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Abstract
Research has shown that social participation contributes to older people’s healthy
ageing. Out-of-home mobility may promote higher levels of social participation
among older people. However, mobility and social participation are sophisticated
constructs. Social participation can be distinguished among different levels, such
as being alone, being alone surrounded by others, interacting with others or
engaging in activities together. Social participation and time spent in out-of-
home-mobility can be difficult to remember and therefore difficult to assess.
Picture-based ambulatory assessment provides valid and reliable information
about people’s mobility as well as their level of participation with high ecological
validity. The aim of the study was to investigate older people’s level of social
participation and its association with high or low out-of-home mobility. In sum,
23072 pictures (mean per person = 2307; SD = 686.7) involving ten older people
(mean age = 75.4 years; SD = 7.5 years) living in southwestern Germany were
analysed. They were asked to wear a wearable camera for two consecutive days.
Images were automatically captured every 15 seconds. Image analysis shows that
study participants spent most of their time alone (at approximately 35% of
analysed time). Out-of-home mobility was associated with higher levels of social
participation, such as helping others (chi2 = 200,664, df = 5, p < .001). Picture-
based ambulatory assessment can assist in the gathering of necessary sophisticated
information that is difficult to assess via questionnaires or other similar methods.
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Introduction

In most European societies, the population is getting older. The German Scientific
Advisory Council on Global Change (WBGU 2016) anticipates this community
transformation as one of the greatest social challenges for politics and science. Getting
older is often accompanied by psychological, physical or social changes. For instance,
older people could feel more isolated because of the premature death of family
members or friends (Lampinen and Heikkinen 2003). From a physiological perspec-
tive, getting older leads to a reduction in muscular mass (DiPietro 2001), which
increases the risk of falls (Schott 2007) and may reduce older people’s mobility.
However, getting older is not associated with negative changes per se. Being physically
active and out-of-home mobility promote people’s health (Faß and Schlesinger 2019),
autonomy, identity and well-being, even in older age (Claßen et al. 2014; Hamer et al.
2014; Oswald and Konopik 2015; Wahl et al. 2012). Active engagement, which
includes active social participation and (active) mobility (Rowe and Kahn 1997), is
an essential component of ageing well (Wahl et al. 2012), reduces premature mortality
(Maier and Klumb 2005; Pynnönen et al. 2014; Thomas 2012) and morbidity (Hwang
Han et al. 2017) and increases cognitive function (Miceli et al. 2018) and well-being
(Bauman et al. 2016). In particular, being with others or belonging to groups (e.g.,
friends or organised groups, such as clubs) is positively associated with better health
and health-related outcomes (Burholt et al. 2019; Tomaka et al. 2006). Social oppor-
tunities are needed to maintain social interactions and participation in later life
(Scharlach 2017). The living environment might be crucial for older people’s active
engagement and mobility (e.g., Glass and McAtee 2006; Rowles and Bernard 2013;
Sallis et al. 2006; Wahl et al. 2012), since it may offer more or fewer “opportunity
structures” (Baum and Palmer 2002, p. 352; Macintyre and Ellaway 1999, p. 169), such
as a place where individuals can meet each other. Environments may increase or
decrease the likelihood of out-of-home mobility (Tomaszewski 2013) and, in turn,
the likelihood of participating socially in the living environment (Annear et al. 2014;
Richard et al. 2013; Schlicht 2017; Schlicht and Oswald 2018). An ageing-friendly
living environment entails accessible and personally meaningful destinations. It pulls
people out of their homes and enables them to participate actively in social or
community affairs (Lewicka 2011; Rubinstein 1989; Tomaszewski 2013; Weideman
and Anderson 1985).

Social participation has been used and defined in various ways (Piskur et al. 2014).
One approach defines it as the involvement of people in decision-making processes, for
instance, in communities or policy (Bathgate and Romios 2011). Moreover, social
participation may refer to the number of contacts and interactions people have during
the course of a day or week (Koster et al. 2009). Social network theories focus on the
inter- and intra-relationships of group members (Putnam 2000). A further perspective
sheds light on the extent to which people are involved in activities with others in a
community (Levasseur et al. 2010). Based on different original definitions found in the
literature published between 1980 and 2009, Levasseur et al. (2010) proposed a
taxonomy of social activities that distinguishes among six distinct levels of social
participation. These levels account for the individual proximity of involvement with
others, the goal of the activity and whether the individual performs activities with
others or not. Therefore, being alone is a level of social participation (level 1) lower
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than being alone but having others around (level 2). Interacting with others (social
contact) without engaging in a specific activity with them (level 3) is considered a
higher level of social participation than the two former activities, but it is regarded as
lower than engaging in activities collaboratively (level 4), helping others (level 5) or
contributing to society (level 6). This distinction not only reflects different concepts of
(social) activities and social participation but also serves as an important theoretical
background for health-related research. Due to the abovementioned contribution of
social participation to ageing well, it is important to clarify what, in turn, contributes to
spending more time engaging in higher levels of social participation.

Social participation is usually assessed by either interviews or questionnaires, which
are sometimes combined within a study. For instance, people could be asked for the
number of memberships in associations (e.g., sports, cultural or political; Buffel et al.
2013). The ‘Elderly Activity Inventory Questionnaire (Lefrancois et al. 2001) and the
‘Community Participation Scale’ (Gracia and Herrero 2004) focus on the number of
social activities people join (e.g., going to church or the theatre). Furthermore, counting
the number of people or acquaintances seen as well as the number of phone calls or
visits made during a typical week has been used to operationalise social participation
(e.g., Hodge et al. 2013; Rosso et al. 2013).

According to Levasseur et al. (2010), social participation extends beyond the
number of contacts or the attendance of social activities. Subjective self-report mea-
sures in interviews or questionnaires fail to distinguish among the six levels of social
participation of the proposed taxonomy. Following Levasseur et al. (2010), participat-
ing in a social activity, such as a church visit, or travelling to a specific place could be
practised alone and therefore classified as performed alone (level 1); such activities
could also be performed with others around but without communication with them
(level 2); these activities may also involve interaction with others (level 3) or serve as a
joint activity (level 4); or activities may involve helping others (level 5) or contributing
to society (level 6). Therefore, a further method is needed to assess relevant contextual
information that may not always be remembered.

Physical mobility as well as life-space mobility (i.e., movement beyond one’s town
or geographic region) are most often assessed by self-report measures, such as reports
of the distance moved during the previous 4 weeks (Baker et al. 2003). Travel diaries
are another common method of assessing physical mobility, in which people record
their travel behaviour for a given period of time at predetermined intervals (e.g., 12 h at
10-min intervals). Such measures can be burdensome and may lack validity due to
problems in accurately remembering each minute of mobility as well as discrete
activities throughout a day (Kelly et al. 2015; Takemoto et al. 2015).

Ambulatory assessment methods are technology-based and aim to gather informa-
tion on on-going behaviour while individuals engage in their regular activities. The data
are collected in real time and natural settings and therefore offer data with high
reliability and high ecological validity (Schlicht et al. 2013; Trull and Ebner-Priemer
2013). Global positioning systems (GPS), for instance, have been applied for tracking
mobility (Brusilovski et al. 2016). Wearable cameras capturing digital lifelog images
are another way of applying ambulatory assessment methods. Devices such as the
SenseCam or the Autographer are typically worn during the whole day on a lanyard
around the neck and passively take pictures of an individual’s life. Pictures are taken
automatically at a pre-determined rate (e.g., 15 s). Applying wearable cameras is a
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recent method to investigate travelling and health behaviour. One could also calculate
the time spent engaged in those activities by increasing the capture rate of the camera
(Kelly et al. 2014; Sawyer et al. 2018). Wearable cameras have been shown to be a
suitable instrument to measure different kinds of physical activities (Kelly et al. 2011),
as well as everyday activities (Wang and Smeaton 2013). Wearable cameras have also
been used to investigate active mobility in different contexts. Doherty and colleagues
studied the feasibility of wearable cameras in the categorisation of types of activity,
such as bicycling or walking. Furthermore, they categorised the context of the activities
as well, such as ‘indoor’, ‘outdoor’, ‘transportation’ or ‘social/interaction’ (Doherty
et al. 2013c). Finally, using wearable cameras is a valuable approach to investigating
variables from a first-person perspective. As such, Oliver et al. (2013) applied a picture-
based assessment to audit the environmental features of active transport mobility, such
as work-related cycling and walking routes.

The aim of the given study was to describe the amount of time older adults spend in
out-of-home mobility as well as their level of social participation in their everyday
lives. A further goal was to investigate whether the time spent at different levels of
social participation was associated with high or low out-of-home mobility. Due to the
sophisticated distinction of social participation into different levels and the challenge of
assessing reliable data about such participation and people’s out-of-home mobility, a
picture-based ambulatory assessment was applied.

Methods

Participants and Study Setting

The inclusion criteria were a) being 65 years or older, b) having a current
driver’s licence, c) having no current employment relationship(s), d) having no
current profound physical constraints influencing out-of-home mobility, and e)
living in a rural area (defined by Regionalverband Nordschwarzwald 2007). The
main reasons for the inclusion criteria were to control for some relevant
moderator variables of out-of-home mobility, such as living in cities compared
to rural areas (Tomaszewski 2013). Recruitment was consecutively performed in
a municipality with approximately 8000 inhabitants located in the Black Forest
in western Baden-Württemberg, Germany. The town has 20 clubs and facilities
for the needs of daily living (e.g., grocery shops). The municipality is
completely surrounded by forest and nature. The sample included 10 partici-
pants (male: 50%; female: 50%) between 67 and 85 years of age (MAge = 75.4 ±
7.53 years old). These participants lived for 48 years (± 28.1 years) in the same
place in their private homes. Half of the participants were married (n = 5) and
were living together with their partner (but nobody had to care for his or her
partner), whereas four participants were widowed and one was divorced. The
education level among the participants was mostly primary school (n = 7); the
study included two participants who attended secondary school and one who
attended high school. Almost all participants (n = 8) were members of a club or
association. All of them had a car at their disposal.

D. Kahlert, N. Ehrhardt550



Study Design, Procedure and Data Analysis

Ethical approval for this cross-sectional study, which follows the ethical framework for
automated, wearable cameras in health behaviour research (Kelly et al. 2013c), was
provided by the Ethical Committee of the University of Education Schwäbisch Gmünd.
Recruited participants were fully informed about the goals of the study. After providing
informed consent, they were asked to complete a questionnaire related to their demo-
graphic backgrounds. Then, the participants were given instructions on how to use the
camera. They also received small cards to note the time points for which they would not
have images included in the study. Further materials, such as a small instruction book
for technical information, were also distributed. Participants were given written instruc-
tions and were advised on respecting the autonomy of third parties (e.g., family
members or friends), informing others about the study and the camera, seeking their
permission and providing them with the opportunity to delete images that they would
prefer to not have been taken. It was emphasised that the camera could be removed for
any reason if necessary. Participants were asked to wear the camera during waking
hours for two consecutive days. After the two days, the participants were given the
opportunity to view and delete all the images that they or other people considered to be
inappropriate for the study. All wearable devices were initialised on the same laptop,
making data collection across devices similarly aligned. After the two days, images
were downloaded using the manufacturer-supplied software, saved as a .jpg file and
examined using the software Google Picasa. Thereafter, each image was coded twice,
with one tag distinguishing among different levels of social participation and one
labelling out-of-home-mobility (see variables). The software allows for the annotation
of each picture. The amount of time (in minutes) for each category was calculated by
noting the time stamp, the capture rate (see below) and the number of pictures by using
Microsoft Excel 2011 and IBM SPSS Statistics (version 20). In the next step, the
amount of time spent in different levels of social participation and out-of-home
mobility was summed. Data analysis was performed for the amount of time (a total
of 5580.5 min) as a continuous dependent variable. Chi2 tests were conducted using the
dichotomous variable out-of-home mobility as an independent factor.

Material

The Autographer is a small wearable camera (90 × 36 mm in size and approximately
60 g). It is worn with a lanyard around the neck. The device facilitates passive image
capture from first-person view and records a time stamp but does not record audio. The
capture rate was determined to be every 15 s.

Variables

Social Participation

The concept of social participation was quantified by relating the camera wearing time
to the level of social participation as described above (Levasseur et al. 2010). Therefore,
a specific coding scheme was developed. Levasseur et al. (2010) propose three cues
concerning (a) the social interaction, (b) the goal and (c) the activities’ environment,
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leading to categorisation into one of the six distinct levels of social participation. The
first cue, social interaction, helps to differentiate between activities with or without
interaction (i.e., level 1 or 2 = no interaction or levels 3 to 6 = with interaction). Cue
number two (goal) provides information on the goals of activities: being oriented
towards basic needs (levels 1 and 2), social interaction (level 3), tasks (level 4), helping
others (level 5) and society (level 6). Cue number three (environment of activities)
takes into account that specific social activities are associated with social roles, which
are in turn determined by the environment (Asendorpf 2007, p. 283), which therefore
‘acts’ as a tag (Levasseur et al. 2010). Since an activity can be performed alone but
oriented towards society, Levasseur and colleagues propose the goal of the activities,
rather than the interaction, is crucial for its categorisation. As an example, if a person is
situated in a restaurant without having other people around (level 1), the environment
‘restaurant’ would be seen as socially oriented (level 3). Consequently, this activity
would be coded as level 3. Coding a picture as level 5 or level 6 required analysing the
pictures according to the environmental information, such as the presence of other
people and the behavioural setting (Barker 1968). For instance, pictures were coded as
level 6 if the study participant took part at a political club meeting. Different levels of
social participation can also occur at home, such as being alone and watching TV (level
1) or gardening with someone else (collaborating to reach the same goal = level 4).

Out-of-Home Mobility

Engaging in the living environment was operationalised as ‘out-of-home mobility’,
defined as the amount of time spent out of the house (Engstler et al. 2004). Therefore,
all the available pictures were coded as 0 or 1 for the home environment and the out-of-
home environment, respectively. To determine the extent of out-of-home mobility, all
coded pictures were multiplied by the capture rate of 15 s (e.g., 20 pictures at 15 s each
equals 300 s of out-of-home mobility). Following Rosso et al. (2013), two mobility
groups - low vs. high mobility - were differentiated. Therefore, an overall score
summarises the out-of-home time (in minutes) per person. In a second step, overall
individual out-of-home-time was divided by participants’ individual camera wear time.
This procedure respects possible differences in wear time and leads to a fair-value
mobility score per person. Following Rosso et al. (2013), low versus high mobility was
determined by being above or below the median for the composite score.

Results

From the 10 participants, 23072 Autographer images were captured (M = 2307.2 ±
686.7 pictures), which equals 5768 min or 96.1 h of wear time across two consecutive
investigation days (M = 9.6 ± 2.7 h). In sum, 750 pictures could not be analysed
because they were dark or blurry. Study participants did not ask to exclude pictures
from the analysis. Ultimately, 22322 (M = 2232.2 ± 687.1) valid pictures were identi-
fied and included for further analysis, equalling 5580.5 min (M = 558.0 ± 171.8) of
daily activities.

Study participants spent 35.3% of wear time in level 1 activities (Table 1). Examples
of such activities are being alone at home and/or reading a book, mowing the lawn,
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doing the laundry or going for a walk without others being around (see pictures in
Appendix Fig. 1). One-fourth of time (25.6%) was spent in level 2 activities, such as
being at the grocery store. Approximately one-fifth (18.4%) of the time was spent in
level 4 activities (e.g., walking the dog together). Less time was spent in level 3 (15%,
e.g., engaging in brief small talk when meeting other people while strolling about),
level 5 (1.5%; e.g., gardening at someone else’s home) and level 6 activities (4.2%, e.g.,
taking part in a political club meeting).

Table 2 shows the time participants have been wearing the Autographer as well as
the amount of out-of-home time spent engaging in social activities overall and sepa-
rately for high-mobility and low-mobility participants. Mobility groups differed with
respect to the time spent in higher levels of social activities (Chi2 = 200,664, df = 5,
p < .001). Low-mobility participants spent most of their out-of-home mobility involved
in level 4 activities (52.39%) but did not engage in level 5 or level 6 activities. In
contrast, high-mobility older people also spent time in those higher levels of social
participation.

Discussion

This study aimed to investigate the social participation and out-of-home mobility of
older people using a picture-based ambulatory assessment method. Participants spent
most of their time in activities with no interaction (level 1: being alone and level 2:
being alone but having others around), which is consistent with the findings of other
studies, showing that older adults spent most of their daytime alone (Chilvers et al.
2010; McKenna et al. 2007). The comparison of time spent in level 3 (interacting with
others) and level 4 (engaging in activities collaboratively) reveals that our study
participants are more task-oriented and spent less time on level 3 activities (social
interactions). They are also slightly more engaged in societal activities (level 6) than in
helping others (level 5). Moreover, the results of our study suggest that more time spent
out of the home (high mobility) is associated with spending more time in higher levels
of social participation, such as helping other people (level 5) or contributing to society
(level 6). This finding is also consistent with those of previous studies (e.g., Rosso et al.
2013; Tivig and Kasch 2015), which noted that the physical environment as well as
neighbourhood and social factors may support older adults’ physical activity
(Chaudhury et al. 2016) and therefore their ability to stay in touch with others and to
engage in meaningful activities (e.g., Lewicka 2011). Furthermore, being involved in
group activities or associations has been identified as a factor facilitating physical
activity as well as increasing social interaction through walking groups or similar
concepts (Belon et al. 2014). As Carver et al. (2018) reviewed, being with others,
interacting socially, engaging in activities with others and being mobile play a crucial
role in older people’s lives. Our study puts these pieces together and shows that in our
sample, being out of the home enhances the likelihood of experiencing higher levels of
social participation.

An advantage of applying picture-based ambulatory assessment methods is that they
lead to the collection of information and data with high ecological validity and context
specificity (Fahrenberg et al. 2007), partly due to the information being collected from
the first-person perspective at the time of exposure (Oliver et al. 2013) and the
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collection of multiple pieces of information, such as information about the level of
social participation, the setting or place where a given situation occurs (Anonymous
2016). Passively taken pictures may also reduce study participants’ workload, since
they replace (parts of) self-administered questionnaires or interviews, which may lead
to data affected by recall bias.

However, there are also shortcomings and issues that should be considered.
First, assessment duration was determined on two consecutive days, which limits
the representativeness of the participants’ activities. Therefore, the images of our
study hardly captured all association activities, even though a large proportion of
the rural population may participate there (Koch 2012). The photo-based ambula-
tory assessment also has shortcomings with respect to specific aspects of social
participation. For instance, forms of interactions that are not visible from a first-
person perspective, such as communicating via telephone, are difficult to assess.
Furthermore, in a study by Naumann (2006), older people reported on “knowing
what is going on in the neighbourhood” (p. 196). Oswald and Konopik (2015)
found that such “knowings” - which are not detectable by camera pictures - are
relevant to individuals’ well-being, especially in older age. Another point to
consider is the given study design, which does not provide information about
causality between out-of-home mobility and social participation. Consequently, it
is not clear whether the study participants experienced more social activities due
to being more mobile or vice versa. However, the description of the levels of
social experience of the participants separated by low versus high out-of-home
mobility follows common assumptions of socio-ecological models (Glass and
McAtee 2006) and approaches from environmental gerontology (Rowles and
Bernard 2013; Wahl et al. 2012). Furthermore, applying this method is a matter
of financial resources. The sample size and the study duration may be restricted
due to the number of available devices. Furthermore, the large number of captured

Table 2 Wear time and minutes spent engaged in out-of-home mobility according to the level of social
participation for all study participants as well as separated for high- and low-mobility participants

TOTAL Min. (%) High mobility
(n = 5) Min. (%)

Low mobility
(n = 5) Min. (%)

Wear time 5768.0 (100) 2417.8 (41.9) 3350.3 (58.1)

Out-of-home-mobility time 2239.7 (100) 1496.7 (66.8) 742.00 (33.2)

Social participation:

Level 1 224.5 (10.0) 172.0 (11.5) 52.5 (7.1)

Level 2 556.5 (24.8) 380.5 (25.4) 176.0 (23.7)

Level 3 339.8 (15.2) 214.5 (14.3) 125.3 (16.96)

Level 4 856.8 (38.3) 467.5 (31.2) 389.3 (52.4)

Level 5 30.5 (1.4) 30.5 (2.0) 0 (0)

Level 6 231.8 (10.4) 231.8 (15.5) 0 (0)

Level 1 = being alone; level 2 = having others around; level 3 = interacting with others (social contact) without
engaging in a specific activity with them; level 4 = engaging in activities collaboratively; level 5 = helping
others; level 6 = contributing to society
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images requires time to examine and analyse. For these reasons, the given pilot
study involves ten people, and the results represent their daily lives, which might
be specific and could differ in studies with, for instance, other people or other
inclusion criteria. Thus, the results lack representativeness, although a large
amount of data were analysed (approximately 23000 pictures). Nevertheless, some
colleagues have tried to overcome this restriction by merging similar images
automatically into ‘events’ (Doherty et al. 2012) or proposing special techniques
to identify events in a set of pictures (Doherty et al. 2013b).

Subject compliance or dark images due to incorrect camera positioning are further
typical challenges (Doherty et al. 2013a). Due to the detailed introduction about the
functioning of the wearable cameras and the provision of additional participant mate-
rial, we had a modicum of indeterminable images. Another problem concerned invis-
ible cues of information of the images, which did not cover the activities’ whole
environment. For instance, mowing the lawn for another person would be considered
as a level 5 activity (helping others). However, if there is no hint of others being around,
it could also be considered as a level 1 activity (no interaction with others). Therefore,
this study prioritises the goal of the activities (e.g., oriented towards helping others) and
not the actual performance (e.g., being alone or interacting with others), which in some
cases determines the level of social participation.

It should be noted that conducting picture-based studies also has ethical implications
(Kelly et al. 2013) concerning the privacy or confidentiality of study participants themselves
as well as that of other people. Image capturing may be unbidden or unflattering. Other
people who are not directly involved as study participants may not be aware of being more
or less part of a study or may claim the right to their own pictures. The given study therefore
followed Kelly and colleagues’ ethical framework (Kelly et al. 2013), which should be
mandatory for all further studies using automated wearable cameras.

Conclusion and Implications

Detailed information about older people’s level of social participation as well as their
out-of-home mobility can be identified by applying picture-based ambulatory assess-
ment. This is crucial, since the first outcome is a sophisticated construct, and both
variables are often difficult to remember and therefore difficult to assess. First-person
perspective pictures provide multiple pieces of information with high ecological
validity. This method and studies such as ours might be useful in the investigation of
(older) people’s behaviour, such as their social participation. Further studies might
focus on getting older people out of their homes, for instance, by investigating aspects
of “age-friendly environments” (Scharlach 2017).
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