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Abstract 
Objectives: This study examined the malleability of a tripartite cluster of purported mechanistic variables targeted in a 4-week intervention pro-
gram designed to improve adults’ engagement in physical activity. The targeted cluster of purported mechanisms consisted of negative views 
of aging (NVOA), self-efficacy beliefs, and behavioral intentions.
Methods: A randomized single-blind control group design was used to implement the AgingPLUS program in a sample of middle-aged and older 
adults (N = 335; Mage = 60.1 years; SDage = 8.3 years; age range 45–75 years).
Results: Using an intention-to-treat approach and analyses of covariance adjusting for participants’ baseline scores, findings showed significant 
improvements in the purported mechanistic variables both at the immediate (Week 4) and delayed posttest (Week 8) in the treatment group but 
not in the control group. These improvements were for the most part maintained until 8-month postrandomization, although to a smaller extent. 
Specifically, participants in the AgingPLUS group showed significant improvements in NVOA, self-efficacy beliefs, and behavioral intentions com-
pared to the Health Education control group. Standardized effect sizes for statistically significant effects were variable and ranged from small (d 
= −0.23) to large (d = 0.80). Effect sizes showed some decay of the intervention at the 8-month posttest.
Discussion: Taken together, the findings supported the efficacy of the AgingPLUS program and showed that variables representing the pur-
ported mechanisms of the intervention were significantly moved in a positive direction. In doing so, the AgingPLUS program met a major 
requirement of the experimental medicine approach to behavior change interventions.
Clinical Trials Registration Number: NCT0329948
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Although it is well documented that certain health behav-
iors (e.g., eating a healthy diet; engaging in physical activity) 
can promote healthy aging, the mechanisms through which 
these behaviors can be promoted are less well understood 
(Lachman et al., 2018; Nielsen & Reiss, 2012). This has led 
intervention researchers to conclude that it is essential to 
address the social-cognitive and motivational barriers that 
hinder adults from engaging in more positive lifestyle behav-
iors (Ma et al., 2016; Nielsen & Reiss, 2012). Following the 
experimental medicine approach (Riddle, 2015), the present 
study examined the malleability of a tripartite cluster of such 
social-cognitive and motivational factors, namely negative 
views of aging (NVOA), self-efficacy beliefs, and behavior-
al intentions. Thus, this study focused on the first necessary 
step of the experimental medicine approach and examined 
whether a 4-week intervention program designed to increase 
sedentary adults’ engagement in physical activity changed the 

purported mechanisms of the intervention (see also Sheeran 
et al., 2016).

Negative Views of Aging
Although adults’ views of their own aging may include both 
positive and negative perceptions, in the general population, 
most general and personal views of aging (VOA) tend to be 
negative (Lindland et al., 2016). For the purposes of this 
study, we define NVOA as individuals’ negative age stereo-
types, negative attitudes, and negative self-perceptions about 
growing old(er) and about old people as a social group (Diehl 
et al., 2021). NVOA predict a host of negative physical and 
cognitive outcomes (for an overview, see Diehl et al., 2021). 
These effects of NVOA have been shown in experimental 
(e.g., Levy, 1996) and quasi-experimental studies (e.g., Levy 
et al., 2002). For example, in one of the first experimental 
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studies, Levy (1996) showed that priming older adults with 
negative age words resulted in a significant worsening in 
memory performance compared to priming with positive age 
words. Similarly, findings from quasi-experimental studies 
have shown that NVOA, including negative self-perceptions 
of aging (SPA), are associated with less engagement in preven-
tive health care (Levy & Myers, 2004), poorer cognitive func-
tioning and steeper cognitive decline (Siebert et al., 2018a), 
poorer physical health and functional status (Sargent-Cox et 
al., 2012), and reduced longevity (Levy et al., 2002).

Conversely, another body of research has shown that pro-
moting positive views of aging (PVOA) tends to be associated 
with positive outcomes, including engagement in preventive 
health behavior (Levy & Myers, 2004), better physical and 
mental health (Wolff et al., 2014), and increased longevity 
(Wurm & Schäfer, 2022). Thus, these findings support the 
assumption that adults’ VOA may play a causal role in shap-
ing adults’ course of aging and major developmental out-
comes. Moreover, this evidence suggests that (a) NVOA as 
habitual patterns of negative thought undermine adults’ moti-
vation and behavior and (b) promoting PVOA may be an ave-
nue to motivate behavior that could support positive aging.

A major problem, however, is that to date, only a limited 
number of studies have examined the malleability of adults’ 
NVOA and have reported mixed results (Beyer et al., 2019; 
Nehrkorn-Bailey et al., 2023; Sarkisian et al., 2007; Wolff et 
al., 2014). Thus, this study examined whether adults’ NVOA 
could be altered to become more positive with the intention 
to motivate greater engagement in physical activity.

Self-Efficacy Beliefs
A second motivational barrier often discussed in the con-
text of behavior change is individuals’ low perceived control 
and low self-efficacy beliefs (Bandura, 1997; Lachman et 
al., 2018; Schwarzer, 2008; see Author Note 1). Both con-
cepts refer to individuals’ beliefs about the likelihood that 
their actions can bring about desired outcomes. Although 
the literature on the development of control and self-efficacy 
beliefs across adulthood indicates that individuals’ sense of 
personal control and self-efficacy tends to decline as they 
grow older (Krause, 2007; Robinson & Lachman, 2017), it 
is also well documented that a greater sense of control and 
self-efficacy is associated with numerous positive outcomes. 
For example, several studies have shown that individuals 
who had a greater sense of personal control maintained their 
cognitive and functional health longer and more effectively 
(Lachman & Agrigoroaei, 2010; Parisi et al., 2017), were 
more likely to lead a healthy lifestyle, and were less likely to 
become disabled (Robinson & Lachman, 2017). Conversely, 
adults with a lower sense of control and self-efficacy may 
be at an increased risk for a variety of negative behavioral, 
affective, and functional outcomes, including higher levels of 
depression, anxiety, stress, and poorer memory performance 
(Lachman et al., 2011). Moreover, it has been documented 
that individuals with lower control and self-efficacy beliefs 
are less likely to (a) enroll in health change programs and 
(b) maintain newly acquired health behaviors over time 
(Bandura, 1997; Schwarzer, 2008).

Although one meta-analysis (Sheeran et al., 2016) showed 
significant changes in self-efficacy for a variety of interven-
tions, there is still an ongoing debate about the magnitude 
of the malleability of self-efficacy beliefs in middle-aged and 

older adults and how improvements in self-efficacy may be 
maintained over time (Ashford et al., 2010). West et al. (2008) 
showed that participants in the training group of a memory 
training program improved their memory self-efficacy com-
pared to the participants in the wait-list control group after 
completion of the program. Similarly, Lachman and col-
leagues (2006) found that encouraging strategy use during a 
memory training program resulted in higher self-efficacy in 
older adults, but not in young or middle-aged adults. French et 
al.’s (2014) literature review identified behavior change tech-
niques that may increase adults’ self-efficacy beliefs regard-
ing the adoption of physical activity behavior. These authors 
found that teaching self-regulatory strategies was associated 
with improved self-efficacy beliefs after the interventions. 
The meta-analysis by Sheeran et al. (2016) mostly confirmed 
these findings but also pointed out that only limited knowl-
edge exists about the long-term maintenance of the observed 
improvements. In summary, there is evidence suggesting 
that adults’ personal control and self-efficacy beliefs can be 
strengthened through focused interventions (Ashford et al., 
2010; Prestwich et al., 2014). However, there also remain sev-
eral unresolved issues, including the long-term maintenance 
of the obtained improvements and the strength of association 
with behavioral outcomes (Sheeran et al., 2016).

Behavioral Intentions
Even if adults develop more positive VOA and a stronger sense 
of self-efficacy, another obstacle to the initiation and main-
tenance of behavior change often lies in individuals’ weak 
behavioral intentions (i.e., self-instructions to perform a par-
ticular behavior) and lack of action-planning skills (Nielsen 
& Reiss, 2012; Schwarzer, 2008; Sheeran & Webb, 2016). 
Adults with weak behavioral intentions have been shown 
to engage in fewer health-promoting behaviors (Sheeran & 
Webb, 2016) and often give up quickly when facing obsta-
cles or being challenged to maintain a certain behavior over 
a longer time (Nielsen & Reiss, 2012; Schwarzer, 2008). 
Thus, researchers have suggested that strengthening individu-
als’ behavioral intentions and teaching more effective action 
planning may be another critical component for initiating and 
maintaining behavior change (Schwarzer, 2008; Sheeran & 
Webb, 2016).

Although it is well documented that behavioral intentions 
alone are not sufficient for goal achievement and long-term 
behavior change (Sheeran & Webb, 2016), there is also evi-
dence showing that behavioral intentions are critical for 
the development and maintenance of action plans and the 
subsequent adoption of new behavior (Schwarzer, 2008). 
Therefore, individuals’ behavioral intentions are considered 
a critically important component of the motivational stage of 
behavior change (Schwarzer, 2008). Focusing on individuals’ 
behavioral intentions in combination with their self-efficacy 
beliefs and action-planning skills is also supported by findings 
from a meta-analysis showing that medium-to-large changes 
in intention led to small-to-medium changes in behavior 
(Webb & Sheeran, 2006).

The Present Study
The present study examined the malleability of middle-aged 
(age range 45–59 years) and older adults’ (age range 60–75 
years) NVOA, self-efficacy beliefs, and behavioral intentions 
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as part of the AgingPLUS randomized controlled trial (RCT; 
Diehl et al., 2020). Although engagement in physical activ-
ity was the behavioral outcome of the RCT, following the 
experimental medicine approach (Riddle, 2015), this study 
focused on the first necessary proof in the RCT. That is, this 
study tested whether the treatment condition of the trial was 
successful in changing the social-cognitive and motivational 
mechanisms that were hypothesized causing the change in the 
target outcome (Sheeran et al., 2016). Thus, we tested the fol-
lowing hypothesis: At the immediate (Week 4), the delayed 
(Week 8), and the long-term posttest (8-month postrandom-
ization), participants in the AgingPLUS group will show 
significant (p < .05) improvements in NVOA, self-efficacy 
beliefs, and behavioral intentions compared to baseline and 
compared to the participants in the active control group.

Method
The Institutional Review Board (IRB) of Colorado State 
University approved all components of the trial. All study pro-
cedures adhered to the Consolidated Standards of Reporting 
Trials (CONSORT; Moher et al., 2010) guidelines to assure 
the scientific rigor of the trial and the reproducibility of the 
protocol and findings.

Participants and Recruitment
Study participants in the age range from 45 to 75 years 
were recruited via e-mail announcements and study flyers; 
the article by Diehl et al. (2020) provides a detailed justi-
fication of the chosen age range. Middle-aged participants 
were primarily recruited through an employee listserv at 
Colorado State University. Older adults were recruited 
from preexisting participant registries, senior centers, and 
local faith-based and civic organizations. Trained research 
assistants screened interested individuals for eligibility. The 
eligibility criteria (i.e., inclusion and exclusion criteria) and 
screening procedures are described in detail in Diehl et al. 
(2020). All participants came from a tri-county area in the 
northern Colorado Front Range.

After initial screening for eligibility, 402 out of 549 adults 
aged 45–75 were invited to participate in the study. Upon 
completion of the baseline assessment, a total of 335 partic-
ipants were randomly assigned to either the treatment group 
(n = 173) or the active control group (n = 162). Estimation 
of the required sample size was based on an a priori power 
analysis for mixed linear models (Maas & Hox, 2005). This 
power analysis resulted in a total sample size of 300 partic-
ipants for a study with (a) two groups at Level 2 (i.e., treat-
ment conditions) and four times of measurement at Level 1 
(Baseline, Week 4, Week 8, 8-month posttest); (b) an antici-
pated attrition rate of 20%; and (c) a power of 0.80 to detect 
medium effect sizes at a significance level of α = 0.05 (see 
Diehl et al., 2020). Figure 1 shows the CONSORT diagram 
for the trial. Table 1 shows the sociodemographic characteris-
tics of the study sample.

Although major efforts were made to oversample men 
to achieve an equal distribution of men and women in the 
study, most participants were women (see Table 1). Most 
of the participants were married and White. The sample 
had a high level of education, with an average of 17.45 
years of schooling (standard deviation [SD] = 2.74 years) 
and reported being overall in good health (M = 4.51, SD 
= 1.04; 1 = Very poor, 6 = Excellent). To ensure that the 

treatment group (i.e., AgingPLUS program) and the active 
control group (i.e., Health Education program) were bal-
anced by gender and age group, the randomization to 
group was stratified by gender and age (45–54, 55–64, and 
65–75 years). As Table 1 shows, the AgingPLUS and Health 
Education groups did not differ in terms of age composi-
tion and the distribution of gender, race/ethnicity, marital 
status, education levels, income, or employment status (all 
ps > .05).

Procedure
The study used a randomized, single-blind pretest–posttest 
active control group design to examine the efficacy of the 
AgingPLUS program against a generic health education pro-
gram known as 10 Keys to Healthy Aging (Newman et al., 
2010). The intervention was administered across four educa-
tional sessions during Weeks 1–4. NVOA, self-efficacy beliefs, 
and behavioral intentions were assessed at baseline (Week 
0), immediate posttest (Week 4), delayed posttest (Week 8), 
and a long-term posttest 8-month postrandomization (i.e., 6 
months after Week 8).

Baseline assessment (Week 0)
Eligible adults completed a baseline assessment comprised of 
a psychosocial assessment session, a week of physical activ-
ity monitoring, and a physical assessment session. During 
the psychosocial assessment session, participants completed 
a comprehensive psychosocial questionnaire, including the 
measures of NVOA, self-efficacy beliefs, and behavioral 
intentions. Participants were also instructed on how to use 
a daily activity log (DAL) and how to wear an ActiGraph 
(ActiGraph, LLC, Pensacola, FL) accelerometer to monitor 
their physical activity for 7 days following the session. During 
the monitoring period, research staff made two check-in calls 

Figure 1. CONSORT diagram describing the participant flow through the 
study. CONSORT = Consolidated Standards of Reporting Trials; COVID-19 
= coronavirus disease 2019.
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to answer any questions and sent daily text messages remind-
ing participants to complete the DAL. After completion of 
the baseline session, participants were randomized to either 
the AgingPLUS group (i.e., treatment group) or the Health 
Education group (i.e., active control group).

At the end of the week following the psychosocial assess-
ment, participants returned the DAL and accelerometer at 
their physical assessment session. The physical assessment 
session consisted of height, weight, and waist circumference 
measurements, blood pressure readings, a submaximal car-
diorespiratory fitness test performed on a stationary bike, 
and the Short Physical Performance Battery (Guralnik et al., 
1994).

Intervention sessions (Weeks 1–4)
During Weeks 1–4, participants attended weekly, 2-hr long 
sessions in small groups of 5–15 participants. A detailed 
description of the session content for the AgingPLUS and 
the Health Education program (Newman et al., 2010) can 
be found in Supplementary Appendix. Both programs were 
presented by trained and certified group facilitators, required 
in-person attendance, and occurred on independent days to 
avoid contact between groups. Implementation fidelity of the 

programs was monitored by videotaping each class session 
and having the videotapes reviewed by an independent inter-
vention expert (G. W. Rebok).

Immediate (Week 4), delayed (Week 8), and long-term 
posttest (Month 8)
At the end of the fourth intervention session when all con-
tent in the treatment and control group had been presented, 
participants were reassessed with the same psychosocial 
questionnaire that had been administered at baseline (i.e., 
immediate posttest). One month after the completion of the 
intervention (Week 8), all participants completed another 
follow-up assessment with the same measures and format as 
at baseline (i.e., delayed posttest). In addition, at Week 8, a 
new activity monitoring week and physical assessment ses-
sion were conducted. Participants in the AgingPLUS group 
were required to specify their self-chosen physical activity 
goals in the DAL prior to starting the 7-day monitoring 
period. The DAL and actigraph were returned by participants 
at the Week 8 physical assessment. The Week 8 assessment 
procedures were repeated at the long-term posttest 8-month 
postrandomization.

Table 1. Sample Characteristics by Intervention Group

Variable AgingPLUS group (n = 173) Health Education group (n = 162) p Value

Age, mean (SD) 60.0 (8.4) 60.1 (8.2) .92

Age, n (%) .99

 � 45–54 53 (30.6) 48 (29.6)

 � 55–64 66 (38.2) 64 (39.5)

 � 65–75 54 (31.2) 50 (30.9)

Women, n (%) 142 (82.1) 138 (85.2) .44

White, n (%) 141 (81.5) 143 (88.3) .36

Marital status, n (%) .29

 � Single 21 (12.1) 14 (8.6)

 � Married/committed partnership 105 (60.7) 92 (56.8)

 � Divorced/separated 31 (17.9) 40 (24.7)

 � Widowed 11 (6.4) 14 (8.6)

Education, n (%) .76

 � High school 23 (13.3) 28 (17.3)

 � Associate’s degree 13 (7.5) 15 (9.3)

 � Bachelor’s degree 59 (34.1) 46 (28.4)

 � Master’s degree 59 (34.1) 56 (34.6)

 � Doctoral degree 15 (8.7) 15 (9.3)

Education in years, mean (SD) 17.5 (2.8) 17.4 (2.6) .73

Income, n (%) .57

 � <$35,000 33 (19.1) 26 (16.1)

 � $35,000–79,999 40 (23.1) 33 (20.4)

 � $80,000–99,999 37 (21.4) 37 (22.8)

 � ≥$100,000 50 (28.9) 58 (35.8)

Employment, n (%) .64

 � Employed full-time 72 (41.6) 71 (43.8)

 � Employed part-time 28 (16.2) 25 (15.4)

 � Retired 53 (30.6) 48 (29.6)

 � Other 15 (8.7) 16 (9.9)

Notes: SD = standard deviation. The employment category “Other” includes participants who were in bridge/temporary jobs, pursued a second career, or 
were unemployed.
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Pandemic-related adjustments in procedures
Halfway through the RCT, the university and IRB mandated 
adjustments to the research protocol due to the start of the 
coronavirus disease 2019 (COVID-19) pandemic (i.e., the 
State of Colorado went in mandated lockdown on March 
25, 2020). The following adjustments were implemented to 
ensure the safety of the study participants and research staff: 
(1) performing COVID-19 screenings; (2) halting intervention 
groups during the lockdown period (March–June 2020); (3) 
administering questionnaires as electronic forms during the 
lockdown period; (4) postponing the Week 8 assessments 
until after the lockdown period; (5) administration of ques-
tionnaires as take-home packets during the high-risk period 
(i.e., before COVID vaccines were widely available; July 2020 
to June 2021); (6) limiting educational groups to 5–8 partic-
ipants; and (7) mandating the use of N95-quality face masks 
at all in-person meetings. The onset of the COVID-19 pan-
demic also resulted overall in slower enrollment and greater 
attrition for the remainder of the trial.

Measures
Views of aging
General views of aging

Three measures were used to assess general VOA: The Age 
Stereotypes Scale (AS; Kornadt & Rothermund, 2011), the 
Expectations Regarding Aging (ERA) questionnaire (Sarkisian 
et al., 2005), and the short version of the Essentialist Beliefs 
About Aging scale (EBA-S; Weiss & Diehl, 2021).

The AS consists of 27 items measuring a person’s general 
age stereotypes across eight domains: family and partnership, 
physical and mental fitness, health and appearance, friends 
and acquaintances, work and employment, religion and spir-
ituality, personality and way of living, leisure activities and 
social or civic commitment, and financial situation. Each 
domain is assessed with 3–5 items, with participants plac-
ing their answers on an 8-point scale between a negative and 
positive pole. A total age stereotypes score was calculated by 
summing the mean domain scores and dividing the sum by 
the number of domains (i.e., mean total score). A higher score 
indicates more positive age stereotypes. The reliability coeffi-
cients (Cronbach’s α) ranged from 0.83 to 0.91 across occa-
sions of measurement and across intervention groups.

The short ERA questionnaire consists of 12 items assess-
ing participants’ expectations regarding positive or negative 
age-related changes. Items are answered on a 4-point scale (1 
= Definitely true; 4 = Definitely false) and a total score is cal-
culated, with higher scores indicating more positive expecta-
tions regarding aging. The reliability coefficients ranged from 
α = 0.84 to 0.88.

The short EBA-S was used to assess participants’ general 
beliefs regarding the fixed or malleable nature of aging. The 
short version has four items which participants answer on a 
6-point scale (1 = Do not agree; 6 = Absolutely agree). The 
reliability coefficients were acceptable across assessments and 
intervention groups, ranging from α = 0.62 to 0.74.

Personal Views of Aging

Participants’ personal VOA were measured by the 10-item 
Awareness of Age-Related Change (AARC) questionnaire 
(Kaspar et al., 2019). Using a 5-point scale (1 = Not at all; 
5 = Very much), the items ask participants about positive 
(i.e., AARC-gains) and negative (i.e., AARC-losses) SPA. The 

reliability coefficients for the AARC-losses subscale ranged 
from α = 0.74 to 0.79 across occasions of measurement and 
intervention groups; the corresponding coefficients for the 
AARC-gains subscale ranged from α = 0.57 to 0.69.

Self-efficacy beliefs
General self-efficacy beliefs

The General Self-Efficacy scale (GSE; Schwarzer & Jerusalem, 
1995) and the Self-Regulation Scale (SRS; Diehl et al., 2006) 
were used to assess participants’ general self-efficacy beliefs. 
The GSE (Schwarzer & Jerusalem, 1995) consists of eight 
items that measure participants’ general sense of self-efficacy. 
Items are answered on a 4-point scale (1 = Not at all true; 4 
= Completely true) and higher scores indicate greater general 
self-efficacy beliefs. The reliability coefficients ranged from α 
= 0.84 to 0.89.

The 10-item SRS (Diehl et al., 2006) assesses partici-
pants’ self-regulatory abilities in different situations. Items 
are answered on a 4-point scale (1 = Not at all true; 4 = 
Completely true) and higher scores indicate greater general 
self-regulation abilities. The reliability coefficients ranged 
from α = 0.82 to 0.89 across occasions of measurement and 
intervention groups.

Domain-specific self-efficacy beliefs

Three domain-specific measures of self-efficacy were included: 
motivational self-efficacy (MSE), volitional self-efficacy 
(VSE), and walking self-efficacy (WSE). The three-item MSE 
measure (Schwarzer, 2008) asks participants about their con-
fidence to start a physical activity routine in the future. VSE 
was also assessed with three items (Schwarzer, 2008), mea-
suring participants’ confidence to maintain a future physical 
activity routine. For both measures, participants responded 
on a 6-point scale (1 = Totally disagree; 6 = Totally agree) 
with higher scores indicating greater motivational or voli-
tional self-efficacy, respectively. Reliabilities ranged from α = 
0.87 to 0.94 for MSE and from α = 0.88 to 0.94 for VSE.

The WSE scale (McAuley et al., 2000) was used to assess 
participants’ confidence to successfully engage in 5-min peri-
ods of walking at a moderately fast pace, starting at 5 min and 
ending with 50 min. For each 5-min increase in walking time, 
participants report their confidence on a 100-percent scale in 
10-percent increments (i.e., ranging from 0% to 100%). The 
average confidence rating is calculated across the 10 items 
and a higher number indicates higher walking self-efficacy. 
Reliability coefficients ranged from 0.97 to 0.98.

Behavioral intentions
Behavioral intentions were assessed in terms of participants’ 
exercise intentions (Schwarzer, 2008). The measure has three 
items to which participants responded on a 6-point scale (1 = 
Not at all true; 6 = Absolutely true). The reliability coefficients 
ranged from α = 0.65 to 0.82 across assessments and inter-
vention groups, except for the reliability in the AgingPLUS 
group at the immediate posttest, which was in the lower range 
of acceptability (α = 0.57).

Statistical Analyses
Possible group differences between the treatment and active 
control groups at baseline (i.e., randomization check) were 
examined using independent-samples t tests for continu-
ous variables and chi-square tests for categorical variables. 
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Using the Proc GLM procedure in SAS 9.4 (SAS Institute 
Inc., 2013), analyses of covariance were performed apply-
ing an intention-to-treat (ITT) approach (White et al., 2011). 
We examined whether the least-squared means of changes 
on individual scale scores measuring participants’ NVOA, 
self-efficacy beliefs, and behavioral intentions from baseline 
differed by treatment groups, controlling for the baseline 
scores. As a parameter of effect size, an effect size in SD units 
(Cohen’s d; Cohen, 1988) for each scale score was calculated, 
using the quotient of the adjusted group difference divided 
by the overall SD of the measure at baseline.

Three sets of analyses were estimated separately for each 
scale score: The first set used changes observed at the Week 4 
posttest (Week 4 posttest score − baseline score) as the depen-
dent variables, the second set used changes observed at the 
Week 8 posttest (Week 8 posttest score − baseline score), and 
the third set used changes observed at the long-term posttest 
(Month 8 posttest score − baseline score) as the dependent 
variables. Group assignment was the independent variable, 
and the baseline score of the dependent variable was included 
as the covariate in all analyses.

Results
Randomization Check and Baseline Characteristics
The AgingPLUS and Health Education groups were equiv-
alent in terms of demographic characteristics (see Table 1). 
Except for awareness of age-related gains and motivational 
self-efficacy, baseline scores on the measures of VOA, self- 
efficacy beliefs, and behavioral intentions were also equiv-
alent across groups, as indicated by nonsignificant p values 
from t tests and chi-square tests. Means and SDs of the out-
come measures at baseline by intervention group are reported 
in Table 2. Follow-up t tests revealed that participants in the 
AgingPLUS group reported higher awareness of age-related 
gains and higher motivational self-efficacy at baseline than 
active controls. This underscored the need to adjust for base-
line differences when examining changes on these measures 
over time.

Attrition Over Time
By the immediate posttest at Week 4, 58 participants (17.3%) 
had dropped out of the trial and did not provide postran-
domization data (see Figure 1). This included 35 partici-
pants in the AgingPLUS group (20.2%) and 23 in the Health 
Education group (14.2%). By the delayed posttest at Week 
8, 67 participants (20.0%) had dropped out, including 37 
participants (21.4%) in the AgingPLUS group and 30 partic-
ipants (18.5%) in the Health Education group. At the long-
term posttest (8-month postrandomization), a total of 81 
participants (24.2%) had dropped out, including 42 partic-
ipants (24.3%) in the AgingPLUS group and 39 participants 
(24.1%) in the Health Education group. Attrition rates did 
not differ significantly across the two conditions, and none 
of the demographic variables listed in Table 1 were signif-
icant predictors of attrition over time. These attrition rates 
compared favorably to those reported in comparable RCTs, 
which can range from 25% to 50%, depending on the time 
frame of the follow-up assessments and the target group of 
participants (Linke et al., 2011).

Changes in Views of Aging
Table 3 and Figure 2, Panel A, show the covariate-adjusted 
change scores from baseline to immediate posttest at Week 
4. As can be seen, the AgingPLUS group showed significantly 
greater improvements on all measures of VOA, except for 
awareness of age-related losses. Significant changes were 
found for age stereotypes, expectations regarding aging, 
essentialist beliefs about aging, and awareness of age- 
related gains (all ps < .01). For example, the AgingPLUS group 
showed an average improvement of 0.52 in age stereotypes, 
whereas the Health Education group showed a worsening of 
−0.03, controlling for the participants’ baseline scores (higher 
scores indicate more positive VOA). This was equivalent to 
a standardized effect size of d = 0.68, which, according to 
Cohen (1988), is between a medium and a large effect size 
(see Author Note 2).

Improvements in participants’ expectations regarding 
aging were found in both groups, but the improvements 

Table 2. Descriptive Statistics (Mean and SD) for the Outcome Measures at Baseline by Intervention Group

Variable AgingPLUS group (n = 173) Health Education group (n = 162) p Value

Views of aging

 � Age stereotypes 5.3 (0.9) 5.2 (0.8) .07

 � Expectations regarding aging 55.1 (15.0) 54.4 (16.5) .67

 � Essentialist beliefs about aging 17.3 (3.8) 17.1 (4.2) .69

 � Awareness of age-related change gains 19.6 (3.3) 18.9 (3.0) .03

 � Awareness of age-related change losses 11.0 (3.5) 11.1 (3.2) .89

Self-efficacy beliefs

 � General self-efficacy 27.1 (3.4) 27.1 (3.6) .99

 � Self-regulation 61.7 (28.8) 65.7 (26.9) .20

 � Motivational self-efficacy 4.6 (1.1) 4.3 (1.2) .03

 � Volitional self-efficacy 4.9 (1.0) 4.7 (1.1) .12

 � Walking self-efficacy 31.4 (5.0) 31.1 (4.6) .64

Behavioral intentions

 � Exercise intention 14.9 (2.9) 14.8 (3.1) .74

Note: SD = standard deviation.
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were significantly greater in the AgingPLUS group. The 
standardized effect size was d = 0.69, indicating a medium- 
to-large effect. Similarly, participants’ essentialist beliefs about 
aging became more positive from baseline to the immediate 
posttest, and the improvement was again significantly stron-
ger in the AgingPLUS group compared to the control group. 
The effect size was d = 0.48, indicating a medium effect of the 
intervention.

Finally, changes from baseline to immediate posttest 
were also in the positive direction for participants’ aware-
ness of age-related gains. Participants in the AgingPLUS 
group improved significantly more than participants in the 
Health Education group. The effect size was d = 0.25, indi-
cating a small, standardized effect. No significant differences 
in changes from baseline to immediate posttest were found 
between the treatment and control group in terms of partici-
pants’ awareness of age-related losses.

Table 3 and Figure 2, Panel B, show that the positive 
changes in participants’ VOA persisted in the AgingPLUS 
group to the delayed posttest at Week 8. Again, participants 
in the AgingPLUS group showed improvements in age ste-
reotypes, expectations regarding aging, essentialist beliefs 
of aging, and awareness of age-related gains that were sig-
nificantly larger than the changes in the Health Education 
group. Standardized effect sizes for the statistically signif-
icant effects ranged from d = −0.23 for awareness of age- 
related losses to d = 0.80 for essentialist beliefs about aging. 
In contrast to Week 4, participants in the AgingPLUS group 
now also showed significantly larger changes in terms of 
awareness of age-related losses than those in the Health 
Education group.

Table 4 and Figure 2, Panel C, show that the positive 
changes in participants’ VOA lasted to the long-term posttest, 
which was 8-month postrandomization. Again, participants 
in the AgingPLUS group showed significant improvements 
in age stereotypes, expectations regarding aging, essentialist 

Table 3. Covariate-Adjusted Changes in Outcome Variables From Baseline to Immediate and Delayed Posttest by Intervention Group

Changes from baseline to Week 4 posttest Changes from baseline to Week 8 posttest

Variable AgingPLUS group 
(n = 138)

Health 
Education 
group (n = 139)

d p AgingPLUS 
group (n = 136)

Health 
Education group 
(n = 132)

d p

Views of aging

 � Age stereotypes 0.52 −0.03 0.68 <.001 0.58 0.19 0.48 <.001

 � Expectations regarding aging 14.23 3.31 0.69 <.001 12.46 1.83 0.67 <.001

 � Essentialist beliefs about aging 2.50 0.66 0.48 <.001 3.02 −0.08 0.80 <.001

 � Awareness of age-related gains 2.09 1.31 0.25 .003 1.99 1.07 0.29 .001

 � Awareness of age-related losses −0.66 −0.13 −0.16 .06  −1.22 −0.46 −0.23 .016

Self-efficacy beliefs

 � General self-efficacy 1.42 0.51 0.27 <.001 1.44 0.26 0.36 .006

 � Self-regulation scale 0.62 0.58 0.01 .91 1.83 1.27 0.12 .14

 � Motivational self- 
efficacy

0.74 0.23 0.45 <.001 0.77 0.20 0.50 <.001

 � Volitional self-efficacy 0.60 0.16 0.43 <.001 0.69 0.03 0.64 <.001

 � Walking self-efficacy 9.56 8.73 0.03 .71 12.27 11.39 0.03 .69

Behavioral intentions

 � Exercise intention 2.00 0.65 0.47 <.001 1.84 0.72 0.39 <.001

 

Figure 2. Covariate-adjusted changes in views of aging, self-efficacy 
beliefs, and behavioral intentions in the AgingPLUS and the Health 
Education group at immediate posttest (Panel A), delayed posttest (Panel 
B), and long-term posttest (Panel C).
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beliefs of aging, and awareness of age-related gains com-
pared to baseline and compared to the changes in the Health 
Education group. Additionally, participants in the AgingPLUS 
group showed at this assessment also significantly lower 
awareness of age-related losses (i.e., fewer loss-related expe-
riences) compared to baseline and compared to participants 
in the Health Education group. Standardized effect sizes for 
the significant effects ranged from d = 0.05 for awareness 
of age-related gains to d = 0.56 for expectations regarding 
aging, indicating small- to medium-sized effects at the long-
term follow-up.

Changes in Self-Efficacy Beliefs
Table 3 and Figure 2, Panel A, also show the covariate- 
adjusted changes from baseline to the immediate posttest 
(Week 4) for participants’ self-efficacy beliefs. Again, 
the AgingPLUS group had significantly greater improve-
ments on general perceived self-efficacy, motivational self- 
efficacy, and volitional self-efficacy compared to the Health 
Education group (all ps < .001). Effect sizes ranged from  
d = 0.27 for general perceived self-efficacy to d = 0.45 for 
motivational self-efficacy, indicating small-to-medium effects 
of the intervention. No significant intervention effects were 
found for the self-regulation scale and participants’ walking 
self-efficacy.

Table 3 and Figure 2, Panel B, show that the intervention 
effects for general perceived self-efficacy, motivational self- 
efficacy, and volitional self-efficacy were maintained through 
the delayed posttest at Week 8. Indeed, the effect sizes 
improved slightly and now ranged from d = 0.36 for general 
perceived self-efficacy to d = 0.64 for volitional self-efficacy. 
Again, no significant intervention effects were found for the 
self-regulation scale and walking self-efficacy.

Table 4 and Figure 2, Panel C, show that the intervention 
effects for general self-efficacy (d = 0.20) and volitional 
self-efficacy (d = 0.23) persisted to the long-term posttest, 
whereas the previously significant effect for motivational 
self-efficacy became nonsignificant. The findings also indi-
cated that there was a decay in the intervention effect as 

the effect sizes for the significant effects dropped from 
medium to small (see Figure 3).

Changes in Behavioral Intentions
Table 3 and Figure 2, Panel A, show the covariate-adjusted 
changes in participants’ exercise intention from baseline to 
the immediate posttest at Week 4. The AgingPLUS group 
showed a significantly greater improvement in terms of exer-
cise intention, and this effect was maintained to the delayed 
posttest at Week 8 (both ps < .001; see Table 3 and Figure 
2, Panel B). At Week 4, the AgingPLUS group showed an 
average increase of 2.00 points in exercise intention (1.84 
points at Week 8), whereas the Health Education group 
experienced an increase of 0.65 points (0.72 points at Week 
8), controlling for baseline scores. The effect sizes were d = 
0.47 at Week 4 and d = 0.39 at Week 8, indicating medium 
effects.

Table 4 and Figure 2, Panel C, show that the covariate- 
adjusted changes in participants’ exercise intention from 
baseline to the 8-month postrandomization follow-up were 
no longer statistically significant, as they had been at the pre-
vious posttests.

Table 4. Covariate-Adjusted Changes in Outcome Variables From Baseline to Long-Term Posttest (Month 8) by Intervention Group

Variable AgingPLUS group (n = 131) Health Education group (n = 123) d p

Views of aging

 � Age stereotypes 0.61 0.19 0.51 <.001

 � Expectations regarding aging 12.70 3.79 0.56 <.001

 � Essentialist beliefs about aging 2.23 0.31 0.50 <.001

 � Awareness of age-related gains 0.33 0.16 0.05 .006

 � Awareness of age-related losses −0.29 −0.09 −0.06 .001

Self-efficacy beliefs

 � General self-efficacy 1.56 0.90 0.20 .036

 � Self-regulation scale 1.27 1.20 0.01 .868

 � Motivational self-efficacy 0.36 0.28 0.07 .530

 � Volitional self-efficacy 0.35 0.11 0.23 .033

 � Walking self-efficacy 10.46 9.61 0.03 .735

Behavioral intentions

 � Exercise intention 0.95 0.32 0.22 .075

Figure 3. Effect sizes (Cohen’s d) across the three times of intervention 
assessment.
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Discussion
Findings from this RCT showed that the 4-week intervention 
significantly improved middle-aged and older adults’ NVOA, 
self-efficacy beliefs, and behavioral intentions—a tripartite 
cluster of social-cognitive and motivational variables con-
sidered critical for successful behavior change (Nielsen & 
Reiss, 2012). In terms of NVOA, compared to the control 
group, adults who participated in the AgingPLUS program 
showed significantly greater positive changes in age stereo-
types, expectations regarding aging, essentialist beliefs about 
aging, and a greater change in awareness of age-related gains 
at the immediate and delayed posttest and at the long-term 
posttest 8-month postrandomization. In addition, at the long-
term posttest, participants in the AgingPLUS program also 
reported significantly fewer loss-related aging experiences 
compared to baseline and compared to the participants in 
the control group. Thus, the AgingPLUS program was effec-
tive in making participants’ NVOA consistently more posi-
tive and strengthened their positive VOA (e.g., awareness of 
age-related gains). Most notably, the effects were stronger for 
individuals’ general VOA, such as negative age stereotypes, 
expectations regarding aging, and essentialist beliefs about 
aging compared to their personal VOA (i.e., awareness of 
age-related gains and losses).

Similar findings were obtained for most of the measures 
of self-efficacy and the indicator of behavioral intentions. 
Specifically, participants in the AgingPLUS group showed 
significant positive changes from baseline to immediate and 
delayed posttests and compared to the control group in their 
general perceived self-efficacy, motivational self-efficacy, 
and volitional self-efficacy. These effects were maintained to 
the 8-month postrandomization follow-up for general self- 
efficacy and volitional self-efficacy. No significant changes 
were observed in terms of participants’ self-regulation ability 
and walking self-efficacy. In terms of behavioral intentions, 
both at the immediate and the delayed posttest, partici-
pants in the AgingPLUS group reported significantly greater 
changes in their exercise intention than the participants in the 
Health Education control group. This effect, however, became 
nonsignificant at the long-term posttest.

In summary, findings from this intervention trial showed 
that middle-aged and older adults’ NVOA, self-efficacy 
beliefs, and exercise intentions were malleable and were 
made more positive via the AgingPLUS intervention program. 
Similar effects were not observed in the Health Education 
control group. Moreover, most of the obtained effects stayed 
significant up to 8 months after randomization. Yet, effect 
sizes were smaller at the long-term posttest, suggesting that 
the intervention effects in the AgingPLUS group showed some 
weakening over time (see Figure 3). Overall, the obtained 
effect sizes were in the same range or larger than reported in 
related meta-analyses (Sheeran et al., 2016; Webb & Sheeran, 
2006; Zhang et al., 2019).

Contribution to the Literature
Although previous studies have provided evidence of the mal-
leability of select social-cognitive variables that may underlie 
adults’ negative attitudes and misconceptions toward engag-
ing in physical activity, the present study is the first one to 
examine the malleability of a tripartite cluster of variables, 
namely general and personal NVOA, self-efficacy beliefs, 
and behavioral intentions, using the experimental medicine 

approach (Riddle, 2015). We discuss the relevance of the find-
ings regarding each cluster component individually to under-
score the study’s specific contributions to the literature.

In terms of adults’ NVOA it is often assumed that they are 
immutable because they develop from early on in individu-
als’ lives (Levy, 2009). Although this skepticism seems justi-
fied, several previous studies did show that both implicit and 
explicit age stereotypes (Levy et al., 2014; Nehrkorn-Bailey 
et al., 2023) can be altered and that observed changes were 
associated with important behavioral outcomes. The major 
contribution of the present study to the ongoing debate is 
threefold. First, whereas the previous studies were based on 
smaller samples, the present study was a properly powered 
RCT, resulting in more reliable and valid estimates of the 
intervention effects on measures of NVOA.

Second, the present study contributes to the literature by 
showing that the effects of the AgingPLUS intervention were 
not limited to a single NVOA measure but generalized across 
measures, including measures of general and personal VOA. 
Indeed, it is noteworthy that the obtained effect sizes were 
consistently larger for measures of general NVOA compared 
to the measures of personal NVOA. This was an unexpected 
finding given that general NVOA, because of their cultural 
and societal roots (Levy, 2009), are assumed to be less mal-
leable compared to personal NVOA. At the same time, it is 
not entirely surprising that personal NVOA showed less mal-
leability in this trial. Because personal NVOA are rooted in 
individuals’ actual experiences (i.e., real-life perceptions and 
sensations), they may be harder to refute through a psychoed-
ucational intervention than the negative stereotypes that exist 
in the surrounding culture. However, the delayed significant 
positive change in participants’ perceptions of aging-related 
losses at the long-term posttest may also suggest that personal 
NVOA can only be overridden after longer-lasting personal 
experiences. This assumption, however, will require further 
examination (for a similar example in adult personality 
research, see Mühlig-Versen et al., 2012).

Third, the present study is the first one showing that the 
intervention effects regarding adults’ NVOA persisted beyond 
the immediate and the delayed posttest up to 8 months after 
postrandomization. Although the effect sizes showed some 
decline from the Week 8 posttest to the long-term posttest, 
the positive changes compared to baseline and compared to 
the control group stayed significant, documenting for the first 
time that NVOA can be changed in a durable way with a 
rather brief intervention.

In terms of participants’ self-efficacy beliefs and behav-
ioral intentions, the contribution of the present study con-
sists in the documentation of comparable or larger effect sizes 
as reported in previous meta-analyses (Sheeran et al., 2016; 
Webb & Sheeran, 2006; Zhang et al., 2019). This suggests that 
the AgingPLUS program may be a viable program to improve 
adults’ self-efficacy beliefs as a basic mechanism of behavior 
change. Interestingly, the effects were largest for participants’ 
motivational and volitional self-efficacy beliefs (ds ranging 
from 0.43 to 0.64) and even improved from the immediate to 
the delayed posttest. This finding suggests that the AgingPLUS 
program strengthened participants’ self-efficacy beliefs both 
in the motivational, preintentional phase as well as in the voli-
tional, postintentional phase of the intervention (Schwarzer, 
2008), which may overall translate into greater intervention 
effects on the behavioral outcomes. Similarly, the AgingPLUS 
program improved participants’ exercise intention both at the 
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immediate and the delayed posttest, but this effect became 
nonsignificant at the long-term posttest. The effect sizes for 
this putative mechanism of the intervention program were in 
the same range as reported in the meta-analysis by Webb and 
Sheeran (2006).

Strengths and Limitations of the Current Study
The current study has several noteworthy strengths. First, 
the RCT was theory-based and included a carefully designed 
active control group (Newman et al., 2010). Given that all the 
observed changes were significantly larger in the AgingPLUS 
group compared to the control group, this permits the conclu-
sion that the effects were specific to the content of the inter-
vention, a necessary requirement of the experimental medicine 
approach (Riddle, 2015; Sheeran et al., 2016). Second, the 
RCT was conducted with trained and certified facilitators 
and testers who were blind to the trial conditions, ensuring 
that no facilitator or tester bias was introduced into the trial. 
Furthermore, the application of rigorous quality control pro-
cedures (e.g., video review of intervention sessions; contin-
uous monitoring of testers) ensured high intervention and 
assessment fidelity. Third, careful assessment implementation 
with trained and certified testers ensured that the amount of 
missing data was kept at a minimum. Fourth, implementation 
of the ITT approach provides conservative estimates of the 
intervention effects on the putative mechanisms of treatment 
efficacy, avoiding too liberal evaluations of the intervention’s 
efficacy. Fifth, we consider it a strength that the effects of the 
AgingPLUS program were seen across a tripartite cluster of 
social-cognitive and motivational variables that target mecha-
nistic pathways (Riddle, 2015) for increasing physical activity 
in sedentary adults. Finally, the findings are also promising 
in that they show both immediate and lasting effects of the 
AgingPLUS intervention.

Despite these strengths, several limitations need to be 
acknowledged. First, the study focused explicitly on adults 
between the age of 45 and 75, which limits the generalizability 
of the findings to adults outside this age range. Second, the 
study sample was relatively homogeneous in terms of gender, 
race/ethnicity, and level of education, limiting the generaliz-
ability of findings to non-White adults, to adults with lower 
education, and to men. Future adaptions of the program need 
to focus on recruiting adults from more diverse backgrounds 
and traditionally underrepresented groups of middle-aged 
and older adults. Future work should also assess the effect of 
modifications to the design of the program that could improve 
outcomes (e.g., culturally tailoring the content) and improve 
access for the broader population (e.g., web-based or in-home 
computerized training). Third, because participation in the 
RCT required in-person attendance of the group meetings, this 
requirement may have limited the access to middle-aged and 
older adults in rural settings farther away from the interven-
tion site and to adults with limited transportation or mobility 
problems. Fourth, the reliabilities for three outcome measures 
(i.e., essentialist beliefs about aging; awareness of age-related 
gains; behavioral intentions) at the immediate posttest were 
in the lower range of acceptability. Although all measures had 
been selected because of their well-established psychometric 
characteristics, the lower reliabilities at this occasion of assess-
ment very likely resulted from a change in administration for-
mat and do not necessarily render the measures invalid. That 
is, compared to the other assessments, which were performed 
in one-on-one sessions, this specific assessment was conducted 

in a group setting at the end of the last group meeting. This 
format may have inadvertently affected the way the partic-
ipants responded to the questions. Finally, although major 
efforts were made to minimize the effects of the COVID-19 
pandemic on the RCT, the pandemic caused a major interrup-
tion and subsequent participant enrollment proceeded at a 
slower pace and with a lower completion rate.

In summary, the present study contributes to the literature 
on multifactorial interventions by showing that participation 
in the AgingPLUS program significantly moved the measures 
of a cluster of putative social-cognitive and motivational mech-
anisms. Focusing on the malleability and dynamic interplay of 
these mechanisms may lead to broader health benefits rather 
than focusing on individual mechanisms alone and may inform 
future work in intervention research. Moreover, following the 
experimental medicine approach helps to gain a better under-
standing of the relative importance of different mechanistic 
pathways in behavioral interventions (Riddle, 2015).

Supplementary Material
Supplementary data are available at The Journals of 
Gerontology, Series B: Psychological Sciences and Social 
Sciences online.
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1. Although the constructs of personal control and self- 
efficacy address slightly different aspects of human behav-
ior, they are theoretically very close (Robinson & Lachman, 
2017). First, both concepts refer to individuals’ beliefs. 
Second, personal control beliefs capture persons’ beliefs 
whether they can exert control over certain aspects of their 
lives (e.g., health or well-being). In comparison, self-efficacy 
beliefs refer to individuals’ confidence that they have the skills 
to achieve valued outcomes in certain behavioral domains. 
Thus, both concepts refer to individuals’ sense of control over 
their environment and behavior (Bandura, 1997). In research 
practice, measures of perceived control and self-efficacy are 
often used interchangeably.

2. Additional analyses not reported here showed that sig-
nificant positive changes in age stereotypes were found for 
all subscales of the Age Stereotypes Scale. Effect size coeffi-
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