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1 Introduction

Chapter 1

Introduction

1

1 Introduction

For decades, health promotion, disease prevention and the combat of
health myths was done through word-of-mouth from physicians, healers and
the governors of states. In particular, until the early 20th century, disease
prevention and health promotion mainly aimed to control infectious diseases.
However, during the mid-20th century, non-communicable diseases, such
as cancer and cardiovascular disease replaced infectious diseases from
the main focus of disease prevention. Many non-communicable diseases
can be caused by unhealthy lifestyles like addictive behaviours, such as
tobacco smoking and alcohol consumption. This shift in disease pattern
– from communicable to non-communicable diseases – subsequently led
to a shift in health promotion focus, so that instead of a community focus,
individual health behaviours were targeted and new strategies to persuade
individuals to change their behaviour evolved (Bingenheimer, Repetto,
Zimmerman, & Kelly, 2003; McKeown, 2009; Merson, Black, & Mills, 2011).
Mass communication, such as newspapers, the radio, television, booklets
and brochures, was used to expose large audiences to health promotion
information (Davis, 2007; Raingruber, 2014; Skinner, 2013; Teutsch &
Churchill, 2000). However, this kind of “one-size-fits-all” general health
promotion has limited effectiveness, as it is often perceived as not very
personally relevant by those exposed (Cacioppo & Petty, 1986; Hawkins,
Kreuter, Resnicow, Fishbein, & Dijkstra, 2008; Kreuter, Strecher, & Glassman,
1999; Strecher et al., 1994). As individuals’ beliefs related to behaviour
(change) vary widely, generic mass health communication messages would
contain a lot of smoking cessation information that might be irrelevant
for individual smokers, for instance strategies to quit for smokers not yet
motivated to quit. So it could happen that such a general message might be
less effective in attracting people’s attention to the message and is processed
less thoughtfully. Ultimately, such mass communication messages might be
less likely remembered in detail than for instance a message that contains
only information considered relevant (e.g., Kreuter et al., 1999; Skinner, 2013).

Tailored health communication
Towards the end of the 20th century, more effective forms of large-scale health
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communication evolved, such as computer-tailored health communication
(De Vries & Brug, 1999; Skinner, 2013). According to health communication
scholars, computer-tailored health communication is the development of
personalised messages based on a pre-assessment of data from or about an
individual in regard to specific health outcomes aiming to meet that person’s
individual information needs (Rimer & Kreuter, 2006a). In other words, tailored
communication aims to match a person’s demographic characteristics,
(information) needs, motivation, and other (socio-cognitive) beliefs and
factors with regard to a desired behaviour (Krebs, Prochaska, & Rossi, 2010).
Specifically, the tailoring process in computer-tailored health interventions
involves several steps: Firstly, a theory-based questionnaire is developed with
which relevant tailoring information (e.g., a person’s demographics, beliefs
and other psychological factors) is assessed. Then, all answers are stored
in a database. Secondly, a computer-tailoring program, which uses tailoring
algorithms, matches the respondent’s responses with relevant content (i.e.,
pieces of text, such as a smoking cessation advice) from that database,
resulting in tailored feedback messages (Noar, Grant Harrington, Van Stee, &
Shemanski Aldrich, 2011).

Online computer-tailored health interventions
In the beginning, computer tailored health communication materials were
disseminated in print media, such as through booklets and letters, to different
audiences, but costs for such differentiated health materials were high. Due to
the rise of the Internet in the 90s, health promotion materials were made more
accessible for the population and could also be personalised for a wide range
of individuals at the same time – by means of online computer-tailored health
communication (Skinner, 2013).
Online computer-tailored health interventions have shown to be effective
in helping people to change their health behaviours (Lustria et al., 2013; Smit,
De Vries, & Hoving, 2012). Moreover, online interventions are highly accessible
for most people with different (socio-economic) backgrounds and can be used
at any given time, consequently reaching larger audiences than for instance
print media (Cassell, Jackson, & Cheuvront, 1998; Lustria, Cortese, Noar, &
Glueckauf, 2009).
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Online computerised content-tailoring (i.e., tailoring the type of information
content) enhances perceived relevance of a message and deep message
processing, subsequently improving motivation to perform desired behaviours
(Hawkins et al., 2008; Kreuter & Wray, 2003; Lustria et al., 2009; 2016). To
date, however, effect sizes of such computerised content-tailored interventions
remain small leaving opportunities for further enhancement of intervention
effectiveness and ultimately more successful persuasion of people to make
healthy lifestyle choices. To this end, next to content-tailoring, it might be
beneficial to explore different types of tailoring. One promising alternative
way of tailoring in online computer-tailored health interventions is to consider
personal differences in people’s preferences for how health information
is presented (Resnicow et al., 2008, 2014; Smit, Linn, & van Weert, 2015);
message frame tailoring.

The message frame as potential for tailoring
Before I outline the concept of message frame-tailoring, it is necessary to
clarify what message framing is. Message framing, based on Entman’s (1993)
definition, is the selection of some aspects of a perceived reality and make
them more salient in communicating text, such that a problem, fact or a
circumstance is promoted or highlighted. Thus, by means of message framing,
we can make some bits of text salient while making other parts less salient and
consequently steering the message receiver’s thought process in a certain
direction (Entman, 1993). For instance, a message can contain or miss certain
key words, signal words (e.g., must versus could), sources of information or
images while communicating the same fact. To illustrate, one can say that “it
might be wise to consider quitting to smoke as it is healthier” or one could
put it as “you must quit smoking to not get sick”. The core message in both
sentences is that quitting smoking is healthy, yet this message is framed
differently; i.e., it uses another tone of voice and emphasises different aspects
of the same so-called reality. Subsequently, the message frame may determine
how people notice and understand the topic in the message – and maybe act
upon it.
Matching the message frame according to an individual’s preference
for a message frame (e.g., their need for cognition or need for autonomy) is
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called message frame-tailoring. In this dissertation, message frame-tailoring
is based on a pre-assessment of people’s individual need for autonomy, with
the message delivered being adjusted accordingly. To illustrate, people with
a higher need for autonomy would prefer – and thus receive – suggestive
messages that offer choice of how to best quit smoking, whereas someone
with a lower need for autonomy would prefer to receive a clear-cut expert
advice about smoking cessation.

Using the need
frame-tailoring

for

autonomy

for

message

Self-Determination Theory (SDT; Deci & Ryan, 1985a, 2000; Ryan & Deci,
2000) suggests that all people have a need for autonomy – the need to
perceive a certain degree of freedom in own behaviour, which is shown to
be crucial for a self-determined motivation and successfully changing and
maintaining (health) behaviour (Deci & Ryan, 2000; Ryan & Deci, 2000). SDTrelated research supports the notion that individual differences in people’s
need for autonomy exist and relate to message effectiveness (Deci & Ryan,
1985a, 1985b; Legault, 2016; Resnicow et al., 2008, 2014; Ryan & Deci, 2000;
Smit & Bol, 2019; Williams-Piethota, Schneider, Pizarro, Moward & Salovey,
2004); people with a higher need for autonomy would benefit more from being
provided with autonomy-supportive messages, as opposed to people with a
lower need for autonomy who would benefit more from receiving controlling
messages. To illustrate, autonomy-supportive messages provide a behavioural
choice (e.g., “Would you like to receive these tips (yes or no)?”) and use
implicit language (e.g., words like “would” and “could”) (Markland, Ryan,
Tobin, & Rollnick, 2005; Resnicow et al., 2008, 2014). Controlling messages
do not provide choice to the reader and are explicit and directive, rather
like a command (e.g., words like “should” and “must”) (Mclaughlin, Schutz,
& White, 1980; Miller, Lane, Deatrick, Young, & Potts, 2007a). Specifically,
people with a higher need for autonomy prefer to perceive freedom in actions,
as well as having the opportunity to choose actions for oneself. Those with
a lower need for autonomy would, in turn, rather prefer to receive clear-cut
advice from expert, friends or family instead (e.g., they would prefer to receive
instructions from others how to best reduce their alcohol consumption or how
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to quit smoking) (Resnicow et al., 2014; Ryan & Deci, 2006; Smit & Bol, 2019).
Therefore, it seems to be promising to not only tailor the content of health
messages, but also to tailor how a health message is presented to people,
based on the preferred communication style, e.g., the need for autonomy, in
order to enhance intervention effectiveness.
Yet, no study so far has tested the effectiveness of message frametailoring based on the need for autonomy in online computer-tailored health
communication. This, while not accounting for individual differences in need
for autonomy could lead to less effective/efficient message processing as
health messages that do not match people’s information processing needs
(e.g., the need for autonomy), could be considered as less relevant by the
receiver (Petty & Cacioppo, 1986). Moreover, a mismatch between individual
information needs and message frames could lead to resisting the message and
maybe even engagement in counter behaviours, such as purposely ignoring
the health message and not changing behaviour (e.g., Pavey & Sparks, 2009;
Rains & Turner, 2007; Ringold, 2002).
Accordingly, it is proposed that next to tailoring the message content
(what information is communicated), tailoring the message frame (how the
information is communicated) according to people’s needs for autonomy is an
innovative and potentially effective way to increase the effectiveness of online
tailored health interventions, which has not been studied yet.

Objective and outline of the dissertation
Objective
The overall aim of my dissertation is to systematically develop and explore
the potential of message frame-tailoring based on the need for autonomy in
isolation and in addition to content-tailoring in online computer-tailored health
communication.
Outline
My dissertation consists of four studies outlined in four chapters. Figure 1
provides a graphical overview of the outline of this dissertation.

6

1 Introduction

Figure 1. Outline of the dissertation

Note. CH = Chapter

My dissertation begins with descriptions of two individual online
experiments in the context of alcohol consumption reduction (Chapter 2, N
= 521) and smoking cessation (Chapter 3, N = 626). The aim of Chapter
2 “Should or could?” is to test the effects of autonomy-supportive versus
controlling message frames on individuals’ perceived autonomy-support
and reactance arousal towards content-tailored alcohol reduction messages.
Moreover, participants’ individual need for autonomy was considered as a
potential moderator of these effects. Then, in Chapter 3 “A smoker’s choice?”,
the alcohol-study’s findings are supplemented by testing autonomy-supportive
versus controlling message frame effects in the context of an online computertailored smoking cessation intervention. Message frame effects on perceived
autonomy-support are again tested under consideration of the individual need
for autonomy as a potential moderator. Moreover, it is investigated whether the
effect of autonomy-supportive message frames on intention to quit smoking
is mediated through increased perceived autonomy-support, more selfdetermined motivation and socio-cognitive measures.
Next, in Chapter 4 “The integration of message frame-tailoring in digital
health communication”, the integration of message frame-tailoring in an
existing online content-tailored smoking cessation intervention is described.
In total, findings from two pilot tests (N = 19; N = 16) and a usability test (N =
12) are presented.
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Chapter 5 “Effectiveness of message frame-tailoring in an online smoking
cessation programme” reports on the effectiveness testing of the novel tailoring
approach of combining message frame-tailoring (based on the individual need
for autonomy) with content-tailoring on message processing, socio-cognitive
factors and smoking abstinence rates in a randomised controlled trial (N =
273).
Chapter 6 concludes with a summary and general discussion of the
findings, in which I put the results into a broader perspective with suggestions
for future research and implications for online health promotion practice.
Moreover, I highlight general methodological considerations.
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Chapter 2

Should or could?
Testing the use of autonomy-supportive language
and the provision of choice in online computertailored alcohol reduction communication

An adapted version of this chapter is published as:
Altendorf, M. B., van Weert, J. C. M., Hoving, C., & Smit, E. S. (2019). Should
or could? Testing the use of autonomy-supportive language and the provision of choice in online computer-tailored alcohol reduction communication.
DIGITAL HEALTH. https://doi.org/10.1177/2055207619832767
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Abstract
Individuals can feel more motivated to change health behaviour when
perceiving autonomy-support, as induced through non-pressuring message
phrasing and the provision of choice: autonomy-supportive message framing.
Additionally, controlling message phrasing - commands that do not provide
choice, can thwart autonomy and lead to reactance, which is detrimental to
the persuasiveness of health messages. Many health messages have not been
formulated autonomy-supportively and therefore could arouse reactance,
resulting in reduced intervention effectiveness. We aimed to test the effects
of autonomy-supportive vs. controlling alcohol reduction message frames
on individuals’ perceived autonomy-support from these messages and their
reactance towards the message while considering the individual need for
autonomy in the context of an online computer-tailored alcohol reduction
intervention. A 2 (autonomy-supportive language vs. controlling language)
x 2 (choice vs. no choice) between-subjects experiment (N = 521) was
conducted using an online computer-tailored alcohol reduction intervention.
Outcome measures were perceived autonomy-support and reactance and
we investigated whether individual’s need for autonomy moderated the effect
of autonomy-supportive and controlling message frames on those outcome
variables. Multiple linear regression analyses showed that neither autonomysupportive nor controlling message frames had significant effects on perceived
autonomy-support or reactance, and there was no moderation from the need
for autonomy. Overall, participants evaluated the intervention as positive and
perceived high levels of autonomy-support, regardless of the message frame
used. Future research needs to test whether the positive intervention evaluation
is due to content tailoring, and whether more distinguishable manipulations of
message frames could be effective.
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Introduction
The reduction of alcohol consumption could mitigate or prevent health threats,
such as cancer and liver cirrhosis (World Health Organization, 2014b). Various
online health interventions have been developed that can persuade individuals
to reduce the amount of consumed alcohol at low costs (Riper et al., 2011). Online
computer-tailored alcohol reduction interventions can offer individualised and
personalised feedback to participants and have been shown to be effective
in reducing alcohol consumption (Boon, Risselada, Huiberts, Riper, & Smit,
2011). A meta-analysis conducted by Lustria et al. showed, however, that
effect sizes of tailored online health communication interventions remain small
(Lustria et al., 2013). One explanation that the effect sizes of online computertailored intervention might remain small because to date these interventions
have most often been tailored only in terms of their content (Smit, Linn, &
van Weert, 2015), i.e., tailoring messages to an individual’s self-reported
current health behaviour and/or self-reported scores on known predictors
of the desired health behaviour (change), but other types of tailoring, such
as message frame tailoring have hardly been tested. Differences in personal
preferences concerning how health-related information is presented have so
far been largely ignored in these interventions. This implies that, even if an
intervention provides relevant content only, it may remain unclear whether
the intervention meets the respondent’s preferences for a particular delivery
mode and message frame (Smit et al., 2015). Thus, additional strategies that
optimise the effect of online computer-tailored alcohol reduction interventions
are needed, e.g., by exploring the influence of different message. A body
of evidence on human motivation has shown that individuals’ motivation to
change (health) behaviour can be significantly enhanced when they perceive
that they can choose to perform a behaviour autonomously (Ng, Ntoumanis,
Thogersen-Ntoumani, et al., 2012). Health communication interventions can
support individuals’ sense of autonomy and thus enhance motivation to change
behaviour by means of incorporating autonomy-supportive message frames
(Kinnafick, Thøgersen-Ntoumani, & Duda, 2016; Resnicow et al., 2008, 2014).
Autonomy-supportive message frames acknowledge the reader’s feelings and
minimise pressure on the reader to change (through the use of words, such as
“could” and “would”), and often offer behavioural choice (e.g., “Do you want to
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make a coping plan?”) (Markland et al., 2005; Resnicow et al., 2014; Williams,
Cox, Kouides, & Deci, 1999). In interpersonal settings as well as in the context
of text messages, autonomy-supportive message frames, as compared to
either neutral text messages or a controlling interpersonal conversation style,
have been found to lead to increased motivation to perform the advocated
healthy behaviour (Kinnafick et al., 2016; Markland et al., 2005; Williams et al.,
1999; Williams, Gagné, Ryan, & Deci, 2002). Contrastingly, in those contexts,
controlling message frames are frequently found to lead to reactance, which is
a motivational state of negative arousal expressed by anger and counterarguing
in response to perceiving a threat to one’s sense of autonomy (Brehm, 1966).
Controlling message frames are replete with imperatives (e.g., commands
and orders using words like “must” and “should”) and impose the advocated
perspective to the message receiver and do not offer choice (Mclaughlin et al.,
1980; Miller et al., 2007a; Resnicow et al., 2008; Williams et al., 1999). In the
context of alcohol reduction interventions this suggests that when a message
uses a controlling message frame, this arouses reactance and individuals may
reject that message or even engage in a counter-advocated behaviour, such
as binge drinking (Dillard & Shen, 2005; Miller et al., 2007a; Rains, 2013).
Even though to date, many persuasive alcohol-related health messages
have been formulated in more controlling message frames, which could lead
to message rejection -to the best of our knowledge, no evidence exists that
reports on the effects of autonomy-supportive versus controlling message
frames on perceived autonomy-support and reactance in the context of online
alcohol reduction interventions (Rains, 2013; Ringold, 2002).
Moreover, studies show that people differ substantially in personal
characteristics, such as their need for autonomy (e.g., desiring to experience
choice and perceiving to initiate own behaviour). Thus, the level of perceived
autonomy-support or having reactance arousal might depend on a person’s
individual need for autonomy; someone who has a high need to be selfdetermined is expected to be more reactant when being controlled or (verbally)
forced to reduce his or her alcohol consumption than someone with a lower
need for autonomy (Deci, Eghrari, Patrick, & Leone, 1994a; Kinnafick et al.,
2016; Ringold, 2002).
Therefore, this experimental study aimed to test the effects two autonomy-
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supportive message frames, namely of autonomy-supportive vs. controlling
language and the provision of choice vs. no choice in the context of an online
computer-tailored alcohol reduction intervention on individuals’ perceived
autonomy-support from these messages and their reactance towards the
message content while considering the individual need for autonomy.

Theories of human motivation and reactance
Self-Determination Theory: An explanation of autonomy and fundamental
human needs
Self-Determination Theory (SDT; Deci & Ryan, 1985a, 2000; Ryan & Deci, 2000)
is a prominent and frequently used theory that attempts to explain human
motivation. In SDT, two types of behavioural regulation are distinguished,
namely controlled and autonomous behavioural regulation (Ryan & Deci,
2000). Controlled behaviours are considered to be performed due to pressure
from external factors, for instance, punishments or negative emotions, such as
guilt and therefore can lead to ill-being. Conversely, autonomous behaviours
result from conscious decisions that are personally relevant, valued, and
are important for sustainable behaviour change and well-being. In addition,
autonomous-regulated behaviours are described as positive experiences that
are inherently joyful, such as leisure time activities, and can be promoted by
the satisfaction of three fundamental human needs, that are competence,
relatedness and autonomy (Deci et al., 1994; Deci & Ryan, 2000, 2015; Ng,
Ntoumanis, Thogersen-Ntoumani, et al., 2012). Satisfying the above mentioned
three fundamental needs can furthermore foster a transition from controlled
towards autonomously regulated behaviours. The need for autonomy is based
on the assumption that individuals have the desire to perceive freedom and to
feel volitional in their actions, as by being able to independently decide when
and how to reduce their alcohol consumption (Deci & Ryan, 2015; Ryan &
Deci, 2000).
Many online computer-tailored alcohol reduction interventions, such as
the intervention that provides the context for the current study, already satisfy
the need for competence by providing suggestions for action and coping plans
to manage (sustained) behaviour change, also in difficult situations (Boon et
al., 2011; Lustria et al., 2013, 2009; Van Der Wulp et al., 2014). In most online
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computer-tailoring interventions that are based on socio-cognitive theories
such as the I-Change model, (De Vries et al., 2003a, 2003b) the need for
competence is targeted in the form of feedback tailored to respondents’ selfefficacy (Lustria et al., 2009, 2013; Smit et al., 2012; Van Der Wulp et al., 2014).
To illustrate, advice offered in the intervention used in the present study was
tailored to participants’ responses about their perceived difficulty to refrain
from alcohol consumption in certain situations (e.g., when feeling down or
sad) and offered tips to participants about what they could (or must, in the
controlling language condition) do in such situations to distract themselves
from drinking. Through such advice, the intervention aimed to enhance
people’s self-efficacy and thus satisfy their need for competence. Moreover,
the need for relatedness is often targeted through the provision of normative
feedback and the affirmation of feelings, such as offering information of what
peers do and feel when they try to curb their alcohol consumption (Friederichs
et al., 2014; Heaney & Israel, 2008; Rooke, Thorsteinsson, Karpin, Copeland, &
Allsop, 2010; Smit, De Vries, & Hoving, 2010; Williams et al., 1999). Evidence
for the fulfilment of the need for autonomy in tailored health communication
interventions is, however, scarce (Ng, Ntoumanis, Thogersen-Ntoumani, et
al., 2012). Hence, this study will investigate whether different message frame
types can satisfy the need for autonomy in an online computer-tailored alcohol
reduction intervention.
Autonomy-supportive language and the provision of choice
In health messages, the need for autonomy can be satisfied by means of message
formulation or framing, that is, offering an “autonomy-supportive” message
frame (Deci & Ryan, 2015; Friederichs et al., 2014; Moustaka, Vlachopoulos,
Kabitsis, & Theodorakis, 2012; Vansteenkiste, Lens, & Deci, 2006). Autonomysupportive message frames, as opposed to controlling message frames, are
often operationalised as messages that use autonomy-supportive language,
which minimises pressure through words as “would”, “could,” and “might”,
that encourage the receiver to accept responsibility, that take the perspective
of the message recipient into account through reflective feedback, and that
highlight personal choice and freedom by offering participants a behavioural
choice (e.g., they could choose for which situation(s) they would like make a
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plan) (Deci et al., 1994; Markland et al., 2005; Resnicow et al., 2008, 2014;
Williams et al., 1999).
Autonomy-supportive message frames in contexts such as physical activity,
dietary behaviours and smoking cessation have already been tested and applied
successfully in interpersonal settings and other offline health communication
interventions, such as smoking cessation (Miller et al., 2007a; Rains, 2013;
Williams et al., 1999). In Resnicow and colleagues’ study, autonomy-supportive
messages triggered self-initiation. As well, the provision of choice for different
alternatives to increase fruit and vegetable intake seemed to empower
recipients, which led to higher fruit and vegetable consumption (Resnicow et
al., 2008). These findings suggest a positive relationship between autonomysupportive message frames and perceived autonomy-support. Furthermore,
Kinnafick, Thogersen-Ntoumani and Duda found that autonomy-supportive
text messages, which promoted physical activity (i.e., by communicating a
meaningful rationale, enhancing perceptions of value for physical activity,
and providing choice) led to higher levels of perceived autonomy-support
(Kinnafick et al., 2016). In sum, autonomy-supportive message framing is
shown to encourage individuals to find their own, autonomous motivation to
perform recommended behaviours, which may also apply to online messages.
However, as far as we know, it has not been investigated yet, which of these
message frame elements: autonomy-supportive message formulation or the
provision of personal choice, reflects the effective ingredient that results in
increased perceptions of autonomy-support in these messages.
Psychological Reactance Theory: The threat to autonomy
In contrast to SDT, which describes especially the benefits of satisfaction of
the need for autonomy, Psychological Reactance Theory (PRT) developed
by Brehm, focuses on the human responses that occur when the need for
autonomy is threatened (Brehm, 1966). According to PRT, reactance is
a state of motivational arousal that leads to a subsequent action to restore
the threatened autonomy (Brehm, 1989). Such a threat to autonomy can be
induced through the use of controlling messages, that are conceptualised as
directive, forceful messages containing commands, orders and norms (e.g.,
“must”, “you have to”, “should”), and are often briefer compared to propositions
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or indirect suggestions in autonomy-supportive messages (Mclaughlin et al.,
1980; Miller et al., 2007a; Rains & Turner, 2007).
In earlier studies employed persuasive alcohol reduction messages
often lead to a perceived threat to one’s autonomy and therefore may induce
reactance, as many individuals perceive great deals of autonomy when
drinking alcohol (Ringold, 2002). Rains reported in his meta-analytic review
about the conceptualisation of PRT that the framing of health messages
influences the perception of threat to autonomy in the offline setting (Rains,
2013). Health messages perceived as a threat to autonomy led to message
rejection, which could be detrimental for health campaigns (Rains, 2013). Such
autonomy threatening messages were explicit in the message’s intention and
replete with imperatives (i.e., “must” and “do”) – representing a controlling
message frame. Controlling message frames have been found to produce
reactant responses in different contexts, such as binge drinking and alcohol
consumption, dental flossing, skin cancer, and smoking cessation (Dillard
& Shen, 2005; Miller et al., 2007a; Quick & Considine, 2008; Ringold, 2002;
Shen, 2015). In sum, controlling (health) messages are likely to evoke a threat
to the need for autonomy and thus lead to unintended negative effects, such
as message rejection (e.g., Miller et al., 2007a; Pavey & Sparks, 2009; Quick
& Stephenson, 2008; Rains, 2013; Shen, 2015). Such an unintended negative
effect could be, for instance, performing a counter behaviour to the one
advocated (e.g., continuing excessive alcohol consumption when drinking less
alcohol is advocated) (Brehm, 1989; Miron & Brehm, 2006; Ringold, 2002).
Combined effects of autonomy-supportive message frames and offering
choice
Most studies that investigated effects of autonomy-supportive health messages
included two message elements: the use of autonomy-supportive language
and the provision of choice (Kinnafick et al., 2016; Resnicow et al., 2008,
2014; Williams et al., 2006). Thus, we propose to first consider whether either
message element independently results in higher levels of autonomy-support.
In addition, from the literature on multimedia communication, we know that
a synergy effect can exist in situations when “the combined effect of multiple
communication activities exceeds the sum of their individual effects“ (Naik
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& Raman, 2003). Therefore, we aim to explore if the combination of offering
choice and using autonomy-supportive language – two different message
elements - leads to higher levels of perceived autonomy-support compared to
the provision of choice and the use of autonomy-supportive language alone. In
addition, Shen found that not providing choice in the controlling messages lead
to reactance arousal among participants compared to controlling messages
that provided choice (Shen, 2015). Because, when a person’s behavioural
freedom is restricted, such as through reading a controlling message, this
freedom could not only be restored by autonomy-supportive language, but also
by making an own personal choice (Brehm, 1966). For individuals presented
with a controlling message without such personal choice, behavioural
freedom is not restored. They may thus perceive less freedom than persons
presented with only one of both controlling message features. Therefore, we
will test whether the effect of both message frame features, namely autonomysupportive language and offering personal choice reinforce each other.
The individual need for autonomy
SDT proposes that individuals with a high need for autonomy feel more
supported in their autonomy when receiving autonomy-supportive message
frames than individuals with a low need for autonomy (Deci & Ryan, 1985a,
2000). Resnicow et al. investigated this SDT statement by offering participants
autonomy-supportive and controlling messages, which promoted fruit and
vegetable intake (Resnicow et al., 2008). In this study, the need for autonomy
moderated the message effects. Participants with a high need for autonomy
who received autonomy-supportive nutrition messages had significantly
higher intake of fruit and vegetables compared to those individuals with a low
need for autonomy and who received the same dietary information messages.
In a second study, Resnicow et al. could confirm these findings (Resnicow et
al., 2014). In this study about cancer screening, participants with a high need
for autonomy reported higher screening rates when receiving autonomysupportive messages than participants with a low need for autonomy. Thus,
we assume that individuals with a high need for autonomy seem to perceive
more autonomy-support compared to individuals that have a lower need for
autonomy when receiving autonomy-supportive messages.
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When the need for autonomy is thwarted, individuals tend to develop a fairly
strong controlled orientation, or amotivation to perform a behaviour, which
implies no enjoyment and diminished functioning (Bartholomew, Ntoumanis,
Ryan, Bosch, & Thogersen-Ntoumani, 2011). Furthermore, in the context of
virtual gaming, it was shown that when players’ autonomy-needs were not
met, they became aggressive while playing, which is according to Dillard
and Shen an antecedent of reactance arousal (Dillard & Shen, 2005; Rigby &
Ryan, 2011). Following this theorisation and the same reasoning described to
support the fourth hypothesis, we expect that the individual need for autonomy
moderates the degree of reactance arousal. Thus, individuals with a higher
need for autonomy are expected to have higher degrees of reactance when
their need for autonomy is thwarted through controlling alcohol reduction
messages, than individuals with a lower need for autonomy.
Hence, we aim to test the following hypotheses:
H1a: Online computer-tailored alcohol reduction messages that use autonomysupportive language will lead to higher levels of perceived autonomy-support
compared to messages that use controlling language.
H1b: Online computer-tailored alcohol reduction messages that provide
choice will lead to higher levels of perceived autonomy-support compared to
messages do not provide choice.
H2a: Online computer-tailored alcohol reduction messages that use autonomysupportive language will lead to lower levels of reactance compared to
messages that use controlling language.
H2b: Online computer-tailored alcohol reduction messages that provide
choice will lead to lower levels of reactance compared to messages that do
not provide choice.
H3: The combination of autonomy-supportive language and providing choice
in online computer-tailored alcohol reduction messages will lead to higher
levels of perceived autonomy-support (H3a) and lower levels of reactance
(H3b) than the use of autonomy-supportive language or the provision of
choice alone.
H4: The positive effect of autonomy-supportive message frames (versus
controlling message frames) on the perceived level of autonomy-support is
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stronger for individuals with a high need for autonomy than for individuals with
a low need for autonomy in the context of an online computer-tailored alcohol
reduction intervention.
H5: The negative effect of autonomy-supportive message frames (versus
controlling message frames) on reactance is stronger for individuals with
a higher need for autonomy compared to individuals with a low need for
autonomy.

Methods
Design and materials
A 2 (autonomy-supportive language vs. controlling language) × 2 (offering
choice vs. not offering choice) between-subjects experimental design was
employed. Participants were randomly assigned to one of the four conditions,
differing in message framing by a computer randomisation software device,
which allocated approximately 25% of all respondents to each group. In terms
of message content, the online alcohol reduction intervention was based on an
existing Dutch online computer-tailored intervention, called Drinktest1, which
was targeted at people who drink alcohol (Boon et al., 2011). Ethical approval
was granted by the Institutional Review Board of the Amsterdam School of
Communication Research (reference number 2016-PC-7205).
The intervention
The intervention combined respondents’ answers to an online assessment
with computer-tailored and personalised feedback messages on alcohol
consumption, intended to help explore negative consequences of excessive
drinking and to support participants in lowering their alcohol consumption.
The intervention consisted of two parts: first, an online questionnaire
where respondents reported on their demographical data, weekly alcohol
consumption, binge drinking behaviour, chronic diseases, and drinking and
driving behaviour. Also, respondents compared their own alcohol consumption
with their perceptions of their peers’ alcohol consumption and reported on their
intention to lower their alcohol consumption. Subsequently, participants were
provided with personalised and computer-tailored alcohol reduction advice,
1 Drinktest is available from http://www.webcitation.org/6qPCE1hWS (cited 2017 May 13).
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based on the answers provided in the assessment. The advice provided
normative feedback about one’s alcohol consumption and information on the
alcohol guidelines from the Dutch Ministry of Health. In the case of heavy
drinking (i.e., more than 20 units of alcohol per week) recommendations
were provided to reduce alcohol consumption and get in contact with a
health professional. In the second part of the questionnaire, participants
answered questions about situations in which they usually drink alcohol, their
attitude towards alcohol consumption, and their self-efficacy in lowering the
consumption of alcohol. Afterwards, respondents again received personalised
and computer-tailored advice based on their answers to the questions in this
second part of the assessment. All provided advice were manipulated in either
autonomy-supportive language or controlling language, and the provision of
choice or not.
Participants and procedure
We recruited 637 participants using an online ISO-certificated research
panel, called PanelClix2. An a priori power analysis showed that a sample
size of minimum 492 was adequate to detect small effects and interaction
effects (power level = .80, effect size f = 0.15). Participants’ approximately
20-minute participation was rewarded by PanelClix with 150 PanelClix points,
which equals circa 1,88 euro. Prior to their enrolment in the study, participants
were informed that the current study would aimed to improve the existing
programme called MyAlcoholConsumption and were asked to provide their
online informed consent. Personal data were not accessible for others than
the research team. All participants were guided through the intervention as
described above. Additionally, following the intervention, respondents were
asked to evaluate the intervention (including the alcohol reduction advice),
and reported on their perceived autonomy-support, reactance, and need for
autonomy.
Inclusion and exclusion criteria
Eligibility criteria for participation in the study were being 18 years or older.
Because the Drinktest intervention was especially developed for drinkers
2 The website can be found at http://webcitation.org/6q9tGKh5Z [cited 2017 May 13].
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who were motivated to reduce their alcohol consumption within the next six
months, participants for this study had as well to be motivated to reduce their
alcohol consumption within this timeframe. Moreover, respondents who did
not complete the survey entirely, did not engage with the intervention, or
participated for too short in the survey (i.e., had z-scores >3 for participation
time) were excluded from participation.
Pilot
We piloted the four versions of the online computer-tailored alcohol reduction
intervention and the following assessment of our outcome measures (perceived
autonomy-support and reactance) with four health communication and alcohol
reduction experts, and four Dutch adults (with different gender and socioeconomic status). Every condition was piloted with one Dutch adult and one
alcohol and health communication expert. The pilot had two aims; first we
investigated the clarity, length to complete and layout of the online assessment.
Second, we tested the stimulus material, therefore, we asked whether the
message frame received was perceived as autonomy-supportive or controlling
(after participants received a definition of these terms), and if participants
felt that the intervention provided choice or not. If any of the respondents
judged these (or additional) aspects of the intervention as unclear, difficult to
understand, too long or not having an appealing lay-out, then the research
team discussed this feedback and after reaching consensus, changes in the
intervention were made where appropriate. Furthermore, we decided to create
a greater contrast between the conditions by also manipulating the message
frames used in the instructions in the assessment of the intervention (since we
wanted to keep the content of the intervention similar in all conditions, and to
the original Drinktest intervention). Thus, we deemed the manipulations to be
successful.
Experimental stimuli
Language. Except the content provided as a result of the choices made
by respondents in the choice condition, only the language of the intervention
was manipulated while keeping the content of the alcohol reduction advice
similar across conditions. In the autonomy-supportive language condition,
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message frames were manipulated by encouraging respondents to accept
more responsibility for their own behaviour by taking the perspective of the
message recipient into account through reflective feedback, by incorporating
praise and using language which minimised pressure, such as “Great that
want to reduce your alcohol consumption. It would really be better for your
body and condition if you would drink less alcohol.” (Deci et al., 1994;
Markland et al., 2005; Resnicow et al., 2008, 2014; Williams et al., 1999). In the
controlling language condition, alcohol reduction messages were manipulated
by frequently using directive and forceful sentences with many imperatives,
commands, and orders (e.g., “You must drink less alcohol, so your body and
condition will be better.”). The controlling messages were often more brief
compared to the autonomy-supportive messages (Mclaughlin et al., 1980;
Miller et al., 2007a; Rains & Turner, 2007). Furthermore, many of our controlling
messages clearly stated the message source (e.g., “experts say”, “according
to the Dutch guidelines”) and filling terms were avoided where possible (i.e.,
“luckily”, “congratulations”).
Choice. We operationalised the provision of choice similar to Shen, as a
linguistic presentation of alternative behaviours that serve a similar prevention,
preparation and/or coping purpose (Shen, 2015). In the choice condition,
participants saw three different preparatory plans (i.e., plans in preparation of
their behaviour change) and seven coping plans to help them deal with difficult
situations. Participants in the choice condition could then chose whether
and how many plans they wanted to make. These preparatory and coping
plans were supposed to be personally relevant and helpful for participants
in reducing their alcohol consumption, as they were tailored to participants’
earlier responses. Participants in the no choice condition were provided with
only one predefined coping plan, which was the same for every participant in
the no choice condition. In addition, the plans participants in the no choice
condition viewed were not specifically tailored to their earlier responses, but
was one of the plans participants in the choice condition were also presented
with.
Measures
Background variables. Background variables were assessed in the
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context of the Drinktest intervention, such as age, gender, living arrangement,
educational level, intention to get pregnant (likewise for men: whether to
have the intention to get pregnant with a partner), and presence of a chronic
disease were assed via single items. Further, alcohol related behaviours were
measured, e.g., the number of alcoholic beverages consumed during a typical
week, binge drinking behaviour, and drinking and driving behaviour. Intention
to reduce one’s alcohol consumption was assessed with one item, asking
participants within what time frame they planned to reduce their alcohol
consumption. I am not planning to reduce my alcohol consumption within the
next half year, I am planning to reduce my alcohol consumption within the next
6 months, I am planning to reduce my alcohol consumption within the next
month, I am already reducing my alcohol consumption, and I have reduced
my alcohol consumption already 6 months ago. We also asked respondents to
estimate their own alcohol consumption compared to their peers, assessed on
a five-point Likert scale (ranging from More to Less).
Dependent variables. The primary outcome of this study was perceived
autonomy-support, which was measured with the Virtual Care Climate
Questionnaire (VCCQ; Smit, Dima, Immerzeel, van den Putte, & Williams,
2017). The VCCQ consists of 15 items that can be answered on a seven-point
Likert scale (1 = strongly agree; 7 = strongly disagree) and has been proven
to be reasonably valid and highly reliable (Smit et al., 2017). Participants
were asked questions like I feel that the intervention has provided me with
choices and options and I feel that the intervention provided me with effective
possibilities to reduce my alcohol consumption. Finally, we computed one total
mean score of the VCCQ items (Cronbach’s α = .95, M = 3.63, SD = 0.73).
Reactance was measured as in earlier studies by Rains and Turner, using
a cognitive component (counterarguing) and an affective component (anger)
(Rains & Turner, 2007).
Counterarguing was assessed using the thought listing method, by asking
an open-ended question; participants had 90 seconds to write down all of the
thoughts they had while reading the alcohol reduction advice (Cacioppo, von
Hippel, & Ernst, 1997). Then, comments were segmented into thought units
(meaningful parts, consisting of just one word or a couple of words with a
clear beginning and end) and then evaluated as positive, neutral or negative
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towards the alcohol reduction advice. Negative polarity scores reflected
overall negative comments, whereas positive polarity scores reflected overall
positive comments. Anger was assessed with a four-item scale used in earlier
research in the context of alcohol reduction by Dillard and Shen, which had a
good reliability (α = .94) (Dillard & Shen, 2005). We asked participants: While
reading the alcohol advice I felt angry/irritated/annoyed/aggravated. (where
1 = strongly disagree and 5 = strongly agree) (Dillard & Shen, 2005). The
Dutch version of the questions showed a good reliability in studies about
advertisement, as well as in the present study (Crohnbach’s α= . 84, M = 2.02,
SD = 1,06) (Fransen, Verlegh, Kirmani, & Smit, 2015; van Reijmersdal et al.,
2016).
Moderator. Need for autonomy was measured with the Health Causality
Orientations Scale (HCOS). The HCOS is a novel scale based on the General
Causality Orientations Scale (Deci & Ryan, 1985b). For this study, the HCOS
was translated from English to the Dutch language. Participants received four
different vignettes for which they had to indicate the likelihood of responding in
four different ways (each reflecting a different type of orientation). For instance,
one of the vignettes read: Imagine you would have to change your behaviour
to get healthier. How likely would it be that you would: (1) motivate yourself
(autonomous orientation) (2) ask family and friends to motivate you (controlled
orientation peers) (3) ask an expert to motivate you (controlled orientation
experts) (4) wait to get motivated eventually (impersonal orientation), all
measured on a five-point Likert scale ranging from 1 = very unlikely 5 = very
likely. In order to measure the need for autonomy we computed the mean score
of the four responses reflecting an autonomous orientation, which resulted in a
high Cronbach’s alpha (α = .80, M = 4.15, SD = 0,75).
Statistical Analysis
All analyses were conducted using IBM SPSS (24.0) for Windows and analysis
was done per-protocol. Chi-squared tests and analysis of variance (ANOVAs)
were conducted with condition as independent variable and background
variables as dependent variables to check for equal distribution and successful
randomisation across the conditions. Additionally, for the regression analysis,
interaction variables were created to test interaction effects between the need
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for autonomy, language and choice on outcome variables (perceived autonomysupport and reactance). In total, three separate multiple regression analysis
were conducted to test for main and interaction effects of the independent
variables (language, choice, need for autonomy) on the dependent variables
(perceived autonomy-support and reactance).

Results
Sample characteristics
A total of 637 participants assessed the online questionnaire and 521 (82%) of
these participants fulfilled the inclusion criteria for this study. Participants could
be excluded for multiple reasons; when they did not provide their informed
consent (n = 34), had no intention to reduce their alcohol consumption
within the next six months (n = 12), and/or did not respond reliably to the
questionnaire (i.e., respondents who gave contradictory responses to questions
and/or had response times lower than five minutes, which was deemed to be
too quick for processing the intervention and accompanying questions, n =
80). Furthermore, we removed four respondents as their total weekly alcohol
consumption was deemed unrealistic, i.e., cases that were removed reported
to drink 72 - 88 alcoholic beverages per week. The final sample consisted
of 521 people. Of these 521 eligible respondents, the majority (60.3%) was
male. Respondents had a mean age of 46.6 years (SD = 16.1), and 51.2%
had a college or university degree and on average, perceived high levels of
autonomy regardless their condition (M = 4.15; SD = .75). Table 1 provides the
sample characteristics for this study.
Descriptive statistics and randomisation
Of all respondents, 131 (25.1%) were assigned to the autonomy-supportive
language and having choice condition, 135 (25.9 %) to the autonomysupportive language and having no choice condition, 126 (24.2 %) to controlling
language and having choice, and 129 (24.8 %) to the controlling language
and no choice condition. The randomisation check revealed that there were
no significant differences between the conditions in terms of the background
variables. Therefore, no background variables were included as covariates in
subsequent analysis.
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Main Analysis
Effects of language, the provision of choice, and need for autonomy on
perceived autonomy-support. The regression model with perceived autonomysupport as dependent variable and language, choice and need for autonomy,
as well as their interactions, as independent variables was significant, F(7,
513) = 21.55, p < 0.001 and explained 22.7% of the variance in perceived
autonomy-support based on variations made in the intervention’s language,
the provision of choice, individuals’ need for autonomy, and their interaction.
Main effect. Hypothesis 1 predicted a positive effect of autonomysupportive language use (versus controlling language use; H1a) and offering
choice (versus no choice; H1b) on individuals’ levels of perceived autonomysupport. Results showed that there was neither a significant main effect of
autonomy-supportive language on perceived autonomy-support (b*= -.09, t =
-.26, p = .799), nor did individuals perceive higher levels of autonomy-support
when they were offered choice (b* = .03, t = .09, p = .921). Therefore, we
reject Hypothesis 1. Yet, participant’s mean value of perceived autonomysupport was on the higher end of the 7-point Likert scale (M = 3.63, SD = .72),
regardless of the message frame they received (see Table 3).
Combined effect. In our third hypothesis, we suggested that the
combination of autonomy-supportive language and the provision of choice
would lead to higher levels of perceived autonomy-support compared to the
use of autonomy-supportive language or the provision of choice alone.
The regression model showed that there was no significant interaction
effect between autonomy-supportive language and the provision of choice
when predicting the level of perceived autonomy-support (b*= .213, t = .55,
p = .584). This was not as expected and thus, we reject Hypothesis 3a.
Moderation. Hypothesis 4 predicted that the positive effect of autonomysupportive message frames (versus controlling message frames) on perceived
autonomy-support would be stronger for individuals with a high need for
autonomy than for individuals with a low need for autonomy. However, we did
not find a significant interaction effect between the need for autonomy and
either autonomy-supportive language use or the provision of choice on the
outcome variable. Thus, our data did not confirm Hypothesis 4. Additionally,
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Table1. Characteristics of participants (N = 521).
Gender

n

%

Female

207

39.7

Male

314

60.3

was measured with one

M

SD

item asking participants

46.6

(16,1)

what their highest

n

%

education was (0 = none;

High

267

51.2

1= ‘low’: primary school/

Middle

191

36.7

basic vocational school;

Low

49

9.4

2= ‘medium’: secondary

Other/Missing

14

2.7

vocational school/ high

n

%

With partner

209

40.1

With partner and child(ren)

145

27.8

With child(ren)

16

3.1

Alone

109

20.9

Other/Missing

42

8.1

n

%

‘Intention to get pregnant’

198

38

do not sum up to 100%,

M

SD

since this question was

14.2

(10,7)

automatically skipped for

Age
Educational level

Living arrangemend

Existence of (chronic) disease
Weekly number of consumed alcoholic beverages
Intention to reduce alcohol consumption

Note. Educational level

school degree; 3 =
‘high’: higher vocational
school/ college degree/
university degree).
The percentages from

n

%

female respondents above

Within the next 6 months

164

31.5

50 years. Percentage for

Within the next month

119

22.8

intention to reduce alcohol

Currently reducing

166

31.9

Reduced half a year ago already

59

11.3

n

%

Once a month

133

25.5

2 to 3 times per month

72

13.8

Once per week

59

11.3

More than one time per week

51

9.8

consumption. Percentage

Never

205

39.3

for binge drinking does

Other/missing

1

0.2

not sum up to 100% due

n

%

to decimal rounding. SD =

Yes

34

6.5

Standard deviation.

No

280

53.7

Binge drinking

Intention to get pregnant (male)

Intention to get pregnant (women <50 years)

n

%

In the near future

16

6.5

Currently trying

6

1.2

Being pregnant

3

0.6

None of the above

94

18

consumption does not
add up to 100% due to
exclusion of participants
who had no intention
to reduce their alcohol
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there was a significant positive main effect of the need for autonomy on
perceived autonomy-support, which suggests that individuals with a higher
need for autonomy perceive higher levels of autonomy-support. The results
from the regression analysis can be found in Table 2.
Effects of controlling language, no provision of choice, and need for
autonomy on reactance. Since we measured the concept of reactance with
negative cognitive responses (i.e., counterarguing) and negative affect (i.e.,
anger), we report the following analysis for both variables separately.
Table 2. Regression results to test hypothesis 1, 3a, and 4.
Perceived autonomy-support b*
Language

- .09

Choice

.03

HCOS

.49***

Language x Choice

.21

Language x HCOS

.09

Choice x HCOS

- .07

Language x Choice x HCOS

- .18

R2

.23***

Note. b*= standardised regression coefficient. HCOS = need for autonomy. # p < .01. ** p < .05.
*** p < .001.

Counterarguing. In the second hypothesis we expected that the use of
autonomy-supportive language and offering choice (H2) would lead to lower
levels of reactance. The regression model with language, choice, and need for
autonomy, and their interactions as independent variables was only marginally
significant for counterarguing as dependent variable, Fcounterarguing (7,419) =
1.96, p = .059. The regression model could just explain 3.2% of the variance in
counterarguing, based on variations in the intervention’s language, provision
of choice, and individuals’ need for autonomy.
Main and combined effects. There was no significant main effect of
autonomy-supportive language on counterarguing against the alcohol
reduction advice (b*= .37, t = .82, p = .411) in comparison with controlling
language (H2a). Moreover, we could not detect a significant effect of the
provision of choice on counterarguing (H2b: b*= -.30, t = -.72, p = .473), nor

28

2 Should or could?

did their combination lead to lower levels of counterarguing (H3b: b*= -.49,
t = -.96, p = .335). Thus, we reject hypothesis 2 and 3b for counterarguing.
Moderator. In the fifth hypothesis, we expected that the negative effect
of autonomy-supportive message frames (versus controlling message
frames) on reactance would be stronger for individuals with a higher need for
autonomy compared to those with a lower need for autonomy. According to
the counterarguing measure, a total of 6.6% of the participants counterargued
the alcohol reduction advice. Furthermore, the results of the regression
analysis, which are depicted in Table 4, showed no significant interaction effect
between the need for autonomy and language, the need for autonomy and
choice, or their three-way interaction. Additionally, the need for autonomy had
no significant main effect on counterarguing. Thus, we reject hypothesis five
for counterarguing.
Table 3. Overall means of outcome variables per experimental condition.
Dependent variable

Perceived autonomy-support

Anger

Counterarguing

M (SD)

M (SD)

M (SD)

Autonomy-supportive language * choice

3.59 (.72)

1.95 (1.08)

.15 (.32)

Autonomy-supportive language * no choice

3.68 (.75)

1.96 (1.05)

.17 (.38)

Controlling language * choice

3.59 (.66)

2.12 (1.06)

.11 (35)

Controlling language * no choice

3.66 (.75)

2.03 (1.02)

.09 (.31)

Overall M (SD)

3.63 (.72)

2.01 (1.05)

.13 (34)

Note. M=Mean. SD = Standard Deviation.

Anger. The regression model with language and choice, need for autonomy
and their interactions as independent variables was highly significant for
anger as dependent variable, Fanger (7,513) = 7.49, p < .001. Therefore, the
regression model could predict the variance in anger, based on variations in
the intervention’s language, provision of choice, individuals’ need for autonomy,
and their interactions, and explained 9.3% of the variance in anger.
Main and combined effects. The analysis revealed that individuals did not
have significantly lower levels of anger when autonomy-supportive language
was used (H2a: b*= -.13, t = -.36, p = .721) nor were individuals significantly less
angry when choice was provided (H2b: b*= -.53, t = -1.54, p = .125) compared
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to the use of controlling language and no provision of choice, respectively.
Also, the combination of autonomy-supportive language use and the provision
of choice did not lead to significantly lower anger arousal than either of the two
message elements alone (H3b: b*= .24, t = .56, p = .575). In accordance with
the above results from counterarguing and anger as outcome measure, we
reject Hypothesis 2 and 3b.
Moderator. As can be seen in Table 4, individuals with a higher need
for autonomy compared to those with a lower need for autonomy did not
perceive significantly lower levels of anger when presented with autonomysupportive message frames (versus controlling message frames). The
expected interaction effect between need for autonomy and language style
on anger could not be confirmed. Yet, we found a significant negative main
effect of the need for autonomy on anger, which implies that individuals with
a high need for autonomy would generally perceive lower levels of anger.
We also found a marginally significant interaction effect between the need
for autonomy and the provision of choice on anger. In order to determine
the cut-off point of this interaction effect, we used the Johnson-Neyman
technique, called ‘floodlight analysis’ from the PROCESS macro for SPSS
(Model 1; bootstrapping procedure: n = 5000) (Hayes, 2013) The floodlight
analysis identifies the region of the moderator continuum at which the effect
of the independent variable choice on the dependent variable (i.e., anger)
transitioned from statistical insignificance to statistical significance. The cutoff value for statistical significance was 2.06, which implies a trend towards
individuals with a relatively low need for autonomy to perceive higher levels
of anger compared to individuals with a higher need for autonomy, when not
provided with choice. Based on these results, our fifth hypothesis is rejected.

Discussion
Main Findings
This study aimed to explore the effects of autonomy-supportive versus
controlling message frames on perceived autonomy-support and reactance
while considering individuals’ different levels of need for autonomy as a
possible moderator.
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Table 4. Regression results to test hypothesis 3b and 5.
Anger b*

Counterarguing b*

Language

- .53

.37

Choice

- .13

- .31

HCOS

- .38***

.02

Language x Choice

.24

- .49

Language x HCOS

.11

- .25

.57#

.35

Choice x HCOS
Language x Choice x HCOS
R2

- .30
.09***

.45
.03#

Note. b*= standardised regression coefficient. HCOS = need for autonomy. # p < .01. ** p < .05.
*** p < .001.

Contrary to our expectations, we did not find significant effects of the
use of autonomy-supportive language and the provision of choice - nor their
combination – on perceived autonomy-support (H1 and H3a) These findings do
not match results of previous research on the effects of autonomy-supportive
versus controlling message frames, either in interpersonal settings or delivered
as printed or mobile text messages (e.g., Kinnafick et al., 2016; Moustaka et al.,
2012; Williams et al., 1999). In these studies, receivers of autonomy-supportive
message frames perceived significantly greater autonomy-support compared
to individuals who received neutral message frames. One explanation could
be that the online computer environment of our intervention may have led
to not being able to reproduce findings from, for instance, interpersonal
environments. For instance, non-verbal cues in the face-to-face setting with
a human health care provider who gives alcohol reduction advice could
lead to a different perception of autonomy-support than such an advice in
an online computer intervention (Burgoon & Le Poire, 1999). Yet, Kinnafick
and colleagues indicated that participants were able to perceive significantly
higher levels of autonomy-support via mobile text messages (compared to the
control group who received neutral text messages), which is a comparable
non-personal environment like the online environment in the present study
(Kinnafick et al., 2016). Furthermore, we considered this different type of
environment by measuring perceived autonomy-support with a questionnaire
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especially developed for virtual environments: the Virtual Care Climate
Questionnaire (Smit et al., 2017). In addition, in a recent study with a similar
scope, the provision of choice (vs. no choice) led to higher levels of perceived
autonomy-support, more perceived relevance, and a higher overall evaluation
of an online computer-tailored intervention aimed at increasing vegetable
consumption. These recent findings suggest that also in an online computer
environment, autonomy-supportive message frames can lead to higher levels
of perceived autonomy-support than controlling message frames. We assume
that the different types of (health) behaviours, namely (alcohol) reduction
and promotion (of vegetable consumption) behaviour could have led to the
different findings between the vegetable consumption and alcohol reduction
study. Therefore, we recommend to replicate this study with more reduction
behaviours, such as alcohol reduction and smoking cessation to investigate
whether the type of behaviour could explain our findings.
Moreover, as we found that participants had overall high levels of autonomysupport, regardless of the message frame used, we assume that this finding
could be linked to inclusion criteria of the present study. We only included
people who intended to reduce their alcohol consumption. According to the
meta-analysis by Hagger and Chatzisarantis (2009), autonomy-supportive
environments promote intention to change a health behaviour. Thus, one
could argue that those people were more prone to perceive higher levels of
autonomy-support.
Next, we expected that alcohol reduction advice written in controlling
language would have led to reactance. However, we did not find support for this
hypothesis: neither had controlling language, nor not providing choice, or their
combination an effect on reactance arousal (H2 & H3b). Overall, only a minority
of participants in our study felt angry (10.1%) or/and counterargued (6.6%) the
advice. However, it seems somehow striking that controlling message frames
in our study did not lead to higher levels of reactance compared to previous
research in the field that identified significant positive effects of controlling
message frames on reactance (e.g., Churchill, Pavey, Jessop, & Sparks, 2016;
Miller et al., 2007; Rains, 2013; Shen, 2015). A possible explanation for this
could be drawn from Politeness theory, which states that reactance towards a
persuasive message, such as it was expected towards our controlling alcohol
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reduction advice, can be reduced due to message-based features (Brown &
Lewinson, 1978). Message-based features refer to for example, the use of polite
language, the inclusion of positive feedback, or the provision of information
that claims common ground with message receiver’s opinions. Such “polite”
messages could reduce threat to the message receiver’s autonomy and
reactance (Brown & Lewinson, 1978; Jenkins & Dragojevic, 2013). In fact,
our alcohol reduction advice, no matter the condition, contained positive
feedback, provided information that if applicable confirmed the message
receiver’s opinion (you estimated your alcohol consumption correctly), and
were written in polite language (controlling condition: It is likely that you feel
alone […]. Go and do something nice.). As a consequence, messages in all
experimental conditions could have been perceived as polite and may thus
have resulted in less or no threat to autonomy. Following, one could also
assume that the message content impacts on whether a message is perceived
as autonomy-supportive or arouses reactance and that the message frame
alone barely impacts an individual’s perception. However, a body of evidence
about content tailoring, personalisation, and message framing have shown
that those techniques seem to be effective in enhancing perceived personal
relevance, creating positive attitudes towards the message, increasing
intentions to change behaviour, and behaviour (Gallagher & Updegraff, 2012;
Hawkins et al., 2008; Lustria et al., 2013). Although we did not specifically test
whether framing could act as a prerequisite for content tailoring, this seems to
be an important question for future research, which can be studied by adding
a content-tailored control group to the study design.
Remarkably, we found that people with a higher need for autonomy in general
perceived higher levels of autonomy-support and less reactance arousal than
people with a lower need for autonomy. It might seem intuitively logical that
individuals with a high need for autonomy perceive more autonomy-support
versus individuals with a low need for autonomy, because these individuals
might generally be more satisfied with the intervention (environment) and
thus could have lower levels of reactance arousal. In contrast, one could
also argue for the opposite: individuals with a high need for autonomy would
have rather higher levels of reactance when presented with alcohol reduction
advice, because they generally prefer making their own decisions. Dillard and
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Shen found that individuals high in reactance proneness, that is, being able to
experience greater deals of reactivity, reported more reactance arousal while
reading autonomy threatening messages about dental flossing (Dillard & Shen,
2005) Reactance proneness and the need for autonomy are distinguishable
concepts that seem to counteract with each other. For instance, when a person
who highly appreciates setting own goals and having freedom to decide on
how and when to reduce the number of beers – this person might have more
reactance arousal as well when put under external pressure to quit drinking
beer immediately.
Further, because the need for autonomy did not moderate the effect from
message frames on perceived autonomy-support or reactance, one might
suggest that message frame tailoring, such as on the need for autonomy
would not lead to enhanced intervention effectiveness. Yet, this is one of the
first studies testing the moderating effect of the need for autonomy and thus,
our findings should be interpreted with caution. Moreover, previous research
found that effects of cancer screening newsletters in different message
frames on screening rates were moderated by participants communication
preference, which was not measured with a validated scale (Resnicow et al.,
2014). In sum, in order to draw conclusion of whether tailoring on the need
for autonomy in health studies might enhance intervention effectiveness, this
study should be replicated.
Limitations
Our findings need to be considered in the light of some limitations. First, keeping
in mind that participants did not perceive different levels of autonomy-support
and reactance across the four conditions in the present study, we may assume
that the autonomy-supportive and controlling message frame manipulations did
not differ enough. This idea is supported when further analysing the qualitative
data provided in the counterarguing measure as, interestingly, only 6.6% of the
comments represented negative thoughts towards the alcohol reduction advice
- 30.2% represented positive thoughts, and 63.2% of comments were neutral
or off-topic thoughts towards the advice. Keeping in mind that about 50% of
all participants received controlling advice, but only 6.6% of the participants
articulated negative thoughts towards the advice, it may be suggested that the
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manipulation was not successful. Also, there is a possibility that participants
were not processing the message (frames) carefully enough, as offering a lot
of text and content might have inadvertently stimulated skimming behaviour.
Checking the mean time of completing the intervention however showed that,
on average, respondents took 19.41 minutes (SD = 22.89) to complete the
alcohol reduction intervention. For future research, we therefore recommend
to apply more distinguishable manipulations (e.g., more controlling message
frames, such as a more frequent use of imperatives and commands and a
more obvious choice manipulation, as by asking participants more often
whether they would like to receive more or less information and plans) of
autonomy-supportive versus controlling message frames in online computertailored health interventions, but also to use for instance eye tracking methods
to capture respondents’ attention for, as well as their likely processing of, the
different message frame features (Bol et al., 2016).
A second limitation of this study was that the need for autonomy in our
study was measured with four items from a novel scale currently being
developed in this field of research – HCOS (see Smit, Zeidler, Resnicow, &
De Vries, 2019), adapted from Ryan and Deci’s original General Causality
Orientations Scale (GCOS; Deci & Ryan, 1985b)., it is possible that this scale
did not sufficiently grasp the need for autonomy. However, the HCOS subscale had good internal reliability. We also measured the need for autonomy
with the full HCOS (including items for controlled motivation and amotivation),
but found the same results.
Third, an inclusion criterium for this study was that participants had the
intention to reduce their alcohol consumption in the next six months. This was
considered an appropriate inclusion criteria according to the original Drinktest
intervention, since participants who are not willing to change their behaviour
may require more intense resources to reduce their alcohol consumption, such
as personal counselling, which cannot be provided within online interventions
(Boon et al., 2011; DiClemente et al., 1991). Thus, motivated individuals were
assumed to benefit more from an online intervention than unmotivated ones
(DiClemente et al., 1991; Prochaska, DiClemente, & Norcross, 1992). Because
participants were already motivated and might have started with positive
expectations about curbing their alcohol consumption, they also might have
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been more satisfied with an online intervention than individuals less motivated.
This could explain why on average, lower levels of anger were found and just a
minority of participants counterargued the alcohol reduction advice.
Conclusion
To conclude, our findings suggest that autonomy-supportive and controlling
message frames did not produce significant effects on perceived autonomysupport and reactance, thus, we recommend future research to use more
distinguishable message manipulations of autonomy-supportive and controlling
message frames to induce more effects on perceived autonomy-support and
reactance. As the intervention was evaluated positively by participants, our
findings point to the compelling need to replicate this study with contenttailored control groups to further investigate whether positive intervention
evaluation could have been due to content tailoring, regardless the message
frame used. Additional research in both similar health behaviours, such as
alcohol reduction and smoking cessation, and promotion behaviours, for
instance healthy dietary intake is needed to investigate whether the different
types of health behaviour impact perceived autonomy-support and reactance
in online interventions. Finally, further evidence is needed to confirm whether
the need for autonomy does not moderate message frame effects.
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Chapter 3

A smoker’s choice?
Identifying the most autonomy-supportive
message frame in an online computer-tailored
smoking cessation intervention

A similar version of this Chapter is under review as:
Altendorf, M. B., Smit, E. S., Azrout, R., Hoving, C., van Weert, J. C. M. A
Smoker’s Choice? Identifying the most autonomy-supportive message frame
in an online computer-tailored smoking cessation intervention. Psychology &
Health.
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Abstract
In this study, we aimed to test the effect of autonomy-supportive message
framing on people’s perceived autonomy-support while considering the
individual need for autonomy as a moderator. Moreover, we aimed to
test whether autonomy-supportive message frames – through increased
perceived autonomy-support - lead to more self-determined motivation, and
increased intention to quit smoking. We conducted an online 2 (autonomysupportive; controlling language) x 2 (choice; no choice) between-subjects
design with control condition (generic advice) among adult smokers intending
to quit (N = 626). Structural equation modelling revealed no significant effect
of autonomy-supportive-message frames on perceived autonomy-support
or self-determined motivation, neither did the need for autonomy moderate
these effects. Self-determined motivation had a positive, significant effect
on intention to quit, mediated by attitudes, social influence, and self-efficacy.
Although message frames did not affect perceived autonomy-support or selfdetermined motivation, higher self-determined motivation increased intention
to quit via attitudes, social influence, and self-efficacy. Before drawing the
conclusion that message framing has no effect, we recommend replicating
this study in a real-life setting with smokers more likely to read and process the
message frames more attentively.
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Introduction
Smoking tobacco remains the leading preventable cause of ill-health and
premature death worldwide (Bergh, Harteloh, & Croes, 2017; World Health
Organisation, 2018). There is a critical need to support smokers to successfully
quit smoking. Alongside effective face-to-face behavioural therapies for
smoking cessation, such as therapist advice, the Internet provides behaviour
change interventions that have the potential to be cost-effective, because of
the Internet’s great reach and low costs (Taylor et al., 2017). Previous research
has shown that smokers can especially benefit from online computer-tailored
(CT) health communication interventions (Etter & Perneger, 2001; Lustria et
al., 2013; Smit, De Vries, & Hoving, 2012). Online CT interventions customise
the provided information to a person’s specific characteristics by means of
computer software and therefore provide relevant information only, which
increases message processing and the likelihood for behaviour change
(De Vries & Brug, 1999; Hawkins et al., 2008; Kreuter & Wray, 2003; Noar,
Harrington, & Aldrich, 2009). However, Lustria et al. (2013) conclude in their
meta-analysis that effect sizes of online CT health interventions remain small.
Previous research found that people might process health messages
better and are ultimately motivated to perform advocated behaviours when the
way a message is presented or framed is adapted to preferred communication
styles (Legault, 2016; Resnicow et al., 2008, 2014; Smit, Linn, & van Weert,
2015). It is known that individual differences exist in people’s desire to regulate
their behaviour themselves (Deci & Ryan, 1985b; 2000; Ryan & Deci, 2000;
Legault, 2016). That is, while some people with a self-determined motivational
orientation or high need for autonomy, choose their way of how to obtain a
certain goal, such as to quit smoking, themselves, others have a lower need
for autonomy and rather prefer to hear from an expert how to best to quit
smoking (Gagné & Deci, 2005; Hagger & Chatzisarantis, 2011). The need for
autonomy is a person’s inherent desire to perceive freedom in actions and
to have control over own behaviour (Ryan & Deci, 2000). Thus, the need for
autonomy seems to determine people’s preference for a communication style
in health (i.e., autonomy-supportive style or not). For instance, Resnicow et
al. (2008, 2014) found that the need for autonomy moderated effects of fruit
and vegetable intake promotion messages and cancer screening promotion
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messages. That is, people with a preference for an autonomy-supportive
communication style who received leaflets framed autonomy-supportively
had higher intake of fruit and vegetables or cancer screening rates than those
with an autonomous preference who received leaflets written in a controlling
language style. Thus, people with a higher need for autonomy may develop
a self-determined motivation and a strong intention to substantially change
their health behaviour (e.g., to quit smoking), only when feeling supported
in their autonomy (i.e., perceive autonomy-support by means of autonomysupportively framed messages) (e.g., Deci & Ryan, 1985b; Ryan & Deci,
2000; Williams, Cox, Kouides, & Deci, 1999; Williams, Gagné, Ryan, & Deci,
2002). Evidence from other offline health (care) contexts (i.e., interpersonal
communication) has shown that the need for autonomy can be satisfied
through autonomy-supportive message framing (Ng, Ntoumanis, ThogersenNtoumani, et al., 2012). That is, providing choice and using non-pressuring
or autonomy-supportive language (e.g., using “you could” and “you may”),
as opposed to controlling language style (e.g., directive and pressuring
tone of voice and using “must”, “should” and no provision of choice) (Deci
& Ryan, 2000; Ryan & Deci 2000; Markland, Ryan, Tobin, & Rollnick, 2005;
Su & Reeve, 2011; Williams et al., 1999). Previous studies found effects of
autonomy-supportive messages and environments on perceived autonomysupport, motivation and behavioural performance. To illustrate, Williams et
al. (1999) found that adolescents experienced physician-delivered appeals
as autonomy-supportive when the appeals emphasised the adolescent’s
decision making power of whether to start or quit smoking, or not. Appeals
that were in fact perceived as autonomy-supportive subsequently affected
participants self-determined motivation to refrain from smoking. As another
illustration, Moustaka and colleagues (2012) found that, among women, an
autonomy-supportive exercise instructor (e.g., offering opportunities for choice
and delivering a meaningful rational for exercises) led to significantly more
perceived autonomy-support, self-determined motivation to exercise, and also
more frequent exercise behaviour than a controlling exercise instruction style.
In sum, there is evidence that (offline) interpersonal autonomy-supportive
messages can be effective in terms of generating perceived autonomysupport. Online CT health interventions could also be more effective when the
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way a message is presented or framed is adapted in an autonomy-supportive
manner according to someone’s preferred communication style with regards
to the need for autonomy (Resnicow et al., 2008, 2014; Smit et al., 2015).
As far as we know, it has not been investigated yet whether autonomysupportive message framing can increase people’s perceptions of autonomysupport in an online (CT) smoking cessation context. It is also unknown which
message frame element (choice or autonomy-supportive language or their
combination) reflects the effective ingredient resulting in such increased
perceived autonomy-support and whether a combined effect of the message
frame elements is the most effective1. Therefore, we aim to test the effect
of autonomy-supportive message framing on people’s perceived autonomysupport while considering the individual need for autonomy as a potential
moderator of effects in an online CT smoking cessation intervention.
Intervention content and message framing: from autonomy-support to
intention
According to self-determination theory (SDT; Ryan & Deci, 2000), selfdetermined motivation mostly comes from own values or interests, but can also
come from activities that align with own values (e.g., to quit smoking, because
it is personally valued and important for self-satisfaction). The satisfaction
of the need for autonomy is essential in the development of self-determined
motivation (Ryan & Deci, 2000). Research has consistently revealed a significant
positive effect of self-determined motivation on positive affect and improved
well-being (Deci & Ryan, 2000), as well as on the implementation of desired
health behaviours, such as smoking cessation (i.e., Ng et al., 2012; Williams et
al., 2006; Williams, Gagné, Ryan, & Deci, 2002). In this sense, intentions are
more likely to be translated into actions when the motivation to perform the
target behaviour is self-determined (Hagger & Chatzisarantis, 2009).
The content of many effective online (CT) health interventions, such as
the smoking cessation intervention used for the present study (Smit, Candel,
Hoving, & De Vries, 2016), is often based on reflective health behaviour change
theories, such as the Theory of Planned Behaviour (TPB; Ajzen, 1991) and the
1 Known as synergy effect from the multimedia communication literature, when the combination of
activities “exceeds the sum of their individual effects” (Naik & Raman, 2003).
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I-Change Model (De Vries, Mudde, Leijs, et al., 2003b). In these theories of
planned behaviour, the most proximal predictor of behaviour, such as smoking
cessation, is a person’s intention to perform this behaviour, in this case, to quit
smoking. Furthermore, intention is most often assumed to mediate the effect
of three belief-based perceptions concerning the target behaviour on the
behaviour, namely: attitudes, social influence (e.g., subjective norms), and selfefficacy. When based on theories of planned behaviour, interventions usually
offer feedback, tips and tricks relating to those perceptions to strengthen
attitudes (i.e., a person’s overall evaluation of whether the performance of
smoking cessation, will lead to desirable outcomes), social influence (i.e., an
individual’s expectation of whether significant others would approve of him or
her quitting smoking), and self-efficacy (i.e., one’s relative perceived difficulty
or ease of smoking cessation). While positive changes in these three beliefs
are argued to lead to an increased intention to quit smoking, not every smoker
who forms an intention to quit smoking will eventually quit (Sheeran & Webb,
2016). Previous research on intention suggest that intentions to perform a
target behaviour will most likely get translated into actual behaviour when
they are strong (Hagger & Chatzisarantis, 2009; Sheeran & Webb, 2016).
The underlying mechanism is that by enhancing self-determined motivation,
intentions are strengthened through the satisfaction of, for instance, the need
for autonomy and a consequent perception of autonomy-support. This is,
because self-determined beliefs about a target behaviour have been found to
better predict intention than controlling beliefs that are based on, for example,
social pressure (Joseph, Daniel, Thind, Benitez, & Pekmezi, 2016; Sheeran &
Orbell, 2000). Moreover, in their meta- analysis, Hagger and Chatzisarantis
(2009) provided evidence for the predictive power of self-determined
motivation on intention via attitudes, subjective norms and self-efficacy. Thus,
by integrating autonomy-supportive message framing in content-tailored
interventions, SDT components are combined with constructs from theories
of planned behaviour. Therefore, a potential way to increase online CT health
intervention effectiveness, such as for smoking cessation, is to frame messages
according to an individual’s need for autonomy.
To the best of our knowledge, no study exists that has investigated
whether satisfying the need for autonomy and enhancing perceived
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autonomy-support and self-determined motivation by means of autonomysupportive message framing in an online CT smoking cessation intervention
has the potential to increase intention to quit smoking and subsequently may
enhance the effectiveness of such interventions. Therefore, the present study
aims to investigate whether autonomy-supportive message frames – through
an increased sense of autonomy-support – lead to more self-determined
motivation, and subsequently to an increased intention to quit smoking. Yet,
based on SDT and evidence from previous studies, we expect that both
autonomy-supportive message elements, i.e., providing choice and autonomysupportive language use, lead to higher levels of perceived autonomy-support.
Figure 1 depicts the hypothetical model, based on SDT and theories of planned
behaviour.
Figure 1. Hypothetical model.

Note. Simplified version of the hypothetical model used in the present study. NFA = Need for
autonomy.

The following hypotheses will be tested:
H1: The use of autonomy-supportive language (H1a) and the provision of
choice (H1b) will lead to higher levels of perceived autonomy-support than
the use of controlling language and no provision of choice. In addition, the
combination of using autonomy-supportive language and the provision of
choice will lead to higher levels of perceived autonomy-support than the use
of autonomy-supportive language and the provision of choice alone (H1c).
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H2: The use of autonomy-supportive language (H2a) and the provision of
choice (H2b), and their combination even more so (H2c), will lead to higher
levels of self-determined motivation than the use of controlling language and
no provision of choice. This effect is mediated by perceived autonomy-support
(H2d).
H3: The positive effect of autonomy-supportive language (H3a) and the
provision of choice (H3b), as well as of their combination (H3c), on perceived
autonomy-support is stronger for individuals with a high need for autonomy
than for individuals with a low need for autonomy.
H4: Self-determined motivation leads to a higher intention to quit smoking
through more positive attitudes, social influence, and self-efficacy (H4).

Materials and methods
Design
A 2 (autonomy-supportive language vs. controlling language) x 2 (providing
choice vs. not providing choice) between-subjects design with a control
condition (generic advice) was employed.
Intervention
The online CT smoking cessation programme was based on a previously
developed effective and cost-effective intervention (Smit et al., 2012; Smit,
Evers, De Vries, & Hoving, 2013) and grounded in the I-Change Model (De
Vries et al., 2003b). The I-Change Model seeks to explain motivational and
behavioural change and includes theoretical concepts from different sociocognitive theories, such as the TPB (Ajzen, 1991). In the I-Change Model,
it is assumed that a person’s intention is regulated by motivation, attitudes,
social influences, and self-efficacy beliefs. After respondents were asked to
provide information on their intention to quit smoking, sociodemographic and
medical status, their smoking behaviour and need for autonomy, they were
invited to provide information on their attitudes towards smoking cessation.
Then, respondents received tailored advice on the basis of their answers.
Next, questions about social influence, and self-efficacy perceptions were
asked which was followed by another piece of tailored advice. Subsequently,
participants were invited to choose a “quit smoking date” within the next two
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weeks. Then, respondents could choose situations in which they expected
to have difficulties to refrain from smoking and also whether they wanted to
formulate coping plans (to refrain from smoking) in those difficult situations.
Later on, they received an overview of their self-formulated plans – in case
they decided to make any. When the questionnaire was completed, all advice
was combined into one overall smoking cessation advice, which could be
saved, printed and emailed to the participant.
Recruitment and procedure
The study was approved by the Institutional Review Board (reference number
2017-PC-7599) and is registered with the Dutch Trial Register (NL6512 /
NRT-6700). We recruited 1024 participants using an ISO-certificated online
research panel, called PanelClix, from the end of February to mid-April 2018.
Prior to their enrolment in the study, participants were provided with information
about the study and were asked to give their online informed consent. Then
(T0), respondents were automatically and at-random assigned to one of the
five conditions by a computer software randomisation device. Seven days
after respondents completed the baseline questionnaire, intervention, and
intervention evaluation (T1), they were prompted via email by the same online
research panel to fill out a brief follow-up questionnaire (T2). Participants’
approximately 25-minute participation was rewarded by PanelClix with 200
Clix, which equals circa 2,50 euro. The participant flow throughout the study is
illustrated in the flow chart below (Figure 2).
Inclusion and exclusion criteria. Participants eligible to participate in the
study were 18 years or older, intended to quit smoking within the following six
months, had access to the Internet, and provided online informed consent. In
addition, participants had to have smoked during the last seven days and be
sufficiently proficient in the Dutch language to complete the questionnaires
and read the advice provided as part of the intervention.
Pilot
Two pilot studies were conducted. First, a sample of five smoking cessation
feedback messages was pilot-tested among undergraduate communication
science students (N = 18) from the local university. The objective of this first
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Figure 2. Flow chart of participant progress.

pilot study was to examine whether participants were able to distinguish the
autonomy-supportive from the controlling feedback messages, as rewritten
based on the original intervention. Similarly, as in the study by Miller et al.
(2007), students received a definition of autonomy-supportive and controlling
language style and subsequently were asked to rate each feedback message as
follows: To what extent did you perceive the advice as autonomy-supportive or
controlling? on a five-point Likert scale from 1 (strongly autonomy-supportive)
to 5 (strongly controlling). Students were also able to leave any comments
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they wanted to make regarding these messages. Students who received
autonomy-supportive messages also scored lower on the response scale (M =
2.46, SD =0.62, p < 0.001) than students who received controlling messages
(M = 3.68, SD = 0.32). As students were well able to distinguish the autonomysupportive from the controlling smoking cessation messages, we considered
our language manipulation as successful and continued to manipulate the
original intervention’s feedback messages based on those five examples.
In a second pilot test, the five versions of the online intervention and
assessment of our outcome measures were pilot tested among smokers from
different socio-demographic backgrounds (N = 11) and experts from the fields
of smoking cessation, internet interventions, and health communication (N =
5). Every version of the intervention was tested by one expert and at least two
smokers. This second pilot study aimed to investigate the face validity of the
instructions and questionnaire items (questions and response categories) as
well as the lay-out and length of the intervention, in order to avoid falsified
answers, misinterpretations, and missing responses by respondents. Also, we
wanted to test whether the stimulus material was perceived as intended (i.e.,
whether the language and choice manipulation were clear and distinguishable).
Pilot-test participants wished for more instructions in the questions of the
intervention, so we added brief explanations to some questions to better guide
participants through the intervention. Moreover, most pilot-test participants
perceived the introduction of the intervention as too long. Therefore, the
research team decided to shorten the introduction to a brief welcome,
followed by participant information, and brief instructions on how to fill in the
questionnaire. In addition, most participants had difficulties understanding the
measure for the need for autonomy, as well as the manipulation measurement.
Thus, we adapted the need for autonomy and manipulation measurements
to make them better understandable (i.e., took out double negatives). The
majority of participants perceived the experimental stimuli as intended, thus
no adaptions were made in message frames.
Experimental stimuli
In four conditions, the message frame of the intervention was manipulated
while keeping the content of the smoking cessation advice similar. In the
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control condition, the message frame was not manipulated (i.e., stayed neutral
as in the original smoking cessation intervention) and no content-tailoring was
used.
Language. In the autonomy-supportive condition, all smoking cessation
advice was manipulated by encouraging respondents to accept more
responsibility for their own behaviour, by taking the message recipient’s
perspective into account through reflective feedback, and by using language
which minimised pressure (Deci, Eghrari, Patrick, & Leone, 1994; Markland et
al., 2005; Resnicow et al., 2008, 2014; Williams et al., 1999). In the controlling
language condition, smoking cessation messages were manipulated by using
directive and forceful sentences with imperatives and commands. Furthermore,
controlling messages often stated the message source to be perceived as
more authoritative. Positive filling terms were avoided where possible. For
an example of the smoking cessation advice in autonomy-supportive and
controlling language, see Table 1. To assess the validity of our language
manipulation, we used three items asking to which degree respondents
perceived the tone of the advice as controlling or autonomy-supportive, e.g.,
“The advice was formulated in a pressuring tone” (1 = strongly disagree; 5
= strongly agree). A lower value indicates a perception of choice. The three
items could not form a reliable scale.
Choice. We operationalised the provision of choice as offering participants
to choose for themselves whether they would like to receive additional
information on smoking cessation seven times throughout the online
assessment by responding to the question “Would you like to receive more
tips about this topic?” (yes or no). Respondents could also choose to plan
a quit date or not. Further, participants in the choice condition could choose
whether and for which of nine potentially difficult situations they wanted to
formulate coping plans, i.e., plans to cope with these situations in case they
would occur (Smit, De Vries, & Hoving, 2010; Smit, Hoving, SchellemanOffermans, West, & De Vries, 2014). These plans were expected to be
personally relevant and helpful for participants in their smoking cessation
attempt, as they were tailored to situations that were earlier indicated by
participants as to be potentially difficult. In the no choice condition, participants
were not asked whether they wanted to see additional information, or whether
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they wanted to plan a quit date, but received additional smoking cessation
information tailored to their earlier responses and a random quit date within
the next two weeks. Furthermore, participants in the no choice condition were
instructed to formulate coping plans for all nine situations that were presented
by the intervention as situations in which it could be difficult to refrain from
smoking. Three items examined the validity of our choice manipulation, by
assessing whether respondents perceived a feeling of choice throughout the
intervention, e.g., “In this programme, I could choose a quit smoking date
myself” (1 = strongly disagree; 5 = strongly agree). A higher value indicates
controlling language use. For the three choice manipulation items, a reliable
scale could be formed (Cronbach’s α= .83, M = 3.39, SD = 0.33). Respondents
in the no content-tailored control condition were not offered any opportunity
to receive or choose a quit smoking date or to make coping plans for smoking
cessation, since formulating – and reading this plan as part of the tailored
feedback – could be perceived as content-tailoring.
Measures
Background variables. At baseline (T0), demographic variables were
measured: age, gender (1 = male, 2 = female), living arrangement (1 = with
partner, 2 = with partner and child(ren), 3 = with child(ren), 4 = by myself, 5 =
other), educational level (1 = low: primary school/basic school, 2 = medium:
secondary school/high school degree, 3 = high: high school/college degree/
university degree), presence of respiratory or cardiovascular diseases (1 = no,
2 = yes). In case of female gender, we also assessed current pregnancy (1 =
no, 2 = yes).
Outcome. Seven days post-intervention (T2) respondents’ intention to quit
smoking was measured based on the TPB, by measuring the respondent’s
intention, desire, and self-prediction to quit smoking (Armitage & Conner,
2001; Francis et al., 2004). Answers were given on a seven-point Likert scale
from 1 (strongly disagree) to 7 (strongly agree), where a higher value indicates
a higher intention to quit smoking. The scale had good reliability (Cronbach’s
α= .91, M = 4.75, SD = 0.14).
Mediators. Post-intervention (T1), perceived autonomy-support was
measured with the Virtual Climate Care Questionnaire, which consists of 15
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Nice to hear that you wouldn’t feel lonelier when you quit smoking. As other
smokers, you are not sure whether you wouldn’t feel sad. Many smokers
think that smoking would help them against feelings of loneliness, anger, and
sadness. Often, people feel bored and don’t feel like doing anything when being
sad. What could you do when you feel sad or lonely? We would like to offer
you some tips. You could watch TV, read a book, call (a) friend(s), go outside
or repair something. You could as well plan something nice, such as going to
the cinema or the spa. Maybe it would help you to talk about your feelings with
someone or write them down. Further, you may try to not think about the fact
that you miss smoking. Maybe you like to distract yourself and think about the
nice things in life, so the negative thoughts and feelings will fade away.

Nice to hear that you wouldn’t feel lonelier when you quit smoking. As other
smokers, you are not sure whether you wouldn’t feel sad. Many smokers
think that smoking would help them against feelings of loneliness, anger, and
sadness. Often, people feel bored and don’t feel like doing anything when being
sad. Below, you can choose whether you would like to receive some tips over
how to prevent yourself from negative thoughts and feelings.

Choice

Answered “yes”:
You must watch TV, read a book, call (a) friend(s), go outside or repair
something. You must look for distraction when feeling sad or lonely and
plan something nice, such as going to the cinema or the spa. Also, you
must share your feelings with someone or write them down. Don’t think
about it that you miss smoking. You have to think of the nice things in life,
then the negative things will fade away.

Choice question: Do you want to receive these tips?

You don’t think that you wouldn’t feel lonelier when you quit smoking.
However, you are not sure whether you wouldn’t feel sad. According
to experts, many smokers think that smoking would help them against
feelings of loneliness, anger, and sadness. Experts say that many people
feel bored and don’t feel like doing anything when being sad. Below, you
can choose whether you would like to receive some tips over how to
prevent yourself from negative thoughts and feelings.

You don’t think that you wouldn’t feel lonelier when you quit smoking.
However, you are not sure whether you wouldn’t feel sad. According
to experts, many smokers think that smoking would help them against
feelings of loneliness, anger, and sadness. Experts say that many people
feel bored and don’t feel like doing anything when being sad. This is why
you must watch TV, read a book, call (a) friend(s), go outside or repair
something. You must look for distraction when feeling sad or lonely and
plan something nice, such as going to the cinema or the spa. Also, you
must share your feelings with someone or write them down. Don’t think
about it that you miss smoking. You have to think of the nice things in life,
then the negative things will fade away.

Controlling language

Note. If respondents answered “no” to the choice question, the intervention continued without the provision of the tips.

Answered “yes”:
What could you do when you feel sad or lonely? We would like to offer you some
tips. You could watch TV, read a book, call (a) friend(s), go outside or repair
something. You could as well plan something nice, such as going to the cinema
or the spa. Maybe it would help you to talk about your feelings with someone or
write them down. Further, you may try to not think about the fact that you miss
smoking. Maybe you like to distract yourself and think about the nice things, in
life, so the negative thoughts and feelings will fade away.

Choice question: Do you want to receive these tips?

Autonomy-supportive language

No choice
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items that can be answered on a seven-point Likert scale 1 (strongly agree)
to 5 (strongly disagree) and a lower value indicates low perceived autonomysupport (VCCQ; Smit et al., 2017). The VCCQ scale had good reliability
(Cronbach’s α = .97, M = 3.46, SD = 0.15).
After seven days (T2), self-determined motivation to quit smoking was
measured with the Treatment Self-Regulation Questionnaire (TSRQ; Levesque
et al., 2007). The TSRQ has been validated for smoking cessation and was
translated from English to Dutch. The TSRQ assesses the degree of selfdetermined motivation people hold with regards to their engagement in a health
behaviour and was answered on a seven-point Likert scale ranging from 1 (not
true at all) to 7 (very true), where high values indicate autonomous motivation.
The TSRQ sub-scales had good reliability (Cronbach’s α self-determined= .89, M
= 3.87, SD = 0.15).
Also at T2, the concepts of attitude, social influence, self-efficacy, and
intention to quit smoking were assessed. Eleven items derived from the
I-Change model measured attitude towards smoking cessation on three
dimensions (i.e., disadvantages of smoking cessation, physical and cognitive
advantages of smoking cessation) and were answered on a five-point Likert
scale ranging from 1 (no, does not) to 5 (yes, does a lot), with higher items
indicating a positive attitude towards smoking cessation (and a negative
attitude towards smoking cessation for items measuring disadvantages of
smoking cessation, respectively). All sub-scales appeared to have acceptable
reliability (Cronbach’s α disadvantages= .76, M = 2.27, SD= 0.59; Cronbach’s
α physical= .77, M = 4.05, SD = 0; Cronbach’s α cognitive= .74, M = 3.25,
SD = 0.48).
Social influence was assessed based on the I-Change Model, measuring
the concepts of social support (three items) and social norms (three items),
which take into account a respondent’s partner, children, and family and were
formulated as statements to which respondents could answer within five
response categories ranging from 1 (no support to quit smoking) to 5 (a lot of
support to quit smoking) (De Vries et al., 2003a; Smit, De Vries, et al., 2012).
We recoded the social support scale, as we considered respondents who
answered ‘9 = not applicable’ as people who did not receive social support
(Hoving, Mudde, & De Vries, 2006). The sub-scales for social support and
social norms had acceptable to good reliability (Cronbach’s α social norms = .71,
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M = 2.19, SD = .05; Cronbach’s α social support = .57, M = 3.20, SD = .08).
Self-efficacy was measured according to the I-Change Model by nine
items, which were answered on a five-point Likert scale from 1 (strongly
disagree) to 5 (strongly agree) and people with a lower value having a low selfefficacy perception. The scale had good reliability with Cronbach’s alpha = .90
(M = 3.27, SD = .18). The scale measured respondents’ stress-, routine-, and
skill perceptions to refrain from smoking (e.g., Do you think you can refrain
from smoking after dinner?).
Moderator. At T0, need for autonomy was measured with the Health
Causality Orientations Scale (HCOS). The HCOS is a novel scale, which is
based on the General Causality Orientations Scale (Deci & Ryan, 1985b).
Responses were given on a five-point Likert scale from 1 (very unlikely) to
5 (very likely) and participants scoring high on the response scale having a
higher need for autonomy. Participants received four different vignettes for
which they had to indicate the likelihood of responding in three different
ways (each reflecting a different type of orientation, i.e., self-determined, and
controlled orientation towards experts, and towards family and friends). For
instance, one of the vignettes read Imagine you would have to get motivated
to quit smoking. How likely would it be that you would: (A) motivate yourself
(self-determined orientation), (B) ask an expert to motivate you (controlled
orientation experts), (C) ask family and friends to motivate you (controlled
orientation family and friends). Mean scores of the four responses reflecting
a self-determined orientation resulted in a reliable scale (Cronbach’s α= .76,
M = 3.95, SD = 0.13)2. Full descriptions of scales including item-wording and
factor loadings are provided in appendix A2.
Statistical analysis
First, descriptive analyses were conducted to determine sample characteristics.
Second, two-sided t-tests and chi-square tests and analysis of variance (ANOVA)
were conducted where appropriate to check for differences in background
variables and smoking related behaviours between the intervention and
2 We also measured controlled orientation with eight items from the HCOS, which are for conciseness
reasons not further described above. Items that reflected a controlled orientation combined into in scales
with good reliability both for experts (Cronbach’s α= .86, M = 2.69, SD = 1.05) and for family and friends
(α= .89, M = 2.63, SD = 1.04), and correlations of controlled items with autonomous items were – as expected – in a different direction than self-determined items.
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control groups. Also, ANOVAs were conducted to assess differences between
our conditions and perceived autonomy-support, to assess whether our
manipulation worked as intended. In addition, we conducted a non-response
analysis to determine whether selective dropout had occurred by comparing
those who completed the questionnaire at T2 with those lost to follow-up at T2
with regard to the same set of variables, with two-sided t-tests and chi-square
tests. These analyses were all done using the statistical computer software
program IBM SPSS version 25.
The full hypothesised model was tested with Structural Equation
Modelling (SEM) in IBM AMOS version 25. SEM is better suited to conduct
moderated mediation analysis of more complex regression models compared
to conventional multiple regression, as SEM tests the overall goodness-of-fit
of the theoretical model, which moderated mediation analysis using multiple
regression (e.g., in SPSS) is unable to do. Also, SEM captures changes and
additional relationships in the model that may emerge between variables (Kline,
2011). Multiple linear regression would be more difficult to regress multiple
mediating and moderating variables simultaneously, as hypothesised in our
model. Another benefit of SEM is that it combines a structural model with a
measurement model, which subsequently reduces measurement error (i.e.,
systematic and random), as it is not assumed that scales perfectly measure
underlying concepts.
SEM analysis was conducted with data from 626 participants from
the experimental conditions. Firstly, we assessed the measurement of our
theoretical constructs using confirmatory factor analysis. Then, interaction
terms were created to test a moderation of the need for autonomy on the
effect of choice and language, and their combination, on perceived autonomysupport. As we used latent variables for the analysis, matched-pair products
were created, according to Marsh, Wen, and Hau (2004). With this method,
information from the same indicator is not repeated (Kline, 2011). This was
done for clarity reasons, as creating latent interaction terms with all possible
combinations of the indicators would have made the model too complex.
Next, interaction terms were stepwise added to the measurement model.
We added error covariances between moderator-items and their interaction
terms. This was expected, as those items were constructed by multiplication
with each other and had high correlations (≥ .8). Also, error-covariances were
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added among items measuring social norms, as those items measured similar
concepts. After establishing model fit with the measurement model, we built
the structural regression model based on our hypotheses with direct paths
from the exogenous variables (i.e., language, choice, their combination and
the need for autonomy) to perceived autonomy-support (H1a,b,c, H3a,b,c)
(Figure 3). Also, we added direct and indirect paths from all exogenous
variables to self-determined motivation (H2a,b,c,d) (Figure 3). Furthermore,
we added direct and indirect paths from self-determined motivation, attitudes,
social influence, and self-efficacy to the intention to refrain from smoking (H4)
(Figure 3).
As our hypothesised structural regression model is nested under the earlier
predicted measurement model, we compared this model to the measurement
model with a chi-square comparison test3. Succeeding to establish sufficient
model fit for our hypothesised model, we interpreted the model structure. As
our model is very complex, for clarity reasons we present the results only for
the significant regression weights. The significance level was set at 5% and we
report total unstandardised effects. An a-priori power analysis estimated that
a sample size of a minimum of 738 participants should be sufficient to detect
small effects and interaction effects (power level = .80, effect size f = 0.15).

Results
Sample characteristics and non-response analysis
Sample descriptives can be found in Table 2. Comparisons of the 798
participants who completed the study and the 213 participants who were
lost-to-follow-up after seven days showed no significant differences in
demographics, such as gender, age, educational level.
However, people who did not complete the follow-up measurement
were significantly more often living alone (= 10.25; df = 4; p=036), had lower
perceptions of perceived autonomy-support (t = -3.14, df = 1009, p = .002),
3 We acknowledge that there might be existing equivalent models, however, we argue that those models
would not be plausible according to SDT and theories of planned behaviour. Also, our theoretical model
has been previously tested and proven to be valid. For a meta-analysis, see Hagger and Chatzisarantis
(2009). Furthermore, we conducted an experiment and therefore adaptions of causal paths from the experimental conditions were not possible. Thus, we did not compare our measurement model to equivalent
models.
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and had more positive attitudes towards smoking cessation (t = -2.20, df =
1009, p = .028). The analysis did not reveal significant differences in smoking
related behaviours, such as number of cigarettes smoked per day or past quit
attempts (Table 2). Attrition after seven days was unrelated to experimental
condition.
Randomisation
Comparisons of participants’ demographics, such as age and educational level,
as well as their smoking behaviour did not show significant differences between
the experimental conditions, expect from one item assessing addiction level.
Thus, we deemed the randomisation successful.
Manipulation assessment
As expected, participants in the choice conditions perceived more choice (M
= 3.71, SD = .97) than participants in the no choice condition (M = 2.98, SD
= .88), F(1) = 125,345, p < .001 as higher values indicate a perception of
choice. Three items testing whether the tone of our messages was perceived
as intended were analysed separately. Only two language manipulation items
showed significant differences between participants who received smoking
cessation advice in autonomy-supportive language (M = 2.85, SD = 1.08; M
= 2.35, SD = 1.00) compared to controlling language (M = 3.12, SD = 1.07;
M = 2.53, SD = 1.13), F(1) = 12,706, p < .001 and F(1) = 5,421, p = .020
respectively, while lower mean scores indicate autonomy-support. One item,
namely I feel understood by the smoking cessation advice did not show
significant differences among the autonomy-supportive and the controlling
language condition (autonomy-supportive language condition: M = 3.48; SD =
1.01 compared to controlling language condition: M = 3.51; SD = .95).
Normality
We evaluated the assumptions of multivariate normality and linearity, and
observed several outliers among endogenous variables (i.e., perceived
autonomy-support, self-determined motivation, social norms, negative and
positive attitudes towards smoking cessation). All outliers were checked,
considered random and therefore not removed. There was no missing data
among the endogenous variables and we chose to use maximum likelihood
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Tabel 2. Comparison of participants who completed the study with those who
dropped
Participants at T2

n
n

%

798

Participants in
experimental
conditions4
n

%

626

Dropout

N

%

213

Demographics
Sex (females)

351

Age (years), M (SD)

49.2
(14.1)

44

259

41.4

49.3
(14.4)

101

47.4

48.2
(14.8)

Educational level
High

246

30.8

200

31.9

66

31

Middle

427

53.5

323

51.6

111

52.1

Low

124

15.5

102

16.3

33

15.5

Other/missing

1

0.1

1

0.2

3

1.4

With partner

282

35.3

221

35.3

63

29.6

With partner and child(ren)

228

28.6

174

27.8

48

22.5

With child(ren)

50

6.3

35

5.6

15

7

Alone

218

27.3

178

28.4

80

37.6

Other/missing

20

2.5

18

2.9

7

3.3

Living arrangement

Number of daily smoked:
Cigarettes, M (SD)

9.7 (9.1)

9.4 (9.1)

9.9 (8.9)

Shags, M (SD)

5.7 (8.5)

5.9 (8.4)

5 (8.4)

Cigars, M (SD)

0.3 (1.6)

0.3 (1.6)

0.4 (2.6)

Cigarillos, M (SD)

0.3 (2.4)

0.3 (2)

0.2 (1.3)

Pipes, M (SD)

0.1 (0.9)

0.1 (0.9)

0 (0.5)

5.4
(40.1)

4.2
(21.9)

3.7 (5.8)

Earlier quit attempts
Earlier quit attemps M (SD)
Existence of (chronic) disease
Heart disease

99

12.4

82

13.1

27

12.7

COPD

150

18.8

121

19.3

33

15.5

Diabetes

69

8.6

59

9.4

22

10.3

Cancer

66

8.3

54

8.6

17

8

Note. M=Mean; Standard deviations are presented in parentheses.
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parameter estimation with 200 bootstrap samples with the bootstrap factor set
at 2, as one item from social influence was non-normally distributed (Kurtosis
= 3.93; Skewness = 2.06). No multicollinearity existed.
Confirmatory factor analysis to establish the measurement model
We conducted a CFA with all factors relating to our theoretical model (i.e.,
autonomy-supportive language, offering choice, their combination, need for
autonomy, perceived autonomy-support, self-determined motivation, attitude,
social influence, self-efficacy, and intention). Our default measurement model
appeared to have a poor model fit according to conventional goodness-offit indices (Byrne, 2016): χ2 df= 1461 (3810,711), p <.0015, CMIN/DF = 2,608,
Comparative Fit Index (CFI) = .89; Root Mean Square Error of Approximation
(RMSEA) = .051, 90% confidence interval (CI) [.049, .053]. The modification
indices suggested several error correlations: one between items of perceived
autonomy-support, one between items measuring self-determined motivation,
one between items measuring social influence, and three between items
measuring self-efficacy. Stepwise adding those six error-covariances led to
significantly better model fit. Table 3 provides an overview of model fit indices
without and with interactions. Standardised factor loadings (see appendix A2)
were all near to or above .70 showing good convergent validity, except for four
items measuring attitudes towards smoking cessation, two items measuring
social support and one item from social norms, two items measuring selfefficacy, one item assessing self-determined motivation, and two items from
need for autonomy, which loaded with lower values (range: 0.22 and 0.64)
on scales. As those items also had lower residual covariances, we assumed
random measurement error.
Table 3. Fit indices of the measurement model.
Models

No interaction

Only 2-way interaction

All interactions

Fit indices
CMIN (df)

3 300,313 (1455)***

4112,866 (1893)***

4529,789 (2128)***

CFI

.92

.94

.95

RMSEA [CI]

.045 [.043, .047]

.043 [.042, .045]

.042 [.041, .044]

Note. CMIN = Chi-square. Df = degrees of freedom. CFI = comparative fit index; RMSEA = root
mean square error of approximation. CI = 90% Confidence interval. *** p < .001.

5 As our sample size exceeds 400 cases, the chi-square was expected to be statistically significant
(http://davidakenny.net/cm/fit.htm).
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Model Testing
Our hypothesised model without the interaction terms of the moderator
had good fit with the data χ² df= 1507 (3562,635), p = .000, CMIN/DF = 2,364,
CFI=.91, and RMSEA of .047, 90% CI [.045, .049]. When adding the 3-way
interaction of the need for autonomy and the experimental conditions, the
structural model still had good fit with the data χ² df= 2203 (4539,979), p < .001,
CMIN/DF = 2,061 , CFI=.95, and RMSEA of .041, 90% CI [.039, .043]. The
results from SEM analysis are depicted in the structural model in Figure 3.
Hypothesis testing
Effects of autonomy-supportive message frames on perceived autonomysupport and self- determined motivation. In hypothesis 1, we expected a
positive effect from autonomy-supportive language use (H1a), the provision
of choice (H1b), and their combination (H1c) on perceived autonomy-support.
Neither the use of autonomy-supportive language, the provision of choice,
nor their combination had a significant effect on perceived autonomy-support.
Subsequently, we reject hypothesis 1. Next, in our second hypothesis, we
assumed that the use of autonomy-supportive language (H2a) and the provision
of choice (H2b), as well as their combination (H2c), would lead to higher
levels of self-determined motivation and that those effects were mediated
via perceived autonomy-support (H2d). There was no significant effect of
autonomy-supportive language, the provision of choice, or their combination
on self-determined motivation to quit smoking. Also, perceived autonomysupport did not significantly mediate the effects of autonomy-supportive
language and the provision of choice on self-determined motivation. Thus, we
also reject hypothesis 2. Mean values of perceived autonomy-support, which
were rather on the higher end of the scale, are provided in Table 4.
Moderation of the need for autonomy. We expected that people with a high
need for autonomy would perceive higher levels of autonomy-support when
receiving smoking advice in autonomy-supportive language (H3a), when being
offered with choice (H3b), and even more so with their combination (H3c), than
people with a low need for autonomy. Results from the structural model with
interaction terms showed no significant moderation of respondents’ need for
autonomy on effects of autonomy-supportive language use, the provision of
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choice, nor their combination on perceived autonomy-support. Yet, the need
for autonomy had a positive direct effect on perceived autonomy-support (b =
.31, p = .005). Hypothesis 3 is rejected. Also, as depicted in Table 4, smokers’
need for autonomy was rather high.
Table 4. Means of perceived autonomy-support and need for autonomy per
experimental condition (N = 626).
Dependent variable

Perceived
autonomy-support

Need for
autonomy

M (SD)

M (SD)

Autonomy-supportive language * choice (N = 167)

3.37 (.83)

3.95 (.83)

Autonomy-supportive language * no choice (N =160)

3.48 (.82)

3.92 (.74)

Controlling language * choice (N =147)

3.45 (.73)

3.89 (.73)

Controlling language * no choice (N =152)

3.54 (.74)

3.89 (.74)

Overall M (SD)

3.46 (.78)

3.87 (.76)

Condition (N)

Note. N = Number of respondents. M= Mean. SD = Standard Deviation.

Effects from self-determined motivation to quit smoking on intention to quit.
In hypothesis 4, we expected that self-determined motivation led to intention to
quit smoking via self-efficacy, attitudes, and social influence. With our structural
model, we could confirm a significant positive effect from self-determined
motivation on intention to quit smoking (b = .86, p < .001), which was mediated
by negative attitudes towards smoking cessation, subjective norms, and selfefficacy,. Moreover, self-efficacy had a weak positive direct effect on intention
(b = .13, p = .002), whereas negative attitudes towards smoking cessation
had a negative direct relationship with intention to quit smoking (bnegative attitudes =
-.29, p < .001) and receiving social support for smoking cessation enhanced
intention to quit (bsocial suppor t= .09, p = .012). Thus, we confirm hypothesis 4. An
overview of the direct and indirect effects is provided in appendix A1.
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Figure 3. Hypothesised structural model with significant paths.

Note. Results are presented as standardised total effects. For clarity, items of latent variables
(ellipse) are not presented. Observed variables are presented as rectangles. Cog = cognitive
advantages of smoking cessation. Phy = physical advantages of smoking cessation. Con =
disadvantages of smoking cessation. Dotted lines represent non-significant paths. Straight lines
represent significant paths (p < .05).

Discussion
The aim of the present study was to test the effectiveness of autonomysupportive message frames in online communication about smoking cessation
by means of testing the effects of the use of autonomy-supportive language
and the provision of a choice on perceived autonomy-support. Also, we sought
to test whether the individual need for autonomy interacted with the message
frame used, in such a way that individuals with a higher need for autonomy
would benefit more from autonomy-supportive message framing. Next, we
tested whether autonomy-supportive message frames could lead to enhanced
self-determined motivation to quit, and if this eventually led to the formation
of a stronger intention to quit smoking. To the best of our knowledge, this
was the first study testing effects of autonomy-supportive message frames in
the context of an online health communication intervention aimed at smoking
cessation.
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Effects of the use of autonomy-supportive language, the provision of
choice, and the need for autonomy on perceived autonomy-support and
self-determined motivation
Contrary to our expectations, we did not find any significant effects of autonomysupportive language, the provision of choice, or their combination on people’s
perceived autonomy-support. Also, we had to reject our hypothesis that the
use of autonomy-supportive language and the provision of choice would lead
to more self-determined motivation to quit smoking. Notable, however, is that
the average level of perceived autonomy-support was rather high across all
conditions, even in the control condition. Since smokers across all conditions –
even in the neutrally formulated and non-tailored control condition – reported
high levels of perceived autonomy-support, it could be that the internet
environment itself is perceived as an autonomy-supportive context. People
looking for online health communication interventions are able to do so
whenever the time and location is convenient for them. Regardless of the type of
message frame used, the internet environment could have led to such a feeling
of freedom and choice, that variations in message frame no longer mattered.
No literature was found to confirm this assumption. Moreover, participants’
positive motivation to quit smoking, which was an inclusion criterion for this
study, could possibly explain these findings. That is, participants who already
wished to quit smoking before their enrolment in the study might not have
perceived a pressure to stop (i.e., lower perceived autonomy-support) when
receiving smoking cessation tips in controlling language or when not being
provided with choice, in potential contrast with participants not yet motivated to
quit. Smokers not (yet) motivated to quit smoking could have felt more pressure
to quit and still have negative attitudes towards smoking cessation, which in
turn could have diminished their perceived autonomy-support. Also, given
study participant’s positive motivation to quit, these participants could have
already formed a positive opinion about smoking cessation. Thus, controlling
wording, such as ‘must quit’ could not have diminished their perceived
levels of autonomy-support. Our finding contradicts results from previous
studies conducted in offline and face-to-face settings. For example, Williams
and colleagues (2002) found that an autonomy-supportive interpersonal
communication style (e.g., emphasising the smoker’s own choice to quit and
seeing smoking cessation from the smoker’s perspective) in a brief smoking
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cessation counselling session enhanced smokers’ self-determined motivation.
A potential reason that we were not able to replicate Williams and colleagues’
findings could be rooted in the different environments, namely, face-to-face
(offline) versus online setting. A teacher or physician talking to someone in
person could be perceived more autonomy-supportive due to non-verbal cues
as body language, tone of voice, or mimics, than an online feedback letter.
Politeness Theory (Jenkins & Dragojevic, 2013) provides an alternative
explanation for why people perceived high levels of autonomy-support, also
in our controlling language condition. According to this theory, controlling
language does not necessarily have to be perceived as impolite or demeaning thus lowering the message recipient’s level of perceived autonomy or freedom
- when the controlling message is formulated in a polite way and emphasises
the message recipient’s freedom to choose (i.e., in our controlling language
& choice condition). An additional explanation for the high levels of perceived
autonomy-support in this study, could be that smokers across all experimental
conditions were asked (or forced, in the controlling language conditions) to
formulate coping plans for potentially difficult situations. Subsequently, the
formulation of coping plans could have been perceived as receiving freedom
and being able to incorporate own ideas about smoking cessation. This is
illustrated by responses to our open-ended think aloud measure like “feeling
like I am creating my own advice”.
The need for autonomy as a moderator
Next, we were not able to confirm Resnicow and colleagues’ (2008, 2014)
finding that smokers’ need for autonomy moderates the effects of message
framing. This might be explained by our finding that, in the present study, on
average, smokers had a high need for autonomy. Congruent with previous
research on SDT, study participants’ high need for autonomy might provide
an explanation for not finding any significant effects of autonomy-supportive
message frames on perceived autonomy-support, as those people are more
prone to perceive higher levels of autonomy-support (Deci & Ryan, 1987). In
more detail, people with an autonomous orientation feel more volitional in their
actions when the behaviour of question is congruent with their own values
and goals. As participants needed to be motivated to quit to be eligible for
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the study, this could have caused their high feelings of autonomy-support.
Therefore, future studies investigating autonomy-supporting message frame
effects should sample more heterogenic participants with regards to their
need for autonomy, by means of a real-life trial instead of panel research.
Effects from self-determined motivation on intention
Self-determined motivation predicted intention to quit smoking which was
positively mediated by a smoker’s self-efficacy perception, and negatively
mediated by people’s negative attitudes towards smoking cessation and social
norms about smoking cessation. This finding confirms earlier research on
SDT and the integration of the motivational sequence in the TPB (Hagger &
Chatzisarantis, 2009). Also, self-determined motivation to quit was negatively
related to a person’s social norms about quitting. This finding seems logical, as
social norms and social pressures can be considered controlling beliefs – thus
the opposite of self-determined beliefs and self-determined motivation to quit
(Joseph et al., 2016). Next, self-determined motivation was negatively related
to the negative attitudes towards smoking cessation, which also seems logical,
as being intrinsically motivated to quit aligns with perceiving less disadvantages
of smoking cessation. For instance, in Cognitive Dissonance theory (HarmonJones & Mills, 2019) it is stated that a person with non-congruent thoughts
(such as simultaneously believing that quitting fits one’s values and that it
makes one unhappy), would try to eliminate the non-congruent thought to
reach well-being. Thus, a smoker with a high level of self-determined motivation
would likely change negative attitudes towards smoking cessation into positive
ones to reduce cognitive dissonance – and vice versa. To support this line of
argumentation, we found that self-determined motivation to quit enhanced selfefficacy, which also enhanced intention to quit smoking. Therefore, we could
assume that as a person’s trusts in own efficacy to quit smoking increases,
negative attitudes decrease, too. This line of reasoning is supported by results
from a secondary analysis, in which we found a negative direct effect from selfefficacy on negative attitudes (b = -.13, p < .001) in line with previous research
(e.g., Smit et al., 2014; Wong & Cappella, 2009).
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Limitations
A limitation of the current study is that for the measurement of the need for
autonomy, we had to use a novel, not yet validated scale, the HCOS. However,
the scale that was used as a basis for the development of the HCOS - the
General Causality Orientations Scale - previously proved both valid and reliable
(Deci & Ryan, 1985b). Moreover, the HCOS showed to have good reliability in
our study. In addition, we preferred to use the HCOS, because this scale was
adapted specifically to a health context. Given its theoretical basis, reliance on
the both valid and reliable GCOS, and good reliability in the present study as
well as in a previous study by (Smit & Bol, 2019), we highly recommend future
research efforts to use, but especially validate, the HCOS.
Moreover, as the present study was an online experiment for which
participants from an online panel were recruited, results might have a low
ecological validity because participants might have been more used to online
assessments, which could have potentially biased the results. As a result of
their research experience, participants could for example have spent less
time processing our stimulus material, might have clicked faster through the
intervention, or could have on purpose responded in ways that they had lower
chances to drop out from participation. Before drawing the conclusion that
message framing has no effects, this study might need to be replicated in a
more real-life setting with smokers actually searching for a smoking cessation
intervention (e.g., via a search engine), having a strong intention to quit, and
being more likely to read and process our message manipulations more
attentively.
Conclusion
The results of this study suggest that autonomy-supportive message frames
did not significantly induce higher levels of perceived autonomy-support and
self-determined motivation to quit than controlling message frames. Also,
the need for autonomy did not moderate the effect of autonomy-supportive
message frames on perceived autonomy-support. On average, participating
smokers reported a high need for autonomy and also perceived high levels
of autonomy-support, regardless of the condition they were randomised into.
This could be due to their positive motivation to quit smoking and likely positive
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opinion towards smoking cessation. As expected, self-determined motivation
had a positive effect on intention to quit smoking, which was mediated
by smokers’ self-efficacy, attitudes and subjective norms about smoking
cessation. To our knowledge, our study is the first that aimed to test the effect
of autonomy-supportive message framing on people’s perceived autonomysupport while considering the individual need for autonomy as a moderator;
and whether autonomy-supportive message frames – through increased
perceived autonomy-support - lead to more self-determined motivation, and
an increased intention to quit smoking. Therefore, one should be cautious in
drawing the conclusion that online computer-tailored autonomy-supportive
smoking cessation advice is not effective in inducing perceived autonomysupport and self-determined motivation. To draw more definite conclusions,
future studies first need to test the hypotheses within more heterogenic
samples of participants with regards to their need for autonomy, such as by
means of a real life randomised controlled trial.
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Abstract
The PAS program, an online content tailored smoking cessation program, was
effective in improving cessation success in adult smokers six weeks after the
initiation of participation in the program. However, its effect sizes were small
and six months after participation initiation significant intervention effects
could no longer be found. We aim to improve the program’s effectiveness
further by incorporating message frame tailoring, providing smokers with
autonomy-supportive or controlling message frames – depending on their
individual need for autonomy. The process of redesigning the PAS program
was carried out in close collaboration with scientific and non-scientific smoking
cessation experts (n = 10), smokers (n = 816), and communication science
students (n = 19). Various methods were used (i.e., usability testing, thinkaloud methodology, heuristic evaluations, and an online experiment) to identify
the most autonomy-supportive and controlling message frames, determine
the cut-off point for the need for autonomy to distinguish between people with
a high and low need for autonomy, and to optimise the usability. Ultimately, this
resulted in a redesigned PAS program – including message frame tailoring
– with optimal usability. A detailed description of the redesigning process,
including the methods through which experts’ and smokers’ opinions were
assessed, is provided.
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Introduction
Every year more than 7 million people die due to smoking tobacco.
Worldwide, however, about 1.1 billion people still smoke (World Health
Organization, 2018). In 2018, 22.4% of the adult Dutch population indicated
to be an occasional smoker (De Staat van Volksgezondheid en Zorg, 2018).
In 2017, an attempt to quit smoking at least once was undertaken by 35.7%
of Dutch smokers, however, most smokers did not succeed to stop smoking
permanently (Springvloet, Bommelé, Willemsen, & van Laar, 2018). Therefore,
it is important to provide effective interventions to support smokers to stop and
remain stopped. For instance, computer-tailored interventions seem to be a
promising and cost-effective solution (Lustria et al., 2013; Schulz et al., 2014;
Smit, Evers, De Vries, & Hoving, 2013; Stanczyk et al., 2014).
Computer-tailoring refers to an automated communication strategy intended
to reach every individual person with tailored messages by adapting these
messages to this individual’s unique characteristics and his or her behavioural
and motivational state (De Vries & Brug, 1999; Kreuter & Skinner, 2000; Lustria
et al., 2013). Generally, computer-tailoring focuses on tailoring the content of
the health communication intervention, e.g., based on the individual’s intention
in changing health behaviour and on perceived self-efficacy levels (Rimer &
Kreuter, 2006b; Smit et al., 2015; Williams-Piehota, Schneider, Pizarro, Mowad,
& Salovy, 2003). An example of an online computer-tailored intervention using
content tailoring for smoking cessation is PAS (Personal Advice in Stopping
smoking) (Smit, De Vries, & Hoving, 2010). An investigation of the effects of
PAS among Dutch smokers indicated that the program had a significant effect
on smoking abstinence reported six weeks after the initiation of participation
in the program. However, six months after participation initiation significant
intervention effects could no longer be found (Smit, De Vries, & Hoving, 2012).
In other online computer-tailored interventions to promote health behaviour,
intervention effects also declined after intervention completion (Krebs et
al., 2010). Therefore, and because overall effect sizes remain small (Krebs
et al., 2010; Lustria et al., 2013), it is worth exploring additional strategies
that might enhance intervention effects. A proposed strategy to improve the
effectiveness of computer-tailored interventions in addition to tailoring what
information is presented to an individual (i.e., content-tailoring), is tailoring how
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this information is presented (Smit et al., 2015). The latter is referred to as
message frame-tailoring.
Message frame-tailoring can be accomplished by adjusting the manner of
information provision based on individual processing styles and communication
style preferences, such as the need for autonomy (Smit et al., 2015). The
need for autonomy is a theoretical concept derived from Self Determination
Theory (SDT; Deci & Ryan, 2000; Ryan & Deci, 2000). According to SDT, it is
important for a person to be autonomously motivated to change and maintain
health-related behaviour (Ng, Duda, et al., 2012). Yet, individual differences in
the need for autonomy exist concerning health and health-related decisionmaking. For example, some people prefer to choose their own path towards
lifestyle improvement, while others prefer to be guided by clear-cut expert
advice (Resnicow et al., 2008, 2014). As such, message frame-tailoring based
on the need for autonomy has been suggested a promising avenue to explore
further (Altendorf, van Weert, Hoving, & Smit, 2019; Resnicow et al., 2008,
2014; Smit et al., 2015). To date, however, to the best of our knowledge, no
health-related computer-tailored intervention is reported that incorporates
message frame-tailoring on the need for autonomy (Smit et al., 2015).
To investigate whether adding message frame-tailoring based on the
need for autonomy indeed increases the effectiveness of content-tailored
interventions, the PAS program (Smit et al., 2010) was redesigned to – in
addition to content-tailoring – also incorporate message frame-tailoring. This
paper describes the process of redesigning the PAS program, which was carried
out in close collaboration with communication science students, experts, and
the actual end-users: smokers. Two pilot tests, an online experiment and a
usability test were conducted. Detailed information about the four studies is
provided in this paper.

Methods and results
Context: The original PAS program
The original PAS program is a computer-tailored smoking cessation program,
which provides tailored feedback based on respondents’ answers to online
questionnaires based on the I-Change model (De Vries, Mudde, Kremers,
et al., 2003a). The program starts with a baseline assessment consisting of
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questions on socio-demographic characteristics, smoking behaviour, addiction
level, intention to quit smoking, attitude, social influence, self-efficacy beliefs,
and action and coping planning on how to stop smoking and remain stopped
(Smit et al., 2010). PAS participants receive tailored feedback messages
based on their cognitions, like attitude and social influence, and personal
characteristics, like their name and gender (Smit et al., 2010). Questions and
feedback messages are alternated and at the end of the program, participants
receive an overview of their tailored feedback messages. A more detailed
description of the original PAS program is described elsewhere (Smit et al.,
2010, 2012).
The redesign process
The process of redesigning the original PAS program for it to incorporate
message frame-tailoring consisted of four steps. In the first step (A), the
feedback messages were rewritten in an autonomy-supportive and a
controlling way and a first pilot test was conducted. In the second step (B), the
message frames were integrated into the program and a second pilot test was
conducted. In the third step (C), an online experiment with a 2 x 2 betweensubjects design with a control condition was conducted. In the last step (D),
message frame-tailoring was integrated into the program and a usability
test was conducted. Ultimately, this resulted in a redesigned PAS program –
including message frame-tailoring – with optimal usability. An overview of the
redesign process is presented in Figure 1.
All steps were approved by the Institutional Review Board (reference number
2017-PC-7599) and are registered at the Dutch Trial Register (NL6512 / NRT6700).
Rewrite the feedback messages and conduct a first pilot test
In order to be able to tailor message frames based on the need for autonomy,
the messages frames first needed to be developed. The message frames
consisted of two components: language (i.e., autonomy-supportive or
controlling) and choice (i.e., provision of choice or no choice) (Deci, Eghrari,
Patrick, & Leone, 1994; Williams, Cox, Kouides, & Deci, 1999). Autonomysupportive language, or non-controlling language, is defined as “a vocalization
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that would allow choice or support self-initiation” (Deci, Driver, Hotchkiss,
Robbins, & Mcdougal Wilson, 1993, p. 153). Autonomy-supportive language
encourages individuals to take responsibility for their own behaviour and
make decisions based on their own values (Deci et al., 1993; Williams et al.,
1999). This involves minimising pressure (Williams et al., 1999), and using
words like “could”, “might”, and “would”. Controlling language is defined as “a
vocalization to pressure a person to behave (or think or feel) a particular way”
(Deci et al., 1993, p. 153).
Figure 1. Overview of the redesign process.
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Controlling language is characterised by the use of commands, orders,
imperatives, and suggestive questions (Deci et al., 1993). Examples are words
like “must”, “should”, and “ought”. Based on these definitions, the feedback
messages of the original PAS program were rewritten using autonomysupportive and controlling language strategies.
To test whether the autonomy-supportive and controlling messages were
perceived as such, a pilot test among communication science students (n
=19) was conducted. After receiving study information and consenting to
participate, students received information about autonomy-supportive and
controlling language and were randomly assigned to either evaluate the
autonomy-supportive or controlling messages. Five messages were selected
to be reviewed by the students, using a five-point response scale ranging from
very autonomy-supportive to very controlling (Miller, Lane, Deatrick, Young, &
Potts, 2007b). Besides providing a score for each of the messages, students
were also able to comment on each message. Nineteen students participated
(Mage = 23.2, SDage= 1.44; 10.5% male; 78.95% non-smokers), of which ten
received the autonomy-supportive and nine received the controlling message
version. One of the nine participants who received the controlling version was
excluded because of marking multiple answers, which was deemed to be not
reliable.
Since the five-point scale ranged from 1 = very autonomy-supportive to
5 = very controlling, we expected a lower score for the autonomy-supportive
messages compared to the controlling messages. Results indeed showed a
significantly lower score for the autonomy-supportive messages (M = 2.46,
SD = 0.62, p < 0.001) compared to the controlling messages (M = 3.68, SD
= 0.32), which means that participants detected the language manipulation
as intended. However, based on participants’ comments, like “The imperative
is mainly in the second sentence. This could possibly be reinforced in the
other sentences, or with a concluding sentence where it is repeated that it is
necessary to stop.”, and on an inspection of the differences between messages
which had high/low scores compared to messages which had average scores,
we expanded the difference between the autonomy-supportive and controlling
messages.
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After rewriting all the feedback messages of the original PAS program in
autonomy-supportive and controlling language, the second message frame
element, choice, was added to the program. Choice is operationalised as
offering participants the option to receive additional information about a certain
topic (Altendorf, Smit, Azrout, Hoving & van Weert, 2019). Six times throughout
the program the question was included: “Do you want to receive these tips?”
which could be answered with “Yes” or “No’” Also, participants were asked
if they wanted to choose a quit date themselves. Further, participants could
choose whether and for which potential difficult situations they wanted to
formulate coping plans in order to refrain from smoking in these situations.
A. Integrate message frames in the program and conduct a second
pilot test
Adding message frames (autonomy-supportive vs controlling language
and provision of choice vs. no provision of choice) to the feedback messages
of the original PAS program in order for them to be tested, resulted in four
different versions of the program, i.e., with: 1) autonomy-supportive language
and no choice, 2) autonomy-supportive language and choice, 3) controlling
language and no choice, and 4) controlling language and choice. An example
of a feedback message for each of these message frames is presented in
Table 1. For more examples see (Altendorf, Smit, Azrout, Hoving & van Weert,
2019).
Besides the four message frames, also one control condition was added
to the program, consisting of generic smoking cessation advice with a neutral
message frame and no content-tailoring.
The next step in the redesign process was conducting a second pilot test
to investigate the interpretation of instructions and clarity of questions and
response categories from an experts’ and smokers’ point of view. We also
intended to collect information about the layout and length of the intervention
and whether the language and choice manipulations were perceived as
intended. Email invitations were sent to scientific and non-scientific experts
in the field of health communication, public health, e-health interventions, and
smoking cessation to participate in this pilot test. Also, adult smokers who
intended to quit smoking in the near future were invited to participate. Both
experts and smokers were recruited through the network of the research
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team. In total, five experts (four males) and eleven smokers (eight males)
participated. Each of the four PAS program versions and the control condition
was tested by one expert and two or three smokers with different gender
and socio-economic status. First, participants received a link to the website
and a temporary user name and password. Participants were then instructed
to complete the program while paying attention to the comprehensibility of
the program and the feedback messages. Afterwards, a researcher briefly
interviewed the participants about their experience with the program. Topics
that were discussed during the interviews: time to conduct the program;
comprehensibility of instructions, questions, and answer categories; and
awareness of the message frame used. Participants were rewarded for their
participation with a ten-euro shopping voucher. Participants responded that
it took between 20 - 60 minutes to complete the program, with an average of
approximately 35 minutes. Especially the amount of text in the introduction
was perceived as too much, so in order to reduce both the amount of text and
the time to conduct the intervention, the introduction was shortened.
Besides, a couple of questions seemed to be unclear, therefore, a brief
instruction was added to these questions. Some other questions needed to be
reformulated (e.g., using more familiar words and no use of double negatives).
Additionally, participants wished to receive the summary of feedback messages
by email, so this option was added to the program. The message frames were
generally perceived as intended, so no modifications were made regarding
this point. After incorporating these changes, the PAS program with messages
frames was ready for use in the next step.
B. Conduct a 2 x 2 online experiment with a control condition
In order to tailor message frames based on individuals’ need for autonomy,
we had to identify (a) the most autonomy-supportive and the most controlling
message frame based on participants’ perceived autonomy-support and (b)
the cut-off point for the need for autonomy to distinguish between people with
a high and low need for autonomy. To this end, an online experiment with a
2 (language: autonomy-supportive vs. controlling) x 2 (choice vs. no choice)
between-subjects design with a control condition was conducted. An extensive
description of the method and results of this experiment is given elsewhere
(Altendorf, Smit, Azrout, Hoving & van Weert, 2019).
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Table 1. Example feedback messages for different message frames in the
second pilot test.
Condition

Autonomy-supportive language

Controlling language

No choice

You answered that you will succeed
in not smoking if you are stressed,
tensed, or dreary. You doubt whether
you will succeed in not smoking when
you are angry. We would like to offer
you some tips. If you notice that you
are emotional and would like to have a
cigarette, you can try to do something
else. For example, you could take a
walk: the outside air might do you
good. Or you could exercise. This
might help you to change your mind
and it reduces the desire for a cigarette.

You think that you will succeed in not
smoking if you are stressed, tensed,
or dreary. You doubt whether you will
succeed in not smoking when you are
angry. You need to do something else
when you are emotional and want a
cigarette. Take a walk: the outside air
often works well. Or go exercise: this
should help to change your mind and
reduces the desire for a cigarette.

Choice

You answered that you will succeed
in not smoking if you are stressed,
tensed, or dreary. You doubt whether
you will succeed in not smoking when
you are angry. Below, you can choose
whether you would like to receive some
tips on what you can do when you are
emotional and would like to have a
cigarette.

You think that you will succeed in not
smoking if you are stressed, tensed,
or dreary. You doubt whether you will
succeed in not smoking when you are
angry. Below, you can choose whether
you would like to receive some tips
on what you can do when you are
emotional and would like to have a
cigarette.

Choice question: Do you want to
receive these tips?

Choice question: Do you want to
receive these tips?

Answered “yes”:
If you notice that you are emotional
and would like to have a cigarette,
you can try to do something else. For
example, you could take a walk: the
outside air might do you good. Or you
could exercise. This might help you to
change your mind and it reduces the
desire for a cigarette.

Answered “yes”:
You need to do something else
when you are emotional and want a
cigarette. Take a walk: the outside air
often works well. Or go exercise: this
should help to change your mind and
reduces the desire for a cigarette.

Note. If respondents answered “no” to the choice question, the intervention
continued without the provision of the tips.
Participants were recruited via an ISO-certificated online research
panel. Selection criteria were being 18 years or older, having the intention
to quit smoking in the next six months and having smoked during the last
seven days. After giving their online informed consent, participants were
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randomly assigned to one of the five conditions. In total, 1024 participants
completed the intervention, of which 13 had to be excluded because of their
too quick response time. Seven days after completing the intervention, 1011
participants were invited by email to also fill out the follow-up questionnaire.
This questionnaire contained questions about respondents’ intention and selfdetermined motivation to quit smoking, attitude, social influence, and selfefficacy to quit smoking. The follow-up was completed by 799 participants, of
which one had to be excluded due to a too quick response time. From the 799
participants, 626 were in the experimental conditions (Altendorf, Smit, Azrout,
Hoving & van Weert, 2019).
Participants’ need for autonomy was measured with the Health Causality
Orientations Scale (HCOS), consisting of four vignettes which each contained
three items that could be answered on a five-point Likert scale (1 = low need
for autonomy; 5 = high need for autonomy) (Smit & Bol, 2019). The primary
outcome measure was participants’ perceived autonomy-support, which
was measured with the Virtual Climate Care Questionnaire (VCCQ; Smit et
al., 2017), consisting of 15 items which could be answered with a sevenpoint Likert scale (1 = low perceived autonomy-support; 7 = high perceived
autonomy-support).
Results showed that participants’ perceived autonomy-support was
generally high (M = 3.46, SD = .78). There were no significant effects of
language use, the provision of choice, or their combination on perceived
autonomy support. Based on these results, it was not possible to identify the
most autonomy-supportive and the most controlling message frame. Therefore,
we decided to follow SDT principles, according to which the provision of
choice and the use of autonomy-supportive language enhances an individual’s
autonomy (Deci & Ryan, 2000; Ryan & Deci, 2000). Additional inspection of
the data supported our decision to follow the theory, as it appeared from the
qualitative data collected in the evaluation part of the online experiment, that
especially participants with a high need for autonomy mentioned that the
word “must” was salient in the advice and not appreciated. Furthermore, a
secondary analysis of participants’ intervention-related behaviour showed that
especially participants with a high need for autonomy chose to receive more
information when offered choice, and wanted to choose a quit date themselves
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more often compared to participants with a low need for autonomy.
With regards to participants’ need for autonomy, results also showed a
high overall score (M = 3.87, SD = .76). No moderation effects were found of
participants’ need for autonomy on the effects of language use, the provision
of choice, or their combination on perceived autonomy support. However,
when analysing the data without the follow-up data, a significant three-way
interaction of the need for autonomy, language use and provision of choice on
perceived autonomy support was detected, which faded when also considering
the follow-up data. To inspect the three-way interaction, the Johnson-Neyman
procedure was followed to identify the need for autonomy score at which this
interaction effect changed from insignificant to significant, resulting in a range
of 3.8 – 4.4 (see Altendorf, Smit, Azrout, Hoving & van Weert, 2019). The
qualitative data indeed showed that participants with a need for autonomy of
3.8 and above more often made unappreciative comments about not being
able to set a quit date themselves, and about the word “must” used in their
feedback messages. Based on these results, 3.8 was chosen as a cut-off point
of the HCOS to distinguish between individuals with a high and low need for
autonomy.
In the evaluative comment section following the online experiment and
in the pilot test as described in step B, participants commented on the PAS
program. Based on the inspection of these comments, some additional
changes were implemented. First, participants perceived the time span of two
weeks to set a quit date as too soon. In the original PAS program, the quit
date was set four weeks after participation initiation, but based on results that
showed the importance of immediate action when a quit attempt is considered
instead of planning for the long term (Ferguson, Shiffman, Gitchell, Sembower,
& West, 2009; West & Sohal, 2006), it was decided to shorten the time span to
two weeks. To clarify this to participants a brief explanation about the benefits
of setting a quit date within a short timespan was added. Participants in the
no choice conditions subsequently still received a quit date within two weeks,
while participants in the choice conditions were offered an additional question
whether they wanted to choose a quit date within two weeks or not. Based
on their answer (“Yes”, “No”, and “I am not sure yet”) participants would
see a different calendar to set a quit date (i.e., a calendar with dates within
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a two-week timespan, a calendar with dates with a timespan of more than
two weeks, or a commenting section to note a date). Second, participants
wished to comment on their former quit attempts. Therefore, a question was
added about the number of previous quit attempts. Following this question,
participants received a feedback message in which they were asked to note
down for themselves why former quit attempts did not succeed and what they
have learned from this. Third, participants wanted to receive more information
about smoking cessation support tools (e.g., medication or nicotine patches),
the costs of smoking, and the use of replacing smoking with other oral stimuli
(e.g., chewing sunflower seeds). New feedback messages regarding these
topics were added to the program. Fourth, it was noted that the program
was not suitable for a tablet or a mobile phone, therefore the program was
made compatible with different devices (i.e., a computer, a mobile phone, and
a tablet). Finally, because participants seemed to have difficulties to answer
questions which were presented in matrices, all questions that were presented
in matrices were now presented as separate questions.
C. Integrate message frame-tailoring in the program and conduct a
usability test
Based on the results of the online experiment as described in step B, the
PAS program was developed into a program with message frame tailoring.
The message frame for participants with a high need for autonomy (HCOS
3.8) consisted of feedback messages with autonomy-supportive language and
choice, and the message frame for participants with a low need for autonomy
(HCOS < 3.8) consisted of feedback messages with controlling language and
no choice. The flow of the redesigned PAS program with content and message
frame tailoring is presented in Figure 2.
To optimise the PAS program with the tailored message frames, a usability
test among experts and smokers was conducted. Usability is defined as ‘the
extent to which a product can be used by specified users to achieve specified
goals with effectiveness, efficiency, and satisfaction in a specified context of
use’ (Yen & Bakken, 2012, p. 414). Concerning user experience, it is argued
that besides the aspect of ease of use, also perceived usefulness is important,
which refers to the extent in which the content of the program satisfies the
information needs of the participant (Bolle et al., 2016). Therefore, we aimed
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to not only identify problems with the use of the program but also to test the
content of the program from an experts’ and smokers’ point of view.
Smokers were asked to evaluate the program by using the think-aloud
method, based on which they were asked to verbalise their thoughts while
using the program (Jaspers, 2009). Because verbalising one’s thoughts while
conducting a task is not common, both experts and smokers first received a
brief task to practice. The practice task had the same layout as the original task
and started with a question for the participant’s name, followed by the question
Did you sleep well last night? After answering these questions, the participant
had the option to choose whether he wanted to receive some tips concerning
sleeping well. The next question was about the participant’s perception of
whether he/she expected to sleep well the next night. The task ended with
a tailored feedback message based on the answers given. After finishing the
practice task, usability testing started. During the usability test, the researcher
only intervened when the participant stopped talking by making comments like:
Please, keep talking (Jaspers, 2009). After completing the program, a semistructured interview with a researcher was conducted to evaluate the program
and to further explore the problems mentioned. Examples of questions that
were asked are: What do you think of the layout of the program?, and Which
are the two most important elements that could be improved? To identify 8090% of the user issues, five to nine end-users were needed (Molich & Nielsen,
1990; Nielsen, 1994b).
Scientific and non-scientific experts with experience in online health
communication, e-health, and/or smoking cessation interventions, were
asked to evaluate the program using the think-aloud method combined with a
semi-structured interview based on the heuristic evaluation method (Jaspers,
2009; Nielsen & Molich, 1990). The heuristic evaluation method consists of
ten heuristic principles, such as simple and natural dialogue, speak the user’s
language, consistency, and good error messages (Nielsen, 1994a). To be able
to identify the majority of problems by using the heuristic evaluation method,
three to five experts were needed (Jaspers, 2009).
Since the program will be used on – and should thus be compatible with
– different devices, smokers and experts were appointed to use the program
on a laptop, tablet or mobile phone. The whole procedure took about one hour
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Figure 2. Flowchart of the redesigned PAS program that incorporates both
content-tailoring and message frame-tailoring based on the need for autonomy.
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and participants were rewarded with a 25-euro shopping voucher. Experts
and smokers were recruited through the network of the research team. Five
experts (40% male; 80% non-smokers) and seven smokers (Mage = 31.86,
SDage= 14.15, range 20-62 years; 57.1% male) participated in the usability test.
All sessions were recorded on video, which were selectively transcribed and
coded using Atlas.ti 8.0 (ATLAS.ti, 2018). The data was analysed according to
the content analysis approach (Elo & Kyngäs, 2008). Deductive content analysis
allows going beyond general findings and to validate theory and models that
guided the research. The inductive content analysis allows for inclusion of
codes and categories that derive from the data in an iterative process (Guest,
MacQueen, & Namey, 2012). In the first step, codes were derived from the
heuristic evaluation method (Jaspers, 2009; Nielsen & Molich, 1990). Then,
transcripts were thoroughly read and provided with codes. In the next step,
categories were identified and ordered into themes that represented answers
to the research questions. When new themes emerged from the collected
data, they were added to the analysis (Guest et al., 2012). Two transcripts
were coded independently by two coders (ISSK and MBA). Disagreements
were resolved through discussion, and after reaching consensus one coder
continued coding the remaining transcripts (ISSK).
Since we aimed to test the content of the program and to identify problems
with the use of the program, user experience was divided into two dimensions:
the content of the program and the usability of the program. These dimensions
were divided into codes, which were further subdivided into subcodes. The
content of the program was divided into four codes: (1) language use, (2)
questions and answers, (3) feedback messages, and (4) tailoring. The usability
of the program was also divided into four codes: (5) program structure, (6)
layout, (7) error messages, and (8) features. The subcodes of these eight
codes, together with their definition, examples, and the modifications that
were made regarding the subcodes, are presented in Table 2.
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Table 2. Overview of the results of the usability test.
Subcode

Definition

Example

Modifications

Code 1: Language use
Level and
style

Words, concepts, or
sentence structure
that are (un)clear or
ambiguous. Also, the use
of (in)formal language.

‘I don’t even know what
this is.’(S)

Difficult words were
replaced or explained.
Spelling mistakes were
corrected.

Amount of
information

The amount of
information provided in
the program, especially
in the instruction,
introduction and
informed consent.

‘Uhm.. well.. it’s a lot of
text, I know that a lot of
low educated people really
hate a lot of text.’(E)

The introduction
and instruction were
shortened.

Code 2: Questions and answers
Amount and
content of
questions

The number, relevance,
understandability and
topics of the questions in
the program.

‘I have to read this
sentence four times (..) I
find it hard to follow. So, I
don’t know what I have to
answer.’(E)

Questions were
reformulated.

Answer
categories

The answer possibilities,
way of answering, and
(un)clarity and (in)
consistencies regarding
scale questions.

‘Maybe you also need
some kind of range here,
don’t you? Never, uhm, a
few times, very often or I
try to do it regularly.’(S)

The labels of some answer
categories were changed.
And some answer options
were changed from a
textbox to a dropdown
menu.

Code 3: Feedback messages
Content and
amount

The amount, length,
topics and content of the
feedback messages.

‘This is good, good
arguments here, especially
at the end. With time and
money, that is good.’(S)

A short explanation of the
summary of the feedback
messages was added.
Besides, the quit date was
added to the summary.

Credibility and
relevance

The concreteness,
reliability, and credibility
of the feedback
messages and whether
the messages are
perceived as true and
suitable to support in
quitting smoking.

‘They are all things that
I have already read and
heard, but it is all true.’(S)

No modifications were
made regarding this point.

Illustrations

The support of
illustrations on the text
and the number of
illustrations.

‘I do indeed see here
a picture of someone
who gives some kind of
support, so that does
support the text.’(E)

No modifications were
made regarding this point.
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Subcode

Definition

Example

Modifications

Code 4: Tailoring
Content
tailoring

The relevancy of the
content for a particular
participant.

‘I think it’s good that for
each answer category a
story is told what really
applies.’(S)

No modifications were
made regarding this point.

Message
framing

The use of autonomysupportive or controlling
language and the
provision of choice.

‘You must, there is a
lot ‘must’. I don’t feel
like quitting smoking
anymore.’(E)

No modifications were
made regarding this point.

Code 5: Program structure
Structure

The order and structure
of the different parts of
the program and whether
this order is clear. Also,
the feedback that a
participant receives via
the progress bar and
whether it is possible to
return to the program
or not.

‘Step 3. (…). I don’t
remember so well that
I saw step 2, but those
steps are a bit out of the
blue. Maybe I should be
taken a little more by the
hand.’(E)

To make the structure of
the program clearer, a
sidebar was added which
continuously shows the
different parts of the
program throughout the
completion process,
including which part a
participant is working
on. Also, the titles of the
different parts were made
larger.

Instructions

The (un)clarity of content
of the instructions,
especially concerning
how to complete the
program and how to
answer the questions.

‘How to complete the
questionnaire. (…). Well,
all basic things.’(S)

No modifications were
made regarding this point.

Length

The length of the
program and how long
it takes to complete the
program.

‘It is long, so maybe
people will get bored at
some point.’(E)

No modifications were
made regarding this point.

The font size and style,
colours, logos, buttons,
and illustrations.

‘It is very straightforward,
so well… there is little…
it will be made more
beautiful? It is not very
inviting.’(S)

A modern logo was
developed and modern
colours were used.
Also, the buttons were
changed into modern
icons. Besides, the print
button seemed to appear
too often, so this was
resolved, just like some
inconsistencies in the font
size.

Code 6: Layout
Design
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Subcode

Definition

Example

Modifications

Readability

The readability of the
text as regards to the
layout of the pages, the
feedback messages, the
summary of the feedback
messages, and sentence
alignment.

‘Shorter sentences, only
graphic now in terms of
location, you read more
easily. This sentence is
easier to read than, for
example, this sentence,
whereby your eye has to
go all the way from left to
right.’(S)

The alignment of the
sentences was adapted.
Further, it seemed unclear
which information was
bold, so it was decided
to only bold the core
message.

Layout on
various
devices

The layout of the
program on the various
devices, i.e., a laptop,
a mobile phone, and a
tablet.

Someone with a mobile
phone: ‘There is also a
picture next to it, that
makes the text a bit
narrower.’(E)

Changes were made
on the alignment of the
illustrations on a mobile
phone.

Code 7: Error messages
Appear

Whether the error
messages appear at the
right time or not.

‘I have to give an answer,
so that works.’(E)

The red frame signalling
an unanswered question
was added on the mobile
phone.

Content

The content of the error
messages and whether
they are perceived as
helpful or not.

‘It was clear that it was
about the age question.
It was not mentioned
that it was about the age
question, but I think that’s
also not possible in an
error message.’(E)

No modifications were
made regarding this point.

Code 8: Features
Calendar

The appearance and
ease of use of the
calendar.

‘You can also place a
link here, or something
like that so that it will be
added to your agenda
automatically.’(S)

The possibility to directly
add the quit date to a
personal agenda was
added.

Print / e-mail

The possibility to print or
e-mail the summary of
the feedback messages
and whether this works
or not. Also the layout of
the printed summary.

‘I like that I can print it
because it’s a lot to read at
once.’(E)

No modifications were
made regarding this point.

Notes. S refers to a smoker and E refers to an expert. HCOS = Health Causality Orientations Scale.
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It is worth noting that concerning the subcode illustrations, participants
expressed their wishes to receive feedback messages with more illustrations
and that concerning the subcode content and number of feedback messages,
some participants wished for shorter feedback messages with more bulletpoints. However, because the original feedback messages were effective in
supporting smokers to quit smoking (Smit et al., 2012), and making large
modifications to this content would mean retesting the effectiveness of the
feedback messages, it was decided to stay as close to the original feedback
message format as possible.
After incorporating the modifications in response to the usability test,
the redesign process was finished. The redesigned PAS program – including
message frame tailoring – is shown in Figures 3 and 4. This redesigned PAS
program is currently being evaluated in a real-life setting on effectiveness and
cost-effectiveness, with results being expected in 2020.
Figure 3. Screenshot which shows the colours, logo, and sidebar of the
redesigned PAS program.
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Figure 4. Screenshot which shows the print button and the enlarged titles of
the redesigned PAS program.

Conclusion and discussion
This paper offers a detailed description of the redesigning process of the PAS
program, an online computer-tailored smoking cessation program that includes
– next to content-tailoring - the promising strategy of message frame-tailoring.
An extensive description of the various methods through which experts’
and smokers’ opinions were included throughout the redesigning process
is provided. If the redesigned PAS program is more effective in supporting
smokers in their quit attempt than the original PAS program, adding message
frame tailoring to other digital health communication interventions might be of
value too.
Potential strengths
The present study has several potential strengths. Firstly, as far as we are aware,
this study is the first to explore message frame-tailoring in online computertailored health communication. Until now, scholars have mainly tailored the
content of online interventions, i.e., adjusting what health information is
provided based on individuals’ current health behaviour and/or their selfreported scores on known predictors of the desired health behaviour (change)
(Rimer & Kreuter, 2006b). To advance the strategy of online computer-tailoring
and further increase its effectiveness, it has been argued that tailoring how
information is provided, in addition to tailoring what information is given,
appears a promising strategy (Altendorf, Hoving, van Weert & Smit, 2019;
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Smit et al., 2015). By developing a redesigned PAS program including
message-frame tailoring, we are able to test whether message frame-tailoring
indeed increases the effectiveness of the PAS program. When message
frame-tailoring turns out to be an effective strategy, it is plausible that adding
message frame-tailoring to other online computer-tailored or digital health
communication interventions will also increase their effectiveness. This is
important because the overall effect sizes of such interventions are generally
small (Lustria et al., 2013), while such interventions seem to be cost-effective
(Lustria et al., 2013; Schulz et al., 2014; Smit et al., 2013; Stanczyk et al., 2014)
and Internet, the medium through which such interventions are often spread,
is highly accessible (Centraal Bureau voor de Statistiek, 2018; Internet World
Stats, 2019).
A second strength concerns the approach taken in developing the
redesigned PAS program: scientific and non-scientific experts, smokers
and communications science students were actively involved throughout
the process. Involving different types of stakeholders, including end-users,
in research breaks down barriers when it comes to the implementation of
research findings and interventions, such as the redesigned PAS program,
in practice (O’Brien, Marzano, & White, 2013; Talwar, Wiek, & Robinson,
2011). By describing the process of involving participants in redesigning the
PAS program and the valuable insights we have gained as a result, we aim
to encourage researchers to involve participants in the development and
redesign process of digital health communication interventions.
Lastly, we chose to use an existing already effective intervention (Smit
et al., 2012). Using an existing intervention as a starting point and adding an
additional tailoring strategy to this existing intervention is a cost-effective and
efficient approach because the intervention does not have to be developed
from scratch and the time and money that has already been invested are
optimally used.
Potential limitations
There are also some limitations to discuss. First of all, in the 2 x 2 online
experiment that was conducted, most participants’ need for autonomy was
quite high. This may not be representative of the need for autonomy in the
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general population, and therefore the cut-off point of the need for autonomy
to tailor the message framing based upon might be too high, resulting in
suboptimal message frame tailoring. Also, research has shown that the need
for autonomy might be different for different groups of people (Smit & Bol,
2019). More research is needed to assess the optimum cut-off point for the
need for autonomy and to test whether this point differs between subgroups.
Secondly, although using an existing already effective intervention is a
cost-effective and efficient approach, it also has its limitations. For example,
some participants requested shorter feedback messages with more bulletpoints or more illustrations. However, because we wanted to be able to make
a comparison between the effectiveness of the PAS program with and without
message frame-tailoring, it was decided to make no adaptations regarding
these points. By changing the content of the program it would not be possible
to attribute any differences in effectiveness between the original PAS program
and the redesigned PAS program to the effect of message frame-tailoring.
When choosing between developing a new intervention from scratch and
redesigning an existing effective intervention, we recommend considering
both the cost-effectiveness and efficiency of the approaches and the potential
limitations of the approaches, like (not) being able to meet all participants
wishes regarding the usability of the program.
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Chapter 5

Effectiveness of
message frame-tailoring
in an online smoking
cessation programme:
a randomised controlled trial

An adapted version of this Chapter is in press for publication:
Altendorf, M. B., Hoving, C., van Weert, J. C. M., Smit, E. S. (2020).
Effectiveness of Message Frame-tailoring in a Web-based Smoking
Cessation Programme: A Randomized Controlled Trial. Journal of Medical
Internet Research.
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Abstract
Often online computer-tailored interventions are matched in content to an
individual’s characteristics, beliefs, and behavioural factors. This is called
content-tailoring. Consequently, such interventions lead to better message
processing and a higher likelihood of behaviour change, such as smoking
cessation. However, a meta-analysis of online computer-tailored interventions
showed that effect sizes, albeit positive, remain small – this suggests room
for improvement. A promising strategy to enhance the effectiveness of
online computer-tailored interventions is to tailor the message frame – how
a message is communicated – based on the preferred communication
style, in addition to content-tailoring. A factor that determines an individual’s
communication style preference is the need for autonomy; while some
individuals prefer an autonomy-supportive communication style (offering
choice and use of suggestive language), others might prefer a directive
communication style, which is replete with imperatives and does not provide
choice. Tailoring how messages are presented, e.g., based on the need for
autonomy, is called message frame-tailoring. The present study aimed to test
the effectiveness of message frame-tailoring based on the need for autonomy,
in isolation and in combination with content-tailoring within the context of an
online computer-tailored smoking cessation intervention. Primary outcome
measure was seven-day point-prevalence of smoking abstinence. Secondary
outcomes were perceived message relevance, self-determined motivation to
quit smoking, and socio-cognitive beliefs. A randomised controlled trial with
a 2 (message frame-tailoring vs. no message frame-tailoring) x 2 (contenttailoring vs. no content-tailoring) design was conducted among adult smokers
intending to quit (N = 273). Structural equation modelling in R revealed that
the content-tailored condition increased smoking abstinence rates one month
after the start of the intervention (b = .57, p = .021). However, neither message
frame-tailoring nor its interaction with content-tailoring did significantly predict
smoking abstinence. In our model, message frame-tailoring, content-tailoring,
as well as their interaction significantly predicted perceived relevance of the
smoking cessation messages, which consequently predicted self-determined
motivation. In turn, self-determined motivation positively affected attitudes
and self-efficacy for smoking cessation, but only self-efficacy consequently
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predicted smoking abstinence. Participants in the control condition perceived
the highest level of message relevance (M = 4.78, SD = 1.27). However,
messages that were frame-tailored for high need for autonomy in combination
with content-tailored messages led to significantly higher levels of perceived
message relevance (M = 4.83, SD = 1.03) than content-tailored messages only
(M = 4.24, SD = 1.05, p = .003). Message frame-tailoring based on the need
for autonomy does not seem an effective addition to conventional contenttailoring techniques in online smoking cessation interventions in increasing
smoking cessation rates. However, smokers with a high need for autonomy
seem to benefit more from frame-tailored messages than their peers with a
low need for autonomy.

93

5 Effectiveness of message frame-tailoring in an online smoking cessation programme

Introduction
Smoking tobacco is the single most preventable cause of non-communicable
diseases, such as cancer (World Health Organization, 2014a). Behavioural
support through online computer content-tailored (CCT) smoking cessation
interventions can be effective in improving quit rates among smokers over and
above more static interventions, such as generic online smoking cessation
information (Lustria et al., 2013). Online CCT smoking cessation interventions
aim to provide smokers with individualised cessation information, which
is assessment-based (e.g., based on assessment of participants’ current
behavioural beliefs) and automatically created by computer software (De Vries
& Brug, 1999; Hawkins, Kreuter, Resnicow, Fishbein, & Dijkstra, 2008; Kreuter
& Wray, 2003; Noar, Harrington, & Aldrich, 2009). Previous studies showed
that content-tailored messages increase perceived message relevance and
enhance desired behaviour (Hawkins, Kreuter, Resnicow, Fishbein, & Dijkstra,
2008; Lustria et al., 2016; Noar, Benac, & Harris, 2007; Petty & Cacioppo,
1986; Zhao & Peterson, 2017). Although online CCT smoking cessation
interventions are found to lead to better message processing and a higher
likelihood of performance of advocated behaviours (Kreuter & Wray, 2003;
Noar et al., 2007; Rimer & Kreuter, 2006b), effect sizes tend to remain small
(Lustria et al., 2013). In order to enhance online CCT health intervention
effectiveness, it is suggested to also use message frame-tailoring (i.e., tailor
how a message is presented, to a person’s preferred communication style) in
addition to message content-tailoring (Resnicow et al., 2008, 2014; Rimer &
Kreuter, 2006; Smit, Linn, & van Weert, 2015). However, to date no smoking
cessation interventions have been rigorously tested that incorporate both
content-tailoring and frame-tailoring.
A promising factor for message frame-tailoring is people’s need for
autonomy, (NFA) which determines one’s preference for an autonomysupportive or more directive communication style, as shown in several studies
conducted in face-to-face and other offline health settings in the fields of
cancer prevention and healthy nutrition (Resnicow et al., 2008, 2014; Smit
& Bol, 2019). In self-determination theory (Ryan & Deci, 2000) it is theorised
that the satisfaction of a person’s NFA is essential for the development of selfdetermined motivation, well-being, and behavioural engagement (i.e., Ng,
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Ntoumanis, Thøgersen-Ntoumani, et al., 2012; Williams et al., 2006, 2002). In
turn, motivations to change are more likely to be translated into actions via sociocognitive beliefs (i.e., attitudes, subjective norms and self-efficacy perceptions)
when this motivation is self-determined (Hagger & Chatzisarantis, 2009). While
people with a higher NFA prefer to choose their own way of how to obtain a
goal, such as to quit smoking, those with a lower NFA rather prefer to be told
through clear-cut expert advice how best to reach their goal (Gagné & Deci,
2005; Hagger & Chatzisarantis, 2009; Resnicow et al., 2008, 2014; Smit & Bol,
2019). To illustrate, two studies on the effects of printed health communication
showed that people’s preference for a certain communication style moderated
intervention impact (Resnicow et al., 2008, 2014). That is, people who received
messages that were frame-tailored according to their communication style
preference (e.g., when high in their NFA) and were presented with messages
in an autonomy-supportive message style using suggestive language through
words as “may” or “could”, more often performed the desired behaviour than
those who received no frame-tailored messages or messages in a controlling
message style, i.e., with messages in directive wording like “must” or “should”.
To the best of our knowledge however, there has no study been conducted
yet that has investigated whether message frame-tailoring based on the NFA
enhances content-tailored smoking cessation intervention’s effectiveness in
an online context. Therefore, the present study aims to test the effectiveness
of message frame-tailoring based on the NFA, in isolation and in combination
with content-tailoring, within the context of an online CCT smoking cessation
intervention. The online / internet environment is specifically promising to
enhance intervention effectiveness, as it has a great reach and is thus an “easy
to access” medium, compared to tailored print health information (Taylor et al.,
2017).
Specifically, we hypothesise that frame-tailoring based on people’s NFA
will lead to higher smoking abstinence rates (H1a) than no frame-tailoring, that
content-tailoring will lead to higher abstinence rates (H1b) than no contenttailoring and that the combination of message frame-tailoring and contenttailoring will lead to the overall highest abstinence rates (H1c). Also, we expect
that the above described effects of message frame-tailoring, content-tailoring
and their combination are mediated by perceived relevance of the message
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(H2a), self-determined motivation (H2b), and socio-cognitive beliefs (H2c).
Figure 1 depicts the full conceptual model.
Figure 1. Conceptual model.

Note. A = Attitudes. SI = Social Influence. SE = Self-efficacy. Smoking abstinence = 7-day point
prevalence abstinence of smoking.

Methods
Study design and procedure
To test the hypotheses we relied on data collected within a six month
randomised controlled trial (RCT) using a 2 (frame-tailoring vs. no frametailoring) x 2 (content-tailoring vs. no content-tailoring) between-subjects
design. This paper presents the data of T0 (baseline measurement), Tl
(immediate post-intervention follow-up), and T2 (one-month post-intervention
follow-up) measurement in the context of the online CCT smoking cessation
programme PAS (Personal Advice in Stopping smoking). Prior to study
enrolment, smokers in the Dutch general public were targeted through social
media (e.g., Facebook, Twitter, LinkedIn), Google advertisements, Dutch
(online) newspapers and radio. Once smokers were willing to participate, they
were provided with study information and could give their online informed
consent, after which they could create their own username and password.
Subsequently (T0), participants were automatically assigned to one of the
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four conditions through computer randomisation and asked to complete the
baseline questionnaire (T0), invited to use the intervention, and asked to
complete the immediate post-intervention evaluation (T1). One month later,
they were prompted via email to fill out a brief follow-up questionnaire (T2).
Participants received a 10-euro voucher for their total 45-minute participation
when completing the last and third follow-up questionnaire after six months.
The study was approved by the Institutional Review Board (reference
number 2017-PC-7599) and is registered with the Dutch Trial Register
(NL6512 / NRT-6700).
Participants
At baseline, 534 participants were recruited from mid-December 2018 to
March 2019, of which 273 participants (51%) could be followed-up after one
month. The participant flow throughout the study can be found in Figure 2.
Inclusion criteria for participants were: being 18 years or older, intending
to quit smoking within the upcoming six months, providing online informed
consent, and having smoked during the last seven days. An a-priori power
analysis estimated that a sample size of a minimum of 198 participants should
be sufficient to detect small effects and interaction effects (power = .80, OR =
1.68, R2 content-tailoring =.03) (Faul, Erdfelder, Lang, & Buchner, 2007; Smit,
De Vries, & Hoving, 2012).
Experimental conditions
Content-tailoring. In the content-tailored condition, participants
received smoking cessation advice adapted according to their answers in
the questionnaire, which was grounded in the I-Change Model. Questions
concerned participants’ smoking behaviour, attitude, self-efficacy, social
influence, action and coping planning, as well as their intention to quit smoking
and/or to maintain quit (Smit, Candel, Hoving, & De Vries, 2016; Smit, De Vries,
& Hoving, 2010).
Frame-tailoring. Message frame-tailoring was based on an assessment
of the participant’s individual NFA. Participants with a NFA received autonomysupportive message frames. Autonomy-supportive message frames
encouraged people to accept responsibility for their own behaviour, by taking
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the message recipient’s perspective into account through reflective feedback,
by using language which minimised pressure on the reader, and by providing
choice (e.g., by choosing whether or not to receive additional information
on smoking cessation or by choosing whether or not to decide on a quit
smoking date) (Deci et al., 1994; Markland et al., 2005; Resnicow et al., 2008,
2014). Participants with a low NFA received controlling message frames that
consisted of directive and forceful sentences with imperatives and commands.
Also, authorative statements, such as “experts say” were made and positive
filling terms (e.g., luckily, good) were avoided. In addition, participants were not
provided with choice, but just received all smoking cessation information and a
quit date within the next two weeks. A detailed description of the development
of message frames is provided in Chapter 4 of this dissertation.
Control condition. In the control condition, participants received a
generic smoking cessation advice, which was not tailored to their pre-assessed
answers and neither to their NFA.
Pilot testing
Previous to this study, an extensive usability test of PAS was conducted
among smoking cessation experts (N = 5) and smokers from different sociodemographic backgrounds (N = 7), which is described in detail elsewhere
(Van Strien-Knippenberg, Altendorf, Hoving, Van Weert & Smit, 2019). Also,
the questionnaire and stimulus materials were pilot tested and used in previous
online experiments and (Altendorf, Smit, Azrout, Hoving & van Weert, 2019;
Van Strien-Knippenberg et al., 2019; Smit et al., 2012).
Measures
At baseline (T0), we measured demographic variables, the frame-tailoring and
content-tailoring variables, i.e., NFA, I-Change Model variables. Immediately
post intervention (T1), the manipulation assessment and participants’ perceived
relevance were measured. At one-month follow-up (T2), self-determined
motivation, socio-cognitive beliefs, and smoking abstinence were assessed.
All items were measured on a seven-point scale ranging from 1 = strongly
disagree to 7 = strongly agree, unless indicated otherwise. Full descriptions of
scales including item-wording is listed in appendix B1.
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Demographics. Age, gender, living arrangement, educational level,
presence of respiratory or cardiovascular diseases and – in case of female
gender – pregnancy, smoking related behaviours (e.g., cigarettes smoked per
day) were assessed.
Dependent variable. We measured seven-day point prevalence
abstinence from smoking (smoking abstinence) by asking participants whether
they had smoked in the last seven days (yes = 0, no = 1).
Mediators. Perceived relevance of the smoking cessation message was
assessed using three items from Zhao and Peterson (2017). The scale was
reliable and higher scores signified higher perceived relevance (Cronbach’s
alpha = .87, M = 4.44, SD = .08).
Self-determined motivation to quit smoking was measured using the
Treatment Self-Regulation Questionnaire (six items) (TSRQ; Levesque et al.,
2007), which had good reliability (Cronbach’s alpha = .92, M = 5.34, SD = .21).
Higher scores on the response scale denoted higher levels of self-determined
motivation to quit.
Attitudes towards smoking cessation, social influence beliefs, self-efficacy,
and intention to quit smoking were assessed based on the I-Change Model
(De Vries, 2017). Twelve items measured attitude towards smoking cessation,
which were answered on a five-point Likert scale (1 = completely disagree, 5
= completely agree). Higher scores indicated higher perceptions pros or cons
of smoking cessation, respectively. Two sub-scales were formed with each six
items assessing perceived pros and cons of smoking cessation, respectively.
Both sub-scales appeared to have good reliability (Cronbach’s alpha pros = .79,
M = 3.55, SD = .62; Cronbach’s alpha cons = .76, M = 2.36, SD = .51).
Social influence was measured using the concepts of social support (three
items) and social norms (three items). Answers were given within six response
categories. The sub-scales for social support and social norms had poor
reliability (Cronbach’s alpha social support = .58; Cronbach’s alpha social norms = .48)
and therefore we could use neither of those scales.
Self-efficacy was measured by nine items, which were answered on a fivepoint Likert scale (1 = strongly disagree, 5 = strongly agree). The scale was
reliable (Cronbach’s alpha cons = .91, M = 3.51, SD = .29) and higher scores
indicated higher perceived self-efficacy for smoking cessation.
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Tailoring variable. NFA was assessed with the Health Causality
Orientations Scale (HCOS; Deci & Ryan, 1985b). Responses were given on a
five-point Likert scale (1 = very unlikely, 5 = very likely). Four items from the
HCOS reflect people’s autonomous orientation, which were used to determine
participant’s NFA. Higher mean scores indicated a higher NFA. For tailoring,
the cut-off point to determine a high or low NFA was 3.8 on the HCOS, which
was based on results from an earlier online experiment (Altendorf, Smit,
Azrout, Hoving & van Weert, 2019).
Manipulation check
To assess the validity of our frame-tailoring, we used four items assessing to
which degree participants perceived the tone of the advice as controlling or
autonomy-supportive, e.g., ‘The advice was formulated in a pressuring tone’.
The validity of our content-tailored manipulation was measured with three
items asking whether participants felt that the smoking cessation advice was
specifically written for them, e.g., In this programme, I received advice based
on the responses that I gave to the questions. Responses were given on a fivepoint Likert scale (1 = strongly disagree, 5 = strongly agree).
Statistical analysis
Descriptive analyses with SPSS version 25 were conducted to determine
sample characteristics and to check for differences in background variables
and smoking-related behaviours (e.g., number of cigarettes smoked on an
average day) between conditions. We used two-sided t-tests and chi-square
tests and analysis of variance (ANOVA) where appropriate. In addition, a nonresponse analysis with two-sided t-tests and chi-square tests was conducted
to determine whether selective dropout had occurred. We compared complete
cases with lost-to follow-up cases at T2 with regard to the same set of variables.
Then, structural equation modelling (SEM) in R with the lavaan package
version 0.6-3 (Rosseel, 2012) was conducted. Manifest variables were used for
data analysis, due to the rather small sample size (N = 273) for SEM analysis.
Covariances were added among the two subscales measuring attitude towards
smoking cessation, as those subscales measured different parts of the same
concept. Next, we built the path model with smoking abstinence (measured at
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T2) as the main outcome. Based on our hypotheses, we added direct paths
from the exogenous variables (i.e., frame-tailoring, content-tailoring, and their
combination) to smoking abstinence. Next, we added directs paths from the
exogenous variables to perceived relevance and to self-determined motivation.
We also added a direct path from perceived relevance to self-determined
motivation. From self-determined motivation, direct paths to attitudes and
self-efficacy perceptions and to smoking abstinence were added. Also, direct
paths from attitudes and self-efficacy perceptions to smoking abstinence
were added. The correlation matrix and a table with all direct and indirect
standardised effects is available in appendix B1 and B2. The significance level
was set at 5% and in the text below, direct unstandardised effects are reported.

Results
Randomisation and manipulation check
Comparison of participants in the different experimental conditions and the
control condition in regard to their demographics, such as age and educational
level, chronic diseases, as well as their smoking behaviours did not show
significant differences between conditions. In terms of the manipulation,
as expected, the frame-tailored and the content-tailored conditions were
significantly more often perceived as such by participants, compared to
the non-frame-tailored and non-content-tailored conditions, respectively.
Thus, the manipulation succeeded. An overview of all items assessing our
manipulations, together with their mean values in each of the experimental
conditions is provided in appendix B3.
Sample characteristics and attrition
Comparisons of the 273 participants who completed the study and the 255
participants who were lost-to-follow-up after one month showed no significant
differences in gender, educational level, smoking behaviours, and chronic
diseases, but the chi-square test for condition and intervention drop-out was
significant ((3)= 11.154, N = 528, p = .014): Less participants in the message
frame- and content-tailoring condition were lost to follow-up (9.5%), compared
to participants who received message frame-tailoring without content-tailoring
(12.3%), a generic advice (i.e., the control condition; 13.4%), or no message
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frame-tailoring but content-tailoring only (13.1%). Also, participants who
dropped out were significantly younger than those who completed the followup measurement (Mparticipants dropped out= 40.11, SDparticipants dropped out= 14.28; Mparticipants
= 43.05, SDparticipants completed= 13.52, F(1) = 5,893, p = .016).
completed
Figure 2. Flow chart of participants.

Participant age was added as a covariate to our structural model, because
it was significantly correlated with smoking abstinence and with intervention
drop-out. As our model with the covariate was very complex, for clarity
purposes, we will only report the results of variables that were of substantial
interest based on the theory. Table 1 provides an overview of the sample
characteristics of the participants who completed the study and participants
lost to follow-up.

102

5 Effectiveness of message frame-tailoring in an online smoking cessation programme

Table 1. Comparison of participants who completed the study with those who
dropped out.
Participants
completed T0
n

Participants
completed T2
%

528

n

Dropout
at T2
%

273

n

%

255

Demographics
Sex (female)

341

Age (years), M (SD)

41.63 (13.95)a

64.6

106

38.8

43.05 (13.526)

81

31.8

40.11 (14.28)*

Educational level
High

233

44.1

133

48.7

100

39.2

Middle

228

43.2

111

40.7

117

45.9

Low

67

12.7

29

10.6

38

14.9

Other/missing

0

0

0

0

0

0

With partner

110

20.8

61

22.3

49

19.2

With partner and child(ren)

119

22.5

61

22.3

58

22.7

With child(ren)

55

10.4

25

9.2

30

11.8

Alone

208

39.4

110

40.3

98

38.4

Other/missing

36

6.8

16

5.9

20

7.8

Living arrangement

Number of daily smoked:
Cigarettes, M (SD)

11.13 (8.34)

10.6 (7.92)

11.63 (8.75)

Shags, M (SD)

3.69 (8.26)

3.8 (8.40)

3.75 (8.12)

Cigars, M (SD)

0.40 (2.68)

0.24 (1.85)

0.57 (3.34)

Cigarillos, M (SD)

0.18 (1.38)

0.19 (1.34)

0.18 (1.42)

Pipes, M (SD)
Earlier quit attempts, M (SD)

0.13 (1.17)

0.07 (0.78)

0.18 (1.49)

5.74 (0.58)

5.29 (11.41)

6.23 (15.27)

Existence of (chronic) disease
Heart disease

39

7.4

21

7.7

18

7.1

COPD

106

20.1

58

21.2

48

18.8

Diabetes

25

4.7

13

4.8

12

4.7

Cancer

29

5.5

12

4.4

17

6.7

Note. M=Mean; Standard deviations are presented in parentheses. a = significant mean difference
F(1, 526) = 5.893, p = .016.
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The assumptions of multivariate normality and linearity had been met and no
multicollinearity existed. We conducted our SEM analysis with the diagonal
weighted least squares (DWLS) estimator, which provides robust values
from the full weight matrix to compute standard errors. No missing data
among endogenous variables were observed. We identified outliers among
endogenous variables (i.e., perceived relevance, self-determined motivation,
perceived pros of smoking cessation, self-efficacy), which were checked,
considered random and therefore not removed.
Model Testing
Our hypothesised path model appeared to have a poor model fit according to
conventional goodness-of-fit indices (Byrne, 2016). Based on the modification
indices and the residual covariance matrix, we assumed it to be necessary to
trim our path model by discarding a variable from the model (i.e., the cons of
smoking cessation), which subsequently led to good model fit. Table 2 provides
an overview of model fit indices for the hypothesised and fitted model.
Table 2. Fit indices of the path model with smoking abstinence as outcome.
Models Hypothesised model

Final (trimmed) model

Fit indices
CMIN (df)

75.431 (18)***

20.249 (13), p=.089

CFI

.814

.967

RMSEA [CI]

.10 [.08, .13]

.04 [.00, .08]

Note. CMIN = Chi-square. Df = degrees of freedom. CFI = comparative fit index. RMSEA = root
mean square error of approximation. CI = 90% Confidence interval.
*** p < .001.

The results from SEM analysis are depicted in the structural model in Figure
3. For clarity reasons we present the results only for the significant regression
coefficients.
Hypothesis testing
Effects of message frame-tailoring and content-tailoring on smoking
abstinence. Contrary to our expectations, neither message frame-tailoring
based on smoker’s NFA nor the combination of message frame-tailoring and
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content-tailoring significantly affected smoking abstinence. As expected,
however, we identified a significant positive effect from content-tailoring on
smoking abstinence (b = .574, p = .021). In the frame-tailored and contenttailored condition, N = 23 (30.3%) smokers refrained from smoking, while N
= 12 (15.8%) smokers in the frame-tailored only, N = 11 (14.5%) smokers in
the control condition, and N = 30 (39.5%) smokers in the content-tailored only
condition refrained from smoking. Thus, we could only partly confirm the first
hypothesis (i.e., H1b).
Figure 3. Final model with significant paths only.

Note. Results are presented as standardised direct effects. Apro = pros of smoking cessation. SE
= self-efficacy. Dotted lines represent non-significant paths. Straight lines represent significant
paths (p < .05).

Mediation of perceived relevance, self-determined motivation, and
socio-cognitive beliefs about smoking cessation. As shown in the model
(Figure 3), we identified a significant main effect of content-tailoring, message
frame-tailoring based on people’s NFA as well as their combination on smokers’
perceived relevance of the smoking cessation message – the first mediator in
our model. An ANOVA showed significant differences between the conditions
(F(3, 269) = 4.818, p = .003) and, subsequently, Tukey’s post-hoc test was used
to identify the conditions with significant differences. The control condition (i.e.,
no content- or message frame-tailoring) was perceived as significantly more
relevant than message frame-tailoring or content-tailoring alone (Mdifference control
= .65, SE = .20; Mdifference control condition minus content-tailoring only =
condition minus frame-tailoring only
.54, SE = .19) and similarly relevant as the condition with both content- and
message-frame tailoring. Surprisingly, a generic smoking cessation advice
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thus led to similarly high levels of perceived message relevance as a message
that was tailored both in terms of content and message frame, and to higher
perceived relevance than messages tailored in terms of only one of these
aspects. As these findings were against the expected direction, we decided
to inspect the data even more closely by comparing participants with a high
and low NFA within the message frame-tailored conditions. In doing so, we
identified that smokers with a high NFA generally perceived their message
as more relevant compared to participants who had a low NFA, when they
received a frame-tailored smoking cessation message – both with and without
content-tailoring. Moreover, the combination of message frame-tailoring and
content-tailoring led to significantly higher perceived relevance than contenttailoring messages only, but only for smokers with a high NFA (Mdifference high NFA
= .59; SE = .19; p = .041). In addition, those
frame- & content-tailoring minus content-tailoring only
with a high NFA in the frame-tailored and content-tailored condition perceived
the messages as significantly more relevant compared to those with a low NFA
who received frame-tailored, but not content-tailored messages. To illustrate
these findings, means per condition for all continuous variables in the SEM are
provided in Table 3.
Subsequently, perceived relevance had a positive effect on self-determined
motivation to quit smoking (b = .32, p < .001). Furthermore, although selfdetermined motivation did not have a direct effect on smoking abstinence,
there was a positive effect of self-determined motivation on the perceived pros
of smoking cessation (i.e., positive attitudes) (b = .37, p < .001) and a positive
effect on self-efficacy perceptions (b = .15, p < .001). Next, we could confirm a
positive effect from self-efficacy perceptions on smoking abstinence (b = .72,
p < .001).
In sum, the effect of message frame-tailoring, content-tailoring, as well
as their combined effect on smoking abstinence was mediated by perceived
relevance, self-determined motivation to quit and self-efficacy on smoking
abstinence. As such, we could confirm the second hypothesis. An overview of
the hypothesised direct and indirect effects from our final model is provided
in Table 4.
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2.21 (.84)

2.36 (.83)

Acon

2.56 (.80)

3.33 (.69)

3.27 (.82)

5.00 (1.10)

4.26 (1.01)a,c

M (SD)

Low NFA

2.22 (.77)

3.43 (.96)

3.47 (.69)

5.16 (1.11)

4.13 (.96)

M (SD)

Frametailoring &
no contenttailoring

2.13 (.79)

3.55 (.84)

3.50 (.56)

5.36 (1.00)

4.29 (1.07)

M (SD)

High NFA

2.31 (.76)

3.32 (1.06)

3.44 (.81)

4.98 (1.19)

3.97 (.83)

M (SD)

Low NFA

2.43 (.90)

3.55 (.91)

3.48 (.83)

5.42 (1.14)

4.78 (1.27)c

M (SD)

No frametailoring &
no contenttailoring

2.39 (.94)

3.52 (.86)

3.54 (.96)

5.42 (1.26)

4.24 (1.05)b

M (SD)

No frametailoring &
contenttailoring

2.35 (.86)

3.55 (.86)

3.51 (.84)

5.34 (1.22)

4.43 (1.10)

M (SD)

Overall
mean

ns

ns

ns

ns

4.364 (5)

F (df)*

Note. N = Number of participants. M= Mean. SD = Standard Deviation. NFA = Need for autonomy. SE = Self-efficacy. Apro = Attitudes about pros of smoking
cessation. Acon = Attitudes about cons of smoking cessation. SS = Social support for smoking cessation. SN = Social norms of smoking cessation.
* = ANOVA based on the six subgroups of tailoring. The four experimental conditions are in bold lettering. Means with differing subscripts within rows differ
significantly at p < 0.05, whereas a = differs from frame-tailoring for low NFA & content-tailoring; b = differs from no frame-tailoring & content-tailoring;
c = differs from frame-tailoring for low NFA & content-tailoring.

3.70 (.82)

3.87 (.74)

3.52 (.84)

3.64 (76)

5.57 (1.42)

5.33 (1.32)

Motivation

SE

4.83 (1.03)a,b

4.59 (1.05)

Relevance

Apro

M (SD)

High NFA

M (SD)

Frametailoring &
contenttailoring

Dependent variable

Condition

Table 3. Mean values per condition for all endogenous variables.
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Table 4. Standardised indirect & direct effects trimmed model.
Dependent variable 3

4

5

6

7

Independent variable
1 Content-tailoring
Indirect effect

-

-0.062*

ns

ns

ns

Direct effect

-0.474*

-

-

-

0.271*

Indirect effect

-

-0.088*

ns

-0.026*

-

Direct effect

-0.297

-

-

-

ns

0.151**

0.062*

ns

-

-

-

2 Frame-tailoring
*

3 Perceived relevance
Indirect effect

-

-

Direct effect

-

0.295

Indirect effect

-

-

-

-

ns

Direct effect

-

-

0.513**

0.209**

ns

Indirect effect

-

-

-

-

-

Direct effect

-

-

-

-

-0.173+

Indirect effect

-

-

-

-

-

Direct effect

-

-

-

-

0.583**

**

4 Self-determined motivation

5 Attitudes

6 Self-efficacy

7 Smoking abstinence
Note. In the model we control for age and only the paths to self-determined motivation, social
norms, smoking abstinence were significant (p < .05). ns = not significant. ** = significant at
p < .001. * = significant at p < .05. + = marginal significant, p = 0.05.

Discussion
The aim of this study was to test the effectiveness of message frame-tailoring
based on smokers’ NFA in isolation and in combination with content-tailoring
in the context of an online CCT smoking cessation intervention.
Effect of tailoring on smoking abstinence and perceived relevance
Our results confirm findings from earlier research on content-tailoring (Lustria
et al., 2013; Smit et al., 2012), as we could identify a positive effect of contenttailoring on seven-day point prevalence abstinence rates one month after the
start of the intervention. However, contrary to our expectations, we did not find
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that message frame-tailoring based on the NFA in isolation and in combination
with content-tailoring led to higher smoking abstinence rates, as compared to
no frame-tailoring.
The mediating role of perceived relevance, self-determined motivation,
and socio-cognitive beliefs
Overall, our findings were in line with our hypothesis that perceived relevance,
self-determined motivation to quit, and socio-cognitive beliefs mediated the
effects of content-tailoring, message frame-tailoring and their combination
on smoking abstinence. That is, we could demonstrate a positive effect of
perceived message relevance on self-determined motivation to quit smoking.
Therefore, we could confirm earlier findings concerning Elaboration Likelihood
Model research (Petty, Heesacker, & Hughes, 1997), that demonstrated that
people who perceive their messages as relevant are also more motivated
to devote more cognitive effort on processing messages. Moreover, selfdetermined motivation positively predicted positive attitudes and self-efficacy
beliefs of smoking cessation. Last, we found a positive effect of self-efficacy on
smoking abstinence, an effect also observed in an earlier meta-analysis on the
integration of self-determination theory and the theory of planned behaviour
by Hagger and Chatzisarantis (2009).
However, contrary to our expectations, attitudes towards smoking cessation
did not significantly predict smoking abstinence, which is a finding that is not
supported by earlier research (Hagger & Chatzisarantis, 2009). According to
the theory of planned behaviour (Ajzen, 1991), positive attitudes lead to an
enhanced intention for behaviour change, which in turn predicts behaviour
change. We only assessed intention to quit smoking at the same moment as
we assessed smoking cessation behaviour itself – and, theoretically, intention
should be assessed at the moment in time that proceeds the assessment
of current behaviour. Therefore, we cannot determine whether attitudes
might have indirectly – instead of directly – predicted smoking abstinence,
something which could have been assumed based on theory and empirical
evidence (Smit et al., 2014; Vangeli, Stapleton, Smit, Borland, & West, 2011).
A potential explanation for not identifying a significant effect of attitude on
smoking abstinence could be that we could only use one subscale of
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attitudes, i.e., the pros of smoking cessation. The subscale about the cons
of smoking cessation had to be discarded during SEM analysis, due to the
noise it caused in the data and also to reach model fit. This may have led to
the attitude variable as included in our model not being fully representative
of the theoretical construct in its entirety. However, other smoking cessation
research also showed that not attitudes, but self-efficacy perceptions were the
main predictors of smoking cessation among smokers intending to quit (Smit,
Hoving, Schelleman-Offermans, West, & De Vries, 2014; Vangeli et al., 2011).
Moreover, we had to discard the social influence scale (De Vries, Mudde,
Dijkstra, & Willemsen, 1998; De Vries et al., 2003b) as it had a poor reliability
(see appendix B1). Thus, we could not test for a possible mediation effect of
social influence, which might be an important factor in explaining variance
in smoking abstinence rates (Van Den Putte, Yzer, & Brunsting, 2005).
We recommend that efforts are made in future research to improve the
comprehensibility and subsequently the reliability of the social influence scale
by adapting the response categories of the sub-scales (e.g., specification
of terms, such as “majority of your children” that seemed to be difficult to
answer when having two children) – and to include the resulting reliable scale
in further analyses similar to those presented here.
Exploring message frame-tailoring on the NFA
Also, in our model, we found that content-tailoring, message frame-tailoring and
their combination had a significant effect on participants’ perceived message
relevance. However, effects were against expectation as both message frametailoring and content-tailoring led to significantly lower perceived message
relevance compared to the control condition (i.e., generic smoking cessation
messages). This finding is contradictory with earlier tailoring-research
(Cacioppo & Petty, 1986; Hawkins, Kreuter, Resnicow, Fishbein, & Dijkstra,
2008; Resnicow et al., 2008), which has demonstrated that content-tailored
messages lead to better message processing, better message recall and
more positive behavioural outcomes via more perceived message relevance.
In order to get a better understanding of this finding we checked the time
participants took to finish the intervention. Although the control condition
messages were similar in length and contained generic smoking cessation
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information, we wanted to explore whether smokers in the control condition
had processed the messages longer and perhaps more thoroughly, resulting
in their perceptions of relevance being higher than in the other conditions.
However, as participants between conditions did not differ significantly in the
time they used to finish the intervention (data not reported) this idea no longer
holds as a possible explanation.
A potential alternative explanation comes from exploratory data analyses
conducted with the participants with a high and a low NFA separated within
the message frame-tailored conditions. That is, results from these analyses
showed that participants high in NFA who received message frame-tailoring –
thus, messages in an autonomy-supportive frame – as an addition to contenttailoring did perceive their messages as significantly more relevant, compared
to participants low in NFA who received message frame-tailoring and to
participants that received messages that were content-tailored only. This finding
supports research by Resnicow and colleagues (2008) which demonstrated
that participants with a preference for an autonomous form of communication
perceived autonomy-supportive messages as more relevant compared to
those with a preference for controlling forms of communication. Also, although
not significant, when comparing the means of all other mediators, participants
with a high NFA generally had a higher level of self-determined motivation,
more positive attitudes about smoking cessation, and higher self-efficacy
perceptions, compared to those with a lower NFA – regardless of whether
they received content-tailored messages or not. Moreover, the messages
received in the control condition were perceived as more relevant than the
messages received in the frame-tailored, but not content-tailored condition
(i.e., controlling condition) by smokers with a low NFA. Participants with a
high NFA perceived the control condition messages as equally relevant as the
messages in all other conditions.
This pattern of findings points towards the question whether smokers with
a lower NFA might prefer different message frames than those provided to
them in our study (i.e., message frames using controlling language use and
without the provision of choice). It could be that the controlling language that
was used might have been too controlling, resulting in message resistance and
an insufficiently ability to motivate participants with a low NFA to refrain from
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smoking (Rains, 2013). Negative message evaluations like resistance have
shown to lead to less deep message processing (Cacioppo & Petty, 1986),
resulting in lower message effectiveness. Thus, low NFA participants might
need differently tailored message-frames, e.g., a clear-cut expert advice about
smoking cessation in a less controlling language, such as without the use of
imperatives or terms like “must” and “should”. In addition, as we found that
messages provided in the control condition as well as in the content-tailored
only condition were perceived as more relevant than the frame-tailored
messages among low NFA participants. This might indicate that participants
prefer a different kind of message framing. That is, in both conditions, the
control condition and in the content-tailored condition only, the message frame
was rather neutral and potentially, this way of communication matched better
with participants communication preference than the controlling message
frames in the frame-tailored conditions. This raises the question whether there
is third group of people with a “moderate” NFA that was not taken into account
in the present study. We have used the HCOS scale to assess the NFA in this
study and dichotomised people into high versus low NFA groups based on the
four autonomous orientation items. However, we did not use the subscales
assessing people’s controlled and/or impersonal orientations to classify
respondents. Therefore, future research might want to investigate whether
the categorisation into high and low NFA based on those four HCOS items
is valid or whether a more extensive set of items (i.e., controlled orientation)
should be taken into account. Such research efforts would help to optimise
message frame-tailoring based on the NFA and enable further research into
its effectiveness.
Also, it could be that participants with a lower NFA might be less susceptible
to messages in a controlling message style than those with a high NFA to
the autonomy-supportive messages, due to for instance, different message
processing needs that potentially correlate with the NFA, such as the need
for cognition. For instance, it could have been that the message frames for
low NFA participants did not sufficiently meet their relatively lower autonomyneeds, but neither their preferences for (low levels of) information processing.
In a similar vein, it could be expected that those with a higher NFA might
have better health outcomes than their low NFA counterparts, as high NFA
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individuals might also report higher needs for cognition and thus be more
motivated to process health messages and eventually change their health
behaviour than low NFA individuals (Cacioppo & Petty, 1986). In support of this
reasoning, in an exploratory data analysis, which was not reported, we found
that – although differences were not significantly – participants with a high NFA
also had higher rates of smoking abstinence and perceived the messages as
more relevant than those with a low NFA. Following, it seems to be necessary to
study whether the NFA indeed correlates with the need for cognition and how
their potential interaction might influence message effectiveness. Moreover,
we recommend future research to (qualitatively) investigate among those with
a low NFA (and potentially a low need for cognition) how messages should be
formulated to meet their communication preferences and message processing
needs in order for these messages to lead to optimal health outcomes.
Study strengths and limitations
Findings from this study contribute to a growing understanding of the effects
of message frame-tailoring, however, in the present study, approximately 50%
of the participants could not be followed up one month after the baseline
measurement. While this is common for RCTs and in particular, for internetbased longitudinal studies (De Leeuw, 2005; Van Horn, Green, & Martinussen,
2009), the high rates of attrition – while also differing between conditions –
may have reduced the internal validity of the results presented – and, as a
consequence, may have biased the estimates of effectiveness. To prevent high
attrition rates in the first place, we used strategies such as sending several email
reminders to participants, only including participants who were sufficiently
motivated to participate, as well as offering shopping vouchers after completion
of the intervention and follow-up questionnaires. Moreover, we used a forced
data entry option, so we only had missing values on outcome variables when
the entire case was missing and there were no missing values, for instance,
for any of the mediating variables while data on smoking abstinence was
present – or vice versa. We acknowledge that the complete cases analysis
we conducted might have led to a bias in the results presented. However,
imputing the missing values for the nearly 50% of cases that dropped-out of
the study would have introduced such a degree of uncertainty that the results
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presented may have been even less reliable. Specifically, as participants who
completed the one-month follow-up differed significantly in age from those
who dropped out. Nevertheless, a major strength of this study was that we
were able to recruit such a large sample of eligible smokers, that the sample
size was still sufficient for analysis according to our a priori power analysis.
Conclusion
This study extends the tailoring literature by providing first evidence for
the effects of message frame-tailoring based on the NFA in isolation and in
combination with content-tailoring. Based on our findings, we cannot conclude
that message frame-tailoring based on the NFA is an effective addition to
conventional content-tailoring techniques in online health interventions in
increasing smoking cessation rates, overall. However, smokers with a high NFA
seemed to benefit from frame-tailored messages, compared to their peers
with a low NFA. To enhance the effectiveness of online smoking cessation
interventions, future research efforts should therefore be directed towards
investigating whether the dichotomisation of smokers into two categories – a
low NFA and a high NFA group - proofs to be valid, or whether a third moderate
NFA-group might exist. Moreover, it seems necessary to study (qualitatively)
which type of message frame might be most beneficial for smokers with a low
NFA.
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Smokers who want to quit smoking can increase their success rate of quitting
through online smoking cessation interventions (Taylor et al., 2017). When
such interventions are also tailored (usually done by computer systems),
thus only provide relevant message content to a person, then they are more
effective regarding smoking cessation rates than static health interventions
(Lustria et al., 2013). However, overall effect of such computer content-tailored
interventions on health remain small.
Recently, researchers have pointed towards the potential to not only tailor
health interventions in the sense of what information is provided (i.e., contenttailoring), but also in terms of how this information is communicated, in order to
achieve better health outcomes such as increased smoking abstinence rates
(Smit et al., 2015). Therefore, with this dissertation, I aimed to systematically
develop and explore the potential of the novel approach of message frametailoring. It was tested whether message frame-tailoring, which refers to
adapting the message frame – the how of a message – to an individual’s
communication preference as reflected in their need for autonomy, in isolation
and in addition to conventional content-tailoring, resulted in higher message
effectiveness. To reach this aim, I firstly aimed to identify the most autonomysupportive message frame suitable for online computer-tailored health
interventions in the context of addictive behaviours (i.e., alcohol reduction and
smoking cessation). Secondly, I systematically redesigned an existing online
computer content-tailored smoking cessation intervention to include message
frame-tailoring and subsequently tested it among experts and potential endusers to reach optimal usability. This intervention was subsequently tested for
effectiveness in a randomised controlled trial (RCT).
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Summary of main findings of It’s not what you
say, but how you say it: The effectiveness of
message frame-tailoring in online computertailored health communication
Chapter 2 and 3:
Exploring effects of autonomy-supportive versus
controlling message frames as input for message
frame-tailoring
In Chapter 2 and 3, the effects of autonomy-supportive versus controlling
message frames were explored and tested with regards to participant’s
perceived autonomy-support, reactance arousal, level of self-determined
motivation, socio-cognitive factors related to behaviour change and
behaviour(al) intentions to change. Moreover, the need for autonomy was
considered as a moderator of message frame effects on perceived autonomysupport. In Chapter 2, this was tested in the context of an online computertailored alcohol reduction intervention (N = 521), whereas in Chapter 3, the
context was an online computer-tailored smoking cessation intervention (N
= 626). Findings from both studies showed that neither autonomy-supportive
nor controlling message frames could produce significant effects on perceived
autonomy-support and that there was no moderation effect of participant’s need
for autonomy. Moreover, in the context of the alcohol reduction intervention
no significant effect of message framing on reactance arousal was found.
Interestingly, in both studies we found that most study participants evaluated
the intervention as positive and reported overall high levels of perceived
autonomy-support, regardless of the message frame used. Moreover, in the
smoking cessation intervention context, it was found that although message
framing had no significant effect on self-determined motivation, a significant
effect of self-determined motivation on intention to quit smoking was found,
which was mediated by attitude, self-efficacy and social norms about smoking
cessation.

117

6 Summary and general discussion

Chapter 4:
From message framing to message frame-tailoring
In Chapter 4, the process of systematically redesigning an online
computer-tailored smoking cessation intervention that only tailored the content
of the intervention into an intervention that consisted of both content-tailoring
and message frame-tailoring is described. Experts (N = 10), communication
science students (n = 19), and potential end-users (i.e., smokers) (N = 816)
were engaged in several pilot tests and a usability test of the programme.
The pilot tests among experts and smokers aimed to improve the message
frames, content and technical functionality of the intervention. It was shown
that for instance, the amount of text in the intervention had to be reduced and
(introductions to) certain questions had to be clarified. Moreover, pilot test
participants wished to receive a summary of all feedback messages at the end
of the intervention, which was therefore added. Then, to be able to integrate
the novel strategy of message frame-tailoring based on the need for autonomy,
a cut-off value for a higher and a lower need for autonomy was determined,
based on results of a previous experimental study (described in Chapter 3).
Next, message frame-tailoring based on this cut-off point was developed and
tested in a usability test. Main findings from the usability testing were that
respondents preferred a more modern lay-out of the intervention that also
adapts to the device used and that feedback messages’ comprehensibility
could be improved by having a clear title and showing signal words in bold
letters. Last, some minor programming errors were identified and solved, which
resulted in a ready-to-use online smoking cessation intervention containing
content- and message frame-tailoring.

Chapter 5:
Effectiveness of message frame-tailoring
In the RCT described in Chapter 5, the objective was to test the effectiveness
of message frame-tailoring based on the need for autonomy, in isolation and in
combination with content-tailoring within the context of the redesigned online
computer-tailored smoking cessation intervention (described in Chapter 4).
Findings of this RCT (N = 273) confirmed the positive effect of content-tailoring
on seven-day point prevalence abstinence from smoking at one-month
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follow-up, as found in previous research. However, message frame-tailoring
did not significantly increase smoking abstinence rates, neither alone nor in
combination with content-tailoring. When investigating underlying mechanisms
of message frame-tailoring and content-tailoring effects, it appeared that
message frame-tailoring, content-tailoring and their combination significantly
predicted perceived relevance of the smoking cessation message, which in
turn predicted self-determined motivation to quit smoking. Self-determined
motivation, positively affected attitudes towards smoking cessation and selfefficacy beliefs, but only self-efficacy positively predicted smoking abstinence.
Notably, smokers with a higher need for autonomy had higher abstinence rates
than those with a low need for autonomy, regardless of the message frame
used. Moreover, smokers with a higher need for autonomy in all conditions
perceived the messages in general as significantly more relevant and had
higher levels of self-determined motivation, more positive attitudes towards
smoking cessation and higher self-efficacy perceptions than their low need for
autonomy counterparts.

Discussion of main findings
About message framing and a ceiling effect of perceived autonomysupport. Overall, the results from Chapters 2 and 3 indicated that our autonomysupportive message frames did not significantly increase participants’ perceived
level of autonomy-support compared to controlling or neutrally formulated
message frames. However, participants in general perceived overall rather
high levels of autonomy-support. This was also the case for participants who
scored below the need for autonomy threshold and therefore did not receive
autonomy-supportive message frames, but controlling or neutral message
frames. This finding points towards the question of whether a ceiling effect of
perceived autonomy-support was present, which can be defined as a situation
in which most people achieve the highest or nearly highest possible score (Ho
& Yu, 2015; Salkind, 2010). However, in the alcohol study, about 30% of all
participants and in the smoking cessation study about 20% of all participants
scored in the upper 75 percentile of the scale, which does not match with the
definition of a ceiling effect. Below, I discuss potential reasons that might have
caused these generally high levels of perceived autonomy-support and in turn
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might have led to not finding message frame effects.
Internet environment and perceived autonomy-support. Regardless
of the type of message frame received in our interventions, the internet
environment could have led to a feeling of freedom, because it provided
participants in both studies with the freedom to participate at any location
and time. This freedom of participation “whenever and from wherever it is
convenient” could have enhanced the overall perception of autonomy-support
when using the intervention. This idea is supported by our finding that, in
Chapter 2, the controllingly framed messages did not lead to the expected
reactance arousal (i.e., negative emotions such as anger and counter arguing
towards the message). More specifically, only approximately three percent
of our participants provided with controlling message frames articulated
negative thoughts towards these messages, that were in fact mainly related
to the content of the message and not to the message frame that was used.
Additionally, a possible explanation (also described in Chapter 2) for not
identifying negative message evaluations comes from Politeness theory
(Brown & Lewinson, 1978), which emphasises that controlling language use
might not lead to negative message evaluations and reactance arousal when
the message offers positive feedback and uses polite language, which has
been the case in our interventions.
Behavioural context and framing effects. Another possible explanation
for not finding any effects on perceived autonomy-support can be derived
from the addictive nature of the behaviours under study. That is, a recent
and similar study that aimed to increase vegetable consumption suggests
that the provision of choice – a feature also used in our autonomy-supportive
message frames – may induce higher levels of perceived autonomy-support
(compared to controlling message frames) (Smit et al., 2019). Moreover, a
study in the context of mobile physical activity applications showed that for
participants with a higher need for autonomy, the option to customise the
health app (which can be considered an operationalisation of choice and,
thus, autonomy-support) led to a higher intention to engage in physical activity
than no such customisation feature (Bol, Høie, Nguyen, & Smit, 2019). As the
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operationalisation of autonomy-supportive and controlling message frames in
our studies was similar to operationalisation used in the vegetable promotion
study, I assume that the autonomy-supportiveness of the internet environment
may not have been the sole the cause for not identifying significantly different
message frame effects on perceived autonomy-support but that an (additional)
explanation should be sought in the different behavioural context. That is, it
could be that autonomy-supportive message frame features could be more
effective when used in the context of stimulating healthy behaviours, as
opposed to the reduction of unhealthy and / or addictive behaviours, such as
alcohol consumption or smoking. In this vein, earlier research on gain- and
loss framing found that different message frames are more effective in certain
behavioural contexts than others (Rothman, Martino, Bedell, Detweiler, &
Salovey, 1999; Van’t Riet, Ruiter, Werrij, & De Vries, 2010). That is, a gain frame
seems to be more effective when the behaviour is considered as less severe.
For instance, the outcome of not engaging in physical activity or healthy
eating might be considered less “severe” than the outcome of continuing to
smoke. Thus, it could be possible that just as with gain frames, also autonomysupportive message frames might have been more effective when less severe
behaviour change was considered, such as increasing healthy nutrition instead
of combating smoking addiction. Future studies might want to investigate
whether a moderating effect of the sort of behaviour change / study context
(e.g., addictive behaviours, as opposed to for instance, healthy eating) indeed
exists.
Online reading behaviour. Another possible explanation for not finding
message framing effects in the studies described in Chapter 2 and 3 could
be that participants simply did not sufficiently notice the variations in message
framing. When participants were asked about their thoughts towards the
messages, most comments were related to the content of the messages,
not to the message frames. Related, scholars previously provided evidence
that reading behaviour in digital environments differs from reading in print
environments (Liu, 2005). Because people spend much time on electronic
screens and on the internet, which is replete with information and text, people
seem to read less deeply and attentively as in the print environment, but

121

6 Summary and general discussion

rather skim and scan through a text to efficiently spot the information that is
considered necessary (Duggan & Payne, 2011; Liu, 2005). This finding could
be applied to our studies, as (as also described in Chapter 4) participants
mentioned that, overall, the intervention consisted of a lot of text and that they
recommended reductions of the amount of text. Some participants requested
shorter feedback messages with more bullet-points, more illustrations,
structured with sub-headings and including hyperlinks to additional readings,
that could also be skipped if a participant was not interested to read more.
Our findings might be interpreted as supporting evidence for the proposed
common pattern of online reading behaviour of skimming and scanning bits of
the text only. It is possible that participants did not notice our message frames,
but most likely just searched for the – in their opinion – necessary content.
Indeed, results from the manipulation check in Chapter 3 showed that although
overall the frame manipulations succeeded, an inconsistent pattern was found
across individual items, possibly indicating an erratic reading pattern. For
future research, investigations with for instance eye-tracking methods could
assess whether patterns of online / screen-based reading behaviour, such as
keyword spotting, might lead to subtle changes in message framing being
missed and may result in comprehensive health messages having no or even
detrimental effects. In case participants indeed seem to miss the differences
in the message frames used, it could be an objective for future research to
explore the optimal length and formulation of health messages provided in
the online context in order to be most effective in changing health behaviour.
Effects of message frame-tailoring based on the need for autonomy. The
final study of this dissertation concerned the potential of message frametailoring as a novel tailoring strategy to increase the effects of online computertailored smoking cessation interventions on smoking cessation behaviour. We
were able to confirm the previously found positive effect of the content-tailored
program on smoking abstinence (Smit, De Vries, & Hoving, 2012). Yet, we
could not observe an effect of message frame-tailoring based on smokers’
need for autonomy on smoking abstinence for all smokers. However, a trend
was observed for those with a higher need for autonomy who had higher
smoking abstinence rates one-month post intervention than their lower need
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for autonomy peers.
Moreover, it is worth mentioning here that two findings that related to
message relevance were striking. First, message frame-tailoring showed to have
a negative effect on perceived message relevance, which was an unexpected
finding. Second, no tailoring at all (i.e., generic smoking cessation messages),
as provided in the control condition, led to the highest perceived message
relevance. To better understand these unexpected findings and to further
comprehend how message frame-tailoring influenced perceived relevance,
we inspected these effects in more detail by looking at smokers with a higher
and with a lower need for autonomy separately. These analyses indicated
that smokers with a higher need for autonomy perceived the messages that
were autonomy-supportively framed (i.e., were frame-tailored to their need
for autonomy) and content-tailored as more relevant than their lower need
for autonomy counterparts who received controllingly framed and contenttailored messages. Based on this finding, it could be assumed that message
frame-tailoring positively affected smokers with a higher need for autonomy,
but not their lower need for autonomy peers. As we found that smokers with
a lower need for autonomy who received message frame-tailoring (either with
or without content-tailoring) scored relatively low on all measured outcomes
(i.e., relevance, self-determined motivation to quit, socio-cognitive measures,
smoking abstinence). Following, a central question for discussion is: What
kind of message frame would be best suitable for smokers with a lower
need for autonomy? It could be that those with a lower need for autonomy
might need different message frames than the controlling message frames
used in this study. It does, however, remain unclear what kind of message
frame would be more suitable for smokers with a lower need for autonomy
than the messages we used. Below, I discuss possible alternative message
frames for smokers with a lower need for autonomy.
Categorisation into low and high need for autonomy. It could be that lowerautonomy smokers might wish for less controlling language use in messages
(e.g., not using controlling terms as “must”) thus the use of a more moderate
or neutral language style. To inform message frame-tailoring, respondents
were dichotomised according to a cut-off value into higher and lower need
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for autonomy groups. This cut-off value was based on the results described
in Chapter 3 and SDT literature (Deci & Ryan, 1985b; Smit & Bol, 2019). In
our studies, the construct of need for autonomy showed a (slightly skewed)
normal distribution curve, meaning that most people reported scores for this
construct in between the extremes. In other words, rather many respondents
fell into a “moderate” need for autonomy category instead of into a clearly high
or low need for autonomy group. The RCT data showed that, overall, smokers
had a rather higher need for autonomy (Mean = 3.36, SD = .61; five-point
Likert scale where higher values indicated a higher need for autonomy). The
cut-off value was 3.8, which was rather on the higher end of the scale. As a
consequence, about 52% (n = 141) of smokers were categorised as having a
high need for autonomy. At the same time, while categorised as having a low
need for autonomy because showing lower than 3.8 on the HCOS, 45% of
all participants in fact reported an HCOS score between the cut-off value of
3.8 and the mid-point (i.e., 2.5) of the scale. This raised the question whether
these people should instead have been categorised as having a “moderate”
need for autonomy. Although categorised as having a low need for autonomy,
only three% (n = 9) of all participants truly reported a value below the mid
of the scale (i.e., 2.5 or lower) for the need for autonomy, i.e., a “true” low
HCOS score. Thus, instead of categorising smokers with a score lower than
3.8 as having a lower need for autonomy a big share of participants may have
needed to be categorised as having a moderate need for autonomy. Following,
it could be possible that the control condition messages might have been a
good match for the smokers with a moderate need for autonomy and that the
lower-autonomy group messages (i.e., controllingly framed messages) were
insufficiently tailored to the smoker’s communication preferences. The results
from Chapter 5 showed that the control condition, which was a neutrally framed,
generic smoking cessation message, was significantly perceived as more
relevant by smokers with a lower need for autonomy as opposed the message
frame-tailoring conditions. Moreover, the content-tailoring only condition had
a similar neutral message frame and was perceived as equally relevant as
the control condition messages by all groups of smokers (i.e., smokers with
a higher and lower need for autonomy). This suggests that dichotomising
smokers into having either a higher or a lower need for autonomy might be
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oversimplifying need for autonomy subgroups. Future research could consider
three instead of two tailoring-groups – thus, a group with lower, moderate and
higher need for autonomy – in order to explore the effect of message frametailoring based on the need for autonomy.
Moreover, as smokers with a lower need for autonomy seemed to benefit
less from our message frame-tailored intervention, it could be possible that
this group of participants would have fared better with the offer or more
support in smoking cessation, such as in combination with face-to-face
interventions guided by a professional, or with different kinds of online smoking
cessation interventions that are more interactive or make use of (audio-)visual
information. In a recent study, Smit and Bol (2019) identified subgroups of
mobile health app users based on the need for autonomy and showed that
lower need for autonomy participants had limited e-health literacy – that is the
skill to read, understand and act upon provided health information. Moreover,
Meppelink and Bol (2015) found that adults with a limited health literacy had
greater attention to and could recall online health information better when
textual information was combined with related illustrations. Possible ways
to investigate lower need for autonomy smokers’ preferences in smoking
cessation interventions would be to conduct qualitative research (e.g., focus
group discussions or semi-structured interviews). By means of such research,
lower-autonomy smokers could help to co-create effective health messages
for their specific group of smokers.
Message frames and personality traits. The results presented in Chapter
5 suggest that smokers with a high need for autonomy as opposed to those
with a low need for autonomy benefitted more from the smoking cessation
intervention in terms of smoking abstinence, perceived message relevance,
self-determined motivation to quit smoking, and socio-cognitive outcomes.
However, it remains unclear whether it was the smoker’s personality trait or
the autonomy-supportive message frame that led to more beneficial outcomes
for those with a higher need for autonomy. From SDT-research (Ryan & Deci,
2000), we recognise that those who are autonomously orientated, thus have
a higher need for autonomy, also seem to be more deeply engaged in their
actions, while those who are more control oriented – i.e., have a lower need

125

6 Summary and general discussion

for autonomy – rather tend to regulate their behaviour through outside forces,
such as punishments or reward-systems (Ryan & Deci, 2006). Potentially, as
someone’s need for autonomy might determine one’s level of engagement in
actions, it might also predict their engagement in an online smoking cessation
intervention. In other words, smokers with a higher need for autonomy might
have engaged more deeply in our smoking cessation intervention compared
to their lower-autonomy counterparts – regardless of the message frame that
they were presented with. As a consequence, smokers with a lower need for
autonomy might generally benefit less from self-help online computer-tailored
smoking cessation interventions as they may process the information provided
less deeply than smokers with a higher need for autonomy. Therefore, a
question in need of further investigation is whether self-help online smoking
cessation interventions are suitable at all for smokers with a lower need for
autonomy.

Strengths and limitations of this dissertation
The findings presented in this dissertation should be considered in the light of
some strengths and limitations.
A major strength of this dissertation is that I was able to test and provide
the first empirical evidence for the integration of three theories into health
promotion intervention designs. Namely, Self-Determination Theory (SDT;
Ryan & Deci, 2000), the I-Change Model (De Vries, Mudde, Leijs, et al., 2003),
which is grounded in the Theory of Planned Behaviour (TPB; Ajzen, 1991), and
the Elaboration Likelihood Model (Petty & Cacioppo, 1986). Adding perceived
message relevance as a theoretical concept from the Elaboration Likelihood
Model as a possible predictor of self-determined motivation into the model
of behaviour change built upon the other two theories, is an extension of the
findings presented in the meta-analysis by Hagger and Chatzisarantis (2009).
It was found that perceived message relevance predicted self-determined
motivation, which in turn led to effects on behaviour(al) intention via sociocognitive factors. Thus, in this dissertation, I showed that an additional
(proximal) factor – perceived message relevance – seemed to influence the
motivational sequence of smoking cessation.
Although we ensured the highest data quality possible by using self-
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report scales that were all shown to be reliable based on sufficient (i.e.,
above .7) Cronbach’s alpha values, the use of self-report measures to
assess psychological, socio-cognitive, and behavioural measures represents
a limitation of this dissertation. Relying on self-report measures, i.e., on
participants reporting their own health status, beliefs, and behaviours, might
introduce as social-desirability bias. That is, participants could consciously or
unconsciously report about a health status, beliefs or behaviours in a way
that they assume to be socially desirable which might not display the truth
(Grimm, 2010). Nevertheless, self-report measures have the advantage of
being easily administered. Future research might want to use a more integral
approach to measuring psychological and socio-cognitive constructs, such as
motivation. For instance, combining the use of self-report measures with neurophysiological measures (e.g., assessment of sweat) or participants’ behavioural
observations (e.g., facial expressions) could enhance measurement precision
(Fulmer & Frijtes, 2009).
In addition, we only considered the autonomous orientation subscale of
the Health Causality Orientations Scale (HCOS) to determine participant’s
need for autonomy, whereas the full HCOS consists of two more subscales:
a control orientation and an impersonal orientation or amotivation subscale.
Considering only the autonomous orientation subscale could have potentially
led to an incomplete picture of health-related causality orientations. For
instance, recent research by Smit and Bol (2019) demonstrated that a person
can have coexisting needs for autonomy and external control. In their study,
the authors identified four different groups of people based on their need for
autonomy and need for external control, namely: self-reliers (i.e., those who had
a higher need for autonomy, but a rather lower need for control), confirmationseekers (i.e., high scores for need for autonomy, as well as for need for
control), expert-dependents (i.e., lower need for autonomy and higher need
for control), and indifferents (i.e., lower in both need for autonomy and need
for control). This confirms my idea that people could be categorised according
to their need for autonomy, yet this also suggests that a dichotomisation into
two distinct categories based on the need for autonomy alone might not be
optimal. Therefore, we recommend future research to also consider the need
for external control, and perhaps even the impersonal orientation subscale,
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when assessing people’s need for autonomy, in order to ascertain a better and
more complete picture of people’s health-related causality orientations.
Next, the real life setting and the longitudinal study design of the effect evaluation
of message frame-tailoring, which also contained a control condition, were
major strengths of the research presented in this dissertation. We tested the
potential effect of message frame-tailoring in a real-life setting, as we recruited
smokers from the Dutch population who were motivated to quit smoking and
most often found our study when searching for smoking (cessation) related
information on the internet. This has led to a high external validity of study
findings, as opposed to experimental study designs. Moreover, smokers in the
RCT were followed-up for one month, which made it possible to investigate
behaviour change (i.e., smoking abstinence) over time and also changes in
motivation and socio-cognitive outcomes (Caruana, Roman, HernándezSánchez, & Solli, 2015). Nevertheless, a potential disadvantage of our
longitudinal study design was the relatively high attrition rate. Approximately
50 percent of the participants were lost to follow-up already one-month postintervention. While high study drop-out is common in longitudinal research
studies (Caruana et al., 2015), especially in online intervention research
(Eysenbach, 2005; Smit et al., 2012), high rates of attrition might bias study
outcomes (De Leeuw & Lugtig, 2015; Eysenbach, 2005; Gustavson, Von
Soest, Karevold, & Roysamb, 2012). Moreover, attrition unfortunately limits
the statistical power to conduct certain types of analysis, such as structural
equation modelling (SEM) with latent variables. We, however, accounted for
high attrition rates in the a-priori power analysis by recruiting a higher number
of smokers than ultimately needed for our statistical analyses. This resulted in
our sample size still being sufficient for the planned SEM analysis, especially
as we conducted SEM with manifest instead of latent variables.

Implications for practice
The findings of this dissertation have some practical implications for
developers of online health interventions. Results presented with regards to
message framing effects, intervention redesign, and message frame-tailoring
triggered the question of how to best design persuasive health messages
that are likely being read, perceived as relevant, and will lead to the desired
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effect of changing behaviour. Based on findings from this dissertation, the
beneficial effect of content-tailored messages on smoking abstinence could
be confirmed, therefore I recommend continuing using content-tailored
messages (Hawkins, Kreuter, Resnicow, Fishbein, & Dijkstra, 2008; Smit
et al., 2012). Moreover, I found that autonomy-supportive message frames
seemed to be similarly beneficial as the control messages. In general, these
message frames were appreciated by all participants throughout all studies,
regardless of their individual need for autonomy. In the RCT, it was shown
that especially for high-autonomy smokers autonomy-supportive message
frames enhanced their message processing, psychological and behavioural
outcomes. Therefore, I can cautiously recommend to generally use autonomysupportive message frames, which offer choice and use suggestive rather
than controlling language – for smokers with a high need for autonomy.
With regards to recruitment and the acquisition of larger numbers of
online participants in a real-life setting, I recommend to use rather novel
sampling strategies. That is, recruitment through social media and Google
advertisements, as compared to recruitment through (print) newspapers,
and radio stations. The former recruitment methods showed to be effective in
recruiting a large number of smokers within a short period of time against low
costs, something which was also shown in another recent study in a different
context (Bennetts et al., 2019). To illustrate, for the RCT presented in Chapter
5, the majority of participants (approximately 42%) was recruited via paid
social media (i.e., Facebook) and Google advertisements. In addition, (online
local) newspapers were contacted, who promoted the smoking cessation
intervention for free - this resulted in about 18% of participants. In total, 528
participants could be enrolled at a price of about 6100 euro, within two months.
Also, as discussed above, the attrition rate in the RCT was rather high at
the first one-month follow-up (47.8% dropout). However, at the second and
last follow-up (i.e., after six months, of which the analysis is not reported in
this dissertation) more participants filled out the questionnaires (i.e., dropout
after six months: 34.3%). It can be assumed that the reward voucher, which
was promised to be sent after completion of the second and last follow-up,
might have functioned as an incentive for participation in this final follow-up
(Göritz, 2006). Because the reward with the voucher was in the nearer future
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when participating were invited to the last wave of data collection, attrition
rates might have been lower when compared to the first follow-up. Therefore,
in order to prevent high attrition rates, I recommend splitting the amount of the
voucher over the follow-up period of data collection. In this way, respondents
might be more motivated to participate in every wave of data collection.

Final conclusion
With this dissertation, I aimed to investigate the effect of message frametailoring based on the need for autonomy in an online computer-tailored
smoking cessation intervention. Based on the findings described in this
dissertation, I cannot conclude that message frame-tailoring based on the
need for autonomy is an effective addition to conventional content-tailoring
techniques in online health interventions in increasing smoking cessation
rates overall. However, smokers with a higher need for autonomy seemed to
benefit from frame-tailored messages, compared to their peers with a lower
need for autonomy. To enhance the effectiveness of online smoking cessation
interventions, future research efforts should therefore be directed towards
investigating whether the dichotomisation of smokers into two categories – a
lower need for autonomy and a higher need for autonomy - proofs to be valid,
or whether a third moderate need for autonomy-group might exist.
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Appendix A1. Indirect & direct effects.
Dependent variable 3

4

5

6

7

8

9

10

Independent variable
1 Need for autonomy
Indirect effect

-

0.06

0.07

-0.03

0.04

-0.06

0.03

0.19

Direct effect

0.23*

-

-

-

-

-

-

-

2 Perceived autonomy-support
Indirect effect

-

0.18*

0.23

-0.10

0.13

-0.18

0.11

0.63

Direct effect

0.74*

-

-

-

-

-

-

-

Indirect effect

-

-

-

-

-

-

-

0.11*

Direct effect

-

0.25*

0.32*

-0.14*

0.17*

-0.25*

0.15*

0.74*

Indirect effect

-

-

-

-

-

-

-

-

Direct effect

-

-

-

-

-

-

-

0.05

Indirect effect

-

-

-

-

-

-

-

-

Direct effect

-

-

-

-

-

-

-

0.04

Indirect effect

-

-

-

-

-

-

-

-

Direct effect

-

-

-

-

-

-

-

-0.29

Indirect effect

-

-

-

-

-

-

-

-

Direct effect

-

-

-

-

-

-

-

0.09*

Indirect effect

-

-

-

-

-

-

-

-

Direct effect

-

-

-

-

-

-

-

0.01

Indirect effect

-

-

-

-

-

-

-

-

Direct effect

-

-

-

-

-

-

-

0.13*

Indirect effect

-

-

-

-

-

-

-

-

Direct effect

-

-

-

-

-

-

-

-

3 Self-determined motivation

4 Attitudes physical

5 Attitudes cognitive

6 Attitudes disadvantages

7 Social Support

8 Social Norms

9 Self-efficacy

10 Intention

Note. Unstandardised effects are presented. * = significant at p < .05
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Appendix A2. Standardised factor loadings and item wording.
Scale, item wording

St.

Perceived autonomy-support
I feel that PAS has provided me with choices and options.

0.81

I felt understood by PAS.

0.82

I felt that PAS does not judge me.

0.73

PAS encourages me to search for answers to the questions that I have.

0.80

I feel a lot of trust in PAS.

0.79

PAS answers my questions fully ad carefully.

0.84

PAS allows me to provide input on how I would like to do things.

0.86

PAS takes into account my emotions in the advice given.

0.82

I feel that PAS cares about me as a person.

0.81

PAS tries to incorporate how I see things in the advice given.

0.85

PAS encourages me to quit smoking.

0.86

I feel that PAS provides me with effective possibilities to quit smoking.

0.86

PAS gives me the feeling that I can choose a way to quit smoking.

0.85

PAS explains to me why it would be a good idea to quit smoking.

0.84

PAS asks me the right questions about smoking cessation.

0.90

Self-determined motivation
The reason I would stop smoking is because I feel that I want to take responsibility
for my own health.

0.84

The reason I would stop smoking is because I personally believe stopping smoking
is the best thing for my health

0.87

The reason I would stop smoking is because I have carefully thought about stopping smoking and believe it is very important for many aspects of my life.

0.83

The reason I would stop smoking is because stopping smoking is an important
choice I really want to make.

0.72

The reason I would stop smoking is because stopping smoking is consistent with
my life goals.

0.64

Social norms
My partner would want me to quit smoking.

0.69

My children would want me to quit smoking.

0.76

My friends would want me to quit smoking.

0.64

Social support
My partner supports to quit smoking.

0.47

My children support me to quit smoking.

0.71

My friends support me to quit smoking.

0.44
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Scale, item wording

St.

Attitudes physical advantages
My condition improves when I quit smoking.

0.87

My health improves when I quit smoking.

0.72

Attitudes cognitive advantages
I feel more attractive when I quit smoking.

0.66

I feel more satisfied about myself when I quit smoking.

0.81

I am a better role model when I quit smoking.

0.63

Attitudes disadvantages
I will gain weight when I quit smoking.

0.22

I will be less able to relax when I quit smoking.

0.39

I will be more bored when I quit smoking

0.62

I will feel more lonely when I quit smoking

0.81

I will feel more insecure when I quit smoking.

0.74

I will feel more sad when I quit smoking.

0.77

Self-efficacy
To what extend do you think that you will succeed to refrain from smoking when
you take a break?

0.73

To what extend do you think that you will succeed to refrain from smoking when
you feel sad?

0.68

To what extend do you think that you will succeed to refrain from smoking when
you are stressed or tensioned?

0.56

To what extend do you think that you will succeed to refrain from smoking when
you are angry?

0.63

To what extend do you think that you will succeed to refrain from smoking when
someone offers you a cigarette?

0.79

To what extend do you think that you will succeed to refrain from smoking when
you drink coffee or tea?

0.75

To what extend do you think that you will succeed to refrain from smoking after a
meal?

0.70

To what extend do you think that you will succeed to refrain from smoking when
you see someone else enjoying a cigarette?

0.81

To what extend do you think that you will succeed to refrain from smoking when
you are at a party?

0.73

Intention

viii

I want to quit smoking.

0.88

I am planning to quit smoking.

0.91

I expect to quit smoking.

0.84

Appendices

Scale, item wording

St.

Need for autonomy (NFA)
Imagine, you want to quit smoking. How likely is it that case that you decide yourself how to quit?

0.74

Setting goals is a good way to quit smoking. How likely is it that you set your own
goals?

0.78

Your health care provider tells you that there are different ways to quit smoking.
How likely is it in that case that your first thought is: “What do I think is the best
way to quit smoking?”

0.64

Imagine, you need to find motivation to quit smoking. How likely is it in that case
that you find the motivation yourself?

0.62

Note. M= Mean. SD= standard deviation. St. = standardised regression coefficient. VCCQ= Virtual Care
Climate Questionnaire. TSRQ= Treatment Self-Regulation Questionnaire. SN= Social norms. SS= Social
support. HCOS= Health Causality Orientations Scale.
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Appendix B
Appendix B1. Item wording, and validity.
Scale, item wording

Alpha

M

SD

Need for autonomy (HCOS)

0.76

3.00

0.67

0.87

4.44

0.08

Imagine, you want to quit smoking. How likely is it in that case that
you decide yourself how to quit? Imagine, you want to quit smoking.
How likely is it in that case that you decide yourself how to quit?
Imagine, you want to quit smoking. How likely is it in that case that
you ask an expert (e.g. general practitioner) who tells you how to
quit?
Imagine, you want to quit smoking. How likely is it in that case that
you ask friends and family how to best quit?
Setting goals is a good way to quit smoking. How likely is it in that
case that you set your own goals?
Setting goals is a good way to quit smoking. How likely is it in that
case that you ask an expert ( e.g. general practitioner) to set goals
for you?
Setting goals is a good way to quit smoking. How likely is it in that
case that you ask your friends and family to set goals for you?
Your health care provider tells you that there are different ways to
quit smoking. How likely is it in that case that your first thought is:
“What do I think is the best way to quit smoking?”
Your health care provider tells you that there are different ways to
quit smoking. How likely is it in that case that your first thought is:
“What does the expert (e.g. general practitioner) think is the best way
for me to quit smoking?”
Your health care provider tells you that there are different ways to
quit smoking. How likely is it in that case that your first thought is:
“What do my friends and family think is the best way for me to quit
smoking?”
Imagine, you need to find motivation to quit smoking. How likely is it
in that case that you find the motivation yourself?
Imagine, you need to find motivation to quit smoking. How likely is it
in that case that you ask an expert (e.g. general practitioner) to motivate you?
Imagine, you need to find motivation to quit smoking. How likely is it
in that case that you ask friends and family to motivate you?
Perceived relevance
PAS answers my questions fully ad carefully.
PAS allows me to provide input on how I would like to do things.
PAS takes into account my emotions in the advice given.
I feel that PAS cares about me as a person.
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Scale, item wording

Alpha

M

SD

Self-determined motivation (TSRQ)

0.92

5.34

0.21

0.48

2.22

0.71

0.58

3.48

1.08

0.79

3.55

0.62

0.75

2.36

0.51

The reason I would stop smoking is because I feel that I want to take
responsibility for my own health.
The reason I would stop smoking is because I personally believe
stopping smoking is the best thing for my health
The reason I would stop smoking is because I have carefully thought
about stopping smoking and believe it is very important for many
aspects of my life.
The reason I would stop smoking is because stopping smoking is an
important choice I really want to make.
The reason I would stop smoking is because stopping smoking is
consistent with my life goals.
Social norms
My partner would want me to quit smoking.
My children would want me to quit smoking.
My friends would want me to quit smoking.
Social support
My partner supports to quit smoking.
My children support me to quit smoking.
My friends support me to quit smoking.
Attitudes pros of smoking cessation
My condition improves when I quit smoking.
My health improves when I quit smoking.
I feel more attractive when I quit smoking.
I feel more satisfied about myself when I quit smoking.
I am a better role model when I quit smoking.
I am less ashamed of myself.
Attitudes cons of smoking cessation
I will gain weight when I quit smoking.
I will be less able to relax when I quit smoking.
I will be more bored when I quit smoking
I will feel lonelier when I quit smoking
I will feel more insecure when I quit smoking.
I will feel sadder when I quit smoking.
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Scale, item wording

Alpha

M

SD

Self-efficacy

0.91

3.51

0.29

To what extent do you think that you will succeed to refrain from
smoking when you take a break?
To what extent do you think that you will succeed to refrain from
smoking when you feel sad?
To what extent do you think that you will succeed to refrain from
smoking when you are stressed or tensioned?
To what extent do you think that you will succeed to refrain from
smoking when you are angry?
To what extent do you think that you will succeed to refrain from
smoking when someone offers you a cigarette ?
To what extent do you think that you will succeed to refrain from
smoking when you drink coffee or tea?
To what extent do you think that you will succeed to refrain from
smoking after a meal?
To what extent do you think that you will succeed to refrain from
smoking when you see someone else enjoying a cigarette?
To what extent do you think that you will succeed to refrain from
smoking when you are at a party?
Note. M= mean. SD= standard deviation. Alpha = internal consistency (Cronbach’s alpha).
TSRQ= Treatment Self-Regulation Questionnaire. HCOS= Health Causality Orientations Scale.

Appendix B2. Correlation matrix of all items (N = 273).
Variable
Relevance
Motivation
Apro
Acon
SEav
Smoking
abstinencea

Relevance

Motivation

1

.239**
1

Apro

Acon

SEav

Smoking
abstinencea

.243**

-.158**

.165*

.153*

.446

-.135

.177

.048

**

1

*

**

-.093

-.111

-.057

1

-.510**

-.222**

1

.440**
1

Note. SEav = Self-efficacy perception about smoking cessation. Acon = Perception of cons of
smoking cessation. Apro = Perception of pros of smoking cessation. Motivation = Self-determined motivation to quit smoking. Relevance = Relevance of smoking cessation message. Smoking abstinence = 7-day point-prevalence abstinence of smoking.
a = Spearman correlation.
* = Correlation is significant at p <0.05. ** = Correlation is significant at p < 0.01.
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3.65 (1.22)b

No frame-tailoring &
content-tailoring

4.06 (1.17)

1.96 (1.23)

2.11 (1.13)a

3.71 (1.48)b

c

1.75 (.97)
c

3.77 (1.33)b

1.57 (1.23)a

2.80 (1.40)b

1.71 (1.08)a

b

2.50 (1.44)
b

1.42 (0.78)a

M (SD)

1.73 (1.06)a

M (SD)

The advice was In this programme,
formulated in a
I could not choose
pressuring tone. a quit smoking
date myself.

2.72 (1.35)b

2.05 (1.14)
c

3.23 (1.38)b

2.00 (1.33)a

3.17 (1.25)
b

2.24 (1.52)a

M (SD)

The advice told
me what I must
do instead of
what I could do.

b

4.19 (1.04)a

3.42 (1.15)

3.23 (.94)b

3.96 (1.20)a

3.94 (1.17)
a

4.35 (1.07)a

M (SD)

In this programme,
I received advice
based on the
responses that
I gave to the
questions.

3.07 (1.06)a

2.69 (1.12)

a

2.47 (1.28)a

2.68 (1.12)a

3.14 (1.22)

a

3.06 (1.33)a

M (SD)

The advice
was written
specifically for
me.

3.43 (1.21)a

4.15 (0.91)b

3.77 (1.19)a

4.14 (1.21)a

3.53 (1.28)a

3.39 (1.34)a

M (SD)

The advice
was formulated
in a way that
it would be
relevant for
everyone

Note. Means with differing subscripts within rows differ significantly at p < 0.05. NFA = Need for autonomy. N = Number of participants. M= Mean. SD = Standard
Deviation.

3.84 (1.23)

No frame-tailoring &
no content-tailoring

3.07 (1.39)b

Low NFA

c

4.79 (0.57)a

High NFA

Frame-tailoring &
no content-tailoring

3.64 (1.19)

Low NFA

b

4.69 (0.74)a

M (SD)

High NFA

Frame-tailoring &
content-tailoring

Condition

Item In this programme,
I could choose
myself whether I
wanted to receive
different tips about
preparing my quit
smoking attempt.
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Appendix B3. Manipulation assessment.
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Nederlandse Samenvatting
Dit proefschrift had als doel om een online stoppen-met-roken interventieop-maat (computer-tailored) te ontwikkelen en te toetsen op de effectiviteit.
In deze interventie-op-maat werden twee strategieën gecombineerd om
passend advies aan rokers te geven. Allereerst werd rekening gehouden
met welke informatie aan de roker werd gepresenteerd, oftewel ‘contenttailoring’. Daarnaast werd rekening gehouden met hoe deze informatie aan
de roker werd gepresenteerd, oftewel ‘message frame-tailoring’. Door middel
van twee experimentele studies, een interventie-ontwikkelingsstudie, en een
gerandomiseerde gecontroleerde trial onder rokers werd getoetst of deze
interventie-op-maat, waarin bovenstaande twee strategieën gecombineerd
werden,effectiever was dan een interventie die alleen advies gaf op basis
van ‘content-tailoring. Content-tailoring was tot nu toe de meest gebruikte
strategie om informatie-op-maat aan te bieden. Ondanks dat dit een effectieve
strategie is gebleken, zijn de effect sizes meestal laag. In dit proefschrift stond
centraal of het toevoegen van ‘message frame-tailoring’ een toegevoegde
waarde heeft.
Hoofdstuk 2 en 3: Onderzoek naar de effecten van autonomieondersteunende versus controlerende message frames als input voor
message frame-tailoring
Het proefschrift begint met twee experimentele studies. In hoofdstuk 2 en
3 werden de effecten van autonomie-ondersteunende (“U zou kunnen”)
versus controlerende message frames (“U moet”) onderzocht. De centrale
uitkomstvariabelen waren de waargenomen autonomie-ondersteuning van de
deelnemer, de ervaren weerstand, het niveau van intrinsieke motivatie, sociaalcognitieve factoren gerelateerd aan gedragsverandering en intenties om het
gedrag te veranderen. Bovendien werd de behoefte aan autonomie onderzocht
als een mogelijke moderator van message frame-effecten op waargenomen
autonomie-ondersteuning. In hoofdstuk 2 werd dit getest in de context van
een online computer-tailored alcoholreductie interventie (N = 521), terwijl dit
in hoofdstuk 3 in de context van een online computer-tailored stoppen-metroken interventie (N = 626) werd onderzocht. Uit de bevindingen van beide
onderzoeken bleek dat zowel autonomie-ondersteunende als controlerende
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message frames geen significante effecten op waargenomen autonomieondersteuning hadden. Daarnaast speelde de behoefte aan autonomie geen
modererende rol. In de context van de alcoholreductie interventie was er
ook geen significant effect van message framing op weerstand. Interessant
is wel dat in beide onderzoeken werd vastgesteld dat de meeste deelnemers
de interventies als positief beoordeelden en over het algemeen hoge niveaus
van ervaren autonomie-ondersteuning rapporteerden, ongeacht het gebruikte
message frame. Bovendien had message framing in de context van stoppenmet-roken geen significant effect op intrinsieke motivatie. Er werd echter wel
een significant effect van intrinsieke motivatie op de intentie om te stoppen met
roken gevonden. Dit effect werd gemedieerd door attitudes, eigen-effectiviteit
en sociale normen gerelateerd aan stoppen met roken. Samen laten hoofdstuk
2 en 3 zien dat deelnemers in de interventies een hoge behoefte aan
autonomie hebben en ook redelijk veel autonomie-ondersteuning waarnemen
door gezondheidsadviezen uit de twee interventies.
Hoofdstuk 4: Van message framing tot message frame-tailoring
Hoofdstuk 4 beschrijft de doorontwikkeling van een online computer-tailored
stoppen-met-roken interventie. In deze studie werd een bestaande interventie
die gebruik maakte van content-tailoring geoptimaliseerd door message
frame-tailoring aanvullend toe te passen om advies nog beter af te stemmen
op de individuele roker. Experts (N = 10), studenten Communicatiewetenschap
(N = 19) en potentiële eindgebruikers (d.w.z. rokers; N = 816) waren betrokken
bij verschillende pilot-tests en een gebruiksvriendelijkheidstest van de
interventie. De pilot-tests onder experts en rokers hadden als doel de message
frames, de inhoud en de technische functionaliteiten van de interventie te
verbeteren en lieten bijvoorbeeld zien dat de hoeveelheid tekst moest worden
verminderd en dat bepaalde vragen moesten worden verhelderd. Bovendien
werd de mogelijkheid toegevoegd on aan het einde van de interventie een
samenvatting van alle feedbackberichten te ontvangen. Om message frametailoring te integreren in de bestaande interventie werd vervolgens met behulp
van resultaten uit hoofdstuk 3 een grenswaarde bepaald voor welke scores
een relatief hoge of lage behoefte aan autonomie reflecteren. De resulterende
stoppen-met-roken interventie die zowel content-tailoring als message frame-
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tailoring toepaste werd vervolgens onderzocht op gebruiksvriendelijkheid
onder 12 deelnemers, en nogmaals verbeterd aan de hand van hun feedback.
Deze studie resulteerde in een kant-en-klare interventie voor stoppen met
roken waarin zowel content-tailoring als message-frame tailoring werd gebruikt
om rokers advies-op-maat te bieden.
Hoofdstuk 5: Effectiviteit van message frame-tailoring
Hoofdstuk 5 bouwt voort op de experimentele onderzoeken (Hoofdstuk 2 en
3) en de interventieontwikkelingsstudie (hoofdstuk 4). Dit hoofdstuk beschrijft
een randomized controlled trial (RCT) onder 273 rokers met als doel de
effectiviteit te toetsen van een online computer-tailored stoppen-met-roken
interventie waarin zowel content-tailoring als message frame-tailoring wordt
toegepast. Het doel was om de meerwaarde van message frame-tailoring te
onderzoeken. Daarom keek het onderzoek specifiek naar de effecten van deze
strategie op zichzelf en naar de effecten van deze strategie in combinatie met
content-tailoring (en ten opzichte van een controle group die geen tailoring
ontving). De studie werd uitgevoerd in de context van de ontwikkelde stoppenmet-roken interventie beschreven in hoofdstuk 4. Uit de resultaten bleek dat
content-tailoring ervoor zorgde dat rokers vaker na 1 maand nog gestopt
waren, dan rokers in andere condities, wat aansluit bij eerdere bevindingen in
de literatuur. Message frame-tailoring, daarentegen, verhoogde het percentage
deelnemers dat na een maand aangaf gestopt te zijn met roken echter niet
significant, noch in isolatie noch in combinatie met content-tailoring. Bij het
onderzoeken van onderliggende theoretische mechanismen bleek echter dat
zowel message frame-tailoring, content-tailoring en de combinatie tussen
de twee strategieën de waargenomen relevantie van de ontvangen stoppenmet-roken adviezen wél significant voorspelden. Dit leidde vervolgens tot een
hogere intrinsieke motivatie om te stoppen met roken, wat weer in positieve
zin de attitude ten aanzien van stoppen met roken en de eigen-effectiviteit
om te stoppen met roken beïnvloedde. Uiteindelijk was alleen iemands eigeneffectiviteit bepalend voor of iemand stopte met roken. Verder was interessant
dat rokers met een grotere behoefte aan autonomie vaker stopten met roken dan
rokers met een lagere behoefte aan autonomie, ongeacht het message frame
(autonomie-ondersteunend of controlerend) dat werd gebruikt. Bovendien
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beschouwden rokers met een grotere behoefte aan autonomie de adviezen
over het algemeen als relevanter en hadden zij hogere niveaus van intrinsieke
motivatie, positievere attitudes ten aanzien van stoppen met roken en hogere
percepties van eigen-effectiviteit dan de rokers met een lagere behoefte aan
autonomie. Samen laten de resultaten van deze RCT zien dat deelnemers met
een hoge behoefte aan autonomie meer baat van online stoppen-met-roken
adviezen hebben die zowel message frame-tailored als ook content-tailored
zijn dan rokers met een lage behoefte aan autonomie.
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