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Mindfully Attending to Variability: Challenging Chronicity Beliefs in Two Populations 

 

Abstract 
 

Six out of every ten adults in the United States are diagnosed with at least 

one chronic condition. These conditions are often considered incurable and are characterized by 

their persistence—with symptoms lasting over one year.  With symptoms infiltrating day-to-day 

functioning, those with chronic conditions have no choice but to pay attention to them. The 

overarching question addressed in this dissertation is: Does it matter how someone pays attention 

to these symptoms?   

In two studies, I investigated if the way in which someone pays attention to their 

symptoms affects health outcomes and perceived personal control.  Specifically, I investigated 

how mindfully paying attention to symptom variability (versus stability) affects personal control 

and health outcomes. In Study 1, I focused on chronic pain patients and the effects of paying 

attention to how pain symptoms are fluctuating over time.  In Study 2, I focused on older adults 

who are concerned about age-related memory decline. I discuss the effects of paying attention to 

how their memory performance is fluctuating over time. 
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Chapter 1. Personal control and mindfulness 

1.1 Defining control 

 Researchers in the field of psychology have long investigated the phenomenon of 

personal control and have adopted many terms to describe the various theoretical nuances 

assumed under the concept of “control.” These areas of research include the illusion of control 

(Langer, 1975; Langer & Roth, 1975), learned helplessness (Abramson et al., 1978; Seligman & 

Maier, 1967; Seligman, 1972),  internal and external locus of control (Rotter, 1966), primary and 

secondary control (Rothbaum, Weisz, & Snyder, 1982), self-efficacy (Bandura, 1977), and self-

mastery (Adler, 1927). The concept of locus of control is considered one of the most influential 

in the field of psychology, yielding over 4,000 original source articles and 20,000 citations on 

Google Scholar (Reich & Infurna, 2017).  Personal control reflects individuals' beliefs regarding 

the extent to which they are able to control or influence outcomes. One important distinction 

made in this literature concerns the difference between actual (objective) control over one’s life 

and one’s perceived (subjective) control over one’s life. There is much evidence to suggest that 

perceived personal control influences people's behaviors, emotions, and health more strongly 

than actual (objective) control (Kaplan & Camacho, 1983; Langer, 1975; McAndrew, Horowitz, 

Lancaster, & Leventhal, 2010).  This chapter will focus on the effects of perceived personal 

control and how it relates conceptually to sociocognitive (“Langerian”) mindfulness.  

The illusion of control. The field of perceived control originated from a series of 

observations about how people try to control chance situations. In 1967, sociologist James 

Henslin observed that people attempted to control the outcome of a die roll (Henslin, 1967). 

Specifically, Henslin observed that people playing the game “craps” would throw the dice more 

softly when attempting to produce a low roll and more rigorously when attempting to produce a 
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high roll. Subsequent experimental investigations have shown that when a chance-governed 

situation incorporates characteristics relevant to skill-determined situations (e.g., choice, 

familiarity, involvement, competition), people often respond to the situation as if it is skill-

determined and behave as though they can control these chance events. This skill orientation in a 

chance situation was coined as the “illusion of control” (Langer, 1975). Langer's research on the 

illusion of control provided empirical support for this view and has shown it to be even more 

extensive than Henslin originally suggested.  

Some examples of how people apply these so-called “skill orientations” in chance 

situations include actively engaging with the experience and familiarizing themselves with the 

materials. In one study, participants were given the chance to select a lottery ticket and were then 

given the opportunity to exchange the ticket for one they were told had a better chance of 

winning (Langer, 1975). Despite the increased odds associated with the new ticket, participants 

were significantly more likely to keep their original ticket. This was the harbinger of the 

endowment effect (e.g., Carmon & Ariely, 2000).   

In a similar vein, studies have demonstrated how participants mistake good luck for skill 

(Langer & Roth, 1975; Myers & Fort, 1963). Myers and Fort (1963) presented participants with 

a series of gambles and the option of accepting or rejecting any particular gamble. Participants 

were shown the outcome of each trial whether or not the gamble was accepted. They found that 

if participants had accepted the previous gamble and won, they were more likely to accept the 

next gamble compared to it if they had accepted and lost, even though in a chance-based task 

winning or losing should not influence confidence on subsequent trials because trials are 

independent.  Langer (1975) found that participants were more confident that they would win a 

game of chance when playing against an awkward confederate as opposed to a more confident 
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one. Participants were also more likely to rate a chance game (e.g., predicting a series of coin 

tosses on a fair coin) as one requiring skill when having a series of initial successes (Langer & 

Roth, 1975). 

 The associated advantages of feeling in control suggest that the illusion of control is an 

adaptive process. Some researchers have argued that positive illusions, such as our failures to 

recognize our incompetence and our tendency to overestimate our ability to control events, are 

evolutionarily adaptive errors that have served us in creating and maintaining a sense of 

consistency--and thus reducing negative emotional experiences--as we navigate the world 

(Ehrlinger & Dunning, 2003; Taylor et al., 1988).  Illusions of control can be viewed as adaptive 

biases, insofar as they enable people to feel hopeful in situations where they perceive uncertainty 

and risk. Illusion of control may also be especially beneficial in young adults, as they may work 

harder than if they believed that others (or chance) dictated the outcome of their effectors 

(Langer, 1975). Research finds that people who feel they have control of a situation are likely to 

exhibit behaviors that will better enable them to cope with potentially threatening situations 

compared to those who believe that chance or other non-controllable factors determine whether 

their behavior will be successful (Monty, Rosenberger, & Perlmuter, 1973). It is not surprising, 

then, that perceptions of personal control is associated with a host of salubrious psychological 

and physical effects, which are discussed below. 

1.2 Psychological and physical health effects of personal control 

Physical health and perceived control. Psychological theory and subsequent research 

investigations demonstrate that personal control beliefs strongly predict future behavior, health, 

and illness (e.g., Infurna, Ram, & Gerstorf, 2013). Perceived control has been associated with 

psychological and physical health in a large body of research, starting in the late 1960s (Glass et 
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al., 1969; Langer & Rodin, 1976; Langer et al., 1975; Rodin & Langer, 1977; Langer, Janis, and 

Wolfer, 1975). Personal control is a key protective factor for well-being, with individuals with 

higher levels of global perceived control reporting more control over their health (Infurna & 

Gerstorf, 2013). As a result of feeling more control, these individuals may be more likely to 

adopt and maintain healthy behaviors, such as exercising, following a healthy diet, and adhering 

to the advice of medical professionals (Bandura, 2004; White, Wójcicki, & McAuley, 2012). 

 A greater perception of personal control results in a decreased risk of physical decline 

and cardiovascular disease (Infurna & Gerstorf, 2014; Lachman & Agrigoroaei, 2010), as well as 

better neuroendocrine functioning and immunocompetence (Agrigoroaei et al., 2013; Bollini, 

Walker, Hamann, & Kestler, 2004; Wiedenfeld et al., 1990) and grip strength (Infurna & 

Gerstorf, 2014).   

Researchers have also linked higher levels of perceived control with better cognitive 

functioning, including memory ability, executive functioning, and processing speed (Caplan & 

Schooler, 2003; Lachman & Agrigoroaei, 2012; Langer, Rodin, Beck, Weinman, & Spitzer, 

1979).  

 Perceived control has been established as a key component of health throughout the life 

span (Heckhausen & Schulz, 1995) and is particularly emphasized in the literature as important 

for the older adult population. The first investigations in this domain began in the 1970s and 

have continued to influence the field. These first studies demonstrated the robust health benefits 

to restoring personal control to elderly nursing home residents by providing them with more 

responsibilities and choices over their care experience (Langer & Rodin, 1976). Specifically, 

those in the experimental group were invited to take personal responsibility for their care and 

living arrangements, including placement of the furniture, choosing the timing of a movie 
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showing, and how they wanted to spend their time. Finally, they were given the responsibility for 

caring for a plant. Those in the control group were told to take advantage of the amenities of the 

institution, specifying that it was the staff’s responsibility to create the best environment 

possible, including caring for the new plants. The primary difference between the two groups 

was the degree to which personal control over the environment was emphasized. In addition to 

better health, activity patterns, mood, and sociability, older adults who were encouraged to take 

more personal control over their environment were less likely to die over the next 18 months 

(Langer & Rodin, 1976; Rodin & Langer, 1977).  

In line with those results, Kaplan and Camacho (1983) found that perceived health 

predicted mortality even more strongly than actual health. Regardless of their actual health 

status, older adults who perceived their health to be poor were six times more likely to die than 

those who perceived themselves to be in excellent health (Idler & Kasl, 1991). Moreover, 

researchers have found that feeling in control of one’s life led to greater late-life well-being and a 

later onset of terminal decline, independent of factors that are usually key to mortality including 

age, gender, SES, and disability (Gerstorf et al., 2014). One primary mechanism that researchers 

have put forward regarding the relationship between perceived control and decreased mortality is 

more effective regulation of stressors. Impaired control of stressors leads to increased activation 

of the HPA axis and more allostatic load, which accompany many diseases (Cohen, 2000; Juster, 

McEwen, & Lupien, 2010). 

Parallel to the work on good health and mortality is a literature investigating the role of 

control in the experience of pain.  Specifically, perceived control is one of the key factors that 

influences the experience of both acute and chronic pain (Gatchel, Peng, Peters, Fuchs, & Turk, 

2007; Williams, Golding, Phillips, & Towell, 2004). Painful stimuli that are objectively 
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uncontrollable are perceived as more distressing and intense than controllable stimuli (Carlsson 

et al., 2006). To be effective in reducing pain, control over the stimulus can be perceived as 

instrumental, as is the case when it is possible to implement a behavioral response (e.g., interrupt 

the stimulus), or cognitive, when there is a cognitive strategy available (e.g., distraction; Litt, 

1988). As reported in other situations, actual methods of exacting control do not have to be 

provided; they just needs to be perceived as available (Thompson, 1981). 

 In chronic pain patients, perceived helplessness is generally the strongest predictor of 

disability and pain level (Samwel, Evers, Crul, & Kraaimaat, 2006; Turner, Jensen, & Romano, 

2000).  Clinical implications are relevant, as health care professionals could support the 

perception of control in patients, for example by making them more engaged in the care process 

or in other activities where they can be have control (McCracken & Eccleston, 2005). It should 

be noted, however, that if multiple attempts of gaining control over pain fail, that can exacerbate 

frustration and pain (McCracken, Carson, Eccleston, & Keefe, 2004). Rather than trying to 

control pain itself, sometimes it could be preferable to try to gain control over the effect of pain 

on one’s life (Gatchel et al., 2007). For more on perceived control and the chronic pain 

experience, see Chapter 3. 

Psychological health and perceived control 

 In addition to physical health, a large body of research has investigated the relationship 

between perceived control and psychological health. Several psychological outcomes generally 

associated with well-being seem to be related to a sense of control over one’s life. Among these 

outcomes are resilience, motivation, and life satisfaction across the socioeconomic spectrum 

(Lachman & Weaver, 1998) and across a variety of cultures (Cheng, Cheung, Chio, & Chan, 
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2013). Perceived control has been shown to help one to adapt to a variety of stresses including 

economic stress, job loss, and caregiver burden (Zautra et al., 2012). 

For example, laboratory experiments have demonstrated that stress tolerance is related to 

perceived control over aversive stimuli. Specifically, participants who were able to administer 

the timing of shocks reported less anxiety than participants who were not in control of the shock 

(i.e., when the experimenter admisintered the shock; Pervin, 1963).  In the clinical realm, anxiety 

and depression have both been linked to low levels of perceived control (e.g., Brown & Siegel, 

1988). Low perception of control seems to be a constant across people with many different 

anxiety disorders (for a meta-analysis see Gallagher et al., 2014), suggesting that those suffering 

from these disorders may benefit from increasing their perception of control. These and other 

psychological distress may be reduced by increasing a sense of control (Averill, 1973), either 

through promoting coping behavior or initiating a reappraisal process (Bandura, 1982). Langer, 

Janis, and Wolfer (1975) demonstrated the integrations of these strategies in patients preparing 

for surgery. Specifically, they found that a comprehensive strategy consisting of cognitive 

reappraisal, calming self-talk, and selectively attending to the more favorable aspects of the 

present situation led to lower pre- and post-operative stress levels and quicker recovery. 

Adopting a sense of control over one’s past, present, and future circumstances in equal 

measure does not seem to optimally benefit those suffering from anxiety. In the temporal model 

of control, Frazier and colleagues (2002) hypothesized that perceived control over past events 

(i.e. self-blame, “What could I have done to prevent this?”) may lead to more distress, while 

control over the present (i.e. “What can I do now?”) and future (i.e. “How can I prevent this from 

happening again?”) may lead to less distress. Indeed, longitudinal data from a sample of female 

sexual assault victims supported this temporal model of control, with higher levels of perceived 
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control over the past sexual assault related to more distress, and more perceived control over 

present (recovery) or future circumstances related to less distress (Frazier, 2003). Two studies 

found that perception of present control (but not past or future control) was related to reduced 

posttraumatic stress symptoms (Frazier, Steward, & Mortensen, 2004; Najdowski & Ullman, 

2009). Similarly, Larsen and Fitzgerald (2010) found that for women who had been sexually 

harassed, perceived control over the recovery process along with the perception that future 

harassment was unlikely were both linked to fewer posttraumatic stress disorder symptoms.  

In the context of panic disorder, experimental research has demonstrated that giving 

patients more control over their environment reduces symptoms. For example, Sanderson and 

colleagues (1989) found that when exposing panic disorder patients to a stressful environment 

conducive to panic (i.e. a 5.5% carbon-dioxide enriched atmosphere), patients who were lead to 

believe that they were able to change carbon-dioxide levels with personal dials demonstrated 

fewer symptoms, including fewer catastrophic cognitions and fewer reports of a panic attack. 

Not surprisingly, compared to a non-clinical sample, those diagnosed with panic disorder and 

social phobia reported a lower sense of internal control as measured by Levenson’s (1973) locus 

of control scale. Specifically, those diagnosed with panic disorder perceive that events are 

proceeding in a random and uncontrollable way, while those diagnosed with social phobia 

perceive interactions as controlled by more powerful others in the form (e.g. those who judge 

them; Cloitre, Heimberg, Liebowitz, & Gitow, 1992). 

Another anxiety disorder, obsessive-compulsive disorder (OCD), has been previously 

characterized by the patient’s relationship with control. Specifically, OCD is characterized by an 

individual’s attempts to control one’s own thoughts and one’s environment through rituals (Carr, 

1974; Reuven-Magril, Dar, & Liberman, 2008).  Researchers have suggested that clinicians use 
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cognitive therapy to help their patients find alternative ways to increase sense of control 

(Moulding & Kyrios, 2007).   

Along with anxiety, low perceived control is also related to depression, as described in 

detail by Seligman’s application of learned helplessness theory to those with depressive disorders 

(e.g.,  Miller & Seligman, 1975). Specifically, Seligman ascribed depression to feelings of 

helplessness over one’s life circumstances. Later, Seligman described how one’s attributional 

style could predict whether or not learned helplessness would occur.  Seligman and  Abramson 

(1979) found that individuals who view the etiology of negative events as internal, global and 

stable (i.e. displaying a pessimistic attributional style) were more likely to exhibit symptoms of 

depression than those with an optimistic attribution style (i.e., belief that causes of negative 

events are external, specific, and unstable). Researchers have demonstrated that depressive 

symptoms may be attenuated with interventions that aim to improve mastery and personal 

control (Zautra et al., 2012).  

1.3 Increasing personal control 

Given the importance of the construct of personal control, researchers have investigated 

how to increase it, both in the laboratory and outside of it. In the laboratory, one successful 

technique researchers have employed in order to experimentally increase perceptions of control 

is simply telling participants that they have control over various features of the immediate 

environment. For example, Bollini and colleagues (2004) manipulated perceived control by 

giving participants a button that purportedly reduced the volume over a speaker.  Even though 

the button did not actually reduce the volume, participants believed that the button would 

produce this effect since the noise fluctuated throughout the session. Importantly, a manipulation 

check showed that participants were 54% more likely to report feeling control during the trials 
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they were given access to this button as compared to the trials in which they were not given 

access to this button.   

Researchers have also experimentally manipulated perceptions of control by 

manipulating the actual controllability of the task/environment at hand. While participants in the 

noise dial experiment described above (Bollini et al.,2004) were given only the perception of 

control over the environment, participants in other experiments were given actual control.  For 

example, researchers manipulated the controllability of a driving simulator by altering the 

program to simulate slippery driving conditions (Agrigoroaei et al., 2013). Specifically, the 

researchers created a “low controllability” group by lowering the coefficient on the road friction 

(.4) and adding wind gusts. This “low controllability” group was compared to a “normal 

controllability” group for whom the road friction was doubled (.8) and the wind gusts were 

removed. The researchers’ manipulation check showed that those in the “low controllability” 

group, indeed, had lower scores (than the “normal controllability” group) on a question asking 

them how much control they believed they experienced during the driving portion of the 

experiment.   

Researchers have also manipulated the construct of perceived control in the laboratory 

setting by asking participants to think about control in their lives, either by remembering recent 

events (Kay, Gaucher, Napier, Callan, & Laurin, 2008) or by simulating the self in different 

hypothetical scenarios (Laurin, Kay, & Moscovitch, 2008). Kay and colleagues (2008) found that 

participants who were asked to recall a recent positive event from their lives that they had control 

over exhibited more endorsement of beliefs of personal control compared to those who were 

asked to recall a recent positive event that they did not have control over. Instead of using actual 

life events, Laurin and colleagues (2008) asked participants to read hypothetical scenarios. 
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Specifically, those in the “low personal control” condition read scenarios that emphasized low 

amounts of personal control in stressful hypothetical scenarios (e.g., being chased by an attacker 

and having the police come to the rescue) while those in the “high personal control” condition 

read the same scenarios that emphasized more personal control (e.g., being chased by an attacker 

and taking the initiative to call 9-1-1 so that the police will come to the rescue). The authors 

found that participants who read the “low personal control” scenarios indeed were less likely to 

endorse personal control beliefs than those who read the “high personal control” scenarios. 

Researchers have also investigated the role of mood in inducing perceived control. 

Specifically, researchers found that in depressed individuals, a positive mood induction led to 

more judgments of control over an uncontrollable, positive event (i.e., winning the lottery, Alloy, 

Abramson, & Viscusi, 1981).  

In line with the temporal model of control (Frazier et al., 2002), planning for the future 

has also been investigated as a way to increase personal control (e.g,  Bandura, 1997; Lachman 

& Burack 1993). Prenda and Lachman (2001) found that the effects of future planning on life 

satisfaction were mediated by perceived control, suggesting that planning may facilitate 

perceptions of control, which, in turn, increase life satisfaction. Similarly, encouraging decision-

making has been shown to increase perceptions of control (Schulz, 1980). Much like Langer and 

Rodin’s original 1976 study, Schulz gave nursing home residents control over the timing of 

volunteer visits.  

Experimentally manipulating perceptions of control outside of the laboratory has been 

another major topic of inquiry. Increasing the amount of information an individual has access to 

has been shown to increase perceptions of control in surgery patients (Johnson, 1975). 

Specifically, when gastroendoscopy patients received precise descriptions of anticipated 
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reactions and medical procedures they experienced less pain, less need for medication following 

surgery, and less time in post-operative recovery than participants in the control groups 

(Johnson, 1975).   

Researchers have also demonstrated how cognitive restructuring can be beneficial in 

increasing perceptions of control. The first of these interventions was implemented by Langer 

and Rodin in a nursing home setting (Langer & Rodin, 1976). By emphasizing the amount of 

control residents had over their own health and well-being and encouraging them to make their 

own decisions about their care, the researchers produced notable positive health changes in their 

participants, including reduced mortality at a 18-month followup (Rodin & Langer, 1977). While 

Rodin and Langer (1977) did not specifically measure beliefs about control as a primary 

outcome, Rodin (1983) found that training older adults to challenge negative beliefs about their 

abilities, self-regulation and coping skills showed a positive relationship between decreased 

cortisol and increased ratings of perceived control, as well as better health.  

Similarly, Schultz (1976) found that giving nursing home residents control over the 

scheduling of volunteer visits led to better health metrics as provided by the activities director 

than those in the comparison groups. However, following up with the participants demonstrated 

the detrimental effects of removing control from those who have it (Schulz & Hanusa, 1978). 

Specifically, the researchers found that at the three timepoints after the volunteers stopped 

visiting (i.e., at 24, 30 and 42 months), the group who was given control over the visiting 

schedule not only did not maintain their gains, but actually fared worse than those in the 

comparison groups. This study highlighted the ethically challenging aspects of control 

interventions. Perhaps one difference between this follow-up and that of Rodin and Langer 

(1977) was that Schulz (1976) manipulated the amount of control of a single decision, whereas 
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Langer and Rodin (1976) emphasized personal control of their entire care experience, a 

comprehensive cognitive restructuring. 

 In the domain of memory, Lachman and colleagues found that the most effective 

memory training was one that not only taught memory skills, but also emphasized the amount of 

control an individual had over their memory performance (Lachman, Weaver, Bandura, Elliott, 

& Lewkowicz, 1992). At followup, participants in this group evidenced increased beliefs about 

memory controllability (specifically beliefs about improvement being possible, effort improving 

outcomes, and decrement being preventable).   In the domain of falls, researchers found that 

teaching older adults how to think more positively about their abilities and the amount of control 

they had over future falls produced more positive health outcomes than those in the control 

group (Tennstedt, Howland, Lachman, Peterson, & Jette, 1998). Specifically, the researchers 

conducted a randomized control trial with older adults who reported a fear of falling and activity 

restriction. The participants who were taught cognitive restructuring techniques alongside 

strength-training exercises showed less intention to restrict activity and more perceived control 

over mobility as compared to a control group who were provided the same amount of social 

contact. Notably, individuals in the experimental group did not express that they felt more 

control over their falls as compared to the control group immediately after the intervention, nor 

at the followup timepoints (i.e., 12 weeks and 12 months). This finding suggests that perhaps the 

cognitive restructuring did not help by increasing perceptions of control, but by some other 

mechanism.  

One area that has received little attention is the possibility of manipulating perceptions of 

control through mindfulness instruction. I discuss the relationship between mindfulness and 

personal control in the section below.  
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1.4 Mindfulness and personal control 

 Given the multitude of benefits associated with feeling a sense of personal control, 

researchers have focused on outlining methods by which an individual might increase his/her 

sense of control.  In this section I will describe socio-cognitive mindfulness (also called 

“Langerian mindfulness”), a multifaceted concept that has been developed over 40 years of 

research (Langer, 1989). Specifically, I will describe its key features and how they may help 

individuals experience more control over the aging process and chronic pain experiences, which 

I will outline in Chapters 2 and 3, respectively. 

Two ways of being: Mindful and mindless. In the 1970s, Langer and colleagues 

observed empirically how people are quick to recycle a previously-learned rule or formula, even 

when the context is no longer appropriate to use said rule or formula (e.g., Langer, Blank, & 

Chanowitz, 1978).   These observations led to the theory that people spend the majority of their 

time in a “mindless” state (Chanowitz & Langer, 1981; Langer, 1989), which can be understood 

as operating on “automatic pilot.” When one is mindless, one automatically applies old 

information or mode of thinking to the current context. In this automatic processing model, one 

searches for information that is hypothesis supporting.  In contrast, when one is in a “mindful” 

state, he/she actively notices new things about the current situation and draws novel distinctions; 

he/she is sensitive to subtle changes in the context. Mindfulness as described by Langer is about 

considering alternative perspectives and being open to new possibilities (Langer, 1989; Langer & 

Moldoveanu, 2000).1  According to this theory, mindfulness is the process of noticing something 

on purpose. For example, one might notice how something is different from how (s)he expected 

                                                

1 Note that we are not referring to “mindfulness” as it is often used in the Eastern tradition, 
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it, even if the deviation is quite subtle. In this active process of noticing, one opens up to 

different possibilities and avenues of choice.  

Theoretically, approaching a situation mindfully should promote a sense of control by 

combating mindless beliefs i.e., acting without considering the current context. One way that 

mindfulness could promote a sense of control is by upending the limiting belief of stability in a 

changing world, especially when the perceived stability is related to negative symptoms. 

Someone in a mindful state would attend to the natural variability in the environment (Langer, 

1989). According to this approach, the novelty-seeking aspect of mindfulness gives one a sense 

of control by enabling flexible problem-solving and making clear continual opportunities for 

choice. When someone is in a mindful state, they expect variability in the environment. Langer 

describes this process as attending to variability or “ATV” (Langer, 1989).  

 Attending to symptom variability.  A large body of research demonstrates that people 

move through life mindlessly, that is, as though events were unchanging and context-

independent (see Langer & Moldoveanu, 2000). This dominant orientation starkly contrasts 

against the biological reality of allostasis. Allostasis is the process by which the human body is 

in its healthiest state, rapidly sensing changes in the internal and external environment and 

adapting readily (McEwen & Wingfield, 2003). In line with the allostatic framework, studies 

from the past 40 years have shown that noticing novelty on purpose is associated with improved 

health and psychological well-being (for a review see Langer, 2009). 

 The idea of attending to variability is about challenging mindless beliefs, specifically the 

belief that something or someone is remaining stable over time. This rigid thought pattern is 

theorized to limit personal control.  
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Consider people with “chronic” health conditions who come to believe that they 

experience their symptoms all the time. When chronic health patients are taught to pay attention 

to how their symptoms vary over time, they can benefit in at least three ways. First, they 

experience a general sense of control over their illness by realizing that their symptoms are not 

present all the time. Second, they begin to notice patterns in their symptoms; namely, that certain 

contexts make their symptoms more or less severe. In noticing and analyzing these contexts, the 

individual can actually begin to control their symptoms by avoiding certain situations and 

actively searching others that minimize suffering and maximize wellbeing. Finally, actively 

noticing new things and seeing the limitless choices implied in any activity has been shown to be 

generally beneficial to health and wellbeing (Langer, 2009; Perlmuter & Langer, 1983)  

As an example, consider someone with a diagnosis of chronic fatigue syndrome. Because 

the fatigue has been labeled as “chronic,” the person may begin to buy into the belief that (s)he is 

tired “all the time”. This limiting (and mindless) belief is likely an oversimplification, and it robs 

the person of control over the experience. Surely there are times of day when (s)he is less 

fatigued and times when (s)he is more fatigued. Teaching people to attend to variability can help 

provide relief in a number of ways.  First, when they are asked to notice times throughout the day 

that they are more and less tired, they begin to question the pervasive control of the illness over 

their lives. Second, they can notice the circumstances under which they are more fatigued and 

alter their schedules accordingly. An individual may consistently notice more fatigue after 

meeting with a specific person. If possible, the individual can enact control by avoiding meeting 

with this person or meeting for a shorter period of time. Finally, noticing the nuances of the 

fatigue experience may spark curiosity about the nuances in the world, in general.  
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Just as Langer considers the construct of mindfulness as both a state and trait measure 

(Langer, 1989), one can also consider that people differ in the amount they attending to 

variability.  As such, there are two lines of research in the field of sociocognitive mindfulness: 

one examining how trait levels of mindfulness predict wellbeing and another examining the 

effects of an attention to variability (ATV) training. 

 For example, both patients with amyotrophic lateral sclerosis and their caregivers who 

are more mindful have been shown to experience more positive wellbeing and quality of life, 

decreased rates of functional decline and less burnout (Pagnini et al., 2015; Pagnini, Phillips, 

Bosma, Reece, & Langer, 2016). 

 Two empirical studies recently applied the attention to variability paradigm in a training 

context (Delizonna, Williams, & Langer, 2009; Zilcha-Mano & Langer, 2016). Delizonna and 

colleagues found that people who were trained to pay attention to their heart rate over the course 

of a week had more control over it after one week than those who were trained to pay attention to 

the stability of their heart rate (Delizonna et al., 2009). The second study found that pregnant 

women who paid attention to the variability of their positive and negative physical symptoms 

and mood over the course of a few weeks demonstrated better mental health and more positive 

affect postpartum than those in the control groups (Zilcha-Mano & Langer, 2016). As of yet, 

there have not been any published studies investigating ATV training in those with chronic 

illness or aging, experiences which can both be characterized by strong prior beliefs about time-

related expectations. In the case of chronic illness, one can have the belief that symptoms are 

present all the time. In the case of aging, one can have the belief of ongoing decline. I will 

investigate the effects of attending to variability on personal control beliefs and health outcomes 

(i.e., cognitive performance and experienced pain).  
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1.5 Two investigations of the “ATV Hypothesis” 

One potential way to influence personal control that has not been investigated is teaching 

people to attend to variability in their symptoms. We investigated the attention to variability 

paradigm in two populations: older adults who believe they are experiencing age-related memory 

decline (Chapter 2) and patients suffering from chronic pain (Chapter 3). These populations 

relate in that they are both characterized by strong beliefs about the limitations their conditions 

confer. In the case of aging, decline is assumed as the norm (Fiske, Cuddy, Glick, & Xu, 2002). 

In the case of chronic pain, pain is believed by some patients to be present all the time. Because 

both aging and chronic pain experience are often perceived as externally controlled and 

inevitable, they are good candidates for investigating the attention to variability (ATV) paradigm 

and, more specifically, how it operates in populations with low internal perceptions of control. 
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Chapter 2. Successful aging, personal control, and mindfulness 

2.1 Defining successful aging 

The U.S. Bureau of the Census (2011) reported that between the years 2000 and 2010, the 

rate of growth for the nation’s 65-and-older sector surpassed the growth rate of the entire 

population. Similarly, in the European Union, the ratio of people above 65 years old to people 

between 15 and 64 years old is projected to increase from 25.4% to 53.5% between 2008 and 

2060 (European Commission, 2009).  

 As a result of this demographic shift, research has increasingly turned to maintaining 

well-being in later life, including investigations on how to preserve physical and cognitive 

functioning as well as psychological health (Cho, Martin, & Poon, 2014; J. W. Rowe & Kahn, 

1997). This chapter will investigate the beliefs people hold about the aging process, the 

implications of these beliefs for perceived control, and a mechanism by which older people 

might increase perceptions of control over their memory performance, namely, learning to pay 

attention to how their memory performance is changing over time.  

2.2 Beliefs about aging and personal control  

 At the same time that people believe they can control chance events, they also perceive 

the aging process as one of increased disability and uncontrollable decline (Fiske, Cuddy, Glick, 

& Xu, 2002; Langer, 1989). Associations between old age and ill-health--fostered by societal 

messages, negative labeling, and stigmatization of older adults--lead to expectations of decline 

and of incompetence among this age group, which cause them to forfeit control and lower self-

esteem (Rodin & Langer, 1980).   

 The venerable qualities originally subsumed in the term “elderly” are largely overlooked 

in its colloquial use. In its original form, the term described a wise and respected individual of 
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advanced age; however, its contemporary use has come to ascribe it the same assumptions of 

instability and uncontrollability as labels of chronic illness and decline. Similar to labels of 

chronic illness, our society’s labels for aging individuals have managed to foster implicit 

negative attitudes about older adults as being inflexible, incompetent, low in personal control, 

and susceptible to ill-health. Drastic increases in life expectancy over the past century, 

coinciding with a shift in leading causes of death from acute to chronic illness (Johnson, Hayes, 

Brown, Hoo, & Ethier, 2014), may have contributed to a view of aging and chronic illness as 

inextricably linked. While it is typically assumed that susceptibility to chronic illnesses and 

disabilities increases with age, contrary to expectations, poor health is not an inevitable 

consequence of aging (J. Rowe & Kahn, 1987; J. W. Rowe & Kahn, 1997). Moreover, scientists 

have come to understand aging through a biopsychosocial model (Rook, Charles, & Heckhausen, 

2011), understanding that the process of aging is hugely affected by psychological, behavioral, 

and environmental factors within the individual’s control.  

 One significant factor that leads to a relinquishing of personal control and to an illusion 

of incompetence are premature cognitive commitments (Chanowitz & Langer, 1981). Premature 

cognitive commitments form when we accept initial impressions or pieces of information at face 

value, without thinking critically about their context-dependent nature, and allow those initial 

impressions to settle and crystallize in our minds until similar signals from the world call up 

these impressions or information again  (Langer, 1989). At this point, however, now later in time 

and in a much different context, we nevertheless respond to those initial impressions and 

information in the same way as we had the first time. That is, even though the previously-learned 

information does not dictate behavior in the current context in which it is now triggered, we still 

act according to the old information. Premature cognitive commitments therefore reflect a 
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mindless process in so far as previously-learned information is no longer available (or selected) 

for conscious processing and evaluation (Langer, 1989; Langer, Hatem, Joss, & Howell, 1989).  

 In the case of aging, we learn as children what it means to “be old.”  This information is 

learned free of context and is later unpacked just as it was initially learned for reference once 

people reach older age (Langer, 2009). The specific “facts” that Western children learn 

characterize the aging process as one of inevitable and largely uncontrollable decline. These 

attitudes are pervasive in Western society to such an extent that even young children espouse 

these attitudes; even before entering elementary school, children demonstrate negative 

stereotypes toward older adults (Isaacs & Bearison, 1986). Moreover, there is evidence to 

suggest that as a person ages these stereotypes become self-views (Rothermund, 2005). Not only 

do people explicitly stereotype older adults, but they also hold implicit stereotypes about this age 

group (Levy & Banaji, 2002).  

 The primary stereotypes held about older adults are that they are high in “warmth” 

dimensions (e.g., “kind”), but low in competence dimensions (e.g., “frail”; Cuddy, A.J.C. and 

Fiske, 2002; Fiske et al., 2002).  While age-based stereotypes are multifaceted and include both 

positive and negative aspects (Cuddy, Fiske, & Glick, 2008), the negative aspects are generally 

more emphasized, with older adults generally stereotyped as forgetful, slow, timid, weak, and 

rigid (Nelson, 2004).  

 It is of little surprise that people of all ages hold implicit and explicit stereotypes of the 

older adults given how deeply they insinuate themselves into Western culture. This is reflected in 

and perpetuated by linguistic patterns.  Specifically, a textual analysis spanning English material 

across a 200-year period of time demonstrated a linear trajectory of negative age-based 

stereotypes (Ng, Allore, Trentalange, Monin, & Levy, 2015).  For example, negative societal 
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expectations about aging process are reflected in common expressions, including “senior 

moments,” which semantically links age and forgetfulness (Bonnesen & Burgess, 2004) and 

“over the hill,” a phrase with indicates that once one reaches a certain age, he or she will begin to 

decline  

 Pertinent to the current discussion of perceived control and successful aging, societal 

stereotypes of old age contribute to personal experiences of decreased perceived control in older 

adults. Specifically, expectations of aging as a process of increasing dependence on others can 

negatively affect older adults’ experience of self-efficacy and control (Langer, 2009). The 

language of aging and age-related cues dictate functioning as individuals’ identities crystallize 

around assumptions that then become self-fulfilling prophecies or situation-inferred losses of 

control.  

Consistent with Langer's mind/body unity theory (see Langer, Chanowitz, Jacobs, 

Rhodes, Palmerino, & Thayer, 1990), the stereotype embodiment theory (Levy, 2009) describes 

how people age in accordance with their own stereotypes about older people. For example, 

individuals from cultures with predominantly strong negative beliefs about older people (i.e., 

those who grew up in the United States) were more likely to experience memory problems than 

those from cultures who do not hold the same negative beliefs (i.e., China and the American deaf 

community, Levy & Langer, 1994). These attitudes not only affect older adults’ memory 

abilities, but predicted longevity; survival analyses revealed that people with positive attitudes of 

aging lived about 7.5 years more than those who did not hold negative beliefs about the aging 

process (Levy, Slade, Kunkel, & Kasl, 2002).  

2.3 Challenging the aging label  
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How might older adults loosen their premature cognitive commitment about the aging 

process? Mindfulness theory suggests that noticing new things about the environment (including 

the self) allows one to broaden one’s fixed schemas (Langer, 1989). One’s beliefs about the 

aging process are no exception. 

 Research has shown that having “young” grandparents while growing up was related to a 

longer life, suggesting that one’s early schemas of “old” may affect longevity (Langer, 

Perlmuter, Chanowitz, & Rubin, 1988). This loosening of cognitive labels is considered an 

inherently mindful process (Langer, 1989).  

 Another avenue for changing attitudes is subliminal priming methods, which involves 

training a person to dissociate the concept of “old” and “bad” by teaching a new association, 

namely strengthening the “old-good” connection. Research has shown that this type of training 

over a few months significantly improves perceptions of control (Levy, Pilver, Chung, & Slade, 

2014). If one has an especially strong and overlearned association of “old” and “bad”, another 

method is to remove cues from the environment that they have come to associate with old age. 

This idea was demonstrated most powerfully by a study conducted in 1979, which warrants a 

detailed description. In this experiment (Langer, Chanowitz, Jacobs, Rhodes, Palmerino, & 

Thayer, 1990;  Langer, 2009; Langer, 1989), Langer and colleagues tested the hypothesis that 

when older people bring their minds back to a more youthful period, their bodies will also 

become more youthful. To test this hypothesis, 70 year-old men lived together for five days in a 

house retrofitted with furniture and décor from 1959 (20 years before). Participants were 

instructed to live as though it were actually 1959. The researchers provided magazines, television 

programs, songs and movies that were popular just twenty years before. Participants were 
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instructed to talk about events that happened in 1959 as though they were current events and not 

to refer to anything that happened after that date (including personal experiences).  

 Older men who were randomly assigned to a control group also attended the retreat at the 

retrofitted house at a separate time, but these men were not asked to live as though it were 1959; 

instead, they were asked to reminisce about that time in their lives, surrounded by the same cues 

of the 1959. Because the retreat was novel and mindfulness inducing, participants in both the 

control and experimental groups improved significantly on many measures, which challenged the 

decline model of aging. Participants in both groups improved on measures of physical health 

including better hearing, stronger hand strength and increased appetites. Participants also 

improved on tasks testing figure memory ability. In regards to engagement, researchers observed 

that participants took the initiative to prepare their own meals and clean up after themselves, a 

marked from initial reports of dependence on caregivers. These results suggested that removing 

cues of age and inserting cues of youth affect one’s perception of control and health.  

 Moreover, compared to those who were asked to reminisce about this period, those who 

“became” their younger selves improved more on measures of vision, joint flexibility, posture, 

manual dexterity, and digit-symbol substitution. Just by “being” their younger selves, the older 

adults in the experimental group were able to significantly improve their own health, even on 

measures that were thought to be irreversible. Moreover, at the end of the study participants 

looked significantly younger than at the study’s start. This study suggested that age-related cues 

affected both physical and cognitive health in dramatic ways. 

 These findings were corroborated by evidence from Hsu, Chung, and Langer (2010), who 

examined the effects of age cues on health and longevity across five very different settings. One 

of the primary findings was that women who think they look younger after having their hair 
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colored or cut show a decrease in blood pressure and appear younger in photographs presented to 

blind raters. In the same study, the researchers discovered that clothing, unlike uniforms, can 

function as an age-related cue such that those who wear work uniforms have lower morbidity 

than those who earn the same amount of money and do not wear work uniforms. They also found 

that baldness cues old age; male participants who balded prematurely saw themselves as older, 

aged faster, and had an increased risk of getting prostate cancer and coronary heart disease 

compared to male counterparts who did not prematurely bald. Older mothers also demonstrated a 

longer life expectancy compared to women who bore children earlier in life, possibly due to their 

exposure to younger age-related cues. Lastly, Hsu et al. (2010) found that in domestic 

relationships involving partners of significantly-varying ages, younger spouses lived shorter lives 

while older spouses lived longer lives, presumably due to their exposures to older and younger 

age-related cues, respectively. 

 In the present study we utilized the attention to symptoms variability (ATV) paradigm in 

order loosen perceptions of decline. Specifically, we asked older adults with concerns about 

memory to notice the natural fluctuations in their memory performance throughout the day for 

six days using text message prompts sent to their cell phones. As with any ATV intervention, our 

design emphasizes that one’s memory is not uniformly poor that fluctuations are a result of 

different environmental factors that are more controllable than the “aging” narrative.   Ours is the 

first study to investigate how the ATV paradigm can be applied to beliefs about age-related 

decline.   

Beliefs about memory ability and decline trajectories.  One stereotype that is 

especially tied to the aging process is cognitive decline, particularly memory loss (e.g., Cuddy & 

Fiske, 2002). Both middle aged and older adults, alike, admit that they are concerned about their 
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own memory loss (Lachman, 2004). Memory complaints increase with age, concerning 41% of 

those aged 55-65 years and 52% of those aged 70-85 years (Commissaris, Ponds, & Jolles, 

1998).  In the case of those in middle age (40-59 years of age), these concerns are often 

unfounded, as those in this particular age demographic experience a peak for many cognitive 

abilities including verbal memory, vocabulary, inductive reasoning, and spatial orientation 

(Willis & Schaie, 1999). Two decades earlier Langer and colleagues (1979) demonstrated that 

older adults would remember what is important to them. Despite these developmental strengths 

enjoyed in middle age and ability of older adults to focus on what is important, a billion-dollar 

industry of preserving cognition has emerged, including online “brain games” (e.g., 

Lumosity.com), which endorse a “use it or lose it” approach to cognitive health.  The popularity 

of these games seem to suggest that there is a market of consumers who do believe that 

something can be done to maintain cognition. However, there is much empirical evidence that 

older adults do not feel much control over their memory (e.g., Hultsch, Hertzog, Dixon, & Small, 

1998). For example, they are much less likely than younger adults to attribute memory successes 

to controllable factors (e.g., strategy) than they are to attribute them to uncontrollable factors 

(e.g., ability or genes; Blatt-Eisengart & Lachman, 2004).  

 These beliefs have real-world consequences for future health, particularly for cognitive 

health.  Studies have shown that the self-perception of memory decline, as well as stereotypic 

beliefs of aging, are strong predictors of actual memory decline (Cook & Marsiske, 2006; 

Zelinski, Gilewski, & Thompson, 1980). Moreover, perceived memory decline was implicated in 

subsequent global cerebral metabolic decline (Ercoli et al., 2006). People who held more 

negative age stereotypes at baseline showed significantly steeper loss of hippocampal volume 

and more accumulation of neurofrillary tangles and amyloid plaques, both of which are 
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associated with Alzheimer’s Disease (Levy et al., 2016). This effect held when controlling for 

measures of baseline health. Related to beliefs about decline trajectories are beliefs about one’s 

memory ability, also called memory self-efficacy (or MSE). Beliefs of memory efficacy have 

been shown to be positively correlated with performance on episodic memory tasks (Berry & 

West, 1993) and have also been shown to account for some age-related variance in memory 

performance (Desrichard & Köpetz, 2005). Even so, the relationship between memory efficacy 

beliefs and memory performance is a complex one. Two recent meta-analysis found a low, but 

statistically significant correlation between memory self-efficacy beliefs and memory 

performance where r = .15 (Beaudoin & Desrichard, 2011) and r = .06 (Crumley, Stetler, & 

Horhota, 2014).  One interesting nuance of the Beaudoin and Desrichard (2011) meta-analysis 

was that memory performance was more positively correlated to concurrent memory efficacy 

beliefs (i.e., how an individual feels they are performing on a certain task) than to overall 

memory efficacy beliefs. Indeed, researchers have found that older adults are often inaccurate 

when asked to rate their memory ability and how it had changed over time (Rickenbach, 

Agrigoroaei, & Lachman, 2015). 

Given the importance of these beliefs, many researchers have investigated ways to 

improve memory self-efficacy.  On the whole, subjective memory seems much more difficult to 

manipulate than objective memory performance in older adults (Lachman, 2004). One avenue 

that researchers have used to improve memory self-efficacy beliefs is by teaching memory 

strategies. For example, Lachman, Andreoletti, and Pearman (2006) found that teaching older 

adults to categorize items in an episodic memory task led to increased control beliefs over their 

memory.  As mentioned in Chapter 1, Lachman and colleagues (1992) found that cognitive 

restructuring about memory beliefs (paired with memory strategy training) improved both 
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memory efficacy beliefs and cognitive ability.  Indeed, a meta-analysis from Floyd and Scogin 

(1997) confirmed that the most effective method by which researchers could improve memory 

efficacy were protocols that combined mnemonic strategy training and attempts to modify 

expectancies/beliefs about memory ability.  

Intervention modality. In the past, these training studies have relied on in-person 

sessions, which take place over the course of many weeks (Floyd & Scogin, 1997; Lachman et 

al., 1992). One issue with this approach is scalability. Namely, it would be increasingly difficult 

to widely offer this type of training to those who are interested in it using an in-person approach. 

Others have found that using text-message based interventions can be a good strategy for 

incorporating a population that would not normally have access to an in-person session: namely, 

those from a rural background (Mahmud, Rodriguez, & Nesbit, 2010). Another issue with the 

typical session-based approach is that it does not necessarily prompt participants to incorporate 

the intervention into their everyday lives. For example, an intervention that asks participants to 

generate positive statements that could replace negative cognitions about memory performance, 

does not offer participants the experience of noticing these cognitions in “real time.” Given the 

increased trend in favor of technology-based interventions in many populations including among 

older adults (Bercovitz & Pagnini, 2016), we decided to use text messaging in order to deliver a 

mindful attention to symptom variability training.  

2.4 ATV pilot study 

We conducted a brief pilot study in order to evaluate a physical workbook that was 

designed to prompt participants to notice the patterns in their memory throughout the day. For 

this pilot study, we recruited six older adults from the greater Boston Area to complete our ATV 

workbook exercises. One individual did not feel that they had enough time to commit to the 
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experiment so they quit the study after the first session, leaving us with 5 individuals (N = 5, M 

age= 68.4, age range: 60-74; 3 males).  

We gave participants a physical workbook that they were asked to fill out consistently at 

breakfast, lunch, and dinner for 12 days. In this workbook they were asked to write down all the 

things that they remembered and forgot since the last time they wrote in the journal. Every three 

days, they were asked to tally up the total instances of forgetting and remembering.  

Procedure.  Participants were recruited from a list of individuals who had taken part in 

memory studies with the lab before. Participants were screened via telephone and were invited 

to participate if they met the following inclusion/exclusion criteria: no indication of cognitive 

impairment (score > 8 on the Short Portable Mental Status Questionnaire), no history of stroke, 

brain injury, other neurological disorders, or depression. Participants were also required to 

respond that they were fluent in English Participants came into the lab individually for their first 

measurement session and we introduced the workbook exercises. We instructed participants to 

begin their workbook exercises the following day. After six days of at-home activities, 

participants came into the lab for testing. On Day 13, participants returned to the lab for final 

testing. Survey data were collected on the computer via the Qualtrics.com platform. We 

compensated participants $15 to help cover travel expenses to and from the lab.  

Outcomes. While our primary goal for this pilot study was to gather qualitative feedback 

about our ATV intervention workbook, we also measured subjective memory performance and 

memory concern using the Everyday Memory Questionnaire-Revised (Royle & Lincoln, 2008). 

We found that subjective memory performance increased after one week for 4 out of the 5 

individuals. After six more days, all 4 of these individuals reported a decrease in their subjective 

memory performance from the midweek session. After six days of the intervention, 3 of the 5 
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individuals in the ATV group reported less stress over their memory lapses. After six more days 

of the intervention, reports of memory concern increased again for 2 out of the 3 individuals, 

with the third experiencing no change in concern.  See Figures 1.1 and 1.2 below. 

 

 

Figure 1.0.  Memory Pilot Study. Number of “yes” responses on the Everyday Memory 

Questionnaire. More “yes” responses indicate lower subjective memory (N=5). We measured 

subjective memory performance at three time-points with 12 days of at-home activities (attention 

to variability in memory) assigned between T0 and T2.  
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Figure 1.1.   Responses of how stressful the memory lapses described in Everyday Memory 

Questionnaire with 0 indicating “not at all stressful” and 10 indicating “very stressful” (N = 4). 

We measured stress about memory performance at three time-points with no activities assigned 

in the 12 days between T0 and T2. One individual did not respond to the question since they did 

not indicate any memory lapses. 

 

Qualitative feedback. Our main instruction to those in the study was to make note of the 

things they remembered and forgot since the last time they wrote in their notebooks. In the final 

survey, four out of the five individuals indicated that they felt that a strength of the study was 

that it made them more aware of their memory. 

 We found that while many people consistently wrote in their study notebook, they 

expressed uncertainty about how many items they should write about. Additionally, many 

participants from this pilot study reported that they found it very difficult to write about specific 

things they remembered to do and ended up just writing a list of things they accomplished 
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during the time period (e.g., washed the dishes, changed the laundry). Participants tended to 

focus on the things they were forgetting, occurrences that were most salient to them (e.g., “good 

specifying forgets [sic], but it’s harder to be consistent about what remembers to include”). 

When asked about the limitations of the exercises, two of the five participants commented that 

they felt limited by us asking at the same time each day. With this feedback in mind, we decided 

to ask participants in our text-message study to focus on their memory performance in the past 

30 minutes to encourage a less biased reflection. We also decided to ask participants about 

specific types of forgetting that they experienced during the last 30 minutes (adapted from 

Royle and Lincoln’s Everyday Memory Questionnaire, 2008). 

We found our approach of teaching the participants about ATV left much room for 

improvement. Specifically, we relied on the participants to notice that their memory was 

changing throughout the day, but did not explicitly ask them to compare timepoints across the 

intervention. In addition, participants selected instances that were salient to them, but we felt 

that this did not aid in our goal of showing them how their memory changes throughout the 

whole day.  Namely, we did not give them a good method of sampling across their day in an 

unbiased manner. 

Take-aways. We had two primary take-aways from the pilot study. The first conclusion 

was that we wanted to remove the ambiguity and bias from the sampling process and give 

participants a more systematic approach to sample the variability in their memory performance. 

Therefore, we reasoned that text messages could prompt participants to make comparisons across 

disparate points in time, which would be more effective at teaching participants about variability 

in their memory performance across the day.   
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Our pilot study also informed our decision about the length our text-message-based 

intervention. Specifically, we found that it was most convenient for participants to schedule the 

first and second sessions one week apart. Therefore, to make the first and session sessions one 

week apart, the intervention must occur in the time between these sessions. Another decision we 

had to make was whether or not to continue the text messages for two weeks. Our pilot study 

included 12 days of journaling with an in-person session in the middle to give the participants 

the chance to reflect on general patterns and also to ask any clarifying questions to the 

experimenter.  Any improvements we did observe came from the first to the second session and 

did not continue to improve as a result of the second week of journaling. Therefore, we decided 

to make our intervention six days in length, which was in line with the ATV study investigating 

heart-rate variability (Delizonna et al., 2009). 

The goal of the research presented below was to investigate the effects of a text-message-

based intervention, which prompted participants to reflect on natural variability of their memory 

processes.   

2.5 Research questions and hypotheses for study 1 

Given the large body of evidence demonstrating the importance of maintaining 

perceptions of control (see Chapter 1), it is essential to investigate ways in which older adults 

can maintain high internal control beliefs, particularly with regard to memory. Specifically, we 

investigated the attention to variability (ATV) paradigm over the course of a week with older 

adults who view their forgetting behavior as problematic. We prompted older adults to focus on 

the variability in their memory ability, with the overarching goal of challenge the idea of steady 

age-related decline. This ATV training occurred over six days, sandwiched by two assessment 

sessions, both of which included online and phone components. In addition to investigating the 
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effects of this mindful attention training on memory control beliefs, we also assessed changes in 

perceptions of memory ability and performance on cognitive tests. Our primary hypotheses for 

Study 1 were:  

1. Older adults who are prompted to attend to the variability in their memory performances 

will demonstrate increases in positive memory efficacy beliefs (as measured by the 

Memory Controllability Inventory). We hypothesize that this effect will not occur in the 

comparison groups. 

2. Older adults who are prompted to attend to the variability in their memory performances 

will demonstrate a change in their subjective memory performance, such that they will 

indicate fewer memory lapses over the past 24 hours at T1 than T0 (i.e., Question #1 on 

Everyday Memory Questionnaire).  We hypothesize that this effect will not occur in the 

comparison groups. 

3. Older adults who are prompted to attend to the variability in their memory performances 

will report less stress about their memory failures at T1 than at T0. We hypothesize that 

this effect will not occur in the comparison groups.  

4. Older adults who attend to the variability in these abilities will demonstrate improved 

memory scores, while those in the comparison groups will not.   

Our secondary hypotheses were:  

1. There will be a positive relationship between positive memory control beliefs and scores 

on the Langer Mindfulness Scale. 

 

2.6 Methodology for study 1 

Participants 
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Sample size. Sample size was determined in order to have enough power to detect an 

effect given the analysis, a one-way ANCOVA. Specifying this test with three groups, statistical 

power =.80, α = .05, and expecting a medium effect size, our power analysis  suggested a final 

sample size of 52 per group (Total N= 156; Cohen J., 1992).  This effect size is based on 

Delizonna and colleagues’ study using the ATV paradigm (Delizonna et al., 2009), which 

reported an ETA = .23. Delizonna et al. (2009) also reported a 25% data attrition rate, which 

indicated initially that we should aim to recruit 65 individuals per group (Total N = 195 

individuals). After 100 participants enrolled in the study, we checked the attrition rate (including 

technical errors), which was 10% at that point. Therefore, I decided to conservatively account for 

a possible 15% attrition and enroll at least 180 individuals.  

 Recruitment. A total of 188 participants (ages 65-80) were recruited from around the 

United States using a a Facebook.com advertising campaign (N = 107), electronic newsletters 

and bulletin boards associated with Osher Lifelong Learning Institutes (N = 24), an older adult 

database created from previous lab studies (N = 17), a Craigslist ad (N = 3), and referrals from 

friends and family (N = 4). Thirty-three individuals did not remember or did not report the mode 

of recruitment. These advertisements began with “Do you have “senior moments” that concern 

you?” in order to recruit those with memory concerns (see below a sample advertisement). These 

advertisements included a link to a 5-minute online prescreening survey and the researchers’ 

contact information. If participants met the first round of inclusion criteria, they were prompted 

to enter an email address and phone number so that we could contact them. The majority of 

people completed the online prescreening survey (N= 72), while some completed the full 

prescreening process over the phone (N =16).  
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Figure 1.2. Sample Online Advertisement for the Memory Study. 

 Inclusion and exclusion criteria. Inclusion criteria for participants included a) 65-80 

years of age; b) fluency in the English language (An affirmative response to “Are you fluent in 

English?”), c) expressed concern about one’s memory (An affirmative response to “Would you 

say you are at all concerned about your memory?”). Exclusion criteria included: a) the presence 

of cognitive impairment (score of < 8 on the Short Portable Mental Status Questionnaire); b) the 

presence of any medical conditions that affect cognitive ability, such as stroke, acquired brain 

injury, other neurological disorders or illnesses, or untreated hypertension. Participants were also 

excluded from the final analysis if they did not complete 2/3 of questions from any of the 

following: Survey 1, Survey 2, and our text message prompts. Our final attrition was 32 

individuals out of 186 enrolled (17% attrition; see Table 1.0 below). One hundred fifty-six 

individuals were included in the final analysis (Mage = 69.85, SD = 3.80; MEducation = 17.30, SD 
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=2.65; 142 females). The characteristics of the final sample are also included in Table 1.1 just 

below.  

Table 1.0. Attrition of memory study participants. 

 Total Usable Data 

Enrolled 188 186 

Quit  4 184 

Did not complete 2/3 of Survey 1  5 179 

Technical difficulties  4 175 

Did not complete 2/3 of text messages 13 162 

Did not complete 2/3 of Survey 2 6 156 
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Table 1.1 Participant characteristics of memory study. 

 

Total 

Gender 

 

Male 13 

 

Female 142 

 

Other 1 

Education 

 

Less than high school 1 

 

High school graduate 3 

 

Some college, but no degree 12 

 

Bachelor's degree 16 

 

Associate's degree 43 

 

Master's degree 61 

 

Doctorate 12 

 

Professional (JD, MD) 8 

Marital Status 

 

 

Single 21 

 

Married 69 

 

Widowed  18 

 

Separated 2 

 

Divorced 37 

 

Civil Union 3 
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Table 1.1. Participant characteristics of memory study (Continued). 

 

Other 6 

Income per year 

 

$10,000 to $19,999 10 

 

$20,000 to $29,999 14 

 

$30,000 to $39,999 22 

 

$40,000 to $49,999 16 

 

$50,000 to $59,999 14 

 

$60,000 to $69,999 11 

 

$70,000 to $79,999 8 

 

$80,000 to $89,999 8 

 

$90,000 to $99,999 10 

 

$100,000 to $149,999 22 

 

$150,000 or more 11 

 

Prefer not to answer 9 

Employment Status 

 

 

Working (Paid employee) 28 

 

Working (Self-employed) 9 

 

Not working (Temporary 

layoff from job) 1 

 

Not working (Looking for 3 
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work) 

 

Not working (Retired) 108 

 

Not working (Disabled) 

4 

 

 

Not working (Other) 0 

 

Prefer not to answer 0 

Race 

 

White/Caucasian 148 

 

Black/African American 2 

 

Other 1 

 

Multiracial 2 

 

Asian 3 

Identifies as Religious  

 

Yes 71 

 

No 77 

 

Prefer not to answer 8 

Region of Residence 

 

Northeast 53 

 

South 47 

 

Midwest 31 

 

West 25 
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Measures 

 Prescreening Measures 

Short Portable Mental Status Questionnaire (SPMSQ-T; Roccaforte, Burke, Bayer, & 

Wengel, 1994). Based on a test designed for in-person administration (Pfeiffer, 1975), the 10-

item SPMSQ-T is a measure designed to screen for cognitive impairment over the telephone. 

The test is scored out of a total possible of 10 points, and includes questions designed to probe 

diverse cognitive abilities including short-term memory, long-term memory, orientation to 

surroundings, information about current events, and counting backwards. A score of 8-10 

indicates no cognitive impairment. A score below 8 indicates the presence of a cognitive 

impairment, with a score of 6 or 7 indicating mild cognitive impairment, a score of 3-5 indicating 

moderate cognitive impairment, and a score of 0-2 indicating severe cognitive impairment. The 

SPMSQ administered by telephone has been found to offer modest accuracy distinguishing 

between those with cognitive impairment and those without cognitive impairment with a 

reported sensitivity of .74 and specificity of .79 (Roccaforte et al., 1994).  

 Primary outcome measures 

Everyday Memory Questionnaire-Revised (EMQ-R; Royle & Lincoln, 2008). This 13-

item self-report scale measures subjective memory performance. Namely, respondents are asked 

to indicate whether or not they had experienced certain memory failures within the past 24 hours 

(e.g., “Did you find that a word was "on the tip of your tongue" - you knew what it was but could 

not quite find it?). Following the 13 yes/no questions about one’s memory functioning, 

participants are asked to rate how stressful these failures are on a scale of 0-10 with 0 indicating 

“not at all stressful” to 10 indicating “very stressful.” The final question asks the participant to 

compare their memory functioning that day compared to other days (“much worse than usual, a 
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little worse than usual, same as usual, somewhat better than usual, much better than usual”). This 

13-item version was shortened from the original 28-item version (Sunderland, Watts, Baddeley, 

& Harris, 1986). Analysis of the revised version demonstrated two main factors: Attentional 

tracking and Retrieval. The EMQ-R has demonstrated strong internal reliability (Royle & 

Lincoln, 2008). 

Memory Controllability Inventory (MCI; Lachman, Bandura, Weaver, & Elliott, 1995). 

The Memory Controllability Inventory is a 19-item Likert scale with questions about one’s 

memory. Participants rate each statement from 1 (strongly disagree) to 7 (strongly agree). The 

MCI includes six subscales, including: Present Ability (e.g., “I can remember the things I need 

to.”), Potential Improvement (e.g., “I can find ways to improve my memory”), Effort Utility 

(e.g., “If I work at it, I can improve my memory.”), Inevitable Decrement (e.g., “There’s not 

much I can do to keep my memory from going downhill.”), Independence (e.g., “As I get older I 

won’t have to rely on others to remember things for me.”), and Alzheimer’s Likelihood (e.g., I 

think there’s a good chance I will get Alzheimer’s disease”).  On all the subscales except 

Alzheimer’s Likelihood and Inevitable Decrement, higher scores indicate higher levels of 

perceived personal control over one’s memory. The authors reported alpha reliability coefficients 

from three samples (“Present Ability” alpha = .58-.70, “Potential Improvement” alpha = .62-.70, 

“Effort Utility” alpha = .65-.73, “Inevitable Decrement” alpha = .58-.77, “Independence” alpha = 

.49- .68, “Alzheimer’s Likelihood” alpha = .65-.73). Of the 19 items, 5 are reverse scored. 

Brief Test of Adult Cognition by Telephone with Stop-and-Go Switch Task (BTACT; 

Tun & Lachman, 2006). The BTACT is a neuropsychological battery based off well-known 

laboratory tasks and modified versions of well-established psychometric tests.  The BTACT, 

which is proctored over the phone, is designed to be sensitive to performance on a range of 
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cognitive abilities in older adults without cognitive impairments including: episodic verbal 

memory (both immediate and delayed list recall of 15 unrelated words of the Rey Auditory-

Verbal Learning Test, Rey, 1964), working memory span (backwards digit span, Wechsler, 

1997) and language verbal fluency. We also included the optional Stop-and-Go switch task to 

test task-switching ability/inhibitory control. Two versions of the test (Form A and Form B) are 

available for repeated measurement. This test has demonstrated good construct validity and test-

retest reliability (Lachman, Agrigoroaei, Tun, & Weaver, 2014). Moreover, the assessment’s 

authors found no difference in performance between individuals who took the test over the phone 

vs. in person (Tun & Lachman, 2006).   

Secondary outcome measures 

Langer Mindfulness Scale-14 Item (LMS-14; Pirson, Langer, Bodner, & Zilcha, 2012). 

We assessed trait mindfulness using the Langer Mindfulness Scale (LMS-14), a 14-item Likert 

scale (1= Strongly disagree to 7 = Strongly agree) which includes three factors: novelty seeking, 

novelty producing, and engagement, and good psychometric properties. 

Geriatric Depression Inventory - Short Form (GDI-sf; Sheikh & Yesavage, 1986). This 

scale is comprised of 15 yes/no questions and is typically used to screen for depression in older 

adults. The GDI-sf is an abridged version of the original 30-question assessment by the same 

authors, shortened with the goal of reducing participant response burden (Yesavage et al., 1983). 

A score of 5 (or higher) out of 15 indicates probable mild depression. The short form was found 

to be highly correlated with the long version (r = .89) with similarly high rates of sensitivity 

(Lesher & Berryhill, 1994).  The GDS-sf has good validity in both out-patient and in-patient 

clinical populations, but not with patients with cognitive impairment (Herrmann et al., 1996; 

Lesher & Berryhill, 1994).   
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Program adherence.  As a measure of program adherence, we calculated the proportion 

of text messages participants responded to out of the total 12 (i.e., 2 messages per day for 6 

days). Participants were only included in the final analysis if they completed two-thirds of these 

prompts. The mean average number of scheduled text messages completed in our final sample 

was 11.01 (SD = 1.46). 

Procedure 

Prescreening. In order to determine eligibility, we screened interested parties in two 

parts. The first part was composed of questions regarding personal demographics, health 

histories, and attitudes toward memory. The second part was a cognitive assessment to assess 

possible cognitive impairment. Some people completed both parts over the phone (N = 16), 

while the majority completed the first part via an online survey delivered via the Qualtrics.com 

website platform and the second part over the phone.  

Prescreening – Part 1. Potential participants completed the first phase of the 

prescreening, either on the phone, or via an online prescreening survey. This part of the 

prescreening determined whether participants met the following requirements: age (65-80 years), 

English fluency, owning a smartphone, concern with memory (an affirmative response to 

“Would you say you are at all concerned about your memory?”), no untreated hypertension, and 

no history of conditions that affect cognitive ability including stroke, acquired brain inquiry, 

neurological disorders and illness. Participants were also asked two more questions during this 

stage, though the responses did not have bearing on eligibility. These questions assessed whether 

they had noticed memory decline over the past few years (yes/no) and their level of concern with 

the memory decline (“On a scale of 1-5, how concerned are you about memory decline with 1 

being “not concerned at all” and 5 being “very concerned”.) 
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Prescreening – Part 2.  The second phase of the prescreening consisted of a cognitive 

assessment over the phone, including the Short Portable Mental Status Questionnaire (SPMSQ, 

Pfeiffer, 1975) and some sections of the Brief Assessment of Adult Cognition by Telephone 

(BTACT, Tun & Lachman, 2006). Specifically, participants were tested on word list recall 

(immediate and delayed), digit span, verbal fluency, and inhibitory control. Participants were 

randomly assigned to either Form A or Form B of the BTACT. Only performance on the 

SPMSQ was used to determine eligibility (with a score of 8 or above ruling out cognitive 

impairment).  

Compensation. In exchange for participating, participants received a $15 gift card code 

to Amazon.com. In addition, they received information about techniques to stay cognitively 

active, which was published by the Global Council on Brain Health (2017). 

Random assignment. Participants were randomly assigned to one of three groups using 

random.org, which generates random numbers using atmospheric noise.  

Baseline Measurement (Session 1). The first study survey was sent over email 

immediately after the cognitive assessment. This survey was delivered using an active link that 

directed users to a survey delivered on the Qualtrics.com platform. To start the survey, 

participants indicated that they had read and agreed to the terms in the informed consent. This 

baseline survey included the following items: Positive and Negative Affective Schedule 

(PANAS), Sunderland Everyday Memory, Memory Controllability Inventory, Multifactorial 

Memory Questionnaire, subjective age ratings, the Langer Mindfulness Scale (14-item version), 

questions about perceptions of health and quality of life, the Image of Aging Scale, the Geriatric 

Depression Scale (Short Form), and questions about demographics.  
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Experimental conditions. The three experimental conditions differed in the delivery 

schedule and content of ATV mindfulness instructions. All participants were asked to respond to 

two messages per day for six days. The High Mindfulness Memory group (Condition 1, N = 49) 

was designed to encourage participants to notice how their memory performance was fluctuating 

over the course of the week. The Low Mindfulness Memory group (Condition 2, N= 52) was 

designed to encourage participants to notice their memory performance over the week, 

highlighting the stability instead of the fluctuation. The General Mindfulness group (Condition 3, 

N = 55) was designed to make participants generally aware of their present experience, without 

attending to memory-related cues.  The differences are noted below, as well as in Figure 1.3 just 

below the descriptions.  

Condition 1 (“High Mindfulness Memory” group).  For six consecutive days, we 

prompted participants in this condition to reflect on their memory twice per day (once in the 

morning and once in the late afternoon/early evening). The contact schedule was created 

separately for each participant using a random number generator with the parameters that the 

first message should be sent to the participant between 9am and noon and the second sent 

between noon and 8pm. Each communication asked participants to a) describe the activity they 

had been doing over the past 30 minutes, b) rate their memory performance during the last 30 

minutes using a sliding scale (with 0 indicating Poor and 100 indicating Excellent), c) check a 

box next to all the types of memory lapses/instances of forgetfulness they had experienced in the 

past 30 minutes (out of the 10 listed in the Everyday Memory Questionnaire), d) compare their 

memory performance to the last time we asked them using a sliding scale with -10 indicating 
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Much Worse, and 10 indicating Much Better 2 and e) describe any factors they believed may 

have accounted for any differences in memory performance. In addition, this group was 

instructed each morning at 9am to be attentive to how their memory performance changed 

throughout the day and to ask oneself what might account for these changes, though we did not 

require any response (see the text below): 

“Throughout the day, pay attention to the natural fluctuations in your memory 

performance. Pay attention to the effects these changes have on you and your behaviors and 

interactions with others throughout the day. Most importantly, notice when your memory is 

better/worse and ask oneself why this may be (e.g., sleep, mood, distractions?) Notice three ways 

your memory is different from last time you checked.” 

Condition 2 (“General Mindfulness” group).  Just like those in Condition 1, participants 

in Condition 2 were sent two text messages per day. Instead of receiving the messages on a 

random schedule, they received messages every day at the same times (i.e., one at 9am and one 

at 8pm) to discourage noticing fluctuation throughout the day. Those in this group were asked to 

reflect on the activity they had been engaged in over the past 30 minutes. They were not asked 

about their memory performance, at all.  

Condition 3 (“Low Mindfulness Memory” group). Participants in this condition received 

daily prompts asking them to report on their memory performance over the last 30 minutes, just 

as those in Condition 1 did. Unlike those in Condition 1, those in the Low Mindfulness Memory 

group were only prompted to report on their memory performance in the morning at 9am. Also 

unlike those in Condition 1, participants in Condition 3 were not asked to reflect on how their 

                                                

2 Note that this question did not appear if this was the first time we were texting the participant.  
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memory was fluctuating.  Finally, participants in Condition 3 were also texted in the evening at 

8pm, but this text message did not pertain to memory. This evening message prompted them to 

reflect on the activity they had been engaged in over the past 30 minutes. The rationale for 

including this evening text message prompt was to ensure that all groups received two text-

message prompts per day. We thought that prompting them about their memory twice per day 

might encourage them to notice fluctuation in their memory performance, which we did not 

want.  

Table 1.3. Differences in scheduling among the three conditions in memory study. 

 General 
Mindfulness 

Low Mindfulness- 
Memory 

High Mindfulness 
Memory 

2 daily text 
messages prompts? 

Yes Yes Yes 

Schedule of text 
messages 

Fixed-  
9am and 8pm 

Fixed-  
9am and 8pm 

Random -  
morning (9am-
noon) and evening 
(noon-8pm) 

 
Table 1.4. Differences in scheduling among the three conditions in memory study. 

 General 
Mindfulness 

Low Mindfulness  
Memory 

High Mindfulness 
Memory 

Question about 
activities in last 30 
minutes? 

Yes Yes Yes 

Questions about 
memory 
performance in last 
30 minutes? 

No Yes Yes 

Question about how 
memory different  
from last time 
point? 

No No Yes 

Morning reminder 
to notice fluctuation 
in memory and 
consider underlying 
patterns? 

No No  Yes 
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Session 2 (Final Measurement).  Participants were sent a final survey the day after their 

text messages ended. This final survey included the Sunderland Everyday Memory 

Questionnaire and the Memory Controllability Inventory. 

 Follow-up call. After the final survey, participants completed a 15-minute cognitive 

assessment via phone. Specifically, participants completed the form of the BTACT that they did 

not complete during the prescreening call (i.e., if they completed Form A in the first call, they 

would complete Form B in the follow-up call). The experimenter was always blind to the 

condition of the participant. In most cases (all except 2), the experimenter who proctored the 

final assessment session was also the person who conducted the prescreening call.  

Debriefing. After the follow-up call, we sent participants a debriefing form via email 

explaining our study hypotheses, as well as an Amazon.com giftcard code for $15 and the 

handout from the Global Council on Brain Health (2017) entitled, “Engage Your Brain: GCBH 

Recommendations on Cognitively Stimulating Activities.” 

Data analysis.  In order to determine the effects of our interventions on our dependent 

variables of interest, we first conducted a series of one-way ANCOVAs, inserting the baseline 

scores of each dependent variable as covariates. Before running these tests, we checked that 

statistical assumptions of the one-way ANCOVA were met for each of our dependent variables, 

as follows:  

1. First, we checked for the homogeneity of regression means, separately for each 

dependent measure of interest, by inspecting the Condition x Baseline term of the 

ANCOVA analyses. We found that each of our measures satisfied this assumption (see 

Appendix A).   
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2. Second, we checked to make sure the data satisfied the assumption of homogeneity of 

variances across the experimental conditions by using Levene’s Test of Equality of Error 

Variances. All measures except the Everyday Memory Questionnaire’s “Stress about 

Memory Lapses” met this assumption (see Appendix A). In the case of the EMQ’s 

question about stress, we utilized a reciprocal transformation. Figure 2.9 shows that the 

error variances were equally distributed after this transformation. 

3. Third, we checked for outliers via visual inspection of the boxplots. Outliers were defined 

as those with standardized residuals with z-scores above or below 3.  We found no 

outliers matching this definition in any of our dependent variables (see Appendix A).  

For the Brief Test of Adult Cognition by Telephone (which is composed of many 

subtests), we conducted a Multivariate Analysis of Analysis of Variance (MANOVA), after 

verifying that we had satisfied the statistical assumptions, including: 

1. The model includes two or more dependent variables that are measured at 

the continuous level; 

2. The model includes one independent variable that consists of two categorical or more 

categorical, independent groups; 

3. Independence of observations; 

4. No multicollinearity (Appendix A); 

5. Homogeneity of variance (see Appendix A3) 

                                                

3 Note that the follow-up test for the reverse trials of the switch task cannot be accurately 

interpreted because the data did not meet the assumption of homogeneity of variance. 
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Given our data were not amenable to repeated measures ANOVAs (as we tested 

participants at only two time points), we decided to further investigate the difference between 

baseline and follow-up sessions by conducting a series of paired-sample t-tests, separately for 

each of the three study conditions. Given concerns about multiple comparisons and increased 

chances of a Type I Error, we applied a Bonferroni correction to these analyses, dividing the 

significance value (.05) by the number of tests performed (3) for a more conservative 

significance value of .017. In the cases of the High Mindfulness Memory group, we had a priori 

predictions about the direction of the effect, so our significance value was set to .1, and adjusted 

to .033 with the Bonferroni correction. Each of the dependent variables met the statistical 

assumptions of this test. 

 

2.7 Results of study 1 

In this section, we begin with a summary of the most notable findings, and then describe 

the results in detail for our four separate research questions, which investigated the effects of the 

interventions on 1) memory control beliefs, 2) subjective memory performance, 3) stress about 

subjective memory performance, and 4) actual memory performance. 

Summary of results. As predicted, we found positive effects of the ATV intervention, 

with the High Mindfulness Memory group reporting significantly fewer lapses in their memory 

after the intervention (p = <.001), along with increased control over their memory.  Specifically, 

those in the High Mindfulness Memory group became more likely to feel control over their 

present memory abilities (p = .04) and potential improvement (p = .052) after the intervention.  

On the other hand, we found that those who were asked to pay attention to their memory 

and not the fluctuation (the “Low Mindfulness Memory” group) demonstrated declines in 
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reported beliefs about memory controllability including: decreased beliefs in the utility of efforts 

to improve memory ability (p = .013), decreased beliefs about control over their independence (p 

= .06), increased beliefs about memory decline being inevitable (p = .06), and increased beliefs 

about the likelihood of developing Alzheimer’s Disease (p = .06).  At the same time, this group 

also evidenced decreased stress about memory lapses (p =.001).  

We found that noticing the activities they were engaged in (the task of the “General 

Mindfulness” group) positively affected the participants. Specifically, participants in this group 

became more likely to feel control over their present memory abilities (p = .043) and less likely 

to report memory lapses after the intervention (p =.013).  

Finally, we found significant relationships between trait mindfulness and control beliefs 

about memory. We discovered a positive relationship between trait mindfulness and the 

following variables: Present Ability (r = .39, p < .001), Potential Improvement (r = .29, p < 

.001), Effort Utility (r = .23, p =.005), and Independence (r = .20, p = .012). We also discovered 

the predicted negative relationship between trait mindfulness and the following negative beliefs 

about memory controllability: Inevitable Decrement (r = -.27, p = .001) and Alzheimer’s 

Likelihood (r = -.21, p = .01). See below for the full analyses, parsed by research question. For 

simplicity, the significant findings are presented below and the rest are included in Appendix A. 

Demographic variables  

First we tested to ensure that the groups did not significantly differ on the demographic 

variables of age, education (number of years), Geriatric Depression Scale (short form) and 

Langer Mindfulness Scale. The groups did not differ on these measures (See Appendix A for a 

full description of the analyses).    

Research question #1: Control beliefs  
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 Our first research question of interest was: Does paying attention to the variability in 

memory performance positively affect how much control someone feels they have over their 

memory?  

To answer this question, we conducted an ANCOVA for each of the subscales of the 

Memory Controllability Inventory (MCI) that indicate positive attitudes towards memory 

controllability (Present Ability, Potential Improvement, Effort Utility and Independence), along 

with negative attitudes towards memory controllability (Inevitable Decrement and Alzheimer’s 

Likelihood). We followed up the ANOVAs with a series of paired-sample t-tests.  

MCI-Present Ability.  Since the variances of these groups were not homogenous at 

baseline on this measure as determined by Levene’s test, (F (2,153) = 4.91, p <.001), we 

conducted a Welch’s F-test to determine that there were no significant differences among the 

three group means on “Present Ability” at baseline, Welch’s F(2, 100.50) = .329, p = .69 

(Appendix A).   

A one-way ANCOVA revealed the following: As we expected, the covariate (“Present 

Ability” scores at T0) was significantly related to the final “Present Ability” scores, (F(1,152) = 

233.10, p < .001, partial η2 = .61; see Appendix A). After adjusting for pre-intervention scores of 

“Present Ability”, there was not a statistically significant difference in post-intervention scores of 

“Present Ability” among the three conditions, F(2, 152) = 2.112, p = .247, partial η2  = .018. See 

below for the Estimated Marginal Means of the three conditions at T1.  
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Figure 1.0. Estimated Marginal Means for “Present Ability” at T1 with error bars indicating a 

95% confidence interval. 

 

Paired-sample t-tests revealed the following: For the High Mindfulness Memory group, 

participants’ mean “Present Ability” score at T0 was 14.16 (SD = 3.50) and increased to 14.92 

(SD = 3.60) at follow-up, t(48) = -2.11, p = .04. Similarly, for those in the General Mindfulness 

group, the mean “Present Ability” score increased from 14.00 (SD = 4.40) at T0 to 14.64 (SD 

=4.10) at follow-up, t(54) = -2.08, p= .043.  For those in the Low Mindfulness group, the mean 

“Present Ability” score did not change from baseline to follow-up (t(51) = .207, p =.84). 

MCI-Potential Improvement. Since the variances of these groups were not homogenous 

at baseline as determined by Levene’s test (F (2,153) = 3.17, p <.001), we conducted a Welch’s 

F-test in order to determine that there were no significant differences among the three group 
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means on “Potential Improvement” at baseline, Welch’s F(2, .96.82) = 2.13, p = .13 (see 

Appendix A).   

Our primary analysis, a one-way ANCOVA revealed the following: the covariate 

(“Potential Improvement” scores at T0) was significantly related to the follow-up “Potential 

Improvement” scores, (F(1,152) = 169.12, p < .001, partial η2 = .53; see Appendix A). After 

adjusting for pre-intervention scores of “Potential Improvement”, there was not a statistically 

significant difference in post-intervention scores of “Potential Improvement” among the three 

conditions, F(2, 152) = 1.62, p = .20, partial η2  = .021. See below for the Estimated Marginal 

Means of the three conditions at T1.  

 

Figure 1.1 Estimated marginal means for “Potential Improvement” at T1. Error bars indicate 

95% confidence intervals.  
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Paired-sample t-tests revealed the following: For the High Mindfulness Memory group, 

participants’ mean “Potential Improvement” score at T0 (M  = 14.96, SD =3.36) increased to 

15.59 (SD = 2.89) at T1, t(48) = -1.99, p = .052. Participants’ mean “Potential Improvement” 

score did not change significantly from baseline to follow-up for either the Low Mindfulness 

Memory group (t(51) = .21, p =.23)  or for the General Mindfulness group (t(54)= 1.27, p= .21). 

MCI-Effort Utility. A one-way ANOVA revealed that there were no significant 

differences among the three group means on “Effort Utility” at baseline, F(2, 153) = .43, p = .66 

(see Appendix A). 

Our primary analysis, a one-way ANCOVA revealed the following: As expected, the 

covariate (“Effort Utility” scores at T0) was significantly related to the follow-up “Effort Utility” 

scores (F(1,152) = 147.66, p < .001, partial η2 = .50; see Appendix A). After adjusting for pre-

intervention scores of “Effort Utility”, there was not a statistically significant difference in post-

intervention scores of “Potential Improvement” among the three conditions, F(2, 152) = 

1.49, p = .23, partial η2  = .020. See below for the Estimated Marginal Means of the three 

conditions at T1. 
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Figure 1.2. Estimated marginal means for “Potential Improvement” at T1. Error bars indicate 

95% confidence intervals. 

 

Paired-sample t-tests revealed the following: For those in the Low Mindfulness Memory 

group, the mean “Effort Utility” score significantly decreased from baseline (M = 15.69, SD = 

2.92) to follow-up (M = 14.98, SD = 3.05), t (51) = 2.59, p =.013. Participants’ mean “Effort 

Utility” score did not change after the intervention for either the High Mindfulness Memory 

group (t(48) = .79, p = .44) nor for the General Mindfulness group,  t(54)= -.43, p = .67. 

MCI- Independence.  A one-way ANOVA revealed that there were no significant 

differences among the three group means on “Independence” at baseline, F(2, 153) = .61, p = .55 

(see Appendix A).  
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A one-way ANCOVA revealed the following: As expected, the covariate 

(“Independence” scores at T0) was significantly related to the follow-up “Independence” scores 

(F(1,152) = 137.46, p < .001, partial η2 = .48; see Appendix A). After adjusting for pre-

intervention scores of “Independence”, there was not a statistically significant difference in post-

intervention scores of “Independence” among the three conditions, F(2, 152) = .71, p = .71, 

partial η2 = .004. See just below  for the Estimated Marginal Means of the three conditions at T1. 

 

Figure 1.3. Estimated marginal means for “Independence” at T1. Error bars indicate 95% 

confidence intervals. 

 

  Paired-sample t-tests revealed the following: For those in the Low Mindfulness Memory 

group, the mean “Independence” score decreased from 13.48 (SD = 3.25) at baseline to 12.73 
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(SD = 3.57) at follow-up, t(51) = 2.08, p =.043.  Participants’ mean “Independence” score did 

not change between baseline and follow-up for either the High Memory Mindfulness group 

(t(48) = .271, p = .79) or the General Mindfulness group (t(54) = 1.46, p= .15). 

MCI- Inevitable Decrement. A one-way ANOVA revealed that there were no 

significant differences among the three group means on “Inevitable Decrement” at baseline, F(2, 

153) = .79, p = .46 (see Appendix A). 

A one-way ANCOVA revealed the following: The covariate, “Inevitable Decrement” 

scores at T0, was significantly related to the follow-up “Inevitable Decrement” scores (F(1,152) 

= 147.66, p < .001, partial η2 = .50; see Appendix A). After adjusting for pre-intervention scores 

of “Inevitable Decrement”, there was a statistically significant difference in post-intervention 

scores of “Inevitable Decrement” among the three conditions, F(2, 152) = 3.295, p = .040, partial 

η2 = .042. See just below for the Estimated Marginal Means of the three conditions at T1. 
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Figure 1.3. Estimated marginal means for “Independence” at T1. Error bars indicate 95% 

confidence intervals. 

Pairwise analyses of the Estimated Marginal Means4 revealed that the final “Inevitable 

Decrement” scores were significantly lower in the General Mindfulness group than in either the 

Low Mindfulness Memory group or the High Mindfulness Memory group (see Figure 17.5). To 

be more precise, “Inevitable Decrement” scores were significantly lower in the General 

Mindfulness group than in the Low Mindfulness Memory group (M =10.767, SE=.340), a mean 

difference of 1.113, 95% CI [.176, 2.049], p = .020. Similarly, “Inevitable Decrement” scores at 

follow-up were marginally lower in the General Mindfulness condition (M = 9.654, SE = .331) 

than in the High Mindfulness Memory condition (M = 10.636, SE = .351), a mean difference of 

.982, 95% CI [.028, 1.936], p = .061.  There was no significant difference between the High 

Mindfulness Memory and Low Mindfulness Memory groups (p = .79).  

Paired-sample t-tests revealed the following: For those in the Low Mindfulness Memory 

group, the mean “Inevitable Decrement” score marginally increased from 9.83 (SD = 3.35) at 

baseline to 10.54 (SD = 3.32) at follow-up, t(51) = -1.91, p =.061. Participants’ mean “Inevitable 

Decrement” score did not change as a result of the intervention in either the High Mindfulness 

Memory group (t(48) = -1.07, p = .29) nor in the General Mindfulness group (t(54)= 1.19, p= 

.24). 

MCI-Alzheimer’s Likelihood.  A one-way ANOVA revealed that there were no 

significant differences among the three group means on “Alzheimer’s Likelihood” at baseline, 

F(2, 153) = 1.47, p = .23 (see Appendix A). 

                                                

4 All post-hoc comparisons of Estimated Marginal Means utilized a Bonferroni correction. 
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The primary analysis, a one-way ANCOVA revealed the following: As expected, the 

covariate (“Alzheimer’s Likelihood” scores at T0) was significantly related to the follow-up 

“Alzheimer’s Likelihood” scores, F(1,152) = 227.37, p < .001, partial η2 = .60 (see Appendix  

A). After adjusting for pre-intervention scores of “Alzheimer’s Likelihood”, there was a 

statistically significant difference in post-intervention scores of “Alzheimer’s Likelihood” among 

the three conditions, F(2, 152) = 3.38, p = .037, partial η2 = .043 (Appendix A).  

 

 

 

Figure 1.4. Estimated marginal means for “Alzheimer’s Likelihood” at T1. Error bars indicate 

95% confidence intervals. 

 

Pairwise analyses of the Estimated Marginal Means with a Bonferroni adjustment 

revealed the following (Appendix A): “Alzheimer’s Likelihood” scores were statistically 
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significantly greater in the Low Mindfulness Memory group (M = 15.33, SE = .48) compared to 

the High Mindfulness Memory group (M =13.61, SE = .49), a mean difference of 1.72, 95% CI 

[.06, 3.38], p = .044. Additionally, the pairwise analysis revealed no difference between the 

General Mindfulness group and the Low Mindfulness Memory group (p =.20) and no difference 

between the General Mindfulness group and the High Mindfulness Memory group (p =1.0). 

Paired-sample t-tests revealed the following: For those in the Low Mindfulness Memory 

group, the mean “Alzheimer’s Likelihood” score marginally increased from 13.87 (SD = 4.69) at 

baseline to 14.83 (SD = 5.24) at follow-up, t(51) = -1.88, p =.066. Participants’ mean score did 

not change for either the High Mindfulness Memory group (t(48) = 1.46, p = .15) or the General 

Mindfulness group, (t(54)= 1.11, p= .27). 

Research question #2: Subjective memory performance 

Our second research question of interest was: Does paying attention to variability in 

memory performance positively affect one’s subjective memory performance?   

To assess overall effect of ATV on subjective memory performance, (the number of 

“yes” responses to daily memory lapses in the past 24 hours in the Everyday Memory 

Questionnaire), our primary analysis was a one-way ANCOVA.  

A one-way ANOVA revealed that there were no significant differences among the three 

group means at baseline, F(2, 153) = 1.08, p = .34 (see Appendix A). A one-way ANCOVA, 

revealed the following: As expected, the covariate (reported lapses at T0) was significantly 

related to the reported lapses at follow-up, F(1,152) = 19.69, p < .001, partial η2 = .15 (see 

Appendix A). After adjusting for the number of reported lapses at T0, there was not a statistically 

significant difference in post-intervention reports of lapses among the three conditions, F(2, 152) 
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= .90, p = .41, partial η2 = .012. See just below for a graphical depiction of the estimate marginal 

means. 

 

Figure 1.5. Estimated marginal means for Number of Reported Memory Lapses at T1. Error bars 

indicate 95% confidence intervals. 

 

Paired t-tests revealed the following: There was a significant decrease in the number of 

reported lapses for those in the High Mindfulness Memory group after the intervention (MBaseline= 

5.12, [SD = 2.36], MFinal =3.78 [SD = 2.26]; t(48) = 3.83, p <.001) and for those in the General 

Mindfulness group (MBaseline = 5.18, MFinal = 4.22; t(48) = 2.57, p =.013).  For those in the Low 

Mindfulness Memory group, there was no significant difference in scores between baseline and 

follow-up, t(51) = .93, p =.34.  

Research question #3: Memory-related stress  
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Our third research question of interest was: Does paying attention to variability in 

memory performance positively affect one’s memory-related stress?   

To assess overall effect of our ATV intervention of how stressed someone is about 

memory lapses we used Question #2 on the Everyday Memory Questionnaire (“If you answered 

“yes” to any of the previous questions (1-10), please put an “X” in the box below to rate how 

stressful in general these memory experiences were for you, with 0 meaning not at all stressful, 

and 10 meaning very stressful”). 

A one-way ANOVA revealed that there were no significant differences among the three 

groups means at baseline, F(2, 153) = .21, p = .81 (see Appendix A). Our primary analysis, a 

one-way ANCOVA revealed the following: As expected, the covariate (reported stress at 

baseline) was significantly related to the reported lapses at follow-up, F(1,147) = 6.66, p = .011, 

partial η2 = .043 (see Appendix A). After adjusting for the number of reported lapses at T0, there 

was not a statistically significant difference in post-intervention reports of lapses among the three 

conditions, F(2, 147) = 1.02, p = .34, partial η2 = .015 . See just below for a graphical depiction 

of the estimated marginal means. 
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Figure 1.5. Estimated marginal means for Stress about Reported Memory Lapses at T1. Error 

bars indicate 95% confidence intervals. 

 

Paired t-tests revealed the following: There was a significant decrease in stress levels for 

those in the Low Mindfulness Memory group (MBaseline = 4.79 [SD =2.21], MFinal= =3.52 (SD T1 = 

1.75); t(51) = 3.61, p =.001]. There was no significant change in the reported memory-related 

stress for either the High Mindfulness Memory group (t(48) = 1.44, p =.16)  or for the General 

Mindfulness group (t(54) = 1.36, p =.18). 

Research question #4: Memory performance  

Our final research question of interest was:  Does paying attention to variability in 

memory performance positively affect objective memory performance (scores on the Brief Test 

of Adult Cognition by Telephone)?   
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 In order to answer this question, we conducted a multivariate analysis of variance 

(MANOVA), which revealed the following: The differences between conditions on the 

combined dependent variables was not statistically significant, F(14, 268) = .894, p = .566; 

Wilks' Λ = .913; partial η2 = .045. 

 Next we conducted a series of paired t-tests to determine if there were significant 

differences between baseline and follow-up on BTACT performance. There were no statistically 

significant differences between T0 and T1 scores for any of the three groups on any of the 

subtests of the BTACT (see Figures 68-70). 

Research question #5: Trait Mindfulness 

Finally, we probed the relationship between trait mindfulness (as measured by the Langer 

Mindfulness Scale at baseline) and memory-related outcomes at baseline, by calculating Pearson 

correlation coefficients. We discovered a positive relationship between trait mindfulness and the 

following: Present Ability (r = .39, p < .001), Potential Improvement (r = .29, p < .001), Effort 

Utility (r = .23, p =.005), and Independence (r = .20, p = .012). We also discovered a negative 

relationship between trait mindfulness and the following beliefs about memory controllability: 

Inevitable Decrement (r = -.27, p = .001) and Alzheimer’s Likelihood (r = -.21, p = .01). We did 

not observe a relationship between the LMS and the following measures: number of lapses 

reported (r = -.02, p = .80), stress about memory lapses (r = .004, p = .96), or any of the sub-tests 

on the BTACT (p > .05). 

Exploratory Analyses 

As an exploratory analysis, we conducted a series of Pearson’s Chi-square tests to 

determine if whether or not a person improved depended on his/her level of trait mindfulness. To 

explore this, we tested whether those scoring in the top 25% of the LMS had a higher likelihood 
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of improving on our outcomes of interest than those scoring in the bottom 25%. The analyses did 

not reveal a significant effect of LMS quartile on whether an individual improved (p > .1, see 

Appendix A).  We also conducted a series of exploratory Chi-square tests5 to determine the 

effect of memory concern (as measured on the Everyday Memory Questionnaire) on whether or 

not they improved on the dependent variables. To explore this possibility, we tested whether 

those with the top 25% of “Memory Concern” scores differed in their likelihood of improving on 

our outcomes of interest than those scoring in the bottom 25% of “Memory Concern scores”.   

We found that one’s memory concern did affect one’s likelihood of improving on the Red-Green 

Accuracy test on the BTACT, (1, N = 50) = 5.06, p = 0.025, (see Appendix A for the full 

analysis). Specifically, those with the least concern (bottom 25% of scores) improved, while 

those with the most concern (top 25% of scores) declined after the week. There was no 

significant effect of memory concern quartile on the change scores of any of the other measures 

(see Appendix A). 

2.8 Discussion 

Over half of older adults aged 70-85 express concerns about their own cognitive decline, 

particularly memory loss (Commissaris, Ponds, & Jolles, 1998). It is perhaps unsurprising then 

that a large body of literature indicates that older adults tend to have much lower perceptions of 

control over their memory than younger adults do (e.g., Hultsch, Hertzog, Dixon, & Small, 1998) 

and that researchers have had limited success with experimental attempts to change attitudes 

about memory controllability (e.g., Lachman, 2004). Our research question was: can we increase 

                                                

5 In the cases with fewer than 10 participants in a cell, we conducted a Fisher’s Exact Test. 
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perceptions of control and memory performance by challenging the belief of perpetual memory 

lapses?  

In this study, we conducted an experiment to determine the effects of an “attention to 

variability” (ATV) training paradigm in older adults (N = 156, ages 65-80) who expressed 

concerns about their memory. Specifically, we trained participants to pay attention to the natural 

fluctuation in their memory performance over the course of six days using text-message prompts. 

In addition to the group that received the ATV training, we included two comparison groups that 

also received six days of text-message prompts: 1) a group that was asked to pay attention to 

their memory performance (but not the fluctuation; “Low Mindfulness Memory”), and 2) a group 

that was asked to report on the activity they were engaged in over the past 30 minutes (“General 

Mindfulness”).  Our main outcome measures were changes in memory efficacy beliefs (Memory 

Controllability Inventory), subjective memory performance (Everyday Memory Questionnaire), 

stress about memory failures (Everyday Memory Questionnaire), and actual memory 

performance on a telephone-based cognitive battery (BTACT). 

As predicted, we found positive effects of the ATV intervention, with the High 

Mindfulness Memory group reporting significantly fewer lapses in their memory after the 

intervention (p <.001), along with evidence of increased perceptions of control over their 

memory.  Specifically, those in the High Mindfulness Memory group became marginally more 

likely to feel control over their present memory ability (p = .04) and endorse the potential for 

memory improvement (p = .052) after the six-day intervention.  

On the other hand, we found the opposite effect in those who were asked to pay attention 

to their memory performance every morning, not the fluctuation (the “Low Mindfulness 

Memory” group). Specifically, this group evidenced declines in reported beliefs about memory 
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controllability including: significantly decreased beliefs in the utility of efforts to improve 

memory ability (p = .013), along with marginally decreased beliefs about control over their 

independence (p = .06), marginally increased beliefs about memory decline being inevitable (p = 

.06), and marginally increased beliefs about the likelihood of developing Alzheimer’s Disease (p 

= .06). These findings, which all travel in the same direction, suggest that drawing one’s 

attention to stability of symptoms results in feelings of less control.  

Given the focus on stability, it is unsurprising that the Low Mindfulness Memory group 

did not report any change in memory lapses after the week. Those in this group also 

demonstrated significantly reduced stress about memory lapses (p =.001).  This reduced stress 

may have indicated relief or comfort in perceived stability, a phenomenon supported by past 

literature (e.g., Agrigoroaei et al., 2013).  

We also found that noticing and reporting on the activities they were engaged in over the 

past 30 minutes (the task of the “General Mindfulness” group) produced positive effects. 

Specifically, participants in this group became marginally more likely to feel control over their 

present memory abilities (p = .043) and significantly less likely to report memory lapses (p 

=.013) than at the beginning of the study. We initially included this comparison group to control 

for the effects of feeling engaged in the study.  Upon further consideration, it seems that the 

instructions for this group also emphasized personal action, which the literature suggests is 

associated with increased perceptions of control (e.g., the effects of personal decision making 

and planning for future action; Langer & Rodin, 1976; Schultz, 1980; Lachman & Burack 1993).  

Another reason the General Mindfulness group might have improved is that the participants were 

generating evidence of their successful attempts of autobiographical retrieval (i.e., remembering 

what they had done in the past 30 minutes). In the future it would be interesting to compare this 
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group against one that was asked to report on another self-relevant detail from the past 30 

minutes (e.g., mood) that did not emphasize personal action. Adding this group could help us 

disambiguate the effects of emphasizing personal action and the successful retrieval of a past 

event. 

Beyond perceptions of control and subjective memory performance, we were also 

interested in whether our interventions would result in changes in performance on a cognitive 

battery. We did not find any support for this hypothesis, as scores on memory and go/no-go 

switch tasks did not significantly change between baseline and follow-up on the Brief Test of 

Adult Cognition by Telephone for any of the groups.  This finding is in line with the literature 

that describes how beliefs about memory controllability and actual performance often do not 

travel together (Beaudoin & Desrichard, 2011; Crumley, Stetler, & Horhota, 2014). In addition, 

it would be important to consider motivations to perform on this memory test, as researchers 

have demonstrated that older adults demonstrate better memory performance when they are 

motivated to do well (e.g., Langer et al., 1979). Later research found that older adults’ memory 

strategies change based on their motivations to succeed on a given task (Benjamin, 2007; Castel, 

2007; Castel, Balota, & Mccabe, 2009), and that they may even deploy strategy more efficiently 

than younger adults (Castel, Murayama, Friedman, Mcgillivray, & Link, 2013).  

Finally, we found the predicted significant relationships between trait mindfulness and 

control beliefs about memory. We discovered a positive relationship between trait mindfulness 

(as measured by the Langer Mindfulness Scale) and the following variables: Present Ability (r = 

.39), Potential Improvement (r = .29), Effort Utility (r = .23) and Independence (r = .20). We 

also discovered a negative relationship between trait mindfulness and the following beliefs about 

memory controllability: Inevitable Decrement (r = -.27, p = .001) and Alzheimer’s Likelihood (r 
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= -.21, p = .01). Before this study, none had investigated the relationship between trait 

mindfulness and beliefs about controllability. The LMS has been previously associated with 

positive mental health outcomes in healthy populations (Pagnini, Bercovitz, & Phillips, 2018; M. 

A. Pirson, Langer, & Zilcha, 2018), along with samples of patients with Amyotrophic Lateral 

Sclerosis and their caregivers (Pagnini et al., 2015, 2016). The fact that the trait mindfulness is 

related to memory controllability beliefs supports the rationale to identify experimental protocols 

that increase mindfulness. 

 

Future directions 

One area that warrants further exploration is the “dosage” of the ATV mindfulness 

intervention. Specifically, we would like to systematically test whether more messages per day 

or more days produce a stronger effect. For example, Zilcha-Mano and Langer (2016) found 

effects of an ATV intervention that prompted participants to respond to two text messages per 

day for two weeks. On the other hand, the effects found by Delizonna et al. (2009) were 

observed after only one week of prompts, though these prompts were delivered every 3 hours.  

While it is possible that a longer intervention would have produced a stronger effect, it is also 

possible that participants would have responded just as well to a shorter intervention. A future 

study could randomly assign participants to interventions of different lengths and “dosages”.  In 

addition, we could investigate how long the effects lasted after different dosages. 

Related to the “dosage” of the intervention is the question of the spacing of our text 

messages. We chose to follow the protocol as described by Zilcha-Mano and Langer (2016), 

which described two text-message prompts per day. A few older adults reported informally 

during the follow-up phone call that the text-messaging window (describing the last 30 minutes) 
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was not large enough to capture the day’s important memory failures (e.g,, forgetting their laptop 

to teach a class). This indicated that older adults may be eager to report and understand more 

concerning memory failures, rather than the ones that happen to fall in the time frame of the 

randomly scheduled messages. In the future, we could investigate how understanding the 

variability in these more serious lapses could affect their memory controllability. For example, 

we could prompt participants to reflect on the whole day and journal about the reasons that they 

might have experienced the memory lapses.  

Another future direction would be to analyze the responses to the text message prompts, 

which would allow us to investigate the metacognitive abilities and memory control beliefs. 

Specifically, we collected information about how those in the High Mindfulness group rated their 

memory performance and also how they compared the performance to the last time we prompted 

them. In theory, we can compare the ratings at two adjacent time points to determine if the 

person was correct in rating whether it was better or worse since the last time we asked them. We 

may find that some older adults are more “accurate”, while some demonstrate a positive or 

negative bias.  It would be interesting to investigate whether an accurate or positive bias would 

be more associated with reports of memory controllability. 

Another important addition to a future study would be a waitlist control group to 

determine the effects of the passage of time on our dependent variables of interest.  While the 

current study did have the benefit of pre- and post- tests, along with comparison groups, a 

waitlist control group would strengthen the inferences we could draw, as it would allow us to 

parse out any testing effects. This would be especially important if the general mindfulness 

group attended to memory, which is possible given that the first survey had many questions 

asking them to evaluate their memory performance.  
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One potential limitation of the present study was that some of the older adults were not 

very concerned about their memory initially, which is not surprising given the consistent finding 

that older adults demonstrate a positivity bias in both memory and attention tasks (Mather & 

Carstensen, 2005). In pretests, we had trouble finding older adults who would rate their concern 

as higher than 4 out of 7 on a Likert scale, so we decided to relax the inclusion criteria to “Would 

you say you are at all concerned about your memory?” On our prescreening survey, participants 

rated their level of concern as 2.82 on a scale of 1 (not at all concerned) to 5 (very concerned). 

Our exploratory analysis indicated that it may actually be those who are less concerned about 

their memory who improve on cognitive tests. A future investigation could recruit older adults 

who are concerned, along with those who are not and systematically compare the effects of our 

mindfulness interventions.   

Another potential limitation of the study was that the demographics were skewed to 

largely represent one group, namely highly educated Caucasian women. Future studies should 

attempt to recruit a broader and more broader demographic sample, as has been recommended by 

the field (e.g., Arnett, 2015) . As a note of practical advice to researchers relates to using 

Google’s Boomerang platform to schedule text messages. Specifically, this platform does not 

integrate well with text messages sent through the telecommunications company, Sprint. Sprint 

customers were required to receive our prompts through their email accounts, with notifications 

turned on so that they would not miss our messages. This may have changed the experience for 

these participants, especially those who were not used to having phone notifications turned on.  

 Overall, we found positive effects of attending to fluctuation in memory ability after only 

six days on both subjective memory ability and memory controllability beliefs. Further research 

will help us better isolate why the High Memory Mindfulness and General Mindfulness groups 
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both improved, along with elucidating the role of concern in the effectiveness of the 

interventions.  

2.9 Conclusions 

In this study, we investigated the “attention to variability” paradigm in older adults with 

memory concern, which is situated in the broader discussion of successful aging (Rowe & Kahn, 

1987) and the biopsychosocial model of development. Successful aging is a product many 

factors, including challenging expectations about what it means to get older. From a young age, 

we learn a narrative about aging, which prominently features decline. For many of us, this story 

will be interpreted mindlessly and unconditionally such that we will come to view certain 

arbitrary experiences (e.g., lower back pain at age 50) as definitive markers of an uncontrollable 

aging process. That is, some of us will choose to create a reality of aging by reinforcing it 

through our interpretations of personal experiences (e.g., lower back pain at age 50 must 

necessarily mean I’m aging and declining rather than being related to the gardening activities I 

am currently engaging in).  

It also remains unclear what exactly researchers mean when they talk about “aging.” The 

reality of most of our life experiences is that they exist as multiple, separate, and temporary 

states (e.g., lower back pain at age 50 and forgetting where one has placed their keys at age 50 

may be two separate, unrelated, and temporary experiences). Our inclination, however, is to try 

to connect isolated experiences into a coherent story. The “aging” story seems to have evolved as 

a way to link together all experiences of loss or decline occurring at a later chronological stage. 

Moreover, this linking of seemingly-related experiences contributes to a view of “aging” as an 

ongoing, uncontrollable, and permanent process. There is a lot of variance in the aging process, 

however. In fact, there is as much variation among “older adults” as there is among “younger 
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adults,” which suggests that there isn’t one monolithic aging experience, but rather one for each 

person that is changing all the time.  In the future, we’d like to further investigate the effects of 

teaching older adults to observe the variability in many experiences typically associated with 

advanced age, including eyesight, hearing ability, balance, and taste. More generally, we will 

continue to investigate how challenging the dominant view of aging could improve health and 

well-being for older adults.  



 

 

 

76 

Chapter 3. Perceptions of control and chronic pain experience 

3.1 Chronic pain definition and clinical import 

According to the International Association for the Study of Pain, pain is defined as the 

unpleasant sensory and emotional experience resulting from actual or potential tissue damage 

(International Association for the Study of Pain, 1979). In contrast to nociception, the working 

definition of “pain” requires a negative emotional appraisal.   

 Cited as one of the most common reasons that patients seek medical attention 

(Komaroff, 1990; Schappert, 1992), pain is categorized either as acute or chronic. While acute 

pain signals the pain experiencer of potential injury, chronic pain persists over a period of at least 

three months (Treede et al., 2015). In contrast to acute pain, which is often considered a 

symptom of an underlying disease or illness, chronic pain can be considered a disease in its own 

right (Goldberg & McGee, 2011). 

Chronic pain is estimated to affect about 1 in 5 adults across the globe, with 1 in 10 

developing a chronic pain condition each year (Gureje, Korff, Simon, & Gater, 1998).  In the 

United States, 25.3 million adults (~11% of the population) reported having pain every day for 

the past three months (National Health Institute Survey, 2012). 

Most chronic non-cancer pain falls into one of three categories: osteo- and rheumatoid 

arthritis (40%), pain related to operations and injuries (25%), and spinal issues (20%; 

International Association for the Study of Pain International Association for the Study of Pain).  

The widespread effects of pain. The pain experience affects not only the individual’s 

wellbeing and ability to perform everyday tasks, but also takes a toll on interpersonal 

relationships and the society, at large. These factors will be reported in the sections below. 
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Pain effects on everyday functioning, social relationships, and finances. The chronic 

pain experience affects one’s ability to exercise, sleep well, perform household duties, maintain 

social relationships, and live independently (as reviewed in Dueñas, Ojeda, Salazar, Mico, & 

Failde, 2016). 

Experts estimate that the economic cost of chronic pain is comparable to that of cancer or 

cardiovascular disease (around 635 billion dollars per year; Gaskin & Richard, 2012). 

Specifically, chronic pain results in lost productivity at work, absenteeism, and places financial 

burdens of care on family and friends.  

Pain’s comorbidity with psychological disorders. Many research studies have noted the 

comorbidity between psychological disorders and chronic pain (for a review of the relationship 

between chronic pain and depressive and anxiety disorders see Bair, Robinson, Katon, & 

Kroenke, 2003) .  One large-scale study from the World Health Organization (n=25916) found a 

relationship between pain and psychological disorders in all 15 sites across 14 countries in Asia, 

Africa, Europe, and the Americas (Gureje et al., 1998). Specifically, people reporting persistent 

pain were significantly more likely to meet the International Statistical Classification of 

Diseases 10th Edition (ICD-10) criteria for depressive and anxiety disorders.  

While the link between chronic pain and mental disorders is robust, the mechanism is not 

well understood (Dersh, Polatin, & Gatchel, 2002). Specifically, it is not known whether 

depression causes pain, pain causes depression, or some third factor causes both. One notable 

finding is that antidepressants used to treat depressive and anxiety disorders (TCAs and SNRIs) 

have been found to modulate both neuropathic pain and fibromyalgia (Arnold et al., 2004, 2005). 

The created pain experience. While the sensory aspects of pain are often emphasized, 

pain is, in fact, a unique construct in that it is shaped by both bodily sensations and emotional 
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appraisal (Treede et al., 2015). In other words, pain is a result of both sensations and one’s 

interpretation of those sensations. 

A thorough understanding of the pain experience requires identifying the surrounding 

biopsychosocial context (Gatchel et al., 2007). For example, researchers have found that electric 

shocks are rated as more painful when the participant believes that a confederate delivered an 

electric shock on purpose rather than accidentally (Gray & Wegner, 2008). Substantial evidence 

suggests the role of psychosocial factors in the development of chronic pain and the pain 

experiencer’s ability to cope with it (for a review see Edwards, Dworkin, Sullivan, Turk, & 

Wasan, 2016)  Some of these psychosocial factors include orientation towards pain (Tsur, 

Defrin, & Ginzburg, 2017), pain appraisals (Jackson, Wang, & Fan, 2014), pain catastrophizing 

(Sullivan, 2012), and pain-related fears including fear of pain, fear of exercise, and fear of (re)-

injury (Crombez, Vlaeyen, Heuts, & Lysens, 1999; Vlaeyen & Linton, 2000).  

The pain experience is also affected by the experiencer’s health beliefs, including one’s 

health locus of control beliefs and beliefs about the pain experience. For example, Williams and 

Thorn (1989) found that those who believed that pain would be enduring showed poor 

compliance to health advice from medical professionals. The next section will focus on 

perceptions of control in the pain experience. 

 

3.2 Chronic pain and perceptions of control 

One important psychological factor that influences the experience of chronic pain is a 

perception of control over the pain. It is well-established that giving people control over pain 

(whether it be acute or chronic) reduces pain severity (e.g., Weisenberg, Wolf, Mittwoch, 

Mikulincer, & Aviram, 1985). Indeed, perceived control has been found to moderate the pain 
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response. A recent meta-analysis from more than 15,000 responses determined that self-efficacy 

had a significant negative relationship with functional impairment (r=-.49), affective distress (r=-

.43), and pain severity (r=-.39) in chronic non-cancer pain (Jackson, Wang, Wang, & Fan, 2014).   

Researchers have found that chronic pain patients who demonstrated a chance locus of 

control (i.e., attributing pain severity to chance) were more likely to experience depression, 

obsessive-compulsive symptoms and psychological distress; additionally these individuals were 

more likely to rely on distraction and prayer to relieve symptoms rather than employing active 

coping strategies (Crisson & Keefe, 1988). 

Given the importance of perceiving one is in control of the pain experience, it is essential 

that researchers understand how to change maladaptive beliefs about the pain experience. 

Importantly, researchers found that perceptions of control over pain can be manipulated 

experimentally. For example, chronic pain patients randomly assigned to a short-term in-patient 

multidisciplinary pain management program saw increases in perceptions of control over pain as 

compared to those assigned to the control group (Lipchik, Milles, & Covington, 1993). 

 

 

3.3 The role of attention in the pain experience  

The attention to variability paradigm (introduced in Chapter 1) would theoretically 

benefit the noncancer chronic pain patient by teaching them to challenge the limiting belief that 

pain sensations are stable across time. Through the process of moving the attributions from the 

external to the internal (i.e., becoming more agentic over the pain experience), patients could see 

increased functionality, more positive affect, and less pain severity. 
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On the other hand, it is also possible that asking participants to pay attention to any 

aspect of their pain sensations could make the pain experience even more severe in some people. 

Specifically, this type of exercise could result in patients focusing on negative aspects of the 

experience or becoming hypervigilant when the threat value of the pain is determined high (i.e., 

in the case of fear of pain and fear of re-injury; Crombez, Van Damme, & Eccleston, 2005) 

Pain regulation: Distraction and focus. Two primary mechanisms that researchers have 

explored in down-regulating the sensory pain experience are distraction and focused attention (as 

discussed in Veldhuijzen, Kenemans, Bruin, Olivier, & Volkerts, 2006). Distraction requires that 

participants disengage from the pain experience and reengage in a concurrent sensory experience 

(e.g., auditory, visual, somatosensory) unrelated to their pain. Researchers have found in healthy 

young adults that the processing of pain and highly demanding tasks interfere with each other 

(Veldhuijzen et al., 2006); the authors, in turn, suggest that pain patients may benefit from highly 

challenging distractions.  

At the same, researchers have discovered the practical difficulties that chronic pain 

patients have shifting attention away from pain (e.g., Wiech, Ploner, & Tracey, 2008). In other 

words, patients have trouble disengaging from the current pain experience to attend to another 

somatosensory experience or cognition. The issue of motivation comes into play, as well, as 

many patients are unmotivated to shift their attention away from pain information. In fact, van 

Damme and colleagues (2010) concluded in their review paper that focusing on pain-relevant 

stimuli was more effective in down-regulating pain than non-pain-relevant stimuli.  Focused 

attention to pain sensation has been shown to down-regulate pain. Specifically, researchers have 

found that asking participants to focus on a particular aspect of the nociceptive experience (e.g., 

the severity or location of the sensation) reduces pain in healthy people (Nouwen, Cloutier, 
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Kappas, Warbrick, & Sheffield, 2006) and those with chronic pain (Roelofs, Peters, van der 

Zijden, & Vlaeyen, 2004).  

There has also been one investigation of the attention to variability paradigm in the pain 

context, which is under review for publication. This research focused on healthy volunteers to 

understand the influence of mindfully attending to a painful stimulus on Conditioned Pain 

Modulation (CPM; Tsur, Defrin, Haller, Bercovitz, & Langer, unpublished). In this study, 

undergraduates were randomly assigned to one of three groups: a control group, a pain-specific 

mindfulness group, or a non-pain-specific mindfulness group. The pain-specific mindfulness 

group was instructed to pay attention to the variability in a noxious thermal stimulus. We found 

that those in the control group (who were instructed to sketch) demonstrated a maladaptive 

response (a reduced modulation) to the noxious stimuli, whereas in the mindfulness groups did 

not, suggesting the positive effects of an ATV intervention, even in a single session. This study 

with healthy undergraduates was a first step to investigating the ATV phenomenon in chronic 

pain patients. 

 

3.4 Research questions and hypotheses for study 2 

In Study 2, we investigated whether teaching people with chronic non-cancer pain to 

notice how their pain severity/unpleasantness changes over time can decrease their pain severity 

and reports of pain interference in their daily lives, and increase perceptions of control over pain, 

beliefs about pain as constant. We generated four primary research hypotheses and one 

secondary hypothesis. Our primary hypotheses included: 

1. Those in the High Mindfulness Pain condition will exhibit significant increases in beliefs 

about how much they can control their pain (i.e.., increases in the MHLC-Form C 
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“Internal” subscale) after the ATV intervention, while those in the comparison groups 

will not. 

2. Those in the High Mindfulness Pain condition will exhibit significant decreases in beliefs 

about pain being constant (as measured by the PBAPI) after the ATV intervention, while 

those in the comparison groups will not. 

3. Those in the High Mindfulness group over one week will exhibit significant decreases in 

pain interference (as measured by the SF-36) after the ATV intervention, while those in 

the comparison groups will not. 

4. Those in the High Mindfulness Pain condition will decease significantly on measures of 

pain severity after one week (as measured by the BPI), while those in the comparison 

groups will not 

5. Those in the High Mindfulness group over one week will exhibit significant decreases in 

pain catastrophizing (as measured by the PCS) after the ATV intervention, while those in 

the comparison groups will not. 

Our secondary hypothesis was: 

1. There will be a negative relationship between the Langer Mindfulness Scale and 

negative control beliefs, pain interference, and pain severity. 

3.5 Methodology for study 2 

Participants 

Recruitment. Participants were recruited from Tufts Medical Center and a private pain 

practice in the Greater Boston Area with the help from study collaborators Dr. Rina Bloch, Dr. 

Sameer Kapasi, Dr. Feng Wang, Dr. Robert Edwards.  These physicians posted flyers in their 

waiting room and handed out physicians’ letters of support at the end of their patients’ 



 

 

 

83 

appointments. In addition, Dr. Asmina Lazaridou sent out an email to previous chronic pain 

patients who had participated in research studies before. Participants were also recruited from 

two social media sites: Reddit.com and Facebook.com. Specifically, we posted information 

about the prescreening process on the following subreddit groups, which are chronic pain support 

groups: r/ChronicPain (23 k subscribers), r/migraine (22 k subscribers), r/Thrits (3.5 k 

subscribers), r/neuropathy (551 subscribers), r/rheumatoid (4.6 k subscribers). We also delivered 

a Facebook ad to those living in the United States who were connected to pain support groups. 

Inclusion and exclusion criteria.  

Inclusion criteria.  We recruited people who live in the United States, indicated that they 

were aged 18+, fluent in English, and owned a smartphone that they would be willing to use for 

the study. Additionally, they were required to respond “yes” to the question, “Do you experience 

chronic pain?” 

Exclusion criteria. Exclusion criteria were as follows: Individuals under the age of 18; 

Individuals who did not endorse their pain as chronic; Individuals who were pregnant; 

Individuals with diagnosed cognitive impairment; Individuals who would not be able to read text 

messages because of visual impairment; Individuals with a spinal cord injury or active cancer; 

Amputees; Individuals with unhealed fractures; Diabetics who did not have symptoms under 

control; Individuals who reported visits to a doctor for a fall in the last 6 months; Individuals 

with the diagnosis of schizophrenia. These exclusion criteria were suggested by Dr. Rina Bloch, 

a medical doctor who specializes in chronic pain.  

Sample size. Sample size was determined in order to have enough power to detect an 

effect given the analysis, a one-way ANCOVA. Specifying this test with three groups, statistical 

power =.80, α = .05, and expecting a medium effect size, our power analysis suggested a final 
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sample size of 52 per group (Total N= 156; Cohen J., 1992).  This effect size is based on 

Delizonna and colleagues’ study using the ATV paradigm (Delizonna et al., 2009), which 

reported an ETA = .23. Delizonna et al. (2009) also reported a 25% data attrition rate, indicating 

initially that we should aim to recruit 65 individuals per group (Total N = 195 individuals). Early 

on, we checked the attrition rate, which was much higher than we anticipated (around 40%). 

Therefore, we monitored recruitment until we had usable data from 156 individuals (Mage = 

43.80, SD =15.19; 141 female). In total, we recruited 300 individuals. Participants were excluded 

from analysis for the following reasons: (1) they did not complete at least 2/3 of Survey 1; (2) 

they had technical difficulties in receiving our text messages or they were sent on the wrong 

schedule, (3) they did not respond to at least 2/3 of their scheduled text messages (i.e., 8 out of 

12), or (4) they did not respond to at least 2/3 of the second survey. One person who signed the 

informed consent was later found to be ineligible for participation, so that individual was not 

included in the final analysis.  For a chart of attrition and demographic information, see just 

below. 

Table 2.0. Attrition of pain study participants. 

Enrolled 300 
 

Did not meet inclusion criteria 1 299 

Quit 13 286 

Did not complete 2/3 of S1 22 264 

Technical difficulties 23 241 

Did not complete 2/3 of text messages 52 189 

Did not complete 2/3 of S2 29 160 

Data collected after cutoff met 4 156 
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Table 2.1 Participant characteristics of pain study 

Age (in years) 
  

 
18-24 22 

 
25-34 26 

 
35-44 31 

 
45-54 33 

 
55-64 32 

 
64-74 13 

 
75+ 2 

Gender 
  

 
Female 141 

 
Male 12 

 
Other 3 

Education 
  

 
High School Graduate 13 

 
Some College, no degree 40 

 
Associates Degree 18 

 
Bachelor's Degree 47 

 
Master's Degree 26 

 
Doctorate 7 

Table 2.1 Participant characteristics of pain study (Continued) 

 
Professional Degree (JD, MD) 5 

Marital Status 
  

 
Single 58 

 
Married 64 

 
Widowed 5 

 
Separated 2 

 
Divorced 20 

 
Civil Union 1 

 
Other 4 
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Household Income 

 
Less than $10,000 8 

 
$10,000 to $19,999 16 

 
$20,000 to $29,999 20 

 
$30,000 to $39,999 11 

 
$40,000 to $49,999 10 

 
$50,000 to $59,999 16 

 
$60,000 to $69,999 10 

 
$70,000 to $79,999 7 

 
$80,000 to $89,999 1 

 
$90,000 to $99,999 6 

 
$100,000 to $149,999 28 

 
$150,000 or more 15 

 
Prefer not to answer 8 

Employment Status 

 
Working (paid) 69 

 
Working (self-employed) 12 

 
Not working- Temporary lay-off 0 

 
Not working- Looking for Job 8 

 
Not working- Retired 16 

 
Not working - Disabled 34 

 
Not working - Other 8 

 
Not working- Student 7 

 
Prefer not to answer 2 

Race 
  

 
Hispanic, Latino 6 

 
Non-Hispanic, Latino 150 

 
Caucasian/White 146 

 
African American/Black 4 

 
More than one race selected 5 
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Table 2.1 Participant characteristics of pain study (Continued) 

 
Prefer not to answer 1 

Religious  
  

 
Yes 72 

 
No 80 

 
Prefer not to answer 4 

 
Table 2.2. Pain characteristics for pain study participants. 
Seen Physician in Last Year for Pain? Total 

 
Yes 138 

 
No 8 

 
N/A 10 

Official Diagnosis Received? 
  

 
Yes 120 

 
No 22 

 
N/A 5 

Official Diagnosis 
  

 
Multiple 48 

 
Fibromyalgia 9 

 
Migraine 2 

 
Chronic Pain 6 

 
Arthritis 27 

 

Herniated Discs/Degenerative 
Disc Disease 3 

 

Ehlers-Danlos/ Hypermobility 
Syndrome 4 

 

Complex Regional Pain 
Syndrome 6 

 
Other 17 

Duration of Pain (in months) 
  

 
Mean 101.69 

 
Median 60 
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St. Deviation 103.17 

 Range 4-624 
 
Table 2.2. Pain characteristics for pain study participants (Continued). 
 
Usual Level of Pain (past week)6  

  
 

Mean 5.96 

 
Median 6 

 
St. Deviation 1.73 

 

Measures 

Primary outcome measures. 

 Visual analog scale (VAS) for sensory magnitude and affect. The visual analog scale 

asks participants to separately rate the intensity and unpleasantness of their pain experience 

“right now” by making a mark on a horizontal line with one end indicating no pain and the other 

end indicating extreme pain. This measurement approach was validated for chronic pain and 

experimental manipulations involving noxious thermal stimuli (e.g., Price, Mcgrath, Rafii, & 

Buckingham, 1983; Wewers & Lowe, 1990). We have adapted this to an online format by using 

a sliding scale. For the intensity rating, participants are asked to place a mark on a vertical line 

between 0 and 100 with 0 indicating “no pain sensation” to 100 indicating “most intense pain 

imaginable”. For the unpleasantness rating, participants are asked to place a mark on a vertical 

                                                

6 Participants responded to the question during the prescreening survey: On a scale of 0 to 10, 

with 0 being "no pain at all" and 10 being "the worst pain imaginable", how would you rate your 

USUAL level of pain in the past week. 
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line between 0 and 100 with 0 indicating “not at all unpleasant” to 100 indicating “most 

unpleasant imaginable.”  

Pain Beliefs and Perceptions Inventory (PBAPI; Williams & Thorn, 1989). This self-

report assessment includes 16 questions, which originally described three subscales including:  

Time (the belief that pain will be enduring, e.g., “I am continuously in pain”), Mystery (the 

belief that the causes of pain are mysterious, e.g., “I can’t figure out why I am in pain”), and 

Self-Blame (the belief that the patient is to blame for the pain, e.g., “If I am in pain, it is my own 

fault”). The authors found that the Time subscale significantly predicted reported pain intensity 

in chronic pain patients (D. A. Williams & Thorn, 1989). Additionally, the Time and Mystery 

subscales were significantly correlated with poor self-esteem.  Further investigations 

demonstrated that chronic pain patients who scored high on the Time and Mystery dimensions 

were less likely to use cognitive coping strategies (e.g., reappraisal; Williams & Keefe, 1991). A 

more recent investigation by the primary author (Williams, Robinson, & Geisser, 1994) favors a 

four-factor structure which separated the “Time” dimension into “Pain Constancy” and “Pain 

Permanence.” 

Multidimensional Health Locus of Control Scale – Form C (MHLC-Form C; 

Wallston, Stein, & Smith, 1994).  Based on the Multidimensional Health Locus of Control 

Scales (Wallston, Wallston, & Devellis, 1978), the MHLC-Form C is an 18-item self-report 

instrument that was designed to measure control beliefs in a wide variety of health-related 

conditions. The scale requests that participants indicate how much they agree with each of the 

statements from 1 (Strongly Disagree) to 6 (Strongly Agree). The scale was and was originally 

validated in two samples that included patients with rheumatoid arthritis, chronic pain, cancer, 

and diabetes.  The scale has four subscales which differentiate whom the participant attributes 
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control of the health condition: internal (e.g., “I am directly responsible for my condition getting 

better or worse.”; six items, α = .85-.87), chance (e.g., “If I am lucky, my condition will get 

better”; six items, α =.79-.82 ), doctors (e.g., “If I see my doctor regularly, I am less likely to 

have problems with my condition”; three items, α = .71), and other people (e.g., “Other people 

play a big role in whether my condition improves, stays the same, or gets worse.”; three items α 

= .70-.71). The authors reported how scores of these subscales changed as a result of a pain 

management program that was designed, in part, to decrease pain helplessness. In this sample of 

chronic pain patients, scores on the internality subscale increased, while scores on the three 

“external” subscales decreased. In terms of construct validity, the internality subscale was 

negatively correlated with pain levels and pain helplessness. The “Chance” externality subscale 

was positively correlated with depression ( r = .33) and pain helplessness (r = .27),  The 

“Doctors” externality subscale was positively correlated with reported pain (r = .17) and 

helplessness (r = .17). Finally, the “Other People” externality subscale was positively correlated 

with reported pain (r = .26) and helplessness (r = .40). 

The MOS 36-Item Short-Form Health Survey (SF-36; J. E. Ware, Jr., & Sherbourne, 

1992).  The SF-36 is self-administered general health survey, which is composed of 36 questions 

spanning eight dimensions, including: 1) limitations in physical activities because of health, 2) 

limitations in social activities because of health or emotional problems, 3) limitations in ability to 

fulfill typical roles because of physical health problems; 4) limitations in ability to fulfill typical 

roles because of emotional problems 5) bodily pain; 6) general mental health, 7) vitality, and 8) 

general health perceptions. The scale has demonstrated good psychometric properties, including 

reliabilities over .80 (McHorney, Ware, Jr., Lu, & Sherbourne, 1994; McHorney, Ware, Jr., & 

Raczek, 1993). Instead of asking participants to respond to their health over “past four weeks”, 
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we asked about the “past week” in order to assess the affect of our six-day text message 

intervention. 

Brief Pain Inventory- Short (BPI-sf; Daut, Cleeland, & Flanery, 1983). This 9-item 

self-report scale measures the severity of pain and the impact of pain on functional health. 

Specifically, the BPI-sf asks participants to rate the worst, least, average, and current pain, along 

with perceived interferences in various life domains including: general activity, mood, walking 

ability, work inside and outside of the home, social relations, sleep, and enjoyment of life. 

Originally validated in cancer patients (Cleeland CS., 1991), the BPI has also been validated in 

those with non-cancer pain (Keller et al., 2004). We primarily focused on the following two 

questions: 1) “Please rate your pain by marking the box beside the number that best describes 

your pain on average (0 = no pain and 10 = pain as bad as you can imagine)” and 2) “Please rate 

your pain by marking the box beside the number that best describes your pain right now (0 = no 

pain and 10 = pain as bad as you can imagine)” 

Pain Catastrophizing Scale (PCS; Sullivan, Bishop, & Pivik, 1995). The Pain 

Catastrophizing Scale is a 13-item self-report instrument that asks respondents to consider how 

much they experienced 13 different thoughts/feelings when in pain on a five-point scale with 0 

indicating Never and 4 indicating All the time.  The PCS yields a total score, as well as scores for 

three subscales: “Rumination”, “Magnification”, and “Helplessness”. An example item of the 

“Rumination” subscale is: “I keep thinking about how much it hurts.” An example item of the 

“Magnification” subscale is: “I become afraid that the pain will get worse.” An example item of 

the “Helplessness subscale is: “There’s nothing I can do to reduce the intensity of my pain.”  The 

authors reported excellent internal consistency for all the subscales (Total score alpha coefficient 
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= .87; “Rumination” alpha coefficient = .87; “Magnification” alpha coefficient = .66; 

“Magnification” alpha coefficient = .78; Sullivan et al., 1995). 

Secondary Measures 

Langer Mindfulness Scale. See Chapter 2 for a complete description of this measure.  

Hospital Anxiety and Depression Scale (HADS; Zigmond & Snaith, 1983).  The 

Hospital and Anxiety Depression Scale is comprised of 14 self-report items, prompting 

participants to indicate the frequency they experience certain situations on a 4-point Likert Scale 

(0-3) over the preceding week. The HADS has two subscales, one that gauges symptoms of 

depression (HADS-D, e.g., “Worrying thoughts go through my mind”) and one that gauges 

symptoms of anxiety (HADS-A, e.g., “I get a sort of frightened feeling like 'butterflies' in the 

stomach”). The authors created this scale as a tool to assess depression and anxiety in people 

with health conditions. For example, it does not rely on somatic cues that may have more to do 

with other health conditions rather than depression or anxiety (i.e., fatigue, sleep disturbance). 

The scale has been demonstrated to have good psychometric properties (Bjelland, Dahl, Tangen, 

& Neckelmann, 2002).  

The Posttraumatic Stress Disorder Checklist for DSM-5 (PCL-5;Weathers et al., 2013) 

. The PCL-5 is a 20-item self-report measure, which prompts participants to indicate the 

frequency with which they experience each PTSD symptom on a 5-point Likert scale (0-4) over 

the past month.  This measure revised version of the previous PTSD checklist to reflect updates 

in the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5). As with the 

previous version, symptoms are summed to yield a continuous measure of PTSD symptom 

severity (Range: 0-80).  Blevins, Weathers, Davis, Witte, and Domino (2015) reported excellent 

psychometric properties for this scale. 
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Program adherence. Participants were prompted to respond to 12 text messages over the 

course of six days. We calculated the total number of messages they responded to and divided 

this number by 12. In the final sample, participants completed 11.04 of scheduled texts out of 12 

on average (SD =1.11). 

Procedure 

Screening. Initially, we screened participants over the phone (N = 38). We switched to 

an online prescreening survey, which was delivered using the Qualtrics.com platform. This 

screening determined eligibility for study participation based on the inclusion and exclusion 

criteria described above. Before the screening questions, participants agreed to the terms of a 

prescreening consent form either verbally (if the prescreening process was conducted over the 

phone) or with a digital signature (if the prescreening was conducted via Qualtrics.com). 

Compensation. In exchange for completing the online surveys at T0, T1, T2, and T3, 

participants were entered into a raffle for one of four $100 Amazon gift cards. In addition, 

participants received a $10 gift card to Amazon.com for completing the final survey.  

Random assignment. Participants were randomly assigned to one of three groups using 

the Microsoft Excel function “=RANDBETWEEN (1,3).” In the end, the distribution of the 

participants to the groups was as follows: High Mindfulness (N= 53), Low Mindfulness (N =48), 

and General Mindfulness (N = 55).  

Baseline Measurement.  After digitally signing an online consent form, all participants 

responded to an initial survey. The survey was comprised of the following scales and questions:  

Demographic questions (including questions about age, gender identity, marital status, religious 

beliefs, level of education, annual household income, employment status, and race/ethnicity), 

questions about pain history (including number of months the individual suffered from chronic 
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pain and the body areas they typically experience pain), the Pain Beliefs and Perceptions 

Inventory (Williams & Thorn, 1989), the Multidimensional Health Locus of Control Scale (Form 

C; Wallston et al., 1994), a Visual Analog Scale of pain intensity and unpleasantness, the Brief 

Pain Inventory, the MOS 36-Item Short-Form Health Survey (SF-36; (Ware et al., 1992), the 

Langer Mindfulness Scale (LMS-14; Pirson et al., 2012), the Hospital Anxiety and Depression 

Scale (HADS; Zigmond & Snaith, 1983), the Posttraumatic Stress Disorder Checklist for DSM-5 

(PCL-5; Blevins, Weathers, Davis, Witte, & Domino, 2015), and the Pain Catastrophizing Scale 

(PCS, Sullivan et al., 1995).  

Experimental conditions. The independent variable was the degree to which we asked 

people to notice how their pain levels were changing over six days. We included three conditions 

in this experiment (i.e., “High Mindfulness Pain”, “General Mindfulness”: and “Low 

Mindfulness Pain”).  Participants in all groups received two text message prompts every day for 

six days. The experimental conditions differed in the content of the text messages and the 

schedule they received the text messages.  The differences among these conditions are detailed in 

the paragraphs below and in the schematics following them. 

Condition 1 (“High Mindfulness Pain” group).  We tailored the instructions for 

participants in this group in order to maximize the likelihood they would notice the variability in 

their pain sensations. For six consecutive days, we prompted participants in this condition to 

reflect on their pain twice per day (once in the morning and once in the late afternoon/early 

evening). The contact schedule was created separately for each participant using a random 

number generator with the parameters that the first message should be sent to the participant 

between 9am and noon and the second sent between noon and 9pm. Each communication asked 

participants to a) describe the activity they had been doing just before receiving our prompt, b) 



 

 

 

95 

rate their current pain levels on both severity and unpleasantness dimensions using a sliding scale 

version of the VAS with 0 indicating No pain sensation (Not at all unpleasant) and 100 

indicating Most intense pain imaginable (Most unpleasant imaginable), and c) compare their 

pain levels to the last time we asked them using a sliding scale separately for intensity and 

unpleasantness (with -10 indicating much more intense [or unpleasant] than last time, 0 

indicating the same as last time and 10 indicating much more intense [or unpleasant] than last 

time). In addition, this group was instructed each morning at 9am to be attentive to how their 

pain levels changed throughout the day and to ask oneself what might account for these changes, 

though we did not require any response to this prompt (see the text below): 

Throughout the day, pay attention to the natural fluctuations in pain sensations.  Pay 

attention to the effects these changes have on you and your behaviors and interactions with 

others throughout the day. Most importantly, notice when a symptom is better/worse and ask 

oneself why this may be.  Notice three ways your symptoms are different from last time you 

checked.”  

Condition 2 (“General Mindfulness” group).  Just like those in Condition 1, participants 

in Condition 2 were sent two text messages per day. Instead of receiving the messages on a 

random schedule, they received messages every day at the same times (i.e., one at 9am and one 

at 8pm). Those in this group were asked to reflect on the activity they had been engaged in just 

before receiving the prompt. We designed this group’s instructions so that the participants were 

engaged in a mindfulness activity, without reference to pain. Specifically, in taking a moment to 

reflect on what they were doing, they were given the chance to become more engaged in the 

present moment. 
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Condition 3 (“Low Mindfulness Memory” group). This condition was designed to 

prompt participants to become aware of their pain levels, but not how symptoms were 

fluctuating. Participants in this condition received the same daily prompts asking them to report 

on their pain levels over the last 30 minutes, just as those in Condition 1. Unlike those in 

Condition 1, those in the Low Mindfulness Pain group were only prompted to report on their 

memory performance in the morning at 9am. Also unlike those in Condition 1, participants in 

Condition 3 were not asked to reflect on how their pain was fluctuating.  Finally, participants in 

Condition 3 were also texted in the evening at 8pm, but this text message did not pertain to pain. 

This evening message prompted them to reflect on the activity they had been engaged in before 

receiving the text message prompt. The rationale for including this evening text message prompt 

was to ensure that all groups received two text-message prompts per day. We thought that 

prompting them about their pain severity twice per day could encourage them to notice 

fluctuation in their symptoms, which we did not want.  

 

Table 2.3. Differences in text message scheduling among the three conditions. 

 General 
Mindfulness 

Low Mindfulness High Mindfulness 

2 daily text 
messages prompts? 

Yes Yes Yes 

Schedule of text 
messages 

Fixed- 9am and 9pm Fixed- 9am and9pm Random - morning 
(9am-noon) and 
evening (noon-9pm) 

 

Table 2.4. Difference in text message content Among three conditions. 

 General 
Mindfulness 

Low Mindfulness 
Pain 

High Mindfulness 
Pain 

Question about 
activities in last 30 

Yes Yes Yes 
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minutes? 
Questions about 
pain in last 30 

minutes? 

No Yes Yes 

Questions about 
how pain different  

from last timepoint? 

No No Yes 

Morning reminder 
to notice fluctuation 
in pain and consider 
underlying pattern? 

No No Yes 

 

 

Follow-up assessments.  Regardless of condition, participants were contacted on a 

consistent schedule with follow-up surveys delivered via email. Specifically, we followed up 

with participants at three time points: on the day after the week’s exercises (T1), one month after 

T1 (T2), and three months after T1 (T3). At T1, participants were asked to reflect on their 

impressions of the text messages. At the end of T3, participants saw a debriefing form7. If 

participants did not complete the final survey, we emailed them a copy of the final debriefing 

form. 

Strategy for analyses.  In order to determine the effects of our interventions on our 

dependent variables of interest, we first conducted a series of one-way ANCOVAs, inserting the 

baseline scores of each dependent variable as covariates. Before running these tests, we checked 

that statistical assumptions of the one-way ANCOVA were met for each of our dependent 

variables, as follows:  

                                                

7 Note that for this dissertation, only results at T1 are reported. 
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1) First, we checked for the homogeneity of regression means, separately for each 

dependent measure of interest, by inspecting the Condition x Baseline term of the 

ANCOVA analyses. We found that each of our measures satisfied this assumption, 

except Pain Interference (see Appendix B), so we opted for an ANOVA rather than 

an ANCOVA in that case.   

2) Second, we checked to make sure the data satisfied the assumption of homogeneity of 

variances across the experimental conditions by using Levene’s Test of Equality of 

Error Variances. All measures except PBAPI’s “Pain as Mystery” and MHLC 

“Chance” met this assumption (see Appendix B). In the case of “Pain as Mystery” 

and “Chance” we utilized a reciprocal transformation, and the error variances were 

equally distributed after this transformation (Figures 2.3 and 2.6). 

3) Third, we checked for outliers via visual inspection of the boxplots. Outliers were 

defined as those with standardized residuals with z-scores above or below 3. We 

utilized a winsorizing procedure on any outliers, which are discussed in the results 

section below (see Appendix B).  

Given our data were not amenable to repeated measures ANOVAs (as we tested 

participants at only two time points), we decided to further investigate the difference between 

baseline and follow-up sessions by conducting a series of paired-sample t-tests, separately for 

each of the three study conditions. Given concerns about multiple comparisons and increased 

chances of a Type I Error, we applied a Bonferroni correction to these analyses, dividing the 

significance value (.05) by the number of tests performed (3) for a more conservative 

significance value of .017. In the cases of the High Mindfulness Pain group, we had a priori 

predictions about the direction of the effect, so our significance value was set to .1, and adjusted 
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to .033 with the Bonferroni correction. Each of the dependent variables met the statistical 

assumptions of this test. 

 

3.6 Results for study 2 

In this section, we begin with a summary of the most notable findings, and then describe 

the results in detail for of our four separate research questions, which investigated the effects of 

the interventions on 1) beliefs about pain, 2) pain interference, 3) pain severity, and 4) pain 

catastrophizing. 

Summary of findings 

 Paying attention to the variability in the pain experience (the “High Mindfulness Pain” 

group) resulted in positive changes after the intervention including significant decreases in 

reports of pain interfering in their daily lives (p =.03). As expected, the ATV intervention also 

resulted in decreased likelihood of endorsing “Pain as Permanent” (p = .001). In term of locus of 

control, ATV participants increased their endorsement of a doctor’s role in their treatment (p 

=.006).  

Paying attention to pain (the “Low Mindfulness Pain” group) resulted in positive 

cognitive changes, including decreased magnification of pain (p =.037). The group also 

evidenced some changes in pain beliefs, including significantly more endorsement of a doctor’s 

role in their treatment (p = .015) and marginally increased endorsement of the role of chance/fate 

in the pain experience (p =.065).  

Finally, we saw significant relationships between trait mindfulness measured by scores 

on the LMS and mental health variables. We discovered a negative relationship between trait 

mindfulness the following measures: depressive symptoms (r = -.26, p = .001), PTSD symptoms 
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(-.19, p = .018), pain magnification (r = -.17, p = .03), attitudes of helplessness towards pain (r = 

-.18, p = .02), and beliefs of pain as mysterious (r = -.19, p = .02). The LMS was also positively 

correlated with attitudes towards the doctor’s role in the treatment process (r = .20, p = .02). See 

below for the full analysis, parsed by research question.  

Demographic variables 

First we tested to ensure that the experimental groups did not significantly differ on the 

demographic variable of age and following pain-related variables: Pain Duration (in months) and 

“usual level of pain” on a scale of 0-10 (Pain Severity). For the descriptive statistics of these 

variables across the conditions see Appendix B.  

 A one-way ANOVA revealed no significant difference in the age of our participants 

among the three conditions (F(2, 153) = .80, p = .45).. Similarly, a one-way ANOVA revealed 

no statistically significant difference among the three conditions in their reported pain duration 

(F(2, 153) = 2.68, p = .07) or “usual” level of pain severity (F(2, 153) = .50, p = .61). See 

Appendix B for the full analyses. 

Research question #1: Pain beliefs 

Our first research question concerned the effects of our interventions on pain beliefs. This 

question had two parts:  

1) Does paying attention to variability in pain experience positively affect how much control 

someone feels (s)he has over their pain?  

2) Does paying attention to variability in pain experience affect how someone views his/her 

pain (i.e., as permanent, constant, or mysterious)?  

In order to answer the first question, we conducted a series of one-way ANCOVAs to 

examine whether there were statistically significant differences in how much control one feels 
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they have over their pain among the three study conditions after our intervention (T1), adjusting 

for the effect of baseline scores.  After checking that the statistical assumptions were met, we 

conducted separate ANCOVA analyses for the following subscales of the Multidimensional 

Health Locus of Control-Form C: Doctors, Chance, and Internal. We were missing a question 

from the “Other People” subscale, so we were not able to analyze it.  In order to answer the 

second question, we also conducted separate ANCOVA analyses for the following Pain Beliefs 

and Perceptions Inventory (PBAPI) subscales: Pain as Permanent, Pain as Constant, Pain as 

Mystery, and Self-Blame.  

MHLC-Doctors. A one-way ANOVA revealed that there were no significant differences 

among the three group means at baseline, F(2, 153) = .14, p = .87 (see Appendix B).  

Next we conducted our primary analysis, a one-way ANCOVA, which revealed the 

following results: As expected, the covariate (scores at baseline) was significantly related to the 

follow-up scores (F(1,152) = 112.82, p < .001, partial η2 = .43; see Appendix B). After adjusting 

for pre-intervention scores of MHLC-Doctors, there was not a statistically significant difference 

in post-intervention scores of MHLC-Doctors among the three conditions, F(2, 152) = 1.20, p = 

.30, partial η2 = .02. See the graphical depiction of the Estimated Marginal Means of the three 

conditions at T1 just below. 
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Figure 2.5. Estimated Marginal Means for MHLC- “Doctors” at T1. The error bars indicate a 

95% confidence interval. 

 

Paired-sample t-tests revealed the following: Participants’ mean “MHLC-Doctors” score 

significantly increased for both the High Mindfulness Pain group  (MBaseline = 10.28 [SD = 3.77],  

MFinal = 11.74 [SD = 3.52], t(52) = -2.86, p = .006) and for Low Mindfulness Pain group, 

(MBaseline = 10.65 [SD = 3.81], MFinal =11.52 [SD = 3.38]), t(47) = -2.52, p = .015. Finally, for 

those in the General Mindfulness group, the mean “MHLC-Doctors” score did not change 

significantly from baseline to follow-up, t(54)= -1.56, p= .12. 

MHLC-Chance. A one-way ANOVA revealed that there were no significant differences 

among the three group means on MHLC-Chance scores at baseline, F(2, 153) = .52, p = .59 (see 

Appendix B).  
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Next we conducted our primary analysis, a one-way ANCOVA, which revealed the 

following: As expected, the covariate (scores at baseline) was significantly related to the follow-

up scores (F(1,152) = 100.43, p < .001, partial η2 = .40; see Appendix B). After adjusting for 

pre-intervention scores of MHLC-Chance, there was not a statistically significant difference in 

post-intervention scores of MHLC-Chance among the three conditions, F(2, 152) = .73, p = .48, 

partial η2 = .01. 

 

 
Figure 2.6. Estimated Marginal Means for MHLC- “Chance” at T1. The error bars indicate a 

95% confidence interval. 

 

Paired-sample t-tests revealed the following: For those in the Low Mindfulness Pain 

group, the mean “MHLC-Chance” score marginally increased from baseline (M = 17.58, SD = 

7.11) to follow-up (M =18.65, SD = 7.13), t (47) = -1.88, p =.065. Participants’ mean “MHLC-
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Chance” score did not significantly change from baseline to follow-up for either the High 

Mindfulness Pain group (t(52) = -1.31, p = .20) nor for the General Mindfulness group, t(54)= -

1.52, p= .14. 

MHLC-Internal. We did not find a significant effect of any of our interventions on the 

MHLC-Internal scores. For the full analysis, see Appendix B. See the graphical depiction of 

estimated marginal means at T1 just below.

 

Figure 2.7. Estimated Marginal Means for MHLC- “Internal” at T1. The error bars indicate a 

95% confidence interval. 

 

PBAPI- Pain as Permanent.  We identified two outliers in this dependent variable and 

applied a winsorizing transformation procedure (see Appendix B). A one-way ANOVA revealed 
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that there were no significant differences among the three group means on “Pain as Permanent” 

scores at baseline, F(2, 153) = .16, p = .85 (see Appendix B).  

Next we conducted our primary analysis, a one-way ANCOVA to determine if there were 

differences in “Pain as Permanent” scores at T1 among the three study conditions, after taking 

into account the baseline measures. As expected, the covariate (“Pain as Permanent” scores at 

baseline) was significantly related to the final “Pain as Permanent” scores (F(1,152) = 262.84, p 

< .001, partial η2 = .63; see Appendix B). After adjusting for pre-intervention scores of the 

measure, we found a statistically significant difference in post-intervention scores of “Pain as 

Permanent” among the three conditions, F(2, 152) = 3.522, p = .032, partial η2 = .044. See the 

graphical depiction of estimated marginal means at T1 just below.  
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Figure 2.8. Estimated Marginal Means for PBAPI- “Pain as Permanent” at T1. The error bars 

indicate a 95% confidence interval. 

 

Pairwise comparisons on the Estimated Marginal Means were conducted with a 

Bonferroni correction (see Figure 13.5). “Pain as Permanent” scores at follow-up were 

statistically significantly higher in the Low Mindfulness Pain condition (M = .91, SE = .08) than 

in the General Mindfulness condition (M = .64, SE = .08), a mean difference of .27, 95% CI [-

.029-.517], p = .046.  There was no significant difference between the High Mindfulness Pain 

and Low Mindfulness Pain groups (p = .1), nor was there a significant difference between the 

High Mindfulness Pain group and the General Mindfulness group (p = 1.0).   

Paired-sample t-tests revealed the following: Participants’ mean score significantly 

decreased on “Pain as Permanent” for the High Mindfulness Pain group (MBaseline = .96 [SD = 

.86] at T .67 (SD = .95) at T1, t(52) = 3.68, p = .001). Similarly, for those in the General 

Mindfulness group, the mean score significantly decreased from .91 (SD = .91) at T0 to .60 (SD 

= .90) at T1, t (55) = 3.50, p =.001. For those in the Low Mindfulness Pain group, the mean score 

did not change significantly from baseline (M = 1.01, SD = .96) to follow-up (M = .95, SD = .94; 

t(47)= .78, p= .44). 

PBAPI –Pain as Mystery.  Our analyses did not reveal any effects of the intervention on 

this variable. For a full description of the analyses, see Appendix B. See the graphical depiction 

of estimated marginal means at T1 just below. 



 

 

 

107 

 
 
Figure 2.9. Estimated Marginal Means for PBAPI- “Pain as Mystery” at T1. The error bars 

indicate a 95% confidence interval. 

 

PBAPI- Pain as Constant.  A one-way ANOVA revealed that there were no significant 

differences among the three group means on “Pain as Constant” scores at baseline, F(2, 153) = 

.06, p = .95 (see Appendix B).  

Next we conducted our primary analysis, a one-way ANCOVA to determine if there were 

differences in “Pain as Constant” scores at T1 among the three experimental study conditions, 

taking into account the baseline scores. As expected, the covariate (“Pain as Constant” scores at 

baseline) was significantly related to the follow-up “Pain as Constant” scores (F(1,152) = 

150.12, p < .001, partial η2 = .50; see Appendix B). After adjusting for pre-intervention scores of 

the measure, there was not a statistically significant difference in post-intervention scores among 
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the three conditions, F(2, 152) = .19, p = .83, partial η2 = .002 (Appendix B). See just below for a 

graphical depiction of the estimated marginal means of the three conditions at follow-up. 

 

 
 
Figure 2.10. Estimated Marginal Means for PBAPI- “Pain as Contant” at T1. The error bars 

indicate a 95% confidence interval. 

 

Paired-sample t-test revealed the following: Participants’ mean score did not change 

between baseline and follow for any of the groups (High Mindfulness Pain: t(52) = .78, p = .44; 

Low Mindfulness Pain: t(47) = .44, p =.66; General Mindfulness: t(54)= .08, p= .94). 

PBAPI- Self-Blame. A one-way ANOVA revealed that there were no significant 

differences among the three group means on “Self-Blame” scores at baseline, F(2, 153) = 1,12, p 

= .33 (see Appendix B).  
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Next we conducted our primary analysis, a one-way ANCOVA to determine if there were 

differences in final “Self-Blame” scores among the three study conditions, taking into account 

the baseline scores. As expected, the covariate (“Self-Blame” scores at baseline) was 

significantly related to the follow-up “Self-Blame” scores, (F(1,152) = 196.27, p < .001, partial 

η2 = .56; see Appendix B). After adjusting for pre-intervention scores of the measure, there was 

not a statistically significant difference in post-intervention scores among the three 

conditions, F(2, 152) = 1.69, p = .19, partial η2 = .022 (Appendix B).  See just below for a 

graphical depiction of the estimated marginal means of the three conditions at follow-up. 

 
Figure 2.11. Estimated Marginal Means for PBAPI- “Pain as Constant” at T1. The error bars 

indicate a 95% confidence interval. 

 

 Paired-sample t-tests revealed the following: For those in the General Mindfulness 

group, the mean score increased baseline (M = -1.1, SD = .74) to follow-up (M = -.93, SD = .87; 
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t(54)= -2.24, p= .03). Participants’ mean scores did not significantly change from baseline to 

follow-up for either the High Mindfulness Pain group (t(52) = .86, p = .39) or the Low 

Mindfulness Pain group (t (47) = .41, p =.68).  

Research question #2: Pain interference 

Our second research question of interest was: Does paying attention to variability in pain 

result in improvements in how much pain affects one's day-to-day life (i.e., reduced pain 

interference as measured by the MOS SF-36)?  

First, we checked that we had met the statistical assumptions of the ANCOVA (see above 

for the preliminary analyses). In fact, the data for this measure violated an important statistical 

assumption of the ANCOVA: the homogeneity of regression slopes (Appendix B). As a result, 

we conducted a one-way ANOVA on the final pain interference scores, without accounting for 

the baseline scores. A one-way ANOVA revealed that there were no significant differences 

among the three group means on pain interference scores at baseline, F(2, 153) = 1.45, p = .24 

(Appendix B). We found no significant effect of experimental condition on the final scores, F(2, 

153) = .28, p = .76 (Appendix B). See just below for a graphical depiction of the estimated 

marginal means of the three conditions at follow-up. 

Paired-sample t-tests revealed the following: For the High Mindfulness Pain group, 

participants’ mean score significantly decreased from 7.03 (SD = 2.11) at baseline to 6.46 (SD = 

2.52) at follow-up, t(52) = 2.23, p =.03. Participants’ mean score did not change between 

baseline and follow-up for the Low Mindfulness Pain group (t(47) = .19, p =.85) or for the 

General Mindfulness Group (t(54)= .74, p= .46). 

Research question #3: Pain severity 
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  Our third research question of interest was: Does paying attention to variability in pain 

experience positively affect pain severity? We answered this question by investigating two 

questions on the Brief Pain Inventory. The first question asked participants to rate their pain on 

average: “Please rate your pain by marking the box beside the number that best describes your 

pain on average (0 = no pain and 10 = pain as bad as you can imagine).” The second question 

asked participants to rate their pain at that moment: “Please rate your pain by marking the box 

beside the number that tells how much pain you have right now (0 = no pain and 10 = pain as 

bad as you can imagine).” 

BPI – “Pain on Average”. A one-way ANOVA revealed that there were no significant 

differences among the three group means on “Pain on Average” scores at baseline, F(2, 153) = 

.26, p = .77 (see Appendix B).  

Next we conducted our primary analysis, a one-way ANCOVA to determine if there were 

differences in “Pain on Average” scores at T1 among the three study conditions, accounting for 

baseline measures.  As expected, the covariate (“Pain on Average” scores at baseline) was 

significantly related to the follow-up “Pain on Average” scores (F(1,152) = 49.26, p < .001, 

partial η2 = .25; see Appendix B). After adjusting for pre-intervention scores of the measure, 

there was not a statistically significant difference in post-intervention scores among the three 

conditions, F(2, 152) = .263, p = .77, partial η2 = .003 (Appendix B).  See just below for a 

graphical depiction of the estimated marginal means of the three conditions at follow-up. 
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Figure 2.11. Estimated Marginal Means for BPI- “Pain on Average” at T1. The error bars 

indicate a 95% confidence interval. 

 

Paired t-tests revealed that all three groups increased significantly on reported pain 

severity (High Mindfulness Pain group: MBaseline = 4.89 [SD = 1.80] , MFinal = 5.94 [SD = 1.84], 

t(52) = -4.30, p < .001;  Low Mindfulness Pain group: MBaseline= 4.90 [SD = 1.89], MFinal= 5.73 

[SD = 1.62], t(47) = -3.67, p =.001; General Mindfulness group, MBaseline = 5.13 [SD = 2.17], 

MFinal = 5.91, [SD = 1.82]; t(54)= -2.65, p= .011). 

BPI - “Pain Right Now”. Our analyses did not reveal any effects of the intervention on 

this variable. For a full description of the analyses, see Appendix B. See just below for a 

graphical depiction of the estimated marginal means of the three conditions at follow-up. 
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Figure 2.12. Estimated Marginal Means for BPI- “Pain Right Now” at T1. The error bars 

indicate a 95% confidence interval. 

 

Research question #4: Pain catastrophizing 

 Our final research question of interest was: Does paying attention to variability in pain 

experience positively affect the extent to which someone reports pain catastrophizing?   

We conducted one-way ANCOVAs to examine whether there were significant 

differences in Pain Catastrophizing Scale scores among the three study conditions at follow-up 

(T1).  Specifically, we did separate analyses for each of the subscales of the Pain Catastrophizing 

Scale including: Rumination, Magnification, and Helplessness.  

PCS-Magnification. A one-way ANOVA revealed that there were no significant 

differences among the three group means on “Magnification” scores at baseline, F(2, 153) = 

1.27, p = .28 (see Appendix B). 
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Next we conducted our primary analysis, a one-way ANCOVA to determine if there were 

differences in “Magnification” scores at T1 among the three study conditions, accounting for 

baseline scores. The covariate (scores at baseline) was significantly related to the follow-up 

scores (F(1,152) = 189.08, p < .001, partial η2 = .55; see Appendix B). After adjusting for pre-

intervention scores of the measure, there was a statistically significant difference in post-

intervention scores among the three conditions, F(2, 152) = 4.14, p = .018, partial η2 = .052 

(Appendix B). See just below for a graphical depiction of the estimated marginal means of the 

three conditions at follow-up. 

 
Figure 2.13. Estimated Marginal Means for PCS-Magnification at T1. The error bars indicate a 

95% confidence interval. 

 

Pairwise comparisons on the Estimates Marginal Means were conducted with a 

Bonferroni correction (Appendix B). “Magnification” scores at follow-up were statistically 
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significantly higher in the General Mindfulness condition (M = 7.45, SE = .26) than in the Low 

Mindfulness Pain condition (M = 6.38, SE = .27), a mean difference of 1.07, 95% CI [.166, 

1.984], p = .046.  There was no significant difference between the High Mindfulness Pain and 

Low Mindfulness Pain groups (p = .24), nor was there a significant difference between the High 

Mindfulness Pain group or the General Mindfulness group (p = .37).  

Paired t-tests revealed the following: For the General Mindfulness condition, 

participants’ mean score significantly increased from 6.42 (SD = 2.83) at T0 to 7.09 (SD = 2.80) 

at T1, t(54) = -2.72, p = .009. For those in the Low Mindfulness Pain condition, the mean score 

decreased from baseline (M = 7.13, SD = 3.28) to follow-up (M = 6.52, SD = 2.64; t(47)= 2.14, 

p= .037). Finally, for those in the High Mindfulness Pain condition, the mean score did not 

change significantly from baseline to follow-up (t(52)= -.06, p= .95). 

PCS-Rumination. A one-way ANOVA revealed that there were no significant 

differences among the three group means on “Rumination” scores at baseline, F(2, 153) = 2.58, p 

= .08 (see Appendix B).  

Next we conducted our primary analysis, a one-way ANCOVA to determine if there were 

differences in “Rumination” scores at T1 among the three study conditions, after taking the 

baseline scores into account. As expected, the covariate (“Rumination” scores at baseline) was 

significantly related to the follow-up “Rumination” scores (F(1,152) = 167.02, p < .001, partial 

η2 = .52; see Appendix B). After adjusting for pre-intervention scores of the measure, there was 

not a statistically significant difference in post-intervention scores among the three 

conditions, F(2, 152) = 2.81, p = .06, partial η2 = .036 (Appendix B). See just below for a 

graphical depiction of the estimated marginal means of the three conditions at follow-up. 
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Figure 2.13. Estimated Marginal Means for PCS-Rumination at T1. The error bars indicate a 

95% confidence interval. 

 

Paired-sample t-tests revealed that none of the groups significantly changed from 

baseline to follow-up (High Mindfulness Pain group: t(52) = .22, p = .83; Low Mindfulness Pain 

group: t(47) = 1.71, p =.09;  General Mindfulness group: t(54) = -1.65, p = .10). 

PCS-Helplessness. Our analyses did not reveal any effects of the intervention on this 

variable. For a full description of the analyses, see Appendix B. 

Research question #5: Trait Mindfulness 

Finally, we probed the relationship between trait mindfulness (as measured by the Langer 

Mindfulness Scale) and pain-related outcomes, by calculating Pearson correlation coefficients. 

We saw significant relationships between trait mindfulness measured by scores on the LMS and 

mental health variables. We discovered a significant negative relationship between trait 
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mindfulness the following measures: depressive symptoms (r = -.26, p = .001) and PTSD 

symptoms (r =-.19, p = .018). In the same vein, we observed a marginally significant negative 

relationship between the LMS and Anxiety symptoms (r =-.16, p = .066). We also observed a 

significant negative relationship between the LMS and the following pain catastrophizing 

measures and pain beliefs: pain magnification (r = -.17, , p = .03), attitudes of helplessness 

towards pain (r = -.18, , p = .02), and beliefs of pain as mysterious (r = -.19, p = .02). There was 

also a marginally significant negative relationship between the LMS and pain rumination (r = -

.14, p = .07). The LMS was also positively correlated with attitudes towards the doctor’s role in 

the treatment process (r = .20, p = .02). Finally, we did not observe a relationship between the 

LMS and the following measures at baseline: ratings of pain on average (r = .02, p = .78), ratings 

of pain “right now” (r = -.09, p = .26), pain interference scores (r = -.12, p = .13), beliefs about 

internal locus of control, (r = -.07, p = .41), blaming the self for the pain (r = -.13, p = .10), 

beliefs about the role of chance/fate in the pain experience (r = -.10, p = .22), beliefs about pain 

as constant (r = .007, p = .93), and beliefs about pain as permanent (r = .031, p = .70).  

As an exploratory analysis, we conducted a series of Pearson’s Chi-square tests to 

determine if whether or not a person improved depended on his/her level of trait mindfulness. To 

explore this, we tested whether those scoring in the top 25% of the LMS had a higher likelihood 

of improving on our outcomes of interest than those scoring in the bottom 25%. We found that 

the likelihood of improving on the “helplessness” measure was higher in top LMS performers, 

(1, N = 66) = 3.48, p = 0.06 (see Appendix B). The rest of the tests did not reveal a significant 

effect of LMS quartile on whether an individual improved (see Appendix B).  We also conducted 

an exploratory analysis investigating the effect of decreasing one’s belief that pain is constant on 

improvement in other areas. We found an effect of changing one’s belief about one’s personal 
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control and one’s reports of “pain right now”. Specifically, we found that the participants who 

became less likely to endorse their pain is constant increased on perceived personal control over 

the pain ( (1, N = 46) = 4.81, p = 0.028) and decreased on ratings of pain right now ( (1, N = 

40) = 3.06, p = 0.084)8. See Appendix B.  

3.7 Discussion 

With one in five adults worldwide experiencing the effects of chronic pain, it is essential 

to understand how to mitigate its effects (Gureje, Korff, Simon, & Gater, 1998). Given that pain 

is defined by the psychological interpretation of noxious stimuli, we determined that intervening 

on this process of interpretation could be particularly useful. Specifically, we intervened on the 

attentional proecss, as it is yet unclear under what circumstances it is more adaptive to attend to 

the pain or distract oneself from it.  

In the present study, we tested an “attention to variability” (ATV) paradigm with chronic 

pain patients (N=156).  Specifically, we investigated how prompting participants to pay attention 

to the fluctuation in their pain sensations would affect their pain experience including: beliefs 

about pain, subjective ratings of the pain, how much they felt that the pain affected their daily 

lives, and reports of pain catastrophizing.  In order to test the ATV effects, we created a text-

message-based intervention, which consisted of three text messages every day for six days. We 

included two comparison groups that also received six days of text-message prompts: 1) a group 

that was asked to pay attention to their pain, but not the fluctuations (“Low Mindfulness Pain”), 

and 2) a group that was asked to report on the activity they were engaged in over the past 30 

minutes (“General Mindfulness”).  

                                                

8 This finding was considered significant with our one-tailed predictions. 
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Summary of findings. Paying attention to the variability in the pain experience (the 

“High Mindfulness Pain” group) resulted in positive changes after the intervention including 

significant decreases in reports of pain interfering in their daily lives (p =.03). As expected, the 

ATV intervention also resulted in decreased likelihood of endorsing “Pain as Permanent” (p = 

.001). In terms of locus of control, ATV participants increased their appreciation for 

communicating with one’s doctor (p =.006).  

Paying attention to pain, but not the fluctuations (the “Low Mindfulness Pain” group) 

resulted in adaptive cognitive changes, including decreased magnification of pain (p =.037). The 

group also evidenced some changes in pain beliefs, including significantly more endorsement of 

a doctor’s role in their treatment (p = .015) and marginally increased endorsement of the role of 

chance/fate in the pain experience (p =.065). Finally, they were also significantly more likely 

than those in the General Mindfulness group to endorse pain as “permanent” (p =.065). These 

findings suggest that emphasizing the predictability of pain can have positive effects.  

The General Mindfulness group evidenced maladaptive changes after the intervention 

including: significant increases in pain magnification (p = .009) and a higher likelihood towards 

self-blame after the intervention than before (p= .03). In terms of pain beliefs, they decreased 

significantly on the “Pain as Permanent” measure (p =.001), and were significantly lower on this 

measure than the “Low Mindfulness Pain” group at follow-up, controlling for baseline scores 

(p = .046). One reason we may have seen an increase in self-blame in this group is that the text-

messages which prompted people report their activities over the past 30 minutes emphasizes 

active behavior (as discussed in Chapter 2). While the other two groups were also asked to report 

on their activities, it was not the sole focus of the text message prompts. It is also difficult to 
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interpret whether “self-blame” should be interpreted as a negative or positive, as endorsement of 

these statements could be evidence of more internal control. 

Finally, we saw significant relationships between trait mindfulness measured by scores 

on the LMS and mental health variables in the predicted directions. We found a negative 

relationship between trait mindfulness the following measures: depressive symptoms (r = -.26, p 

= .001), PTSD symptoms (-.19, p = .018), pain magnification (r = -.17, p = .03), attitudes of 

helplessness towards pain (r = -.18, p = .02), and beliefs of pain as mysterious (r = -.19, p = .02). 

The LMS was also positively correlated with attitudes towards the doctor’s role in the treatment 

process (r = .20, p = .02).   

Perceived control over pain. Regarding pain-specific control beliefs, we had predicted 

that those in the High Mindfulness Pain condition would demonstrate increased control over 

their pain after six days. Instead, we found that none of the groups saw increased personal 

control over their pain (as measured by the “Internal” subscale on the MHLC-Form C) after the 

intervention. We did, however, observe changes in two other health “locus of control” variables: 

Doctor and Fate/Chance. 

Instead of movement on the “Internal” subscale, we found that those in the High 

Mindfulness Pain and Low Mindfulness Pain groups became more likely to attribute pain 

outcomes to their doctors. Those in Low and High Mindfulness Groups both became 

significantly more likely to endorse beliefs about the importance of the doctor-patient 

relationship. This “Doctor” subscale of the MHLC-Form C is composed of the following items: 

a)” If I see my doctor regularly, I am less likely to have problems with my condition” b) 

“Whenever my condition worsens, I should consult a trained professional” and c) “Following 

doctor's orders to the letter is the best way to keep my condition from getting any worse.” These 
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items do not place all responsibility in the hands of a doctor, but also place the onus on the 

individual to communicate needs with a doctor and follow through with their recommendations. 

Future work could investigate how chronic pain patients communicate with their care team about 

their pain after an ATV intervention. For example, would they be more likely to follow a 

doctor’s care instructions? Given the difficulty reported in getting patients to follow care plans as 

prescribed (e.g., DiMatteo, 1994), this would be an important question to follow up on. One 

hypothesis is that an ATV would be especially useful in improving a doctor-patient relationship 

because the patients have been able to notice patterns in the pain experience and work together 

with the doctor to capitalize on that knowledge. For example, if a person recognizes that pain is 

more severe in the morning, the doctor may help the patient identify factors that contribute to the 

pain. 

In addition to increasingly endorsing the importance of doctors, the Low Mindfulness 

Pain group also became marginally more likely to endorse chance/fate (e.g., “Luck plays a big 

part in determining how my condition improves”), indicating an attitude shift away from internal 

locus of control. In fact, the only group that evidenced more personal control over the pain 

experience was the General Mindfulness group, who demonstrated more Self-blame about the 

pain than they did at baseline. At the same time, the General Mindfulness group was also the 

only one to show increased maladaptive cognitive patterns (i.e., magnification of pain).  In the 

case of the pain experience, it may be the case that less focus of the self as agentic may 

ultimately lead to better results.  

Attitudes towards pain. As expected, the “High Mindfulness Pain” group was 

significantly less likely to endorse pain as permanent at the outset. This was also the case for the 

General Mindfulness group, but in this group the change was also accompanied by maladaptive 
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changes including increased self-blame and pain magnification. Perhaps participants in the High 

Mindfulness group were more hopeful that they could capitalize on the fact that pain is not as 

permanent as they thought (i.e., through the doctor-patient relationship), while those in the 

General Mindfulness group were blaming the self for not tapping into the fact that pain is in flux. 

The current study does not allow us to understand why the “Pain as Permanent” might travel 

with certain outcomes, so this will be the task of future investigations.  

We were surprised that there was no change in any of the groups on the measure of “Pain 

as Constant” on the PBAPI. This scale includes measures like: “I am continuously in pain” and 

“It seems like I wake up with pain and I go to sleep with pain.” We expected that those in the 

High Mindfulness Group would demonstrate significantly decreased scores on this measure after 

our ATV intervention. Similarly, we were surprised that participants in the High Mindfulness 

group did not decrease on endorsements of “Pain as Mysterious.” A future investigation could 

help us determine why we saw movement on the Pain as Permanent, but not on the of these other 

two subscales.  

Pain Severity. While the three groups varied in their coping, pain catastrophizing, and 

pain beliefs, they also increased significantly in the amount of pain “on average” that they 

experienced. This finding perhaps makes positive changes in the High Mindfulness Pain group 

and General Mindfulness group more interesting, considering that they are accompanied by 

increased changes. Future investigations should investigate the factors that led to increased pain 

severity in all three groups.  

Future directions 

As was the case in the memory study in Chapter 2, we also do not know if the 

intervention would have been more or less effective in a different “dosage.” One next step would 
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be to systematically vary the amount of time the intervention is delivered (both throughout the 

day and overall). One pervasive qualitative comment (entered into a text box in the follow-up 

session) was that the exercises seemed repetitive, especially the daily morning message that 

reminded people in the High Pain Mindfulness group to notice the fluctuations in their pain 

throughout the day. A future intervention could vary the morning text a bit from day to day so 

that it was not perceived as too monotonous.  

Another future direction would be to hone in on the factors that are important to creating 

the impression that symptoms vary throughout the day. Our study included three components for 

the “High Mindfulness” group that differentiated it from the “Low Mindfulness” group: a 

randomized schedule, prompts for comparison, and morning reminders to pay attention to the 

variability and consider the underlying patterns. For example, is it important that we explicitly 

prompt participants to compare pain levels to the last time we asked them? This next step may be 

especially important given that we did not see movement on the “Pain as Constant” belief.  

While we remind participants each morning to pay attention to the fluctuation and find 

patterns in how the pain was changing, we only supported the first instruction with our text 

message prompts. Future investigations could systematically investigate whether adding prompts 

asking participants to reflect on why the pain is changing would amplify the effects we saw in 

this study. 

One potential limitation of the study was the heterogeneity of chronic pain conditions that 

our participants reported. Since there were so many different diagnoses reported, we could not 

statistically control for the diagnosis. As a result, we were unable to tell if some diagnoses were 

more amenable than others to our intervention. For example, it would make sense that if 

someone is given a diagnosis that is poorly understood then they may benefit from an 
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intervention that increases personal control over that disease. For example, chronic lower back 

pain is often the result of sitting for extended periods of time, while the etiology of Fibromyalgia 

is largely unknown (Wolfe et al., 1990).   

Another limitation of this study was that our population was limited to those who were 

Caucasian women who were comfortable with technology (as most were recruited via social 

media websites) and owned a smartphone. In the future, it would be important to test our 

hypotheses with a broader demographic, as has been advocated in the field of psychology (e.g., 

(Arnett, 2015) 

The research study described in this chapter is the first investigation of an ATV 

intervention with a clinical population.  In this study, we found support for the hypothesis that 

our attention to variability intervention positively affects chronic pain patients, most notably 

decreased pain interference.    

 With the opioid crisis in the United States, it is more important than ever to identify 

treatment plans that supplement prescription medications, as roughly 21-29% of chronic pain 

patients who are prescribed opioids abuse them (Vowles et al., 2015). In the future, researchers 

should investigate how a refined ATV paradigm could be incorporated into a larger pain 

management strategy. Aside from applications of the ATV intervention, researchers can use the 

paradigm to better understand how attentional mechanisms affect the experience of pain. 

Specifically, we will continue to seek answers to the question, can attending to pain symptoms 

actually help patients and under what circumstances? 
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Appendix A: Supplementary Analyses for Memory Study 

Full Description of Differences in Demographic Variables, LMS, and GDS-sf 

A one-way ANOVA revealed no significant difference in the age of our participants 

among the three conditions (F(2, 153) = .11, p = .90). Similarly, a one-way ANOVA revealed no 

statistically significant difference among the three conditions in the education level of our 

participants (F(2, 153) = .59, p = .55). 

We also tested to see if the groups differed significantly at baseline on the following 

measures: the Geriatric Depression Scale (short form) and Langer Mindfulness Scale. For the 

descriptive statistics of GDS and LMS scores across the conditions see the figures below. 

 A one-way ANOVA revealed no significant difference in mean Geriatric Depression 

Scale scores among the three conditions (F(2, 153) = .06, p = .94). Similarly, a one-way 

ANOVA revealed no statistically significant difference among the three conditions in baseline 

Langer Mindfulness Scale scores (F(2, 153) = 1.81, p = .17).  
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Figure 3.0. Homogeneity of Regression Slopes for “Present Ability” 

 

Figure 3.1. Homogeneity of Regression Slopes for “Potential Improvement” 
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Figure 3.2. Homogeneity of Regression Slopes for “Effort Utility” 

 

Figure 3.3. Homogeneity of Regression Slopes for “Inevitable Decrement” 
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Figure 3.4. Homogeneity of Regression Slopes for “Independence” 

 

Figure 3.5. Homogeneity of Regression Slopes for “Alzheimer’s Likelihood” 
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Figure 3.6. Homogeneity of Regression Slopes for Reported Number of Memory Lapses 

 

Figure 3.7. Homogeneity of Regression Slopes for Reported Stress Over Memory Lapses 
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Figure 3.8. Test of Homogeneity of Error Variances for “Present Ability” 

 

Figure 3.9. Test of Homogeneity of Error Variances for “Potential Improvement” 
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Figure 3.10. Test of Homogeneity of Error Variances for “Effort Utility” 

 

Figure 3.11. Test of Homogeneity of Error Variances for “Inevitable Decrement” 

 

Figure 3.12. Test of Homogeneity of Error Variances for “Independence” 
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Figure 3.13. Test of Homogeneity of Error Variances for “Alzheimer’s Likelihood” 

 

 

Figure 3.14. Test of Homogeneity of Error Variances for Reported Number of Memory Lapses 
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Figure 3.15. Test of Homogeneity of Error Variances for Reported Stress About Memory Lapses 

 

 

 

 

 

 

 

Figure 3.16. Test of Homogeneity of Error Variances for Reported Stress About Memory Lapses 

After Reciprocal Transformation 

 
Levene's Test of Equality of Error 

Variancesa 
Dependent Variable:   
EverdayMemory_Stress_Reciprocal   

F df1 df2 Sig. 
1.132 2 148 .325 

Tests the null hypothesis that the error 
variance of the dependent variable is 
equal across groups. 
a. Design: Intercept + Condition 
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Figure 3.17.  Boxplot of MCI- “Present Ability” at T1  

 

 

 

Figure 3.18.  Boxplot of MCI- “Potential Improvement” at T1  
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 Figure 3.19.  Boxplot of MCI- “Effort Utility” at T1  
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Figure 3.20.  Boxplot of MCI- “Inevitable Decrement” at T1  

 

Figure 3.21. Boxplot of MCI- “Independence” at T1 
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Figure 3.22.  Boxplot of MCI- “Alzheimer’s Likelihood” at T1 

 

Figure 3.23. Boxplot of EMQ- Number of Reported Memory Lapses at T1 
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Figure 3.24. Boxplot of EMQ- Stress About Memory Lapses at T1 

 

 

Figure 3.25. Table of inter-correlations among the variables of the BTACT 
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Figure 3.26. Test of Homogeneity of Variance for the BTACT subtests 
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Figure 3.27.  Descriptive Statistics of Participant Age across Experimental Conditions 

 

Figure 3.28.  Descriptive Statistics of Participant Education across Experimental Conditions 
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Figure 3.28. One-way ANOVA Comparing Age Across Experimental Condition 

 

 

Figure 3.29. One-way ANOVA Comparing Education Across Experimental Condition 
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Figure 3.30. Descriptive Statistics of Geriatric Depression Scale Scores across Experimental 

Conditions 

 

 

Figure 3.31. Descriptive Statistics of Langer Mindfulness Scale Scores across Experimental 

Conditions 
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Figure 3.32. One-way ANOVA Comparing Geriatric Depression Scale Scores Across 

Experimental Conditions 

 

Figure 3.33. One-way ANOVA Comparing Langer Mindfulness Scale Scores Across 

Experimental Conditions 

 

Figure 3.34.  Test of Equality of Means for “Present Ability” at T0 
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Figure 3.35. ANCOVA Results for “Present Ability”  

 

Figure 3.36. Estimated Marginal Means for “Present Ability” at T1 
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Figure 3.37. Test of Equality of Means for “Potential Improvement” at T0 

 

 

Figure 3.38.  ANCOVA Results for “Potential Improvement” 
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Figure 3.39. Estimated Marginal Means for “Potential Improvement” at T1 

 

 

Figure 3.40. Test of Equality of Means for “Effort Utility” at T0 
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Figure 3.41.  ANCOVA Results for “Effort Utility” 

 

 

Figure 3.42. Estimated Marginal Means for “Effort Utility” at T1 
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Figure 3.43. Test of Equality of Means for “Independence” at T0 

 

 

Figure 3.44.  ANCOVA Results for “Independence” 

 

 

 

 

 

 

 

 



 

 

 

167 

Figure 3.45. Estimated Marginal Means for “Independence” at T1 

 

 

Figure 3.46. Test of Equality of Means for “Inevitable Decrement” at T0 
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Figure 3.47.  ANCOVA Results for “Inevitable Decrement” 

 

 

Figure 3.48. Estimated Marginal Means for “Inevitable Decrement” at T1 
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Figure 3.49. Pairwise comparisons for Estimated Marginal Means of “Inevitable Decrement” 

 

Figure 3.50. Test of Equality of Means for “Alzheimer’s Likelihood” at T0 
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Figure 3.51. ANCOVA Results for “Alzheimer’s Likelihood” 

 

 

Figure 3.52. Estimated Marginal Means for “Alzheimer’s Likelihood” at T1 
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Figure 3.53. Pairwise comparisons for Estimated Marginal Means of “Alzheimer’s Likelihood” 

 

Figure 3.54. Test of Equality of Means for “Reported Memory Lapses” at T0 
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Figure 3.55. ANCOVA Results for “Reported Memory Lapses” 

 

 

Figure 3.56. Estimated Marginal Means for “Reported Memory Lapses” 
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Figure 3.57. Test of Equality of Means for Memory-related Stress at T0  

 
 

Figure 3.58.  ANCOVA Results for Memory-related Stress Scores (Transformed) 
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Figure 3.59. Estimated Marginal Means for Memory-related Stress Scores (Transformed) 

 

 

Figure 3.60.  MANOVA for BTACT scores 
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Figure 3.61. Paired-sample t-tests for BTACT in High Mindfulness Memory Condition 

 

 

Figure 3.61. Paired-sample t-tests for BTACT in Low Mindfulness Memory Condition 
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Figure 3.62. Paired-sample t-tests for BTACT in General Mindfulness Memory Condition 

 

 

Figure 3.63. Chi-square test for effect of LMS Quartile on Subjective Memory Score  

 



 

 

 

177 

Figure 3.64. Chi-square test for effect of LMS Quartile on Stress about Memory   
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Figure 3.65. Chi-square test for Effect of LMS Quartile on MCI- Present Ability 
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Figure 3.66. Chi-square test for Effect of LMS Quartile on MCI- Potential Improvement 
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Figure 3.67. Chi-square test for effect of LMS Quartile on MCI- Effort Utility  
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Figure 3.68. Chi-square test for effect of LMS Quartile on MCI- Independence  
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Figure 3.69. Chi-square test for effect of LMS Quartile on MCI- Inevitable Decrement  
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Figure 3.70. Chi-square test for effect of LMS Quartile on MCI- Alzheimer’s Likelihood 
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Figure 3.71. Chi-square test for effect of LMS Quartile on BTACT - Red-Green Accuracy Test 

Improvement 
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Figure 3.72. Chi-square test for effect of LMS Quartile on BTACT - Category Fluency 

Improvement 
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Figure 3.73. Chi-square test for effect of LMS Quartile on BTACT- Word List Recall (Delay) 

Improvement 
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Figure 3.74. Chi-square test for effect of LMS Quartile on BTACT - Digit Span Improvement 
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Figure 3.75. Chi-square test for effect of Memory Concern Quartile (Top and Bottom 25%) on 

Subjective Memory Performance 
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Figure 3.76. Chi-square test for effect of Memory Concern Quartile (Top and Bottom 25%) on 

MCI- Present Ability 
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Figure 3.77. Chi-square test for effect of Memory Concern Quartile (Top and Bottom 25%) on 

MCI- Potential Improvement 
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Figure 3.78. Chi-square test for effect of Memory Concern Quartile (Top and Bottom 25%) on 

MCI- Effort Utility 
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Figure 3.79. Chi-square test for effect of Memory Concern Quartile (Top and Bottom 25%) on 

MCI-Independence 
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Figure 3.80. Chi-square test for effect of Memory Concern Quartile (Top and Bottom 25%) on 

MCI-Inevitable Decrement 
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Figure 3.81. Chi-square test for effect of Memory Concern Quartile (Top and Bottom 25%) on 

MCI-Alzheimer’s Likelihood 
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Figure 3.82. Chi-square test for effect of Memory Concern Quartile (Top and Bottom 25%) on 

BTACT- Category Fluency 
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Figure 3.83. Chi-square test for effect of Memory Concern Quartile (Top and Bottom 25%) on 

BTACT- Word List Recall (Delay) 
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Figure 3.84. Chi-square test for effect of Memory Concern Quartile (Top and Bottom 25%) on 

BTACT- Digit Span 
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Figure 3.85. Fisher’s Exact test for effect of Memory Concern Quartile (Top and Bottom 25%) 

on BTACT- Red-Green Accuracy Test 
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Appendix B: Supplementary Analyses for Pain Study 

Full Analyses for MHLC-Internal. 

 A one-way ANOVA revealed that there were no significant differences among the three 

group means on MHLC-Internal scores at baseline, F(2, 153) = .14, p = .87 (see Appendix D, 

Figure 12.1).  

Next we conducted our primary analysis, a one-way ANCOVA, which revealed the 

following: As expected, the covariate, MHLC-Internal scores at baseline, was significantly 

related to the follow-up MHLC-Internal scores (F(1,152) = 170.93, p < .001, partial η2 = .53; see 

Appendix B, Figure 12.2). After adjusting for pre-intervention scores of MHLC-Internal, there 

was not a statistically significant difference in post-intervention scores among the three 

conditions, F(2, 152) = .41, p = .67, partial η2 = .005. See Appendix D for the Estimated 

Marginal Means of the three conditions at T1 (Figures 12.3 and 12.4).  

Paired-sample t-tests revealed the following:  Participants’ mean score did not change 

between baseline and follow for any of the groups (High Mindfulness Pain: t(52) = 1.30, p = .20; 

Low Mindfulness Pain: t(47) = .51, p =.61; General Mindfulness: t(54)= -.88, p= .38. 

 

Full Analyses for PBAPI- “Pain as Mystery” 

The data for this variable did not meet the statistical assumption that the error variances 

are homogenous, so we performed a reciprocal transformation on the dependent variable (“Pain 

as Mystery” at T1).  A one-way ANOVA revealed that there were no significant differences 

among the three group means on the transformed “Pain as Mystery” scores at baseline, F(2, 153) 

= .06, p = .95. 
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Next we conducted our primary analysis, a one-way ANCOVA, which revealed the 

following: As expected, the covariate (“Pain as Mystery” scores at baseline) was significantly 

related to the follow-up “Pain as Mystery” scores (F(1,135) = 16.18, p < .001, partial η2 = .11; 

see Appendix D, Figure 14.2). After adjusting for pre-intervention scores of the measure, there 

was not a statistically significant difference in post-intervention scores of “Pain as Mystery” 

among the three conditions, F(2, 135) = .21, p = .81, partial η2 = .003 (Appendix D, Figures 14.3 

and 14.4).  

Paired-sample t-tests revealed the following: Participants’ mean score did not change 

between baseline and follow for any of the groups (High Mindfulness Pain: t(52) = 1.30, p = .20; 

Low Mindfulness Pain: t (47) = .59, p = .56; General Mindfulness: t(54) = .71, p = .48). 

Full Analyses for BPI- “Pain Right Now”  

A one-way ANOVA revealed that there were no significant differences among the three 

group means on “Pain Right Now” scores at baseline, F(2, 153) = 1.22, p = .30 (see Appendix D, 

Figure 19.1).  

Next we conducted our primary analysis, a one-way ANCOVA, which revealed the 

following: As expected, the covariate (“Pain Right Now” scores at baseline) was significantly 

related to the follow-up “Pain Right Now” scores (F(1,152) = 45.42, p < .001, partial η2 = .23; 

see Appendix D, Figure 19.2). After adjusting for pre-intervention scores of the measure, there 

was not a statistically significant difference in post-intervention scores among the three 

conditions, F(2, 152) = .65, p = .52, partial η2 = .008 (Appendix D, Figure 19.3 and 19.4).  

Paired-sample t-tests revealed that none of the groups significantly changed on this 

measure (High Mindfulness Pain group, t(52) = -.092, p = .92; Low Mindfulness Pain group, 

t(47)= .36, p= .72; General Mindfulness group: t(54)= -1.14, p= .26). 
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Full Analyses for PCS- Helplessness 

First we checked whether there were any significant baseline differences of 

“Helplessness” scores among the three conditions. A one-way ANOVA revealed that there were 

no significant differences among the three group means on “Helplessness” scores at baseline, 

F(2, 153) = 1.82, p = .17 (see Appendix D, Figure 22.1).  

Next we conducted our primary analysis, a one-way ANCOVA to determine if there were 

differences in “Helplessness” scores at T1 among the three study conditions, taking into account 

the baseline scores. As expected, the covariate (scores at baseline) was significantly related to the 

follow-up scores (F(1,152) = 127.04, p < .001, partial η2 = .46; see Appendix D, Figure 22.2). 

After adjusting for pre-intervention scores of the measure, we did not find a statistically 

significant difference in post-intervention scores among the three conditions, F(2, 152) = .61, p = 

.53, partial η2 = .008 (Appendix D, Figures 22.3 and 22.4).  

Paired-sample t-tests revealed that none of the groups significantly changed on this 

measure from baseline to follow-up (High Mindfulness Pain condition: t(52)= 1.10, p= .28; Low 

Mindfulness Pain condition: t(47)= 1.00, p= .32; General Mindfulness condition: t(53)= -1.73, p 

= .38). 
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Figure 4.0.  Homogeneity of Regression Slopes for MHLC “Internal” 

 
 

Figure 4.1.  Homogeneity of Regression Slopes for MHLC “Chance” 
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Figure 4.2.  Homogeneity of Regression Slopes for MHLC “Doctors” 

 

Figure 4.3.  Homogeneity of Regression Slopes for PBAPI “Pain as Mystery” 
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Figure 4.4.  Homogeneity of Regression Slopes for PBAPI “Pain as Constant” 

 

 
Figure 4.5.  Homogeneity of Regression Slopes for PBAPI “Pain as Permanent” 
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Figure 4.6. Homogeneity of Regression Slopes for PBAPI “Self-Blame” 

 

Figure 4.7. Homogeneity of Regression Slopes for BPI – “Pain on Average” 
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Figure 4.8. Homogeneity of Regression Slopes for BPI – “Pain Right Now” 

 

Figure 4.9. Homogeneity of Regression Slopes for Pain Interference 
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Figure 4.10. Homogeneity of Regression Slopes for PCS – “Rumination” 

 

Figure 4.11. Homogeneity of Regression Slopes for PCS – “Magnification” 
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Figure 4.12. Homogeneity of Regression Slopes for PCS – “Helplessness” 

 

Figure 4.13. Test of Homogeneity of Error Variances for MHLC “Internal” 
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Figure 4.14. Test of Homogeneity of Error Variances for MHLC “Chance” 

 

Figure 4.15. Test of Homogeneity of Error Variances for MHLC “Chance” (Transformed) 

 

Figure 4.16. Test of Homogeneity of Error Variances for MHLC “Doctors” 
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Figure 4.17. Test of Homogeneity of Error Variances for PBAPI “Pain as Mystery” 

 

Figure 4.18. Test of Homogeneity of Error Variances for PBAPI “Pain as Mystery” 

(Transformed) 
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Figure 4.19. Test of Homogeneity of Error Variances for PBAPI “Pain as Constant” 

 

Figure 4.20. Test of Homogeneity of Error Variances for PBAPI “Pain as Permanent” 

 

Figure 4.21. Test of Homogeneity of Error Variances for PBAPI “Self-Blame” 
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Figure 4.22. Test of Homogeneity of Error Variances for BPI- “Pain on Average” 

 

Figure 4.23. Test of Homogeneity of Error Variances for BPI- “Pain Right Now” 

 

Figure 4.24. Test of Homogeneity of Error Variances for PCS – “Rumination” 
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Figure 4.25. Test of Homogeneity of Error Variances for PCS – “Magnification” 

 

Figure 4.26. Test of Homogeneity of Error Variances for PCS – “Helplessness” 
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Figure 4.27. Boxplot of MHLC – “Internal” Scores at T0 

 
 

Figure 4.28. Boxplot of MHLC - “Internal” Scores at T1 
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Figure 4.29. Boxplot of MHLC - “Chance” Scores at T0 
 

 
 
Figure 4.30. Boxplot of MHLC- “Chance” Scores at T1 
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Figure 4.31. Boxplot of MHLC - “Doctors” Scores at T0 

 
 
Figure 4.32. Boxplot of MHLC – “Doctors” Scores at T1 
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Figure 4.33. Boxplot of PBAPI – “Pain as Mystery” Scores at T0 

 
 
Figure 4.34. Boxplot of PBAPI – “Pain as Mystery” Scores at T1 
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Figure 4.35. Boxplot of PBAPI – “Pain as Constant” Scores at T0 

 
 
Figure 4.36. Boxplot of PBAPI – “Pain as Constant” Scores at T1 
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Figure 4.37. Boxplot of PBAPI – “Pain as Permanent” Scores at T0 

 
 

Figure 4.38. Boxplot of PBAPI – “Pain as Permanent” Scores at T1 
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Figure 4.39. Boxplot of PBAPI – “Self-Blame” Scores at T0 

 
 

Figure 4.40. Boxplot of PBAPI – “Self-Blame” Scores at T1 
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Figure 4.41. Boxplot of “Pain on Average” scores at T0 

 
 

Figure 4.42. Boxplot of “Pain on Average” scores at T1 
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Figure 4.43. Boxplot of “Pain Right Now” scores at T0 

 
 

Figure 4.44. Boxplot of “Pain Right Now” scores at T1 
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Figure 4.45. Boxplot of Pain Interference scores at T0 

 
 

Figure 4.46. Boxplot of Pain Interference scores at T1 
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Figure 4.47. Boxplot of PCS – Rumination scores at T0 

 
 

Figure 4.48. Boxplot of PCS – Rumination scores at T1 
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Figure 4.49. Boxplot of PCS – Magnification scores at T0 

 
 

Figure 4.50. Boxplot of PCS – Magnification scores at T1 
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Figure 4.51. Boxplot of PCS – Helplessness scores at T0 

 
 

Figure 4.52. Boxplot of PCS – Helplessness scores at T1 
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Figure 4.53.  Descriptive Statistics of Participant Age across Experimental Conditions 

 

 

Figure 4.54. Descriptive Statistics of Pain Duration (in months) across Experimental Conditions 

 

 

Figure 4.55. Descriptive Statistics of Pain Severity across Experimental Conditions 
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Figure 4.56. One-way ANOVA Comparing Age Across Experimental Condition 

 

 

Figure 4.57. One-way ANOVA Comparing Pain Duration Across Experimental Condition 

 

 

Figure 4.58. One-way ANOVA Comparing Pain Severity Across Experimental Condition 
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Figure 4.59. Test of Equality of Means for MHLC - Doctors at T0 

 
 
Figure 4.60. ANCOVA Results for MHLC- “Doctors” 

 
 
Figure 4.61. Estimated Marginal Means for MHLC- “Doctors” at T1 
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Figure 4.62. Test of Equality of Means for MHLC - Chance at T0 

 
 

Figure 4.63. ANCOVA Results for MHLC- “Chance” 
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Figure 4.64. Estimated Marginal Means for MHLC- “Chance” at T1 

 

 
 
 

Figure 4.65. Test of Equality of Means for MHLC - Internal at T0 
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Figure 4.66. ANCOVA Results for “MHLC” Internal  

 

 
Figure 4.67. Estimated Marginal Means for MHLC- “Internal” at T1 

 
 
Figure 4.68. Test of Equality of Means for PBAPI – “Pain as Permanent” at T0 
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Figure 4.69. ANCOVA Results for PBAPI – “Pain as Permanent”  

 

 

Figure 4.70. Estimated Marginal Means for PBAPI – “Pain as Permanent” at T1 
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Figure 4.71. Pairwise Comparisons for Estimated Marginal Means of PBAPI “Pain as 

Permanent” 

 

 
Figure 4.72. Test of Equality of Means for PBAPI – “Pain as Mystery” at T0 
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Figure 4.73. ANCOVA Results for PBAPI – “Pain as Mystery”  

 

 

Figure 4.74. Estimated Marginal Means for PBAPI – “Pain as Mystery” at T1 
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Figure 4.75. Test of Equality of Means for PBAPI – “Pain as Constant” at T0 

 
 

Figure 4.76. ANCOVA Results for PBAPI – “Pain as Constant”  

 

 

Figure 4.77. Estimated Marginal Means for PBAPI – “Pain as Constant” at T1 
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Figure 4.78. Test of Equality of Means for PBAPI – “Self-Blame” at T0 
 

 
 

Figure 4.79. ANCOVA Results for PBAPI – “Self-Blame”  
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Figure 4.80. Estimated Marginal Means for PBAPI – “Self-Blame” at T1 

 

 
Figure 4.81. Test of Equality of Means for Pain Interference at T0 
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Figure 4.82. Test of Equality of Means for Pain Interference at T1 

 

 
 
Figure 4.83. Test of Equality of Means for BPI - “Pain on Average” at T0 

 
 

Figure 4.84. ANCOVA Results for BPI – “Pain on Average”  
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Figure 4.85. Estimated Marginal Means for BPI – “Pain on Average” at T1 

 

 
Figure 4.86. Test of Equality of Means for BPI - “Pain Right Now” at T0 
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Figure 4.87. ANCOVA Results for BPI – “Pain Right Now”  

 

 

Figure 4.88. Estimated Marginal Means for BPI – “Pain Right Now” at T1 
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Figure 4.89. Test of Equality of Means for PCS - “Magnification” at T0 

 

 

Figure 4.90. ANCOVA Results for PCS – “Magnification”  

 

Figure 4.91. Estimated Marginal Means for BPI – “Magnification” at T1 
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Figure 4.92. Pairwise Comparisons for Estimated Marginal Means of PCS – “Magnification” 

 

Figure 4.93. Test of Equality of Means for PCS - “Rumination” at T0 
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Figure 4.94. ANCOVA Results for PCS – “Rumination”  

 

 

Figure 4.95. Estimated Marginal Means for BPI – “Rumination” at T1 
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Figure 4.96. Test of Equality of Means for PCS - “Helplessness” at T0 

 

 

Figure 4.97. ANCOVA Results for PCS – “Helplessness”  
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Figure 4.98. Estimated Marginal Means PCS – “Helplessness” at T1 
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Figure 4.99. Chi-square test for effect of LMS Quartile (Top and Bottom 25%) on BPI- “Pain on 

Average” 
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Figure 4.100. Chi-square test for effect of LMS Quartile (Top and Bottom 25%) on BPI- “Pain 

Right Now” 
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Figure 4.101. Chi-square test for effect of LMS Quartile (Top and Bottom 25%) on Pain 

Interference 
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Figure 4.102. Chi-square test for effect of LMS Quartile (Top and Bottom 25%) on PCS- 

Rumination 
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Figure 4.103. Chi-square test for effect of LMS Quartile (Top and Bottom 25%) on PCS- 

Magnification 
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Figure 4.104. Chi-square test for effect of LMS Quartile (Top and Bottom 25%) on PCS- 

Helplessness 
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Figure 4.105. Chi-square test for effect of LMS Quartile (Top and Bottom 25%) on MHLC-

Internal 
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Figure 4.106. Chi-square test for effect of LMS Quartile (Top and Bottom 25%) on MHLC-

Chance 
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Figure 4.107. Chi-square test for effect of LMS Quartile (Top and Bottom 25%) on MHLC-

Doctors 
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Figure 4.108. Chi-square test for effect of LMS Quartile (Top and Bottom 25%) on PBAPI- 

“Pain as Mystery” 
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Figure 4.109. Chi-square test for effect of LMS Quartile (Top and Bottom 25%) on PBAPI- 

“Pain as Constant” 
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Figure 4.110. Chi-square test for effect of LMS Quartile (Top and Bottom 25%) on PBAPI- 

“Pain as Permanent” 
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Figure 4.111. Chi-square test for effect of LMS Quartile (Top and Bottom 25%) on PBAPI- 

“Self-Blame” 
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Figure 4.112. Chi-square test for effect of “Pain as Constant” (Top and Bottom 25%) on BPI- 

“Pain on Average” 
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Figure 4.113. Chi-square test for effect of “Pain as Constant” (Top and Bottom 25%) on BPI- 

“Pain Right Now” 
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Figure 4.114. Chi-square test for effect of “Pain as Constant” (Top and Bottom 25%) on Pain 

Interference 
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Figure 4.115. Chi-square test for effect of “Pain as Constant” (Top and Bottom 25%) on PCS-

Rumination 
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Figure 4.116. Chi-square test for effect of “Pain as Constant” (Top and Bottom 25%) on PCS-

Magnification 
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Figure 4.117. Chi-square test for effect of “Pain as Constant” (Top and Bottom 25%) on PCS-

Helplessness 

 

 

 

 

 

 



 

 

 

266 

Figure 4.118. Chi-square test for effect of “Pain as Constant” (Top and Bottom 25%) on  

MHLC-Internal 

 

 

 

 

 

 



 

 

 

267 

Figure 4.119. Chi-square test for effect of “Pain as Constant” (Top and Bottom 25%) on  

MHLC-Chance 
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Figure 4.120. Chi-square test for effect of “Pain as Constant” (Top and Bottom 25%) on  

MHLC-Doctors 

 

 

 

 

 

 

 


