the amount of physical activity. We predefined
an activity threshold of 220 milli-g (moving average), indicating that the subjects walked at least 6 min during the past
10 min (walking is, on average, about 350 milli-g/min and
jogging episodes produce approximately 1000 milli-g/min).
We also predefined an inactivity threshold of 10 milli-g
Table 1

Characteristics of study participants
% or mean (SD)

Gender (% men)
Age
Marital status (% married or de facto)

51 %
60.1 (7.1)
65 %

Educational attainment
• University degree

46.4 %

Work status
• Currently working
• Retired
• Homemaker

27.5 %
53.7 %
18.7 %

Physical activity in milli-g/min
(moving average of the 10
min before e-diary assessment)
BMI

73.3 (35.3);
median 70.9
24.7 (2.9)

(moving average), which would be equivalent to the acceleration of sitting. When these thresholds were surpassed, the
accelerometer made an acoustic sound, and the subjects were
asked to fill out the e-diary. We did not program a reminder, so
data were missing if the participant did not answer. We kept
the data between 8 a.m. and 9 p.m. and programmed a minimum time interval of 40 min and a maximum time interval of
100 min between the diary assessments (for more details, see
[27]).
Procedure
The study was conducted over the course of three consecutive
days, beginning on Thursday and ending on Saturday in order
to include both week and weekend days. We investigated only
3 days to minimize the burden of the assessment. Using an
activity-triggered e-diary gives us the possibility of capturing
more physically active episodes than using a normal ambulatory assessment. Research assistants visited the participants in
their homes on Thursday. The assistants explained the details of
the study design and asked the participants to sign an informed
consent form. The research assistants explained and demonstrated how to use the accelerometer and the smart phone,
and the accelerometer was placed on a belt on the individual’s
hip. Finally, the subjects completed a questionnaire that included items on their demographics and quality of life.
Measures
Physical Activities of Daily Living
We used the varioport-e (Becker, Meditech, Karlsruhe,
Germany) as an accelerometer, which enables real-time analyses. The varioport-e measures and stores acceleration on
three axes with a frequency of 64 Hz. The raw acceleration
data (milli-g) were separated offline into AC and DC components by using a FIR digital filter, which has a cutoff frequency of 0.5 Hz. The raw signals, DC values, and rectified AC
values were then averaged across data points for each minute
during the 3-day measurement period. All of the offline analyses and artifact checks were performed by using an interactive software package (Freiburg Monitoring System) according to a published procedure [28]. To analyze the association
between physical activities of daily living and affective states,
the physical activities of daily living values during the 10 min
preceding each entry into the e-diary were averaged.
Affective States
Affective states represent the affective component. Together
with the cognitive component (life satisfaction), they constitute
the construct of subjective well-being, which is mainly used to
operationalize mental health. Affective states are a
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multidimensional construct that contains dimensions for at least
valence (pleasure–displeasure) and arousal (tired–awake) [29,
30]. However, based on findings from structural equation analyses, Schimmack and Reisenzein [31] demonstrated that arousal should be differentiated into the following two dimensions:
power (full of energy–without energy) and excitation (calm–
agitated). Thus, together with valence (pleasure–displeasure),
affective states involve three dimensions of affect. In this study,
we used the Short Mood Scale, based on the Multidimensional
Mood Questionnaire, for which evidence of validity and reliability has been demonstrated (MDMQ; [32]). The Short Mood
Scale distinguishes between three dimensions of affective states
and is the only instrument that has been explicitly developed
and evaluated for use in ambulatory assessment [33]. The scale
contains six items that assess the intensity of the three dimensions of affective states, which are ordered as semantic differentials: valence (unwell vs. well, discontent vs. content),
calmness (relaxed vs. tense, calm vs. agitated), and energetic
arousal (tired vs. awake, without energy vs. full of energy). In
this study, the subjects responded to the prompt “At this moment, I feel…” by moving a slider from the left end (e.g.,
unwell) to the right end (e.g., well) of a bipolar scale. Scores
for each subscale were obtained by averaging the item scores,
which resulted in a range from zero to five. Note that the sevenpoint Likert scale of the original version was changed to a sixpoint scale, which did not contain a mean value, to force the
subjects to decide on a direction for each dimension (e.g., unwell vs. well). Wilhelm and Schoebi [33] investigated the homogeneity of the scale items at both the between-subject and
the within-subject levels. The reliability coefficient for the
between-subject level was 0.92 for valence and 0.90 for energetic arousal and calmness, whereas the reliability coefficient
for the within-subject level was 0.70 for valence and calmness
and 0.77 for energetic arousal. Both reliability coefficients thus
indicate satisfactory internal consistency.
Autonomy
We assessed the psychological need for momentary autonomy
with the Relative Autonomy Index (RAI). The RAI was proposed by Sheldon and Elliot [20], and the corresponding scale
has been shown to have a high level of internal consistency
(Cronbach’s α = 0.80). The participants were asked to rate
items concerning possible regulation modes of their ongoing
activities. After the prompt “I was engaged in this activity over
the last 10 min because…,” the participants responded to the
four items “I just felt like doing it” (intrinsic regulation), “I
believe these activities were meaningful and important” (identified regulation), “I didn’t want to be blamed by someone”
(introjected regulation), and “I wanted to be recognized by
others for doing that” (external regulation) on six-point scales
ranging from zero (not at all for this reason) to five (solely for
this reason). In line with recent recommendations for scoring

this scale [21], the RAI was calculated by adding intrinsic and
identified regulation scores and subtracting the added
introjected and external regulation scores.
Competence
The psychological need for momentary competence was measured with the same single item that Reis et al. [21] used: “I
felt capable and competent during my activities of the last
10 min.” The participants responded to this item by using a
six-point scale ranging from zero (completely disagree) to five
(completely agree).
Relatedness
To assess the psychological need for relatedness, we concentrated on the issue of being alone versus being together with
someone. For this measure, we used a dichotomous scale. The
participants thus responded to the prompt “During the last
10 min, I was mainly …“alone” or “together with others.”
Covariates
The moderating effects of the following four variables were
assessed: gender and BMI (using self-reported body weight
and height). Third, the impact of general satisfaction with life,
which is the cognitive component of subjective well-being,
was assessed using the Satisfaction with Life Scale (SWLS)
developed by Diener, Emmons, Larsen, and Griffin [34].
Pavot and Diener [35] confirmed moderate to high internal
consistencies (Cronbach’s alpha 0.79 to 0.89) and showed
good convergent validity with related scales and discriminant
validity from emotional well-being measures. The scale contains five items (e.g., “If I could live my life over, I would
change almost nothing”), and the participants answered these
items by using a five-point response scale that ranged from
completely disagree [1] to completely agree [5]. The ratings
for the five items were averaged to compose the satisfaction
with one’s life measure. Fourth, the basic psychological need
satisfaction scale was used to assess general need satisfaction
of autonomy (seven items, Cronbach’s alpha = 0.69; e.g., I feel
like I am free to decide for myself how to live my life), competence (six items, Cronbach’s alpha = 0.71; e.g., People I
know tell me I am good at what I do), and relatedness (eight
items, Cronbach’s alpha = 0.69; I consider the people I regularly interact with to be my friends) with 21 items [36]. The
authors reported high internal consistency associated with the
total need satisfaction score. The participants rated on a sevenpoint rating scale the extent to which they are generally satisfied in their life with respect to psychological needs. We treated need satisfaction as a multidimensional construct and analyzed the three psychological needs separately.
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Data Analyses
To analyze the within-subject relations between physical activities of daily living, affective states, and need satisfaction as
well as the impact of the covariates (cross-level interactions),
we must consider the hierarchical structure of the data. The
multiple measures of momentary affective states, physical activities of daily living, and psychological need satisfaction
define the lower level of the hierarchy, and these components
were nested within the subjects who define the higher level of
the hierarchy. Multilevel analyses were applied by using the
HLM 6.0 statistical program [37], and restricted maximum
likelihood estimations were used, with an alpha level of
p < 0.05.
A step-up approach was used [38]. First, for each affect
subscale (valence, energetic arousal, and calmness) in the absence of predictor variables, a model was tested to separate the
variance into within- and between-subject sources. For this
purpose, an estimate of the intraclass correlations was used.
In the second step, level 1 predictor variables (physical activity of daily living, psychological need satisfaction, and their
interactions) were consecutively entered into each model of
the affect subscale separately. In the final step, we analyzed
whether valence, energetic arousal, calmness, the last 10 min
of physical activities of daily living (PA) before each e-diary
entry, or satisfaction with respect to autonomy (Aut), competence (Comp), and relatedness (Rel) significantly varied as a
function of sex (SEX), BMI, basic need satisfaction (BPNS),
and general satisfaction with life (SWLS). We did not assess a
cross-level interaction for the three interaction terms of level 1
(Aut × PA, Comp × PA, and Rel × PA). The equations are as
follows:
Level 1 :

Y ti ¼ b0i þ b1i ðPAÞti þ b2i ðAutÞti þ b3i ðCompÞti þ
b4i ðRelÞti þ b5i ðAut x PAÞti þ b6i ðComp x PAÞti þ
b7i ðRel x PAÞti þ rti

Level 1 calculates the within-subject effects. Equation 1
represents a subject’s response (subscript i) for one of the three
subscales (Yti) for any given diary entry (subscript t). Yti is
defined as the average intercept of one subscale across all of
the subjects (b0i) and the seven level 1 predictors. These predictors are mean centered by group, where the group refers to
a person. With this calculation, we can disaggregate the
between- and within-subject effects [39]. The intercepts and
slopes vary randomly. The random effect for the level 1 model
is given by rti, which is assumed to have a normal distribution,
a mean of “0” and a variance of σ2.
Level 2 calculates the between-subject effects. This level
includes the fixed effects, three covariates, and the random
effects. The random effects are assumed to be multivariate
and normally distributed, with both having expected values
of 0.
To clarify the magnitude of the effects, the seven level 1
predictors (PA, Aut, Comp, Rel, Aut × PA, Comp × PA, and
Rel × PA) on the three subscales of momentary affective states
were standardized (see Eqs. 7 and 8). Standard deviations
were obtained from the mean of the sample for each level 1
predictor and from the averaged within-subject mean of the
affect subscale. The standardized effect was calculated as follows:

Standardized effect : b1i * SD PA; Aut; Rel; Aut  PA; Comp  PA;
.
Rel  PA
SD ðcorrespondent affect subscaleÞ

ð7Þ
For the dichotomous variable competence, the standardized
effect was calculated as follows:
Standardized effect b1i ðCompÞ = SD ðcorrespondent affect subscaleÞ

ð8Þ
ð1Þ

Level 2 ðInterceptÞ :

b0i ¼ γ 00 ðSEXÞ þ γ 01 ðBMIÞ
þ γ 02 ðSWLSÞ þ μ0i

Results
ð2Þ

Level 2 ðPAÞ : b1i ¼ γ 10 ðSEXÞ þ γ 11 ðBMIÞ
þ γ 12 ðSWLSÞ þ μ1i

ð3Þ

Level 2 ðAutÞ : b2i ¼ γ 20 ðSEXÞ þ γ 21 ðSWLSÞ
þ γ 22 ðBPNS AutÞ þ μ2i

ð4Þ

Level 2 ðCompÞ : b3i ¼ γ 30 ðSEXÞ þ γ 31 ðSWLSÞ
þ γ 32 ðBPNS CompÞ þ μ3i

ð5Þ

Level 2 ðRelÞ : b4i ¼ γ 40 ðSEXÞ þ γ 41 ðSWLSÞ
þ γ 42 ðBPNS RelÞ þ μ4i

ð6Þ

Descriptive Statistics
The 68 participants provided 1311 data points, with an average
of 19.3 e-diary entries per subject. All assessments were completed within 10 min of the prompt. All in all, fewer than 10 %
of the total possible numbers of assessments were missing. The
intraclass coefficients were ρI = 0.30, ρI = 0.21, and ρI = 0.26
for valence, energetic arousal, and calmness, respectively, indicating that 70 %, 79 %, and 74 % of the variance for the
respective affect subscales were caused by intraindividual variation (e.g., owing to situational effects). The moving average
of the 10-min physical activity before e-diary assessments
ranged from 0 to 1308 milli-g/min, with 25 % of the activity
values being lower than 13 milli-g/min, 50 % being lower than
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71 milli-g/min (median), and 75 % being lower than 148 millig/min. In general, participants in the sample were inactive or
active with a low intensity, which is comparable with the
activity of such an age group [40]. Descriptive data for the
variables of the analysis are reported in Table 2. The distribution of these variables allowed for a multilevel analysis. The
fixed and random effects for each dimension of momentary
affective states are displayed in Table 3. In the following sections, we describe the main and interaction effects and the
cross-level interactions of the covariates for each dimension
of affect separately.

Affect Subscale of Valence
Against our expectations, valence was not significantly predicted by the last 10 min of physical activities of daily living
before each diary entry but was significantly predicted by all
three psychological needs, which we expected. The more the
subjects experienced feelings of autonomy, competence, or
relatedness, the more they felt well and content. Overall,
86 %, 80 %, and 64 % of the slopes for autonomy, competence, and relatedness were positive, respectively. According
to the standardized effects, if autonomy or competence increased by 1 SD, valence increased by 0.01 SD or 0.15 SD,
respectively. Furthermore, in situations, in which a person had
indicated that he or she was together with other people (cf.
relatedness “being together”), valence was 0.15 SD higher
compared to situations, in which this person indicated that
he or she was alone (cf. relatedness “being alone”). In addition
to the main effects at level 1, the interaction of autonomy with
physical activity in daily living was significant, as hypothesized. That means, the extent to which the activity of the last
10 min was autonomously regulated moderated the relationship between physical activities of daily living and valence
(standardized effect = 0.01).
Table 2 Descriptive data of the
psychological constructs and
physical activity (PA)

Variable

Neither the level of valence nor the main effects at level 1
differed between men and women. There was nevertheless a
significant cross-level interaction for SWLS for the intercept
and for the within-subject effect of competence on valence.
When the sample was more satisfied with their lives, they
were more likely to feel well and content across all daily living
situations. Furthermore, the association between competence
and valence varied by life satisfaction.
To illustrate the significant within-subject interactions, we
used R [41]. We plotted simple slopes to illustrate the impact
of autonomy. One line represents situations in which participants rated their autonomous regulation one standard deviation above the mean of autonomy, one line represents the
mean, and the third line represents one standard deviation
below the mean of autonomy. Figure 1 illustrates the significant interaction effect: The more the subjects engaged in physical activities of daily living and the more this bout of activity
was autonomously regulated, the more the subjects felt well
and content. The interaction effect seems to be greater, the
higher the volume of everyday life activity is. However, moderate to vigorous activities are rare in everyday life; thus, evidence for this finding was based on very few data.

Affect Subscale of Energetic Arousal
Energetic arousal was significantly and positively associated
with the last 10 min of physical activities of daily living and
with all three psychological needs, as anticipated. The more
the subjects were physically active, the more they experienced
feelings of autonomy and competence. Moreover, when they
were together with others during the preceding bout of physical activities of daily living, they were more likely to report
feeling awake and full of energy. Most of the slopes were
positive for physical activities of daily living (80 %), autonomy (66 %), and competence (81 %). According to the
Mean (SD)

Min

Max

Intraclass coefficient

Energetic arousal
Valence

3.57 (1.16)
4.02 (0.95)

0
0

5
5

0.21
0.30

Calmness
PA

3.64 (1.08)
105.76 (138.09)

0
0.00

5
1307.00

0.26

4.47 (3.97)
3.96 (1.34)
0.42 (0.49)

−10
0
0

10
5
1

3.89 (0.61)

2.20

5.00

BPNS_Autonomy
BPNS_Competence

3.88 (0.50)
4.03 (0.59)

2.50
2.70

4.80
5.00

BPNS_Relatedness

3.98 (0.46)

2.90

4.90

Level 1 (assessed in situations)

Autonomy
Competence
Relatedness (dichotomous)
Level 2 (assessed in persons)
Satisfaction with life (SWLS)
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Table 3 Fixed and random effects and variance components for valence (model 1), energetic arousal (model 2), and calmness (model 3) on physical
activity (PA), the three psychological needs (autonomy, competence, and relatedness), and their interactions
Outcome

Fixed

Random

Predictor

Coefficient

SE

t value

df

p value

SD

c2

df

p value

Intercept
Sex

4.01
−0.01

0.06
0.14

61.76
−0.05

63
63

<0.001
0.96

0.51

195.68

25

<0.001

BMI
SWLS

0.03
0.33

0.02
0.11

1.42
3.30

63
63

0.16
0.01

aPA

0.000076

0.000262

0.29

63

0.77

0.00113

48.14

25

aPA × sex

0.000740

0.000543

−1.36

63

0.18

aPA × BMI
aPA × SWLS

−0.000037
−0.000021

0.000086
0.000371

−0.42
−0.06

63
63

0.67
0.96

Autonomy
Aut × sex

0.06
−0.01

0.01
0.02

6.18
−0.36

63
63

<0.001
0.72

0.05

53.72

Aut × SWLS
Aut × BPNS_Aut

−0.02
0.03

0.02
0.01

−0.95
1.94

63
63

0.35
0.06

Competence
Com × sex
Com × SWLS

0.17
−0.06
−0.12

0.04
0.07
0.06

4.79
−0.91
−2.09

63
63
63

<0.001
0.37
0.04

0.19

Com × BPNS_Com
Relatedness

0.04
0.14

0.06
0.07

0.58
2.06

63
63

0.56
0.04

Rel × sex
Rel × SWLS

−0.12
−0.13

0.13
0.11

−0.89
−1.22

63
63

0.38
0.23

Rel × BPNS_Rel
Interaction aPA × Aut

0.11
0.000262

0.14
0.000097

0.81
2.71

63
66

Interaction aPA × Com

−0.000157

0.000291

−0.54

Interaction aPA × Rel

−0.000155

0.000407

−0.38

95 % Predictive
intervala

Slopes >0b
(%)

0.01

−0.0021

0.0023

53

25

0.01

−0.05

0.16

86

115.67

25

<0.001

−0.22

0.56

80

0.39

68.78

25

<0.001

−0.62

0.89

64

0.42
0.01

0.00043

76.49

28

<0.001

−0.0006

0.0011

73

66

0.59

0.00108

43.78

28

0.03

−0.0023

0.0020

44

66

0.71

0.00070

43.86

28

0.03

−0.0015

0.0012

41

0.52

411.28

58

<0.001

0.00228

104.06

58

<0.001

−0.0026

0.0064

80

0.06

105.93

58

<0.001

−0.09

0.14

66

0.23

131.65

58

<0.001

−0.25

0.65

81

Model 1: valence

Model 2: energetic arousal
Intercept
3.59

0.07

51.58

63

< 0.001

Sex

−0.11

0.16

−0.71

63

0.48

BMI
SWLS

0.02
0.31

0.03
0.11

0.83
2.71

63
63

0.41
0.01

aPA
aPA × sex

0.001896
0.001268

0.000450
0.001022

4.22
1.24

63
63

<0.001
0.23

aPA × BMI
aPA × SWLS
Autonomy

0.000221
−0.000184
0.03

0.000165
0.000712

1.34
−026

63
63

0.18
0.78

0.01

2.06

63

0.04

Aut × sex
Aut × SWLS

0.01
0.03

0.02
0.02

0.09
1.42

63
63

0.93
0.16

Aut × BPNS_Aut

−0.03

0.02

−1.31

63

0.19

Competence
Com × sex
Com × SWLS
Com × BPNS_Com
Relatedness

0.21
−0.19
−0.09
0.19
0.11

0.04
0.09
0.07
0.09
0.06

4.54
−2.25
−1.34
2.26
1.93

63
63
63
63
1277

<0.001
0.03
0.19
0.03
0.05

Interaction aPA × Aut

0.000401

0.000099

4.04

1277

<0.001

Interaction aPA × Com
Interaction aPA × Rel

−0.000963
−0.000676

0.000290
0.000557

−3.33
−1.21

1277
1277

0.01
0.23
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Table 3 (continued)
Outcome

Fixed

Random

Predictor

Coefficient

SE

t value

df

p value

SD

c2

df

p value

Intercept
Sex

3.65
−0.04

0.07
0.16

51.59
−0.27

63
63

<0.001
0.79

0.54

573.38

55

<0.001

BMI
SWLS

0.04
0.37

0.03
0.12

1.49
3.17

63
63

0.14
0.01

aPA

−0.001923

0.000471

−4.09

63

<0.001

0.00275

153.28

55

aPA × sex

−0.001021

0.001061

−0.96

63

0.34

aPA × BMI
aPA × SWLS

−0.000022
0.000131

0.000174
0.000763

−0.13
0.17

63
63

0.89
0.86

Autonomy
Aut × sex
Aut × SWLS
Aut × BPNS_Aut

0.07
−0.01
0.01
0.01

0.01
0.02
0.02
0.02

6.67
−0.05
0.44
0.17

63
63
63
63

<0.001
0.96
0.66
0.87

0.06

97.79

Competence
Com × sex

0.09
−0.01

0.04
0.07

2.53
−0.11

63
63

0.01
0.91

0.19

Com × SWLS
Com × BPNS_Com
Relatedness

−0.09
0.05
0.15

0.06
0.08
0.07

−1.46
0.62
2.07

63
63
63

0.15
0.54
0.04

0.38

Rel × sex
Rel × SWLS

−0.14
0.02

0.15
0.12

−0.92
0.17

63
63

0.36
0.86

Rel × BPNS_Rel
Interaction aPA × Aut

−0.11
0.000091

0.16
0.000088

−0.66
1.03

63
1274

0.51
0.30

95 % Predictive
intervala

Slopes >0b
(%)

<0.001

−0.0073

0.0035

64

55

0.01

−0.04

0.18

89

100.52

55

<0.001

−0.27

0.46

69

74.24

55

0.04

−0.60

0.91

65

Model 3: calmness

Interaction aPA × Com

−0.000112

0.000247

−0.45

1274

0.65

Interaction aPA × Rel

0.001082

0.000500

2.16

1274

0.03

PA physical activity, Aut autonomy, Com competence, Rel relatedness, BMI body mass index, SWLS Satisfaction with Life Scale, BPNS Basic
Psychological Needs Scale
a

Based on the assumption of normally distributed regression coefficients, the 95 % predictive interval indicates the range of values between which 95 %
of the regression coefficients are estimated to lie (Hox 2010). The intervals were calculated based on a model without level 2 predictors

b

Based on the assumption of normally distributed regression coefficients, this value indicates the percentages of regression coefficients that are positive
(Hox 2010). The percentages were calculated based on a model without level 2 predictors

standardized effects, if physical activities of daily living increased by 1 SD, energetic arousal increased by 0.06 SD.
Further, if autonomy or competence increased by 1 SD, energetic arousal increased by 0.01 SD or 0.18 SD, respectively.
Furthermore, in situations being together (relatedness), energetic arousal is 0.09 SD higher compared to situations of being
alone. In addition to the main effects, the interactions between
autonomy and physical activities of daily living (standardized
effect = 0.02) and between competence and physical activities
of daily living (standardized effect = −0.001) were significant.
SWLS was associated with the level of energetic arousal.
Specifically, the more the subjects were satisfied with their
lives, the more they felt full of energy and awake across all
daily living situations. Gender was not associated with the
general level of energetic arousal, but it showed a significant

cross-level interaction with the within-subject effect of competence. In addition, the basic psychological need satisfaction
for competence interacted with this within-subject effect.
To illustrate both of the significant within-subject interactions, we used simple slopes for both autonomy and competence and plotted two separate graphs similar to the graph for
valence. The graph of Fig. 2 shows that the more the subjects
engaged in daily physical activities and the more this bout of
physical activity was autonomously regulated, the more the
subjects felt full of energy and awake. The effect seems to
grow with increasing volumes of activity. But, as already mentioned for the interaction effect on valence, the analysis was
based on very few activity data.
Figure 3 illustrates that the more the subjects engaged in
physical activities of daily living and the more the subjects
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Fig. 1 Within-subject interaction of autonomy and PA on valence. To
illustrate how autonomy affected the association between the last 10 min
of PA and valence, we calculated simple slopes

experienced feelings of competence, the more likely the subjects were to feel tired.

Affect Subscale of Calmness
Calmness was significantly and negatively predicted by the
last 10 min of physical activities of daily living (standardized
effect = −0.06) and positively predicted by the three psychological needs (standardized effect for autonomy = 0.01; standardized effect for competence = 0.08; standardized effect for
being together = 0.14). The subjects were more likely to feel
agitated and tense when they were more physically active during the 10 min before each e-diary entry, as indicated by the
fact that 76 % of the slopes for physical activities of daily
living were negative. Moreover, the subjects were more likely
to feel relaxed and calm when they reported greater satisfaction
of their psychological needs, as 89 %, 69 %, and 65 % of the
slopes for autonomy, competence, and relatedness, respectively, were positive. In addition to the main effects of the withinsubject relation, the interaction between relatedness and physical activities of daily living was significant (standardized effect = 0.008). SWLS was also significantly and positively

Fig. 2 Within-subject interaction of autonomy and PA on energetic
arousal. To illustrate how autonomy affected the association between
the last 10 min of PA and energetic arousal, we calculated simple slopes

Fig. 3 Within-subject interaction of competence and PA on energetic
arousal. To illustrate how competence affected the association between
the last 10 min of PA and energetic arousal, we calculated simple slopes

related to the level of calmness. However, gender did not
exhibit any significant relationships.
Again, we illustrated the within-subject interaction and
plotted two regression lines for situations characterized by
“being alone” versus situations characterized by “being together with others.” Figure 4 illustrates that the participants
felt more agitated and tense when they had been more physically active and when they felt more alone.

Discussion
This study expanded existing research by analyzing the moderating effect of three psychological needs on the withinsubject relation between physical activities of daily living
and affective states in daily living situations among adults
aged 50+. Considering the significant interaction effects, the
positive association between physical activities of daily living
and affective states seems to be moderated by the degree to
which feelings of autonomy, competence, and belonging are
satisfied.

Fig. 4 Within-subject interaction of relatedness and PA on calmness. To
illustrate how relatedness affected the association between the last 10 min
of PA and calmness, we calculated separate regression lines for situations
in which participants indicated to be alone or to be together with others
during the last 10 min
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In line with the assumptions of SDT and with findings from
previous studies [17, 19, 20], our results show that psychological need satisfaction is positively associated with all three
dimensions of affective states. Our findings also indicate that
need satisfaction is relevant for affective states in daily living
situations (cf. [25]). Reis et al. [21] obtained results supporting
such a conclusion by examining the relation between daily
variations in well-being and daily psychological need satisfaction for a sample of students who had to retrospectively rate
their well-being and need satisfaction before going to bed. In
addition, Howell et al. [22] conducted a time-based ambulatory assessment to investigate the association between momentary happiness (in terms of enjoyment and stress) and
momentary psychological need satisfaction among 144 undergraduate students. They found a positive association between
momentary happiness and both autonomy and relatedness but,
in contrast to our findings, a negative association between
momentary happiness and competence. To explain this finding, the authors noted that “competence-producing behaviors
appear to come at a momentary emotional cost” ([22], p. 12).
Thus, compared with students, who fill their days mainly with
competence-producing behaviors (e.g., learning activities),
adults aged 50+ may not be as involved in such behaviors.
This difference may explain the different moderating effects
between younger and older people.
The second main effect concerning the association between
physical activities of daily living and affective states in daily
living situations is generally consistent with previous ambulatory assessment studies on adults aged 50+. Such individuals feel not only more energetic (e.g., [10–12, 42]) but also
more agitated (e.g., [43] in a sample of students) after engaging in physical activity in daily living situations. In contrast to
these previous studies, we did not find a significant association for valence. Adults aged 50+ were not more likely to feel
well and satisfied after being active in daily life (cf. [13]).
However, the more the preceding bout of physical activities
of daily living was autonomously regulated, the more the participants felt better and energized, which has also been shown
in a study on students [25]. Thus, the positive association
between physical activity in daily living and both valence
and energetic arousal is moderated in situ by the degree to
which adults aged 50+ regulate their physical activity
autonomously.
Furthermore, feelings of competence significantly moderated the association between physical activities of daily living
and energetic arousal. Surprisingly, however, this interaction
was negative. The more the participants experienced feelings
of competence during the preceding bout of physical activities
of daily living, the more they felt tired and without energy.
This finding might be explained by the effect of different
intensities of physical activity. The data showed that the average amount of physical activities of daily living in situations
with lower ratings for competence was approximately 30 %

lower than that in situations with higher ratings for competence. Thus, greater feelings of competence may be associated
with a higher amount of physical activities of daily living and
hence with a greater degree of tiredness. In line with this
explanation, Oweis and Spinks [44] found that highintensity physical activity resulted in significantly lower levels
of energetic arousal. Future studies should confirm the moderating effect of competence for the association between the
amount of physical activities of daily living and the affect
dimension of energetic arousal.
Relatedness significantly moderated the association between physical activities of daily living and calmness.
Specifically, the participants felt more relaxed and calm if they
were physically active together with other people. Therefore,
being active together with other people weakened the agitating
effect of physical activity, indicating that the presence of another person has a calming effect. A possible explanation for
this finding is that satisfaction of the need to belong leads to
positive feelings of calmness [45], which may counteract the
agitating effect of physical activities of daily living.
As a methodological innovation, this study used an ambulatory assessment with activity-triggered e-diaries. As previously demonstrated [27], assessing momentary affective states
as a function of the amount of physical activity in daily living
situations allows for a greater number of assessments during
physically active episodes than using fixed or random sample
designs. Specifically, the use of activity-triggered e-diaries
maximizes the variation in affective states based on activities
of daily living and therefore increases the ability to detect
associations between affective states and physical activities
of daily living [27].
Notwithstanding this methodological strength, our study
nevertheless has a number of limitations. First, although we
used a randomization process, we did not achieve a normal
distribution for the educational attainment of people aged 50+
in the study that was comparable to that for the general population of these people in Germany [46]. People with high
educational attainment are often healthier [47], more satisfied
with life [48], and more physically active [5] than other people. Second, we assessed the psychological need for relatedness with the dichotomous measure “being together versus
being alone.” This measure did not reflect the quality of interpersonal connections and therefore might not be an adequate
assessment of the psychological need for belonging.
Nevertheless, the data showed that in 80 % of the situations
characterized by “being together,” the participants rated the
other person as very familiar, indicating that being together
is associated with feelings of relatedness. Third, although we
consider the time dependency of the independent (physical
activities of daily living) and the dependent (affective states)
variables, the design did not allow for strong causal interpretations, because it is not possible to control for potential confounders with an ambulatory assessment design. Fourth, given
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the fact that the current study assessed physical activities of
daily living and that these activities are primarily of low intensities, the relationship between affective states and intensive physical activities as well as the moderating effects of
need satisfaction on this association needs to be interpreted
with caution and evaluated in future studies.
To the best of our knowledge, no previous study has investigated the moderating effect of all three psychological needs
on the within-subject relation between physical activities of
daily living and momentary affective states during daily living
situations among adults aged 50+. Considering the significant
moderating effects, need satisfaction and, especially, autonomy seem to be relevant conditions for enhancing positive affective reactions owing to physical activities. Moreover, being
physically active in daily living may be a necessary but not a
sufficient condition for strengthening positive affective states.
These findings are especially useful for interventions aimed at
improving the mental health of adults aged 50+. Further, the
positive association between physical activity and affective
states will be stronger when activity is more autonomously
regulated. To enhance autonomy, people should have the opportunity to choose physical activities that they like and that
are fully integrated into their own value system. For instance,
a laboratory study showed that self-selected intensities of a
treadmill intervention were associated with more positive feelings than prescribed intensities [49]. Thus, an activity intervention that contains detailed and precise recommendations
regarding how to do a specific activity should also allow people to decide between different options. The more participants
are able to choose between different forms of activity and
different kinds of performance, for instance, the more the activity will likely be autonomously regulated and the greater
the psychological effect for mental health will be.
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