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Introduction
Most of us accept that regular physical activity is beneficial to 
our health. However, it is too often overlooked how vitally 
important physical activity is, not only for the health but also for 
the wellbeing and independence of older adults. Physical activity 
has been shown to improve muscle skeletal strength, reduce the 
risk of chronic diseases, and even support mental health (Bauman 
et al., 2016; U.S. Department of Health and Human Services, 
1996). Currently, physical activity and strength training are the 
most effective fall prevention treatments. One study found that 
regular physical activity even reduced the participant’s symptoms 
of frailty (Bangsbo et al., 2019; Bauman et al., 2016; Chodzko-
Zajko et al., 2009; Lopez et al., 2018). Physical activity has also 
been linked to independence which is essential to many older 
adults’ experience of quality of life, as physical activity supports 
increased mobility (Chodzko-Zajko et al., 2009). In contrast, a 
sedentary lifestyle exacerbates symptoms of chronic disease and is 
linked to decreased mobility and even loneliness (Chodzko-Zajko 
et al., 2009). Despite this existing knowledge, people generally 
reduce their physical activity and adopt a sedentary lifestyle as 
they age (Davis et al., 2011; De Rezende et al., 2014). 

Behavior change (BC) solutions can have a positive effect 
on this unfortunate trend by stimulating older adults to adopt a 
more physically active lifestyle. BC solutions apply BC strategies 
to motivate people to adopt new behaviors and break bad habits. 

However, motivating people to adopt new behavior is challenging 
and complicated, not in the least because people react differently 
to applied BC strategies. It has been shown that personalizing BC 
strategies applied to BC solutions can improve the effectiveness 
of these solution in stimulating the adoption of new target 
behaviors (Brug et al., 1999; Kaptein et al., 2015; Purpura et al., 
2011). The older adult community is a very diverse population, 
due to the wide range of physical capabilities, co-morbidities, and 
the lifetime of diverse experiences (Gregor et al., 2002). Thus, 
older adults are especially in need of personalized solutions 
which address their wide variety of needs, wants, and challenges 
(LeRouge et al., 2011). 

Commercially available BC solutions, such as mobile 
applications which aim to stimulate increased physical activity, 
commonly use some form of self-awareness or social awareness 
strategy (Lyons et al., 2014; Middelweerd et al., 2014). Self-
awareness strategies aim to inspire BC by providing the user 
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with insight into the extent of their own adherence to the target 
behavior; while social awareness strategies aim to achieve the 
same, except by providing insight into the adherence to the target 
behavior of a group, of one or more peers. Though such personal 
activity monitoring interventions hold potential for older adults 
(Lyons et al., 2017; McMahon et al., 2016; Middelweerd et al., 
2014; Valk et al., 2017), there are a variety of challenges among 
older adults which bar an important subgroup of this population 

from enjoying the benefits of many commercially available BC 
solutions (Preusse et al., 2017; Seifert et al., 2017), so that there 
is little known about whether even the most commonly used BC 
strategies are effective for older users. 

It is clear that there is a need to investigate how to effectively 
personalize BC solutions for older adults for the benefit of their 
health and wellbeing. Experts agree that to this end, profiling is a 
valuable method to personalize BC strategies (Friederichs et al., 
2015; Hardcastle & Hagger, 2016; Kaptein et al., 2015; LeRouge 
et al., 2011; Looman et al., 2018), yet there is no consensus on 
what user factors should characterize or determine the user’s 
BC profile. Additionally, once users have been profiled, it is not 
always clear how these profiles can inform design decisions such 
as which BC strategy is most appropriate for a specific profile of 
older users. There is a need to further investigate which factors 
might be indicative of a user’s reaction to an applied BC strategy 
beyond only factors such as age and gender.

To address this gap, we conducted a randomized controlled 
trial investigating the effect of two commonly used BC strategies 
(self-awareness and social awareness), on the physical activity 
of a group of 53 older adult participants, between a baseline and 
intervention measurement over the course of nine weeks. To 
test these two BC strategies, they were each implemented into 
otherwise very similar mobile applications, pictured in Figure 1. 
In addition, we analyzed the effect of several personal factors, 
captured by questionnaires, on the increase in physical activity.

A series of regression analyses were run to identify which 
personal factors predicted an increase in physical activity for 
each intervention. From these analyses, we clustered the personal 
factors which were found to be significant into motivational 
profiles, linked to the relevant BC strategy. Furthermore, we 
provide design recommendations based on our findings and 
propose an approach for how to create motivational profiles for 
further investigations into how to motivate increased physical 
activity among older adults. 

In this way we want to contribute to the body of knowledge 
on personalizing BC strategies. We believe a better understanding 
of how to personalize BC strategies for older adults is of vital 
importance for improving BC solutions, which motivate older 
adults to increase their physical activity and hereby improve their 
quality of life.
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Figure 1. User demonstrates use of intervention application.
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Related Works  
Though the positive effects of physical activity have been shown 
to improve the health, wellbeing, and independence of older 
adults, an important subset of this population could still benefit 
from increasing their physical activity and avoiding a sedentary 
lifestyle (Bangsbo et al., 2019; Bauman et al., 2016; Chodzko-
Zajko et al., 2009; Lopez et al., 2018; Nagai et al., 2018). 

In order to support increased engagement with physical 
activity, BC solutions need to be personalized to appropriately 
address the needs of the highly diverse older adult population. 
Personalization has been shown to increase the effectiveness of 
BC solutions (Bull et al., 1999; Cabrita et al., 2015; Campbell 
et al., 1994; Purpura et al., 2011; Schutzer & Graves, 2004). 
Additionally, strong evidence indicates that when designing 
for older adult users the need for personalization is even more 
important (Cabrita et al., 2015; LeRouge et al., 2011). However, 
highly personalized solutions tailored to one individual are costly 
to create and practically impossible to implement on a larger scale. 
Current automized personalization methods, such as purchase 
recommendary systems used in online marketing or in-app goal 
setting due to previous activity levels, lack the necessary contextual 
and psychological depth beyond measured activity data or other 
measured physiological data (Kaptein et al., 2015). Experienced 
authors advocate that user profiles have the potential to increase 
the effectivity of the BC solution by allowing for a more personal 
approach than the inadvisable one size fits all, while streamlining 
the creation of these BC interventions by avoiding bespoke 
interventions (Friederichs et al., 2015; Hardcastle & Hagger, 2016; 
Kaptein et al., 2015; LeRouge et al., 2011; Looman et al., 2018).

To this effect, researchers have conducted studies to 
discover which personal factors should be considered when 
creating such a profile. Though certain constructs such as age, 
gender, and ethnicity are very often used to construct user profiles, 
authors see the value in using a combination of contextual and 
psychological factors to profile users for interventions that 
support physical activity. Much research into the psychology 
of BC has already been done. Notably, Prochaska and Velicer 
(1997) describe BC as a dynamic process consisting of several 
consecutive stages describing an individual’s attitude toward or 
readiness for BC, from precontemplation (no intention to change), 
to maintenance (actively keeping up the change). Other authors 
have concentrated on the role of self-efficacy, which describes 
an individual’s estimation of their own ability to successfully 
perform a behavior or achieve a set goal (Sherer & Maddux, 
1982). Psychological factors such as stage of change (Prochaska 
& Velicer, 1997), social efficacy and self-efficacy (Sherer & 
Maddux, 1982) in combination with other personal factors could 
inform design choices towards the creation of BC solutions (Brug 
et al., 1999; Lee et al., 2008; Looman et al., 2018; McAuley et al., 
2006). However, little is known about which specific combination 
of personal factors could be used to profile older adults to inform 
which BC strategy should be applied. 

While some form of self-monitoring or self-awareness might 
be the most prevalent BC strategy when considering commercially 
available physical activity monitors, social interventions are also 

often used to motivate increased physical activity. Several mobile 
applications allow users to share their recorded physical activity to 
their social network, for example. In addition, authors have explored 
how social connectedness even when mediated through digital and 
technological devices can enhance the wellbeing of older adults 
(Visser et al., 2011). There are of course many BC strategies and 
technics (Michie et al., 2015), but besides being commonly used to 
support increased physical activity (Lyons et al., 2014; Middelweerd 
et al., 2014), both the self-awareness (McMahon et al., 2016) and 
social awareness (Kononova et al., 2019) type BC strategies were 
found to have potential for older adult users (Valk et al., 2017). Still, 
it is difficult to know which BC strategy is most appropriate to use 
to address older adults when designing BC solutions.

In this study we attempt to examine the effect of the above-
mentioned personal factors on the increase in physical activity of 
older adults using a design probe employing either the self- or 
social awareness BC strategy.

Method
As mentioned in the introduction, we were interested to learn 
which personal profiling factors (e.g., as age, gender, overall 
physical activity, self-efficacy, social efficacy, etc.) effect physical 
activity (in terms of relative increase in physical activity as 
measured by a wearable activity tracker) and whether there are 
any personal factors that could indicate a significant improvement 
in physical activities depending on the intervention BC strategy 
applied. Thus, the purpose of the study was to find out whether 
age, gender, smartphone usage, stage of change, social efficacy, 
and self-efficacy have a statistically significant effect on the 
relative improvement on daily physical activities under the social 
awareness and self-awareness strategy, respectively. 

In this section we report on the study design, the 
participants, the intervention hardware and software, the data we 
collected, and the data protection practices we used.

Study Design 

This study consisted of a two-group randomized controlled 
trial, with a four-week baseline and a five-week intervention 
measurement phase, see Figure 2. During the baseline phase of the 
study, each participant was asked to wear a step counter without 
a display and to keep a research-issued phone charged at their 
home for data collection purposes. During the intervention phase 
of the study, participants were asked to use the research-issued 
smartphone to view their daily steps through interacting with the 
intervention application they were allocated. Three workshops 
were organized with no more than twenty participants at a time: 1) 
Onboarding and introduction workshop to explain the procedure 
and expectations, 2) Workshop teaching participants how to use the 
intervention application they had been allocated, and 3) De-briefing 
workshop to provide participants with preliminary insights from the 
study and thank them for their participation. Participants were also 
asked to fill in a list of questionnaires to collect more information 
on personal factors, potentially relevant to motivational profiling. 
For the details, see the data collection section.
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Participants 

All participants of the study were recruited in close collaboration 
with a trusted third party, in this case the founder and volunteers 
from the local senior community center. Handouts describing 
the study and inviting members to the onboarding session were 
distributed among the members of the senior community center 
several weeks before the first onboarding workshop, giving 
potential participants ample time to consider if they would like 
to join the study. Community dwelling older adult members of 
the local senior community center were the main target group of 
this recruitment though some volunteers of the center also decided 
to join the study. Older adult members of the senior community 
center all have a Tilburg Frailty index of larger than five (Gobbens 
et al., 2010), describing them as independent yet reliant on some 
support or care for activities of daily living, such as help with 
strenuous household tasks or relying on a walking aid.

Software Intervention

For this investigation, it was necessary to redesign the original 
HealthyTogether application (Chen & Pu, 2014), into the REACH 
HealthyTogether application through a co-creation process with a 
panel of five older adults, representative of the larger group of study 
participants. Two very similar versions of the resulting REACH 
HealthyTogether application were created each implementing a 
BC strategy. The first version integrated the self-awareness BC 
strategy and the second integrated the social awareness BC strategy 
into the application, see Figure 3 and Figure 4 respectively. The 
main difference is that in the self-awareness application (Figure 3), 
the circle on the today screen visualizes one user’s progress toward 
a personal daily step goal while in the social awareness application 
(Figure 4), the circle represents the total progress of the user and 
their buddy towards a combined daily step goal. Each combined 
daily step goal is the sum of the individual step goals of the 
user and their buddy, but no distinction is made in the progress 
visualization about which buddy has contributed most that day. 
This choice was made to emphasize collaboration instead of 
competition, as in this highly divers population we wanted to 
avoid people getting discouraged by always contributing less than 
their buddy. The buddies were assigned randomly from the same 

workshop group so that participants had a chance to meet their 
buddy at least a few times during the workshops. In the history 
overview, both applications allow users to scroll through daily step 
totals achieved in previous days. In this view, those using the social 
awareness version can gain insight into their personal number of 
steps compared to that of their buddy.

Hardware Intervention 

The hardware used to support this study consisted of the Fitbit 
Flex2 and the Mi A1 smartphone. Both pieces of hardware were 
considered due to practical reasons, e.g., cost, availability, and 
approval by the aforementioned panel of participants. The Mi A1 
phone was chosen for its screen size and regular security updates 
of the operating system. The Fitbit Flex2 was chosen because of 
the practicality of it being waterproof, featuring exercise detection 
such as walking, cycling, swimming, aerobic workout etc. without 
having a screen to show the number of steps which was important 
in order to run the baseline phase of the study. 

Data Collection

By means of a questionnaire we collected information on 
participants’ age, gender, self-reported confidence in using a 
smartphone (smartphone confidence), stage of change (Prochaska 
& Velicer, 1997), and social and self-efficacy (Sherer & Maddux, 
1982), see Table 1. Overview of data collection. By means of the 
wearable activity sensor, the Fitbit Flex 2, we collected step data 
during both the baseline and intervention phases of the study.

Data Security and Ethics

To protect the privacy of our participants, the necessary personal 
information, such as contact information, was encrypted and 
stored offline. In addition, this sensitive information was only 
shared with those researchers who required it to run the study, 
for example to provide tech support. For much of the general 
communication toward the participants, researchers relied on 
the support of the partnering senior community center, which 
already possessed contact information for all their members, and 
in doing so avoided, in many cases, the necessity to record this 

 

Figure 2. Basic outline of the randomized controlled trial including baseline and intervention phases and workshops.
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Figure 3. Intervention application for the self-awareness condition.

 

Figure 4. Intervention application for the social awareness condition.

Table 1. Overview of data collection.

Personal Factors Description Measurement

Data collected via questionnaire 
during workshops 1, 2, and 3

Age Participant’s age In years

Gender Participant’s gender Male or Female

Stage of change
Collected using the questionnaire from the 
transtheoretical model of behavior change  

(Marcus & Lewis, 2003)

In phases: Precontemplation, 
contemplation, preparation,  

action, maintenance*

Self-efficacy Collected using the questionnaire from the  
efficacy scale (Sherer & Maddux, 1982) Numerical outcome

Social efficacy
Collected using the questionnaire from the 

social efficacy scale  
(Sherer & Maddux, 1982)

Numerical outcome

Data collected via post  
intervention phase questionnaire Smartphone confidence Self-reported confidence in using  

a smartphone on a 5-point Likert scale

Data measured with wearable 
activity sensor during both 
baseline and intervention  
phases of the study

Daily step total Measured by Fitbit Flex 2 Numerical; daily step total

*Precontemplation (no intention for BC), contemplation (aware but not committed to BC), preparation (committed and planning BC), action (exerts efforts to 
change intended behavior), maintenance (maintaining BC to prevent relapse).
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personal data. This data collection and storage was described in 
layman’s terms during the first workshop before participants were 
invited to sign the informed consent as part of onboarding. A flyer 
describing the data collection and storage and a flyer describing 
the study and how to contact the research team was also handed 
out for participants to take home. 

Responsible parties of this senior community center and 
knowledgeable people at the Eindhoven University of Technology 
approved our protocol, data collection, and storage practices. 

The data collected from this study was anonymized and 
made available to the REACH Horizon 2020 consortium in order to 
comply with the consortium agreement and European requirements. 
This consortium will further communicate the already deidentified 
data to others following general data protection regulations 
(European Commission, 2018). To share this anonymized data with 
research partners end-to-end encryption was used.

Results
The participants were recruited by the partnering senior community 
center based on their willingness to participate in the study. Less 
than two weeks of measured step data in either the baseline or 
the intervention phase of the study excluded that case from any 
calculations concerning physical activity. 

Eighty-one older adult potential participants signed up to 
come to the onboarding workshop and were assigned to use either 
a social awareness or a self-awareness intervention application 
prior to the onboarding workshop. At the conclusion of the 
study, out of the 49 participants who used the social awareness 
intervention 11 people dropped out of the study (22.45%) and out 
of the 32 participants who used the self-awareness intervention 12 
participants dropped out before the end of the study (37.50%). After 
the exclusion criterium was enforced, 53 participants remained 
(Table 2).

Personal Profile Results from the Questionnaire 

Out of the 53 remaining participants 40 were female and 13 were 
male. Participants had a mean age of 72.38, a median age of 73, 
and mode of 76. Of the remaining 53 participants 49 participants 
completed the self-efficacy questionnaire with scores ranging 
from 17 to 40, with a mean score of 32.47. Fifty participants 
completed the social efficacy questionnaire with overall scores 
ranging from 9 to 22 with a mean score of 17.06. Out of the 48 
participants who completed the stage of change questionnaire 
we found most participants to be either in the action (15) or the 
maintenance (24) stage of change. More specific information 
about the study population, in terms of the examined personal 
factors, is reported in Table 3.

Measured Physical Activity Results

In addition, the daily step data collected showed diversity within 
this population. The lowest average number of steps measured on 
a day during the baseline was 1556.08, while the highest average 
was 18432.10. The mean difference in number of steps between 
the baseline and the intervention was 568.96, but due to the large 

Table 2. Participation after dropout and after exclusion 
criteria were enforced.

Number of  
people  

on-boarded

Number of people 
still participating  

at the end  
of the study

After exclusion 
due to lack  

of measured  
step data

Self- 
awareness 32 20 15

Social 
awareness 49 38 38

Total 81 58 53

Table 3. Participant details. 

Personal factor Number of people

Gender
Male 13

Female 40

Age

Under 70 yrs. 15

Between 70-79 yrs. 26

Over 80 yrs. 12

Stage of  
change

Precontemplation 1

Contemplation 5

Preparation 3

Action 15

Maintenance 24

Self- 
efficacy*

Low 19

Middle 10

High 20

Social  
efficacy*

Low 16

Middle 19

High 16

Smartphone 
confidence

1. I have never used  
a smartphone 7

2. Very confused  
or frustrated 2

3. A little apprehensive 7

4. Somewhat confident 20

5. Very confident 14

*Both self-efficacy and social efficacy are measured by validated 
questionnaires yielding a numerical outcome. However, for the ease of 
legibility these values were split into the lowest 33%, and highest 33%, and 
the rest was allocated to the middle.
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differences in average number of steps it is relevant to consider 
not just the absolute difference but also the relative improvement. 
More details on this can be found in Table 4.

Analysis
The research question we aimed to address with this investigation 
concerns the relationship between personal profiling factors 
and effectivity of applied BC strategies, in terms of relative 
improvement in daily step count between the baseline and 
intervention phases of the study. In our analysis of the above 
reported results we first addressed the entire data set and then we 
examined each intervention condition on its own. 

Analysis of the Complete Data Set 

The central purpose of this analysis was to investigate which 
personal factors, and to what extend each of these, had an effect 
on the relative improvement in steps taken per day. To this end, we 
ran a multiple regression to predict relative improvement in steps 
between the baseline and the intervention phases of the study 
from gender, age, self-efficacy, social efficacy, stage of change, 
intervention application used during intervention phase of the 
study, overall physical activity level throughout the entire study, 
and self-reported smartphone confidence. 

Our regression required some initial data processing. As 
an ordinal variable cannot be used in a multiple regression, we 
created dummy variables to change the ordinal variables (overall 
physical activity, smartphone confidence, and stage of change) 
into dichotomous variables. 

An assessment of partial regression plots and the studentized 
residuals against the predicted values plot showed there was 
linearity. We found independence of residuals, as assessed by 
a Durbin-Watson statistic of 2.132, and homoscedasticity, as 
assessed by visual inspection of a plot of studentized residuals 
versus unstandardized predicted values. The studentized deleted 
residual all fell between -1.653 and 2.437 except an outlier with 
the value of 6.567, and almost all of the leverage values were 
above the problematic value of 0.2. However, the Cook’s distance 
values were never above 1, so we continued with this regression.

The multiple regression analysis showed that R2 for the 
overall model was 41.1% with an adjusted R2 of 8.4%. Age, 
gender, intervention application allocation, self-efficacy, social 
efficacy, overall level of physical activity, stage of change, 
and self-reported smartphone confidence were not statistically 

significant to predict relative improvement, with F(15, 27) = 1.257, 
p = .293. From the SPSS calculated Coefficients, reported in Table 
5, we see that only app allocation, stage of change: action, and 
self-reported phone confidence: a little confused, are statistically 
significant to relative difference between steps taken during the 
baseline and the intervention periods of the study.

Analysis of the Two Intervention Conditions 

To determine that there was no accidental bias in the allocation 
of the self-awareness and social awareness intervention groups, 
we examined the average number of steps taken in each group 
during the baseline phase of the study, before any intervention 
was introduced. We used a Mann-Whitney U test to investigate 
the average number of steps taken during the baseline, across 
these two intervention groups. Distributions of the average number 
of steps taken a day during the baseline phase of the study were 
similar across the two groups, despite the disparity in number of 
participants. From this test we found that median engagement score 
for self-awareness (7706.90) and social awareness (7004.65) was 
not statistically significantly different, U = 264, z = -.415, p = .678.

Originally, we aimed to run a similar multiple regression 
on each intervention condition group separately. However, 
when divided into the two different intervention conditions, 
the data from the self-awareness group was not sufficient to 
run a multiple regression, as the data did not meet the Durbin-
Watson requirement and had multicollinearity problems, even 
after excluding some of the troublesome variables. Instead, we 
used a nonparametric correlation analysis to find the strength 
and direction of the relationship between each personal factor 
examined and the relative increase in physical activity measured 
for this intervention condition. The Kendall’s tau-b (τb) correlation 
was used to find the relationship between each personal factor 
examined and the relative improvement in steps, see details in 
Table 6. Age, stage of change, and smartphone confidence were 
found to have a statistically significant effect (at 95% confidence, 
for age, p = 0.017, for stage of change p = 0.28, and for smartphone 
confidence p = 0.032) on the relative improvement of daily 
physical activities stimulated by self-awareness.

For the data from the social-awareness group, it was 
feasible to run a multiple regression analysis after the validation. 
Accordingly, we ran another similar multiple regression analysis 
on only the data set from this intervention group. Detailed 
results are listed in Table 7. Linearity and homoscedasticity were 
established by assessment of the relevant plots. There was an 

Table 4. Details on physical activity in number of steps a day.

Mean Std. Error of Mean Median Min Max

Average baseline 8265.91 528.67 7239.45 1556.08 18432.1

Average intervention 8834.87 540.43 7886.44 2229.03 18471.69

Difference in averages 568.96 184.96 452.06 -1815.79 4884.52

Relative improvement 10.04 3.23 6.52 -19.72 127.94

Overall physical activity 8550.39 526.52 7783.60 1892.56 18452.89
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independence of residuals, as the Durbin-Watson statistic was 
found to be 2.166. The studentized deleted residual all ranged 
from -1.743 to 2.304, and all of the centered leverage values were 
above the problematic value of 0.2. Cook’s distance values were 
never greater than 1. R2 for the overall model was 48.7% with 
an adjusted R2 of 7.1. Age, gender, self-efficacy, social efficacy, 
overall physical activity, and smartphone confidence were found 
not to be statistically significant to relative improvement in daily 
steps, F(13, 16) = 1.171, p = .377. However, we did observe 
that stage of change: preparation was significant, p = .061 at a 
confidence level of 90%.

In conclusion, from running a multiple regression on the 
entire data set we found application allocation (intervention 
condition), stage of change, and smartphone confidence to 
have a significant relationship with relative increase in physical 
activity. The correlation analysis of the self-awareness intervention 
condition reiterated the relevance of stage of change and smartphone 
confidence, while also showing age to be significantly correlated 
to the relative improvement in total daily steps. The multiple 
regression analysis of the data from the social-awareness condition 
suggested that stage of change at preparation was found to have a 
statistically significant effect to the relative improvement.  

Table 5. Summary of the multiple regression analysis, coefficients Table.

Variable B SEB β Sig.

Intercept -65.990 57.544 .262

Gender 4.943 9.976 .093 .624

Age .081 .551 .031 .885

Condition allocation 25.917 9.972 .487* .015

Precontemplation -36.864 33.780 -.233 .285

Contemplation -9.417 23.374 -.127 .690

Preparation 6.920 18.044 .113 .704

Action 22.293 10.625 .467* .045

Overall physical activity Low -8.364 10.273 -.167 .423

Overall physical activity Mid -1.328 9.948 -.026 .895

Smartphone confidence 1 -5.805 27.662 -.090 .835

Smartphone confidence 2 -2.592 28.186 -.042 .927

Smartphone confidence 3 26.772 12.676 .535* .044

Smartphone confidence 4 -8.480 13.130 -.155 .524

Self-efficacy .859 1.177 .171 .472

Social efficacy -.612 1.753 -.080 .730

Note. *p < .05; B = unstandardized regression coefficient; SEB = Standard error of the coefficient; β = standardized coefficient.

Table 6. Results of the Kendal’s Tau-b correlation between personal factors and relative improvement of physical activity over the 
data of the self-awareness condition.

Personal factors
Self-awareness intervention condition

τb Sig. (2-tailed)

Gender .110 .624

Age .464* .017

Self-efficacy -.187 .387

Social efficacy -.013 .951

Stage of change -.489* .028

Smartphone confidence -.457* .032

Overall physical activity -.238 .216

Note. *p < .05. 
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These findings suggest the self-awareness BC strategy 
might effectively address people with low smartphone confidence, 
at an earlier stage of change, and of advanced age. While the social 
awareness strategy might be used more effectively to address 
people who are already in the preparation stage. 

In the next section we will discuss each of these personal 
factors in detail with some additional explorations.

Further Analysis 
The aim of this work is to investigate how to profile older users, 
to most effectively personalize BC solutions towards increased 
physical activity. To that end we conducted further investigations 
into each personal factor examined, which will be discussed in 
this section.

Age 

We were originally interested in age specifically because it seems 
to be one of the most commonly used profiling factors. Yet, 
from our regression analyses we found that age did not have a 
significant relationship with relative improvement, for the overall 
participant group nor for the social awareness group. However, 
in the smaller self-awareness group age was found to positively 
correlate to the relative improvement of physical activity. To 
examine the relationship between physical activity and age further, 
we conducted a Spearman’s rank-order correlation to examine 
the relationship between age and overall physical activity. From 

this correlation we found that there was a statistically significant, 
moderate negative correlation between age and overall level of 
physical activity, rs(95) = -.304, p = .027. This finding resonates 
with other sources which cite similar findings: as age increases, 
physical activity tends to decrease (Davis et al., 2011). 

There is a general misconception that the potential for 
change decreases with age, so bluntly but aptly described in the 
age-old adage; “you can’t teach an old dog new tricks”. However, 
our findings suggest that age affects absolute physical activity 
but not the individual relative improvement stimulated by the 
two tested BC strategies. If we examine relative improvement, 
as a manifestation of potential to change physical activity habits, 
we find that there is no decrease in potential towards this kind 
of change with age. This finding reaffirms the importance of 
personalized BC research and its potential to benefit older adults.

Gender 

Gender is commonly used as a personal factor for profiling, 
however, from our regression and subsequent analysis, we found 
gender not to be correlated with relative improvement. To examine 
the relationship between gender and overall physical activity in 
steps we ran a Kendall’s tau-b correlation. There was a very small 
negative association between gender and overall physical activity, 
and this too was not statistically significant, τb = -.043, p = .710. 

This outcome might be the result of the disproportionate 
number of men and women we were able to recruit. On the other 
hand, these results might suggest that, among this population, 

Table 7. Summary of multiple regression analysis, coefficients Table of the social awareness intervention condition.

Variable B SEB β Sig.

Intercept 61.670 45.036 .190

Gender -8.786 12.443 -.214 .490

Age .511 .407 -.304 .227

Precontemplation -13.042 31.436 -.143 .684

Contemplation -33.437 24.491 -.611 .191

Preparation 30.048 14.907 .733* .061

Action 6.099 9.989 .182 .550

Overall physical activity Low -2.317 9.785 -.068 .816

Overall physical activity Mid -2.080 8.807 -.060 .816

Smartphone confidence 1 Excluded by regression because it could be perfectly predicted by the other smartphone confidences levels.

Smartphone confidence 2 30.667 18.650 .635 .120

Smartphone confidence 3 -6.201 12.973 -.160 .639

Smartphone confidence 4 -4.227 10.419 -.114 .690

Self-efficacy -.545 1.208 -.166 .658

Social efficacy .240 1.562 .048 .880

Note. *p < .05; B = unstandardized regression coefficient; SEB = Standard error of the coefficient; β = standardized coefficient.
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gender was less important as a personal factor informing the 
effect of BC stimuli. Due to the disparity in numbers between 
men and women, these results are not conclusive. More specific 
research into this factor should be conducted to gain a more 
comprehensive understanding of whether gender should or 
should not be considered an important factor to inform the choice 
of BC profile.

Self-efficacy 

In addition to the regression reported in the results section of this 
paper, we also conducted a separate Spearman’s correlation to 
see if we could find a relationship between the participant’s self-
efficacy and their overall physical activity measured. Forty-nine 
participants completed the self-efficacy questionnaire and were 
included in this analysis. As in the regression analysis we found 
no statistically significant correlation between self-efficacy and 
overall physical activity, rs(49) = .028, p = .849. 

In other studies authors cite the importance of self-efficacy 
to BC (Marcus & Lewis, 2003), however, our findings here do 
not support this directly. This might be because the self-efficacy 
questionnaire is not validated for this group of the population. 
Researchers did get comments from several participants that the 
questionnaire was long and some of the questions confusing. In 
comparison to the four-question stage of change questionnaire, 
the sixteen questions of the combined self- and social efficacy 
questionnaire might have been fatiguing for some participants in 
such a way that the tool did not measure this construct accurately. 
In addition, there might be some physical limitations to the activity 
that certain participants were able to achieve, due to a dependence 
on walking aids for example, despite their self-efficacy. To 
investigate this construct further, we would need a more specific 
research study geared to looking specifically at the effect of self-
efficacy on relative improvement of physical activity. 

Social Efficacy 

As with self-efficacy, to determine whether social efficacy 
score was correlated to the relative difference in averages we 
ran a Spearman’s rank-order correlation. Fifty participants 
completed the social efficacy questionnaire. A visual inspection 
of the scatterplot indicated the relationship to be monotonic. 
Results of this investigation show that there was no statistically 
significant correlation between social efficacy score and relative 
improvement in steps, rs(50) = -.030, p = .835. These results could 
be attributed to the fact that we did not measure social activity 
specifically in this study. Potentially, participants with a higher 
social efficacy did become more socially active, yet this increased 
social activity fell outside the scope of this investigation. As with 
the self-efficacy questionnaire, participants might have found the 
questions fatiguing especially after already completing the self-
efficacy questionnaire, as per the suggested order in the original 
publication (Sherer & Maddux, 1982). Another study focusing 
more specifically on the exploration of this personal factor would 
likely be able to provide more conclusive results.

Stage of Change 

From the previously presented analysis, of the overall data and 
each intervention condition, we observed that stage of change 
significantly affected the relative improvement of physical activity. 
Figure 5 shows that there were more participants in the action 
and maintenance stage of change than in the pre-contemplation, 
contemplation, and preparation phase among the participants of 
this study. A previous, much larger study (Marcus et al., 1992) 
also found a large number of their participants to be either in 
the action or the maintenance phase and suggested these phases 
could be subdivided to make them more descriptive. Though 
only action in the overall regression and preparation in the social 
awareness regression were found to be statistically significant, 
we observed that in both regressions the earlier stages of change 
(precontemplation and contemplation) had an inverse relationship 
with the relative improvement of physical activity while later 
stages (preparation and action) were found to have a direct 
relationship to relative improvement. In the overall regression we 
found that action perfectly predicted maintenance, so that these 
two variables had the same size effect on the relative improvement 
though action had a positive effect while maintenance had a 
negative effect.

This result can be explained as follows; people in the 
action stage of change were actively trying to change their habits 
to increase their physical activity and, thus, in this process or 
perhaps with the help of a design intervention, they increased 
their physical activity. On the other hand, the maintenance phase 
is characterized by internalizing the change made. Those who 
were in the maintenance stage might have already reached a level 
of physical activity they were satisfied with before or during the 
baseline phase of the study, so that there was not too much more 
for them to improve during the intervention phase of the study. 
Conceivably, the social awareness BC strategy stimulated those 
who were already ready to increase their physical activity, to take 
that next step.

In contrast, the correlation analysis revealed a negative 
relationship between stage of change and the relative increase of 
physical activity of the people in the self-awareness condition. 
This implies that participants in an earlier stage of change would 
be more likely to have a larger relative increase in daily steps 
taken. Unfortunately, the data of the self-awareness condition 
was not sufficient to run a regression analysis, otherwise we 
would have been able to examine more closely the effect of each 
of the levels of the stages of change. For now, we can consider 
the possibility that people in an earlier stage of change such as 
precontemplation or contemplation, who were not quite as ready 
to change as people from the later stages of change such as action, 
respond well to an intervention which provides them with insight 
into their own habits, thus making them more aware of the habits 
they might want to change.

These findings may suggest that people might be more 
receptive to BC strategies or to certain BC strategies in one 
certain stage of change compared to another. This effect would 
be an important consideration to inform the choice of which BC 
strategies would best address their target audience.
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Smartphone Confidence 

From the overall regression analysis, we found that the self-reported 
level of smartphone confidence was statistically significant to the 
relative improvement in steps taken, though not at every level. 

A self-reported smartphone confidence level a little 
apprehensive was found to have a significant correlation from the 
overall regression analysis. The other levels of phone confidence, 
though not statistically significant yet still interesting to be 
mentioned here, were all inversely related to relative improvement 
in daily steps taken. The multiple regression done on the data from 
the social awareness condition showed no statistical significance 
but, again, only phone confidence very confused had a direct 
relationship while the other levels had an inverse relationship. 
The correlation analysis of the self-awareness condition data also 
resulted in an inverse relationship between self-reported phone 
confidence and relative improvement of daily steps taken. 

Our findings from the regression analysis seem to show 
that low self-reported confidence in smartphone use is related to 
higher relative improvement in steps. Perhaps those who have low 
smartphone confidence have only had very limited or no exposure 
to mobile applications which encourage physical activity. Then 
this study facilitated an introduction to such an intervention 
and provided the necessary technology support to enable these 
people to take advantage of this type of intervention for the first 
time. Other authors have explored how even the design of the 
accompanying manual could either facilitate or present barriers to 
the use and adoption of technology among older persons (Fan & 
Truong, 2018). For this reason, we supplied our participants with 
a paper-based manual with many images specific to our study.

It might have been the extra time and support the research 
team devoted to the people who had less experience or confidence 
with smartphones which could have produced this result rather 
than the intervention application itself. Alternatively, some 
participants reporting low smartphone confidence might have 
wanted more encouragement in other endeavors as well and thus 
responded well to the increased attention to physical activity. 

Overall, we could not differentiate which BC strategy 
better addressed participants with either higher or lower levels of 
smartphone confidence. However, these results clearly indicate 
an opportunity for technology-based BC solutions, even for those 
who may feel apprehensive about using digital devices at first.

Comparing the BC Strategy 
Intervention Conditions 

So far, we have found that for the participants we distributed without 
bias across the two intervention groups both the self-awareness 
and social awareness intervention seemed to contribute to increase 
in relative improvement. Still, we were curious to see if one 
intervention elicited significantly better results in terms of relative 
improvement compared to the other. 

From the overall regression analysis there is some evidence 
that the social awareness intervention was more motivating to 
participants than the self-awareness intervention, yet we were 
curious to investigate this point further. The Mann-Whitney U test 
was used here as an alternative to the independent samples T-test 
because the data was not normally distributed. The Mann-Whitney 
U test was run to determine if there were differences in relative 
improvement in steps between the self-awareness condition 

 

Figure 5. Spread of participant population among the different stages of change.
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and the social awareness condition. Distributions of the relative 
improvement in total daily steps between the baseline and 
intervention phases of the study for self- and social awareness 
intervention were similar, as assessed by visual inspection, 
despite the difference in quantity of participants. Median relative 
improvement in steps for participants using the self-awareness 
BC strategy (1.51) and participants using the social awareness 
BC strategy (9.10) were not statistically significantly different, 
U = 213, z = -1.422, p = .155. This additional analysis would 
suggest that there is no difference in effect caused by the BC 
strategies applied in these intervention applications, so that neither 
strategy could be construed as a better fit for this user group than 
the other. However, this lack of statistical result could be in part 
due to the incongruent number of participants in each intervention 
condition. The disparity in these numbers in itself points to a 
participant preference for the social awareness strategy as will be 
discussed in the limitations section. 

Design Recommendations
We have investigated the effect of multiple personal factors on 
the effectiveness of two BC strategies, because we believe a 
better understanding of this relationship will allow designers to 
make more informed decisions about which BC strategy to apply 
in the development of BC solutions. To this end, we provide 
design suggestions based on our findings in Table 8, describe the 
motivational profiles we identified, and recommend an approach 
for peers in the field to continue to define more motivational profiles 
towards increasing the effectivity of BC interventions. This we offer 
in the hopes that even our explorative study will yield actionable 
inspiration for peers in the field seeking to create motivational 
profiles toward more effective personalization of BC strategies. 

Our findings, summarized in Table 8, are in line with the 
hypothesis that individuals might be more receptive to certain BC 
strategies depending on personal factors, such as stage of change. 
From our exploration here we are able to provide motivational 
profiles and recommendations on which BC strategy might be 
most effective for each, see Table 9. To create these motivational 
profiles we have clustered the personal factors which according to 
our statistical analysis predicated most responsiveness to each of 
the two BC strategies applied, social and self-awareness. 

To personalize BC solutions more effectively, we recommend 
creating design profiles based on a combination of contextual, 
behavioral, and psychological personal factors. Our findings here 
suggest that only looking at prevalent profiling factors such as age 
and gender are likely not enough to inform which BC strategy 
could be most effective, as we found that neither was predictive of 
relative improvement in physical activity. Therefore, we argue that 
to create effective motivational profiles towards personalization of 
BC strategies, a larger variety of personal factors should be used to 
inform these profiles. In many design processes the initial step is to 
create an understanding of the users, but here we suggest structuring 
this initial investigation phase to gain more insight into the personal 
factors (behavioral, contextual, and psychological) which could be 
relevant to BC.

Overall Limitations

The work presented here explores certain personal factors and 
how these relate to the demonstration of a target behavior, in this 
case increased physical activity, measured in steps. The study was 
successful in that we were able to conduct field research on factors 
which might inform effectivity of certain BC strategies and we 
were able to reliably report on the analysis of the data collected, 
in this work. It was difficult, however, to draw much conclusive 
evidence from this study, as this study focused on exploring many 
different possibly interrelated variables. Therefore, each of the 
personal factors mentioned above could have been addressed in 
more depth than we had the opportunity to do here. 

It is clear that there were disproportionate test groups in 
this study in terms of intervention application use. In this section 
we look for the reasons for this disparity. Overall, the participant 
dropout rate between on-boarding and debriefing was relatively 
low, 11.5%, whereas other physical activity promotive research 
studies with older adults see dropout rates up to 36% (Schmidt 
et al., 2000). By way of a Fisher’s exact test, which examined 
the difference between independent variable groups on one 
dichotomous dependent variable dropout (did dropout or did not 
dropout), we found that there was a not statistically significant 
difference in proportions of .144, p = .142. However, researchers 
of this study observed a clear preference among the participants 
for the social awareness intervention as compared to the 
self-awareness intervention. Throughout the recruitment process, 
there were participants who would agree to join only if they could 
do so with a friend from the center. Many potential participants 
on hearing the explanation of the study during the self-awareness 
onboarding workshops declined to join the study at all, so that 
the number of these cases are not reflected in the dropout rate. 
These experiences and researcher anecdotes align with literature 
pointing to the potential social strategies have to motivate older 
adults to increase their physical activity (Kononova et al., 2019).

Despite our conviction that field studies are necessary 
for BC research, our approach does present some limitations. 
Firstly, technology savvy participants could have looked into 
their step data during the baseline of the study on the research 
issued smartphone, if they chose to do so. Secondly, there was a 
disproportionate number of men and women willing to participate 
in the study. We have learned that in general there are more female 
members of the senior community center than male members, 
but it is unclear if our population is perfectly representative of 
these proportions. In addition, the research here described was 
only conducted with participants of one local senior community 
center so that there may be some socio-cultural differences 
preventing this work from being generalizable to other older adult 
communities, as cultural characteristics can have an important 
impact on the design of interactive systems (Huang & Deng, 
2008). Finally, though a practical and cost effective solution in 
this study, we acknowledge that ‘steps’ alone may not completely 
represent the physical activity of all older adult participants, 
despite the automatic activity recognition feature. For this reason, 
we consider it of great importance to call for new design research 
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Table 8. Summary of our findings from the investigation described above.

Personal Factor Summary of Findings Reflection Design Suggestion

Age
Not significant to relative improvement 
in physical activity. Inverse correlation to 
absolute physical activity.

Age might affect absolute physical 
activity but not an individual’s potential 
for change within their capabilities.

Consider realistic target behaviors  
but be confident in people’s propensity 
for change.  

Gender
Not correlated to relative improvement in 
daily steps nor overall physical activity.

Findings inconclusive due to the 
disproportionate number of men  
and women in study. 

Further research necessary into 
specific differences.

Self-efficacy
Not correlated with relative improvement 
nor overall physical activity.

Our findings don’t support the  
importance of self-efficacy to BC, 
possibly due to physical limitations. 

Conduct further research to see if 
improving self-efficacy supports BC.

Social efficacy
No correlation with relative improvement 
in daily steps taken.

Potential increase in social activity fell 
outside the scope of our measurements. 

Conduct further research to see if 
improving social efficacy supports BC.

Stage of change

Precontemplation and contemplation had 
an inverse relationship with the relative 
improvement in steps while preparation 
and action had a direct relationship.

Participants in preparation or action 
might be more receptive to BC  
strategies leading to an increase in 
steps, than those in precontemplation  
or contemplation.

It is important to consider in which 
stage of change your target users are 
because this should inform how to 
address them with BC strategies.

Preparation had a significant correlation 
to relative improvement in the social 
awareness data regression. 

Social awareness might be an effective 
BC strategy to address people in the 
preparation stage.

Consider how social awareness BC 
strategies can support individuals in  
the preparation phase. 

The correlation analysis of the self-
awareness condition revealed a  
negative relationship between stage  
of change and the relative increase  
of physical activity.

This implies that participants in an  
earlier stage of change would be more 
likely to have a larger relative increase  
in daily steps taken.

Consider how self-awareness 
strategies can motivate people in an 
earlier stage of change toward BC.

Smartphone  
confidence

Lower smartphone confidence might 
predict higher relative improvement  
in physical activity.

Could be a byproduct of extra attention 
researchers inevitably paid to those with 
less experience with smartphones or of 
the novelty of new technology.

These findings indicate an opportunity 
for technology-based BC solutions, 
even for those who might have low  
tech acceptance or adoption.

BC strategy  
intervention  
comparison

A nonparametric correlation analysis of 
self-awareness condition data found age, 
stage of change, and phone confidence 
to have a significant effect on the relative 
improvement in steps. 

These findings suggest the self-
awareness BC strategy could be effective 
for individuals with low smartphone 
confidence, at an earlier stage of change, 
and of advanced age. 

Suggest applying self-awareness BC 
strategies for individuals at an earlier 
stage of change with low smartphone 
confidence and of advanced age. 

A multiple regression on social 
awareness condition data found that 
stage of change preparation was 
significant, at a confidence level of 90%.

The social awareness strategy might be 
suited to address people who are  
already in the preparation stage.

Suggest applying social  
awareness strategies for people  
in preparation stage.

Additional analysis did not show a 
difference in effect on physical  
activity caused by BC strategy.

Despite this outcome, the  
disparity in these numbers in itself  
points to a preference for the social  
awareness strategy.

Though the statistical analysis does 
not suggest that either strategy is a 
better fit for this target audience, further 
research should be done.

Table 9. Proposed motivational profiles and suggested BC strategies to address these.

Proposed motivational profiles Suggested BC strategy

Individuals who are in the preparation stage of change
A social awareness BC strategy might be effective to help people in the 
preparation stage move toward actualizing their intended behavior towards 
increased physical activity.

Individuals with a lower self-reported smartphone confidence, earlier stage 
of change, and of advanced age

Individuals with lower smartphone confidence, of advanced age, and at an 
earlier stage of change might benefit from self-awareness BC strategies 
to make them more aware of their behavior in order to motivate towards 
increased physical activity.
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actions to focus on exploring these, and potentially other factors 
we have overlooked here, in much greater detail and among a 
larger breadth of users.

Conclusion 
In this work we ran a series of analyses to identify which personal 
factors relate to an increase in physical activity within two BC 
strategy conditions. The insights presented in this work sometimes 
support and sometimes challenge accepted profiling practices 
widely used in design for behavior change. We discussed in detail 
the studied personal factors and their effect on effectiveness of 
the social awareness and self-awareness BC strategies. We share 
this in order to show that in behavior change research for such a 
diverse population as the older adult community, personalization 
should rely on a combination of personal factors. To inspire 
others in the field to personalize BC solutions for older adults, we 
provided design suggestions based on our findings and proposed 
motivational profiles identified from our statistical analysis. 
We believe a better understanding about which personal factors 
inform the effect of the chosen BC strategies will help designers 
make more informed decisions when creating BC solutions, 
whereby contributing to the health and wellbeing of the diverse 
older adult population.
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