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Abstract Developing systems that motivate people to
change their behaviors, such as an exercise application for
the smartphone, is challenging. One solution is to imple-
ment motivational strategies from existing behavior change
theory and tailor these strategies to preferences based on
personal characteristics, like personality and gender. We
operationalized strategies by collecting representative moti-
vational text messages and aligning the messages to ten
theory-based behavior change strategies. We conducted an
online survey with 350 participants, where the participants
rated 50 of our text messages (each aligned to one of the
ten strategies) on how motivating they found them. Results
show that differences in personality and gender relate to
significant differences in the evaluations of nine out of ten
strategies. Eight out of ten strategies were perceived as
either more or less motivating in relation to scores on the
personality traits Openness, Extraversion, and Agreeable-
ness. Four strategies were perceived as more motivating
by men than by women. These findings show that per-
sonality and gender influence how motivational strategies
are perceived. We conclude that our theory-based behav-
ior change strategies can be more motivating by tailoring
them to personality and gender of users of behavior change
systems.
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1 Introduction

Regular physical exercise is beneficial for a person’s physi-
cal as well as psychological well-being [49]. Unfortunately,
a great number of people globally do not engage in the
recommended levels of physical activity [18]. Researchers
are increasingly designing technologies to support people in
changing their behavior and reaching their physical activ-
ity goals [19]. However, designing and developing effective
motivational technology remains challenging. Among the
solutions offered in literature are as follows: basing moti-
vational strategies on existing behavior change theory [33],
and tailoring the strategies to characteristics of the user [38].
However, what characteristics should one tailor an exercise
application’s theory-based motivational strategies to?

There are many theories and models of behavior change,
but most are not conceptualized with practically applica-
ble strategies, or with technology as the system deliver-
ing the strategies. The transtheoretical model (TTM) from
Prochaska et al. [41] is a behavior change model that is
arguably well suited for use in a behavior change system,
because it provides a framework for the conceptualization
of behavior change and for the measurement of change,
and strategies to promote change [37]. There are two main
concepts in the TTM: the stages of change and the pro-
cesses of change (see Fig. 1 and Table 1). The stages of
change classify people into progressing stages of behavior
change. These stages range from long-term inactive (i.e.,
precontemplation) to long-term active (i.e., maintenance).
The processes of change are those strategies that are deemed
effective to motivate people to progress through the stages
of change, but not every process is thought suitable for every
stage (see Fig. 1). Based on a recent meta-analysis of 85
studies [40], it is the most widely used behavior change
model in health-related persuasive technologies. Moreover,
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Fig. 1 A simplified linear
representation of the association
of the stages with the
accompanying processes.
PC = precontemplation,
C = contemplation,
P = preparation, A = action, and
M = maintenance. The length of
the bar indicates over which
stages to use the processes

C

Consciousness raising

Drama�c Relief

Environmental reevalua�on

Social libera�on

Self-reevalua�on

PPC MA

S�mulus control

Reinforcement management

Countercondi�oning

Helping rela�onships

Self-libera�on

Stages of change

Pr
oc

es
se

so
f c

ha
ng

e

it has proven to be effective in combination with tai-
lored text messages to influence someone’s physical activity
behavior [34]. Therefore, we opt to use the TTM as the basis
for designing behavior change strategies.

When tailoring strategies to user characteristics to
increase effectiveness, it is important to understand what
factors influence someone engaging in physical activity.
Research into factors that correlate with physical activity
has been numerous (e.g., [5, 13, 46]), with factors found
such as age, gender, education, and socioeconomic status
(and others). But research into systems that can adapt their
interventions or strategies based on these factors is still
scarce. Some recent studies investigate how systems could
tailor the strategies adopted to people’s individual prefer-
ences for certain strategies [24, 29]. One way this can be
done is by building profiles of the users that account for

factors that are relevant for tailoring strategies [25], for
example by selecting strategies which fit their personality [3].

How, then, should such strategies or interventions be
operationalized and presented to the user? Mutsuddi and
Connelly [34] showed that tailored text messages in combi-
nation with a behavior change theory or model to influence
someone’s behavior can be effective for physical activity.
Rimer and Kreuter [45] showed that tailoring text mes-
sages to a theory or model can enhance motivation to attend
to and process health information. This paper will focus
on text messages as the modality to deliver our strategies.
Unfortunately, as pointed out by Latimer et al. [30], studies
describing the development of such technology do not yet
explain in detail how the researchers designed the motiva-
tional messages used. Therefore, there are no best practices
available to construct these messages.

Table 1 The processes of change divided in experiential and behavioral processes with a short description

Experiential processes Description

Consciousness raising (CR) The individual seeks increased knowledge about the causes, consequences, and cures for their problem behavior.

Dramatic relief (DR) The individual’s emotions about the problem behavior and possible solutions are evoked.

Environmental reeval. (ER) The impact that the individual’s problem behavior has on their environment is reevaluated.

Social liberation (SOL) Attempts are made to increase alternatives for the individual’s former problem behavior.

Self-reevaluation (SR) Cognitions and emotions regarding the individual with respect to their problem behavior are reevaluated.

Behavioral processes Description

Self-liberation (SEL) The individual has the belief that he can change and commits to it by choosing a course of action.

Helping relationships (HR) The individual seeks trust and open discussion about the problem behavior as well as support for the healthy
behavior change.

Counterconditioning (CC) The individual substitutes positive behaviors for the individual’s problem behavior.

Reinforcement manag. (RM) Steps or changes made by the individual are rewarded when in a positive direction or punished when in a
negative direction.

Stimulus control (SC) Stimuli that may cue a lapse back to the problem behavior are avoided and prompts for more healthier alternatives
are inserted.
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Our long-term goal is to design a behavior change system
that tailors motivational strategies for physical activity to
the user’s characteristics and is well grounded by principles
from existing behavior change theories or models.

In previous work [48], we operationalized behavior change
strategies by collecting peer-designed motivational mes-
sages through a crowdsourcing survey and aligning these
messages to the processes of change strategies from the
TTM. Our goal was to tailor the selection of processes to a
user’s stage of change as described by the TTM. In a sub-
sequent survey [48], we evaluated how motivating people
from all the stages of change found the text messages rep-
resenting the ten processes of change. Our expectation was
to find that some processes were perceived more motivating
for the earlier stages, and other processes for the later stages.
In contrast to our expectations, we found that the processes
of change as represented by the text messages were all rated
as motivating in the later stages of change, but none in the
earlier stages. One interpretation of these results may be that
the stage of change someone is in is actually not a very dis-
criminating factor for the use of the processes. Because the
ratings of all the processes seem to display a similar trend,
they might as well be used the same way for all the stages.

We wonder whether different people need different
strategies to motivate them regardless of their stage of
change, and therefore, in this paper, we investigate whether
other factors, like gender and personality (from data mea-
sured in the same study), are important factors for how
motivating different behavior change strategies are per-
ceived.

To summarize, in this paper, we investigate whether
user characteristics (beyond the stage of change some-
one is in) influence how motivating text messages are
perceived. We examine how ratings of 50 motivational
messages (see Appendix) are related to the participants’
gender and personality. We expect that both factors per-
sonality and gender influence how motivating people
perceive behavior change text messages. By identifying
how motivating various theory-based strategies are per-
ceived based on personality and gender, our results inform
the development of behavior change systems and con-
tribute to the use and operationalization of theory-based
strategies.

In the following sections, we report on related work, the
method, results and discussion of the results, design recom-
mendations, and limitations of the current study. We end
with an overall conclusion.

2 Background

Review papers indicate that there are many factors influ-
encing physical activity. Dishman et al. [13] reviewed a list

of 38 determinants of physical activity which they divided
into personal (e.g., age and education), environmental, and
activity characteristics. Sherwood and Jeffery [46] classified
13 determinants into two categories, namely personal (e.g.,
stage of change and motivation) and environmental charac-
teristics. Bauman et al. [5] classified their 61 characteristics
differently: demographic and biological factors (e.g., age,
education, gender (male only) and socioeconomic status);
psychological, cognitive, and emotional factors (e.g., per-
sonality); behavioral attributes and skills; social and cultural
factors; physical environment factors; and physical activity
characteristics.

An interesting factor that influences physical activity is
personality [5], while personality has been found to be a
determinant in behavior [2], it is not widely adopted to tailor
interventions for physical activity to, possibly because most
effects found are small to medium correlations [43]. For
this paper, we were especially interested in personality as a
characteristic to tailor interventions to because personality
has been found to be, arguably, a relatively stable personal
characteristic in adults [44]. If personality is a stable charac-
teristic and if personality varies across different people, we
could tailor motivational messages to a person’s personality
profile. Because personality remains constant over time, this
would allow for a longer-term personalization. Courneya
et al. [10] showed that exercise behavior, motives, barriers,
and preferences were correlated to the personality traits of
the Big Five. For instance, it was found that Openness was
positively correlated to health and stress relief, Extraversion
was positively correlated to exercising with other people,
Extraversion and Openness were negatively correlated to
supervised exercise, and Agreeableness was negatively cor-
related to competitiveness. These correlations show that
people with different personalities have distinct considera-
tions when it comes to exercising. This is consistent with
Ingledew and Markland [22], where they found that dif-
ferent personalities have distinct motivations for change
in exercise participation, for instance, Openness positively
correlated with a health/fitness motivation. These studies
indicate that people with different personalities should be
motivated in different ways to participate in exercise and
encourage personality-tailored interventions for physical
activity (e.g., [43, 44]).

Halko et al. [17] explored the relationship between per-
sonality (i.e., Big Five) and strategies in the context of
health-promotion with mobile applications. Their results
showed that people with different personality types had
distinct preferences for (mobile) persuasive messages (for
healthy living). Hirsh et al. [20] let participants rate the level
of persuasiveness of the messages for advertisements that
were tailored to each personality type. For example, peo-
ple with the Extraversion personality type would receive
messages like “With XPhone, you’ll always be where the
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excitement is” [20, p. 579] because extraverts are especially
sensitive to rewards and social attention. The results showed
a clear benefit of tailoring messages to personality type.
Similar results were obtained in a study by Adnan et al. [1]
where an application was developed to persuade users to
study more using persuasion strategies that were tailored
to users’ personalities: different personalities indeed pre-
ferred different (persuasive) study behaviors. Similar results
were also obtained by Alkış and Temizel [3], where they
showed significant relations between personality traits and
persuasive strategies.

Kristan and Suffoletto [27] looked at how men and
women rated feedback messages to reduce hazardous alco-
hol consumption and found that overall women responded
more favorably to all feedback messages, especially on
messages that facilitated a strategy. Yan et al. [50] found
that women were not driven by competitive messages
but men were. Busch et al. [8] personalized persuasive
strategies based on gender (measured on a fine-grained
scale from masculine to feminine) and found that gender
is a reliable variable for personalization, with feminin-
ity being significantly related to seven of the ten strate-
gies. Overall, these studies indicate the potential effective-
ness of tailoring to personality or gender when designing
motivational strategies to influence participants. Unfortu-
nately, research is scarce on how systems should tailor
motivational strategies or interventions for physical activ-
ity to preferences emerging from factors like gender and
personality.

We argue that tailoring is important and that more fac-
tors need to be considered when tailoring behavior change
strategies to users. Based on the discussed literature, we
expect that both factors, personality and gender, will influ-
ence how motivating the text messages representing the
certain processes are rated. But because there no existing
work evaluating these text messages representing the pro-
cesses in relation to personality or gender, we have no
specific expectations as to how personality and gender will
influence the evaluation of the text messages and the text
message categories.

3 Method

To investigate how motivating the messages representing the
processes of change would be rated, we designed an online
survey study. The survey was carried out through Amazon
Mechanical Turk1 (AMT) on SurveyMonkey2.

1https://requester.mturk.com/
2https://www.surveymonkey.com/

3.1 Participants

The sample consisted of 350 respondents. The study was
conducted in English. All but five respondents were native
English speakers; their results were not found anomalous
and were left in the sample.

The minimum age was 20 and the maximum was 71. The
average age was 36.53 (SD = 11.83) and the median 34.
With respect to education, 106 respondents received some
college education, 142 had a college degree, 35 completed
a masters, 59 completed high school, 5 obtained a PhD, and
3 had other types of qualifications. To ensure consistency
and a high quality of responses, the AMT requirements for
the respondents were that they should have already com-
pleted >1000 tasks on AMT, that >98% of these tasks were
approved successfully, and that the participants were located
in the USA. These requirements ensured that participants
were already familiar with online surveys, that they were
serious about filling in the survey, and that they had some
proficiency in English. In fact, 342 reported “very good” as
self-assessed proficiency and 8 “good”, and none “average”,
“bad” or “very bad”.

3.2 Text messages

In an earlier study (described in [48]), we gathered a
large corpus of text messages (2886) by asking users from
AMT to design motivational messages for different scenar-
ios (based on the stages of change). Afterwards, we coded
the messages into categories representing the processes of
change (i.e., the strategies for behavior change, see Fig. 1
and Table 1) from the TTM with a codebook. This code-
book was iteratively developed by two coders (coder 1 was
the main investigator) individually coming up with opera-
tionalized definitions of the processes of change following
the guidelines of Guest and MacQueen [16, 31]. Whom, in
a similar vein, have also used this approach to develop a
codebook for the processes of change from the transtheoret-
ical model [16, p. 120] (more details are reported in [48]).
The categories for coding were as follows: consciousness
raising (CR), dramatic relief (DR), environmental reevalu-
ation (ER), social liberation (SOL), self-reevaluation (SR),
self-liberation (SEL), helping relationships (HR), counter-
conditioning (CC), reinforcement management (RM), and
stimulus control (SC). For the following online survey study
(the same evaluation is the basis for this paper), coder 1
chose five text messages for each of the ten categories
in a way that those five messages would have the least
overlap and repetition, while still being a good represen-
tation of the individual process (50 text messages in total,
see Appendix). We evaluated these messages by having
people rate how motivating or demotivating they found
them.

https://requester.mturk.com/
https://www.surveymonkey.com/
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3.3 Task

In the survey, people evaluated 50 motivational text mes-
sages (five messages for each of the ten strategies, see
Appendix). We asked them to rate each message accord-
ing to how motivating they thought the message was for
them (“Please rate how motivating or demotivating you
find the following messages for yourself”). All the 50 mes-
sages were presented together on one page and the order
of the messages was randomized for each participant. The
messages were rated on a scale from 1 (“Very demotivat-
ing”) to 5 (“Very motivating”) with 3 as the neutral position
(“Neither demotivating nor motivating”).

3.4 Measures

At the start of the survey, we asked the participants about
their gender, age, native language, understanding of the
English language, education level, maternal education level
(as an indication of socioeconomic status [15]), and main
field of work. After, we presented participants with the
specific task of this survey: rating the 50 text messages.
At the end of the survey, we asked participants informa-
tion about when they would prefer to receive messages
such as these, how many of such messages they would
prefer to receive weekly, and whether they had experience
with smartphones and exercise apps. Moreover, we mea-
sured people’s susceptibility to persuasion [24], and their
current stage of change3 [39], perceived experiences with
processes of change3 [36], self-efficacy3 [6], and decisional
balance [35] for exercise3. To measure participants’ per-
sonality, we used the 50-item IPIP representation of the
revised version of Costa and McCrae’s [9] NEO Personal-
ity Inventory4 which posed 50 statements (e.g., “Make plans
and stick to them.”). Participants were asked to answer how
descriptive they found these statements of themselves (on a
5-point Likert scale, 1 being “very inaccurate” and 5 being
“very accurate”).

The internal reliability of the personality traits and
process-messages was overall very good (see Table 2 for
personality and Table 3 for process-categories).

3.5 Procedure

The study adheres to the ethical guidelines of the University
of Twente, and it was approved by the ethical committee of
the Faculty of Electronics, Mathematics and Computer Sci-
ence. Participants were recruited through AMT. They were
informed of their compensation (3 US dollars), the goal of
the study (finding out which text messages are motivating),

3http://web.uri.edu/cprc/measures/
4http://ipip.ori.org/

Table 2 Averages (M), standard deviations (SD), and Cronbach’s
alpha’s (α) for all the scales. Personality scales are 10 averaged items
with scoring from 1 to 5. (N = 350)

Trait M SD α

Openness to exp. 3.77 0.77 .84

Conscientiousness 3.83 0.77 .91

Extraversion 2.97 0.92 .92

Agreeableness 3.82 0.68 .86

Neuroticism 2.43 0.92 .92

and the estimated time to complete the survey (35 min-
utes). Participants could then decide to accept or decline
the survey and proceed to the SurveyMonkey website were
the survey was hosted. On the first page, the goal of this
study was repeated and participants were asked to complete
a consent form. On the second page, the participants were
asked to fill in demographic information. On the third page,
instructions and context to rate the messages were given. On
the fourth page, they were given 50 motivational messages
to rate. On the pages five through sixteen, they were given
multiple questionnaires. At the seventeenth and last page,
participants were debriefed and given a completion code to
fill in on AMT to receive payment.

4 Results: how participants evaluated
the motivational messages

In this section, we present the tests we used to analyze the
data and the results of how the process-categories, gender,
and personality related to the rating of the text messages.
The responses of all 350 participants were analyzed.

Table 3 Averages (M), standard deviations (SD), and Cronbach’s
alpha’s (α) for all the scales

Category M SD α

CR 3.75 0.66 .76

DR 3.02 0.94 .82

ER 3.13 0.97 .88

SOL 3.15 0.69 .73

SR 3.67 0.69 .73

SEL 3.74 0.59 .72

HR 3.69 0.67 .74

CC 3.51 0.61 .68

RM 3.86 0.70 .85

SC 3.21 0.65 .73

Scales are averaged. Process-categories scores are based on five
messages with scoring from 1 to 5 averaged. Standardized regres-
sion coefficients of personality traits and the process-categories are
reported

http://web.uri.edu/cprc/measures/
http://ipip.ori.org/
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Table 4 An analysis of variance comparison of incrementally built models

Df AIC BIC logLik Deviance Chisq Chi Df Pr(>Chisq)

Object 4 45613.35 45644.43 −22802.67 45605.35

..1 13 45577.51 45678.52 −22775.75 45551.51 53.84 9 0.0000

..2 18 45566.25 45706.11 −22765.13 45530.25 21.25 5 0.0007

..3 19 45558.90 45706.53 −22760.45 45520.90 9.35 1 0.0022

..4 64 45452.53 45949.80 −22662.26 45324.53 196.37 45 0.0000

..5 73 45143.27 45710.48 −22498.63 44997.27 327.26 9 0.0000

Starting from the baseline model (object), consisting of rating ∼ (1|respondentID) + (1|message), added effects are described in the table: category
(1), O C E A N (separate traits) (2), gender (3), O C E A N:category (interaction effect, 4), and gender:category (interaction effect, 5). Model fit
reported as scores of AIC and BIC, smaller scores means better fit

Significant effects reported in bold

4.1 Model selection

To test whether personality traits, gender, the text message
categories, the interaction between personality traits and the
message categories, and the interaction between gender and
the message categories influenced the ratings of the text
messages, we ran a linear mixed-effects model analysis in
R [42] with the lme4 package [4] and the lmerTest pack-
age [28] to output significant differences. The contribution
of the variables was assessed using the AIC and BIC scores,
where a smaller number indicates a better fit. An analysis
of variance comparison of the incrementally built models
is reported in Table 4 (built with xtable package [12]). We
followed the AIC score because we selected a fair number
of parameters for the model, and the AIC does not penal-
ize the number of parameters as strongly as BIC [7]. Our
final model with the smallest AIC score included the moti-
vational rating of the text messages as the outcome, and the
categories of the text messages (processes of change), per-
sonality traits, gender, the interaction between personality
traits and the categories, and the interaction between gen-
der and the categories as fixed effects, and participants and
different messages as random effects.

4.2 Results of the model

We report on a summary of the model (see Tables 5, 6,
and 7) with the consciousness raising (CR) category as ref-
erence level (benchmark to which to compare the scores of
the other categories relatively). To make the intercept more
interpretable, we centered the personality traits by subtract-
ing the mean score of each trait for all scores in each trait.
This means that the intercept score is now the score on
the reference level while all other factors are zero, mean-
ing a gender of zero (male) and personality scores of zero
(meaning sample average).

4.2.1 Main effects

For the main effects, participants who scored higher on
Openness scored higher on the motivational rating for the
CR category (intercept reference level). Participants who
scored higher on Agreeableness scored higher on the moti-
vational rating for CR, and females scored significantly
lower on the motivational rating for CR category (Table 6).

4.2.2 Interaction effects

For the interaction effects, we see, for example, that there
was no statistical evidence that participants who scored
higher or lower on Openness also scored higher or lower
on the motivational rating for CC messages, compared to
that for CR messages (reference level), but the partici-
pants who scored higher on Openness did score significantly
lower on the motivational rating for all the other message
categories compared to that for CR. Also, there was no
statistical evidence that participants who scored higher or
lower on Conscientiousness also scored higher or lower on
the motivational rating of CR messages (from Table 6), but
participants who scored higher on Conscientiousness did
score significantly lower on the motivational rating for DR
messages compared to that for CR messages (see Table 7 for
these and more significant interaction effects).

Table 5 The variance and standard deviation of the random effects
of the model: participants and text messages. Number of observations:
17500, number of respondents: 350, number of text messages: 50

Random effects Variance SD

RespondentID (intercept) 0.235 0.485

Text message (intercept) 0.055 0.234

Residual 0.720 0.848
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Table 6 The estimates and standard error of the fixed effects of the
model: process-categories, personality traits, and gender

Fixed effects Estimate Std. Error t–value

(Intercept) 3.841*** 0.113 33.925
DR −0.604*** 0.153 −3.961
ER −0.434** 0.153 −2.846
SOL −0.655*** 0.153 −4.293
SR −0.061 0.153 −0.401
SEL −0.152 0.153 −0.999
HR −0.120 0.153 −0.786
CC −0.319* 0.153 −2.094
RM −0.024 0.153 −0.157
SC −0.603*** 0.153 −3.951
Openness 0.149** 0.046 3.260
Conscientiousness 0.012 0.057 0.216
Extraversion −0.027 0.046 −0.586
Agreeableness 0.262*** 0.063 4.127
Neuroticism 0.085 0.053 1.612
Gender (female) −0.219** 0.070 −3.141

Significant effects reported in bold
∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001

4.3 Model with different reference levels

However, we are interested in the direct relation between
all the categories and the personality traits, and all the cat-
egories and gender, not in the relations in comparison to
the reference level category CR. The summary of the model
does report on the relationship between categories and the
personality traits and gender through the interaction esti-
mates, because the estimate for a personality trait and a
selected category other than the reference category is equal
to the estimate of that trait for the reference category plus
the estimate for the interaction between that trait and the
selected category. However, this does not incorporate the
significance of the relation between a trait and a category,
only the significance of the relation between a trait and
a category compared to the reference level category. To
illustrate this, as stated in Section 4.2.2, there was no statis-
tical evidence that participants who scored higher or lower
on Conscientiousness also scored higher or lower on the
motivational rating of CR messages (Table 6), but partic-
ipants who scored higher on Conscientiousness did score
significantly lower on the motivational rating for DR mes-
sages compared to that for CR messages (Table 7). This
could perpetrate the idea that there is a significant relation
between scoring higher on Conscientiousness and scor-
ing lower on DR messages. However, based on “post-hoc”
tests (i.e., changing the reference level), participants who
scored higher on Conscientiousness did not score signifi-
cantly lower on the motivational rating of the DR message
category (see column C, row DR in Table 8). Therefore,

Table 7 The estimates and standard error of the fixed interaction
effects of the model: process-categories, personality traits, and gender

Fixed effects Estimate Std. Error t–value

(Intercept) 3.841*** 0.113 33.925

CategoryDR:Openness −0.181*** 0.040 −4.542

CategoryER:Openness −0.253*** 0.040 −6.358

CategorySOL:Openness −0.128** 0.040 −3.224

CategorySR:Openness −0.137*** 0.040 −3.453

CategorySEL:Openness −0.138*** 0.040 −3.460

CategoryHR:Openness −0.128** 0.040 −3.233

CategoryCC:Openness −0.052 0.040 −1.316

CategoryRM:Openness −0.087* 0.040 −2.188

CategorySC:Openness −0.174*** 0.040 −4.375

CategoryDR:Conscientiousness −0.101* 0.050 −2.026

CategoryER:Conscientiousness 0.018 0.050 0.359

CategorySOL:Conscientiousness −0.087 0.050 −1.741

CategorySR:Conscientiousness −0.014 0.050 −0.280

CategorySEL:Conscientiousness −0.043 0.050 −0.858

CategoryHR:Conscientiousness 0.038 0.050 −0.766

CategoryCC:Conscientiousness −0.001 0.050 −0.024

CategoryRM:Conscientiousness −0.054 0.050 1.080

CategorySC:Conscientiousness −0.072 0.050 −1.442

CategoryDR:Extraversion 0.034 0.040 0.847

CategoryER:Extraversion 0.043 0.040 1.083

CategorySOL:Extraversion 0.155*** 0.040 3.891

CategorySR:Extraversion 0.073 0.040 −0.401

CategorySEL:Extraversion 0.115** 0.040 2.882

CategoryHR:Extraversion 0.001 0.040 0.031

CategoryCC:Extraversion 0.082* 0.040 2.065

CategoryRM:Extraversion 0.101* 0.040 2.548

CategorySC:Extraversion 0.149*** 0.040 3.731

CategoryDR:Agreeableness −0.184*** 0.055 −3.324

CategoryER:Agreeableness 0.007 0.055 0.134

CategorySOL:Agreeableness −0.153** 0.055 −2.762

CategorySR:Agreeableness −0.066 0.055 −1.195

CategorySEL:Agreeableness −0.111* 0.055 −2.002

CategoryHR:Agreeableness −0.106 0.055 −1.906

CategoryCC:Agreeableness −0.184*** 0.055 −3.316

CategoryRM:Agreeableness −0.140* 0.055 −2.530

CategorySC:Agreeableness −0.115* 0.055 −2.068

CategoryDR:Neuroticism −0.148** 0.046 −3.230

CategoryER:Neuroticism −0.165*** 0.046 −3.588

CategorySOL:Neuroticism −0.108* 0.046 −2.365

CategorySR:Neuroticism −0.082 0.046 −1.791

CategorySEL:Neuroticism −0.073 0.046 −1.593

CategoryHR:Neuroticism −0.105* 0.046 −2.296

CategoryCC:Neuroticism −0.066 0.046 −1.446

CategoryRM:Neuroticism −0.076 0.046 −1.656

CategorySC:Neuroticism −0.114* 0.046 −2.478

CategoryDR:Gender (female) −0.319*** 0.061 −5.260
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Table 7 (continued)

Fixed effects Estimate Std. Error t–value

CategoryER:Gender (female) −0.452*** 0.061 −7.447

CategorySOL:Gender (female) −0.121* 0.061 1.996

CategorySR:Gender (female) −0.045 0.061 −0.735

CategorySEL:Gender (female) 0.354*** 0.061 5.833

CategoryHR:Gender (female) 0.144* 0.061 2.381

CategoryCC:Gender (female) 0.183** 0.061 3.024

CategoryRM:Gender (female) 0.315*** 0.061 5.196

CategorySC:Gender (female) 0.161** 0.061 2.652

Significant effects reported in bold
∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001

to see how significant the main effects of personality and
gender were on the other nine categories, we ran the same
model again with changed reference levels (see Table 8).
Note that the first row of Table 8 reports identical estimates
to estimates reported for the personality traits and gender in
Table 6, where we also report the standard error.

4.3.1 Personality main effects

We investigated the relations between the personality trait
variables (O, C, E, A, and N) and the process-categories
on the motivational rating of the text messages. We con-
ducted “post-hoc” tests (i.e., changing the reference level)
because it is not possible to determine from the basic lmer
test summary whether significant relations corresponding to
interaction effects are simply null effects or effects in the
opposite direction to the main effect. In Table 8, the esti-
mate scores are reported for the personality traits (OCEAN)
and the process-categories (ten times as reference category).
The p values suggest that the personality traits O, E, and A

Table 8 The estimates of the main effects of the model with category
levels as reference levels and personality (O, C, E, A, and N), and
gender (G)

Cat. O est. C est. E est. A est. N est. G est.

CR 0.149∗∗ 0.012 −0.027 0.262∗∗∗ 0.085 −0.219∗∗

DR −0.032 −0.088 0.007 0.078 −0.063 −0.537∗∗∗

ER −0.104∗ 0.030 0.016 0.270∗∗∗ −0.080 −0.670∗∗∗

SOL 0.021 −0.074 0.128∗∗ 0.109 −0.024 −0.098

SR 0.011 −0.002 0.046 0.196∗∗ 0.003 −0.263∗∗∗

SEL 0.011 −0.030 0.088 0.151∗ 0.012 0.135

HR 0.020 0.050 −0.026 0.157∗ −0.020 −0.074

CC 0.096∗ 0.011 0.055 0.079 0.019 −0.035

RM 0.062 0.066 0.075 0.122 0.009 0.096

SC −0.025 −0.059 0.121∗∗ 0.147∗ −0.029 −0.058

Significant effects reported in bold
∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001

significantly relate to eight of the process-categories. There
was a significant positive relation between Openness and
the rating of CR and CC, and a significant negative relation
between Openness and ER. There was a significant positive
relation between Extraversion and the rating of SOL and
SC. And there was a significant positive relation between
Agreeableness and the rating of CR, ER, SR, SEL, HR, and
SC. This shows that the use of these eight process-categories
(CR, ER, SOL, SR, SEL, HR, CC, and SC) could be adapted
to how people score on the personality traits of O, E, and A.

4.3.2 Gender main effects

We investigated differences in ratings of text message categories
between males and females (see Table 8). The reference
category for gender is male. CR, DR, ER, and SR messages
were more motivating to male participants than female
participants, because the estimate is significantly negative.
This shows that the use of these four Experiential process-
categories (CR, DR, ER, and SR) could be adapted to which
gender people identify themselves as (male or female).

5 Discussion

In this section, we discuss the results of our analysis,
considerations for behavior change system design and the
limitations of our current work.

5.1 Personality

We found a number of significant relations between the rat-
ings of the text message process-categories and personality
traits, and in this section, we discuss how to interpret and
use these results. Specifically, we found significant relations
between process-categories CR, ER (inverse relation), and
CC and the personality trait Openness; significant relations
between process-categories SOL and SC and the person-
ality trait Extraversion; and significant relations between
process-categories CR, ER, SR, SEL, HR, and SC and the
personality trait Agreeableness. These significant relations
indicate that personality plays a role in how motivational
our text messages are perceived. In other words, people
scoring high on Openness found CR text messages to be
more motivating, ER text messages to be less motivating,
and CC text messages to be more motivating. People scor-
ing high on Extraversion found SOL and SC text messages
to be more motivating, and people scoring high on Agree-
ableness found CR, ER, SR, SEL, HR, and SC text mes-
sages to be more motivating. These personality trait find-
ings indicate that, when choosing motivational strategies
or interventions for a behavior change system for physical
activity, it is important to take into account the personality of
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the user, because strategies can be perceived differently than
expected, potentially leading to counterintuitive results.

Overall, Agreeableness was related to the most processes
(six in total). This is somewhat similar to [3], where Alkış
and Temizel found Agreeableness to be the most susceptible
to their six persuasion strategies (i.e., authority, reciproca-
tion, scarcity, liking, commitment, and consensus). On the
other hand, they found Openness to Experience to be the
least susceptible to these strategies, which is not reflected in
our results. Their strategies are also not identical to our pro-
cesses of change text message strategies. To the best of our
knowledge, this is the first effort to translate the processes
of change to operationalized text messages; therefore, exact
comparison is not possible.

It is interesting to note that these results are different from
our previous work [47], where we investigated the relation
between personality and the processes of change through a
questionnaire measuring the everyday experiences with the
processes, in contrast to our current work where we investigate
the relation between personality and the processes of change
through rating text messages representing the processes on
how motivating the messages are. Although the factors we
incorporated are not exactly equal, making comparison dif-
ficult, in our previous work, we found mostly different
relations between the traits and the processes, and Con-
scientiousness was related to the most processes (six in
total).

An explanation could be that our text messages repre-
senting the processes are not good representations of the
complex processes of change and that is why the results do
not match up to the processes of change through a ques-
tionnaire. Representing the processes of change through
“simple” text messages may not cover the complexity of a
process. But, with our rigorous coding (as reported in [48])
following the guidelines of Guest and MacQueen [16, 31],
who also used this to develop a codebook for the processes
of change from the TTM [16, p. 120], and with decent
reliability of the categories (see Table 3), we have tried to
mitigate this.

Another explanation for the difference between our cur-
rent results and our previous results could be that the
processes of change questionnaire asks for the participants
recent experience with this process (e.g., “I look for infor-
mation related to exercise.”; 1: Never–5: Repeatedly). This
alludes to how relevant the process is or could be for the
participant (consciously or subconsciously). This relevance
(or irrelevance) in turn could suggest the experimenter that
this process could be a good way to try to stimulate the par-
ticipant. On the other hand, our evaluation of the process of
change messages asks the participant to rate how motivating
they think this message is for their current situation (e.g.,
“Exercise will help clear your mind and reduce stress.”; 1:
Very demotivating–5: Very motivating), which pushes them to

think very consciously about how motivated they would be
by this message if they received it. In that sense, it is inter-
esting that in our previous results, Conscientiousness (often
associated with following norms and rules, planning, and
organizing [23]) played a greater role in terms of correlation
to the experience of processes (through the questionnaire),
while in this research, it is Agreeableness (often associated
with being more cooperative, compliant, and trusting [23])
that plays a greater role in terms of correlation to how moti-
vating the text messages processes are rated. The difference
being that one does not have to be motivated by a process
to experience it or consider it valuable to experience. You
can schedule your exercise time because it is a valuable way
to get yourself to exercise, but you do not have to find it
motivating. Similarly, you can find messages on scheduling
workouts motivating because they are valuable in getting
(or reminding) yourself to exercise, while you are not (too)
conscious about scheduling exercise yourself.

Our current results are obtained with the same mes-
sages, and the messages are in the same form, as how we
intend to use them for our system and therefore the relations
we observed will be our foundation for tailoring system
behavior.

5.2 Gender

We evaluated the relation between gender and the process-
categories. Of the ten categories, we found four to be
significantly related with gender. All four of these signifi-
cant differences indicated that male participants found the
text messages of these process-categories more motivating
(i.e., CR, DR, ER, and SR) than the female participants. It is
interesting to note that these were all Experiential processes,
meaning that these processes focus on influencing the expe-
riences related to the physical activity behavior change.
Overall, these gender findings indicate that when choos-
ing motivational strategies or interventions for a behavior
change system for physical activity, it is also important to
take into account the gender of the user, because strate-
gies can be perceived differently than expected, specifically
strategies that try to motivate people by appealing or refer-
ring to experiences.

In comparison to related work, our results are not corrob-
orated. For example, Kristan and Suffoletto [27] found that
overall women responded most favorably to all their feed-
back messages (divided into informational, motivational, or
strategy facilitating). Busch et al. [8] found males to be
more motivated by comparison and competition strategies,
but these do not relate to any of the Experiential strategies
we found more motivating for males.

Overall, the differences found in our results suggest that
it is important to take into account the gender of the person
engaging in behavior change, especially in regard to the
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(Experiential) process-categories that usually are associated
with the earlier stages of behavior change, but we should
be careful in generalizing these results (also those related
to the personality traits) further than our study, due to the
lack of other research with similar findings. In terms of
findings for our system, it means that the use of these four
process-categories (CR, DR, ER, and SR) will be adapted to
the gender people identify themselves with, especially for
the process-categories of DR and ER, which are evaluated
demotivating by females, but slightly motivating by males.

5.3 System design considerations

We interpret our results as an indication of the need for tai-
loring (to personality and gender), but, in the context of
how long behavior change can take, also of the need for
having multiple strategies to tailor to the user. From a dif-
ferent perspective, our results could also be interpreted as
needing only a few strategies. If we take into account only
how motivating people rated the strategies, we could choose
(or customize, according to Kaptein [26]) a strategy for the
user based solely on what scored the highest on rated moti-
vation for the user’s features (which implies the highest
“return” for a user’s behavior change). However, consid-
ering the long-term aspect and the complexity of behavior
change (in contrast to a one-time act of compliance), we
do not think that the most optimal solution to achieve
behavior change is to focus on one (highest rated) strategy.
Instead, we would suggest a combination [11] of highest-
rated strategies or interventions (for the user’s features), to
avoid repetition over longer period of times (in combina-
tion with plenty of variation of messages within a strategy),
but also to maximize the effectiveness of the message that
behavior change has benefits for that user [14]. This could
still be modeled, as suggested by Kaptein [26], by making
the model more complex, even without focusing on only the
highest-rated strategies, but also on which combination of
strategies results in the optimal outcome (the most “perma-
nent” behavior change). However, not all (combinations of)
strategies or interventions might be or are appreciated by the
user, which could result in the technology not being used
and the intervention not taking place. For example, in [21],
they found that the implemented reminder strategy, in the
context of sleep behavior, did not work for people who had
a negative attitude towards their intended activity. In that
sense, our measurement of how motivating these messages
are perceived is input not only for what strategies to def-
initely use but also for what strategies to avoid for which
users to increase the likelihood of this system being used
over longer periods of time.

Another point that could be made about investigating
all the different factors that might relate to the strategies
a system designer wants to use to influence or motivate a

behavior is to use an adaptive system. An adaptive system
would not need any prior input on how the factors relate,
and could find the most optimal model for user by testing
all the strategies. However, for the purpose of our system,
we feel that this does not fit our research approach in two
ways. First, the use of an adaptive system with a wide vari-
ety of possible strategies and no prior input has a high risk
of being abandoned by users, because on average, the users
will be exposed to a number of strategies that might not be
motivating or even demotivating them (one of our results
of the evaluation), resulting in a higher chance of aban-
doning the technology. Second, starting from an adaptive
system with no prior input might optimize the model in
an more effective way compared to a predetermined static
model, but it will not help explaining or interpreting why
the model works. For example, we could find that a cer-
tain group of messages is highly effective for some user
features, but if these messages do not explicitly group on
a certain theme or underlying construct, it will be hard
to interpret and replicate the results. Nevertheless, we feel
that eventually it would be preferable for every system to
be, at least partially, adaptable, to better accommodate for
changes in users that might not have been modeled before-
hand (e.g., relapse), especially when the adaptive system can
be effectively combined with prior input from an already
(moderately) effective model.

Our findings allow us to inform the development of our
own behavior change system and might help inform the
design of motivational strategies, interventions, or behav-
ior change systems in general. Our main result is that we
found significant relations between process-categories and
personality traits and between process-categories and gen-
der. The significant relations indicate that based on different
personalities, people prefer different motivational strate-
gies. Hence, the use of these eight process-categories (all
except DR and RM) could be tailored to how people score
on the personality traits of Openness, Extraversion, and
Agreeableness. We also found four significant inverse rela-
tions between gender (female) and the process-categories
CR, DR, ER, and SR, meaning that men found these four
process-categories to be more motivating than women. This
suggests that the gender of the person being motivated to
change their behavior plays a significant role, specifically
in regard to the process-categories that are usually asso-
ciated with the earlier stages of behavior change. Taking
these results into account could improve the effectiveness
of our motivational strategies and motivational strategies in
general.

5.4 Limitations of the current study

There were some limitations to the present study. We gathered
our respondents through Amazon Mechanical Turk, which
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could mean a misrepresentation of the “general” population,
although studies have reported that AMT generally has
quite a good representation for online survey standards [32].
However, we are aware that there can be limitations for
how representative the sample is. Also, because we used a
cross-sectional design our results do not provide evidence
for causation, only correlation. Moreover, we asked participants
to rate how motivational they think the messages are for them-
selves in their own situation, which will hopefully relate
to how they respond to these messages when they receive
them in a real-life situation, but we do not know this yet. In
our future in-the-wild study, we hope to confirm that these
ratings do relate to the real effectiveness of the messages.

6 Conclusion

In this study, we investigated how people evaluated our
motivational text messages representing the theory-based
processes of change-categories in relation to personality and
gender. Significant relations were found for both personality
and gender, and the theory-based motivational text mes-
sages categories. Our main results are significant relations
between process-categories (CR, ER, SOL, SR, SEL, HR,
CC, and SC) and personality traits (Openness, Extraversion,
and Agreeableness) and between process-categories (CR,
DR, ER, and SR) and gender. From an empirical perspec-
tive, our findings provide a contribution with the relations
found that indicate that personality as well as gender play
a role in how motivational our text messages are perceived,
specifically in regard to the process-categories that are
usually associated with the more early stages of behavior
change. From a theoretical perspective, our findings provide
a contribution because they indicate that the saliency and
impact of theory-based strategies could be improved by tai-
loring them to personal characteristics, like personality and
gender. Overall, our findings suggest that, when choosing
strategies to use in motivational technology or coaching sys-
tems, it is important to consider the individual differences
of the users, like personality and gender, how this influences
their preferences for strategies; and to design systems that
can tailor to these differences.
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Appendix

Table 9 The fifty messages evaluated and their coding and alpha

Motivational message Process Alpha

If you exercise, your quality of life will be much
higher than it is now.

CR

Exercise helps lower your risk of heart attackand stoke. CR
Exercise helps keep blood sugar, and blood pres-
sure under control. Those who regularly work
out are 3 times less likely to develop these problems.

CR

Exercise will help clear your mind and reduce stress. CR
Regular exercise will keep you strong and raise
your stamina levels.

CR 0.76

Unless some changes are made in your weight,
you could risk getting a heart attack, stroke or
something else that could affect your life.

DR

You need to exercise before it takes a toll on your body! DR
Start working out before its too late, you’re not
getting any younger!

DR

Don’t let yourself get old and regret not taking care
of your body and your health. Keep at it every
day and remember what you’re working for.

DR

It’s easier to wake up early in the morning and
workout, than it is to look in the mirror and not
like what you see.

DR 0.82

You owe it to your family and friends to take care
of yourself.

ER

Take care of yourself so your health doesn’t
become a burden on other people.

ER

Your loved ones want you to be around so you
should exercise to get healthy.

ER

Your friends and family are counting on you! ER
Remember, you are doing this for your friends and
family as much as yourself.

ER 0.88

The local gym has lots of fun classes you can
check out; youll get fit, and meet new people!

SOL

Try some social exercising. Take a yoga or pilates
class. Make some friends who tempt you to have
good habits this week.

SOL

Look online for a good beginner workout. SOL

You’re not alone! Tons of people are working to
exercise more frequently!

SOL

If you want to start exercising, you could always
go to a gym; you can preserve your routine
regardless of the weather.

SOL 0.73

Think about all of the benefits of becoming ealthy. SR

Imagine being in the best shape of your life with a
long future ahead of you.

SR

In 10 years, will you be glad you watched
television, or upset that you didn’t exercise?

SR

You will be amazed at the changes you will see in
yourself after exercising regularly!

SR

Imaginewhat you’ll look like next year if you start now SR 0.73

Today is the day to get moving and get healthy SEL

Decide today to do some exercise. SEL

This will get easier the more you do it. Keep at it! SEL

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
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Table 9 (continued)

Motivational message Process Alpha

The hardest thing is always starting, you can
do this!

SEL

You can and will achieve your fitness goals! SEL 0.72

I know how hard it is to find time to exercise, but
think of how much time you will save by being
stronger and more efficient.

HR

You should exercise more. I know it’s hard, but it’s
worth it to keep going. You’ll feel so much better
in the long term is you don’t give up now.

HR

I believe in you; you can incorporate exercise into
your daily life.

HR

I’m proud of you for wanting to be healthy, keep
at it.

HR

I’m proud of you for wanting to get in shape. HR 0.74

Activity doesn’t have to be a chore, find something
fun to do!

CC

Find something active yet fun to do today, so that
you’ll enjoy your exercise more.

CC

Don’t forget to exercise often, it’s more rewarding
than watching TV.

CC

Think of exercise as a way to let go and relax
your mind.

CC

Try a new location to jog in. Keep your mind
active while you exercise.

CC 0.68

You are doing a good job, keep up the good
lifestyle.

RM

You’re doing great- you should be proud of
yourself!

RM

Congratulations on working towards a healthier
you!

RM

Be proud of yourself for sticking with the plan. RM

Don’t forget to stop and appreciate your own hard
work today.

RM 0.85

Find at least 30 minutes in your schedule today for
some exercise.

SC

Get out there and exercise! SC

Always plan your daily activities allowing room
for your exercise.

SC

Schedule your workouts on your calendar. SC

Have you worked out yet today? Now’s the perfect
time! Get up, get going!

SC 0.73
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