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ABSTRACT
60–80% of adults and adolescents are physically inactive. This paper studied how 
individuals’ risk and time preferences predicted their physical activity stages of change 
processes and assessed which behavioral profiles towards physical activity could be 
influenced through neuromarketing. The study was conducted in a North European 
organization among mostly young adults (n = 144, mean age 25.96, SD 7.82). Data 
analyses consisted of ordinal logistic regression and exploratory factor analysis. Based 
on the analyses, the factors of older age, perceiving physical activity as a habit or 
a status quo, and habit and status quo as a factor increased advancement in the 
stages of change (1.07–1.08, 3.43, 1.88, and 12.18 times respectively), whereas an 
intertemporal, pessimistic attitude towards physical activity decreased 0.57 times. 
This pessimistic attitude focused on the current benefits overriding the future ones, 
i.e., not seeing the future health benefits of physical activity, and therefore, could be 
the target profile for neuromarketing studies for encouraging people to choose more 
physical activity.
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INTRODUCTION
Insufficient physical activity is among the top causes for death worldwide (USDHHS 2018; WHO 
2022), whereas sufficient physical activity was proven to enhance both physiological and mental 
health (Chekroud et al. 2018; USDHHS 2018; Biddle et al. 2019; WHO 2022). Recommended 
physical activity is 75–300 minutes per week depending on the intensity, in combination with 
muscle-strengthening and balance training twice a week (UKKI 2021; WHO 2022). Nevertheless, 
it was widely estimated that roughly 60–80 percent of adults and adolescents lack sufficient 
physical activity on a weekly basis (Husu et al. 2016; Kokko et al. 2016; Husu et al. 2018; USDHHS 
2018; EIGE 2022; WHO 2022; CDCP 2023; cf. Guthold et al. 2018).

Physical activity habits were scrutinized through the Stages of Change model (PASC) initiated 
by Prochaska and DiClemente (1983) and later DiClemente et al. (1991). PASC had at least 
a moderate effect in enhancing physical activity and other positive health behavior change 
in many studies (Bezyak et al., 2011; DiClemente et al., 1991; Haas & Nigg, 2009; Marcus et 
al., 1992; Patterson et al., 2006; Plotnikoff et al., 2010; Riebe et al., 2005). The model focuses 
on the stages the individual goes through in a behavior change process: precontemplation, 
contemplation, preparation, action, and maintenance (Leonard et al., 2013; Marcus et al., 
1992; Prochaska & DiClemente, 1983). The power of the model in behavior change was 
reasoned to be in the subject’s intention that precedes the aimed behavior (Webb & Sheeran 
2006; Dumith et al. 2007; cf. Dearden & Sheahan 2002). PASC was then connected with the risk 
and time preferences studied in neuromarketing. Both economic preferences were successfully 
linked with physical activity earlier (Leonard & Shuval, 2017; Leonard et al., 2013; Shuval et 
al., 2017; Shuval et al., 2015). Yet, as the earlier research was conducted in the United States 
among African American communities and households with older participants, this study was 
conducted in North Europe focusing mostly on young adults in organizational context.

In risk preferences, human behavior is displayed on a spectrum from risk-seeking to risk-aversive 
(Concina, 2014; Ert & Haruvy, 2017), where most people are located at the risk-aversive end of 
the spectrum (Leonard & Shuval, 2017; Tversky & Kahneman, 1992). Risk aversion was defined 
as behavior where certainty undercuts expected value (Bayer et al., 2019; Concina, 2014), and 
risk preferences were tested in various gambling settings with alternating prizes to distinguish 
risk-seeking individuals from the risk-aversive (Anderson & Mellor, 2008; Conell-Price & Jamison, 
2015; Coppola, 2014; Holt & Laury, 2002; Israel et al., 2014; Leonard et al., 2013; Tversky & 
Kahneman, 1992). Risk aversion was mostly linked with positive health behaviors: exercising, 
eating healthy, overall health, and lower Body Mass Index (BMI), but also with being depressed 
or anxious (WHO 2010; Conell-Price & Jamison 2015). Risk-prone behavior was related to more 
negative behavior such as cigarette smoking, obesity, and alcohol abuse, but also with more 
sports activity (Anderson & Mellor, 2008; Conell-Price & Jamison, 2015; Coppola, 2014).

Comparing current utility with future benefits is the basis of time preferences in economic 
decisions (Bayer et al., 2019; Smith et al., 2005). People could be categorized as patient and 
impatient according to their time preferences (Leonard & Shuval, 2017), or people’s time 
preferences could be categorized according to present bias, time consistency, and future bias 
(Rabin & O’Donoghue, 1999). Mostly, humans tend to be impatient (Rabin & O’Donoghue, 
1999). Being impatient has its costs: impatience was linked with higher BMI, obesity, smoking, 
worse teeth, ill health, and early death (Komlos et al. 2004; Smith et al. 2005; Zhang & Rashad 
2008; Golsteyn et al. 2014; Kang & Ikeda 2016; Stoklosa et al. 2018; Miura 2019; cf. Khwaja et 
al. 2006; Anderson & Mellor 2008). Patience on the other hand, predicted a greater likelihood of 
meeting physical activity guidelines (Kosteas, 2015; LeComte et al., 2020; Shuval et al., 2015). 
Until today, time preference testing tradition consisted of a rather broad methodology with the 
common aim for scrutinizing the patience-impatience scale with other behavior (Conell-Price & 
Jamison, 2015; Faralla et al., 2017; Howard, 2016; Israel et al., 2014; Kosteas, 2015; Shuval et 
al., 2017; Shuval et al., 2015; Zhang & Rashad, 2008).

Risk preferences were also studied from the perspective of loss aversion (LA), status quo (SQ) 
bias, and habit (H), and time preferences of licensing effect (LE) and intertemporal choice (IC)—
all of which were suggested to have an influence on physical activity or other health-promoting 
behavior (Acland & Levy, 2015; Gardner et al., 2011; Gardner et al., 2012; Kang & Ikeda, 2016; 
Leonard & Shuval, 2017; Milkman et al., 2008; Prinsen et al., 2019; Roberto & Kawachi, 2014; 
Shuval et al., 2017; Stoklosa et al., 2018; Thorgeirsson & Kawachi, 2013; Volpp & Asch, 2017; 
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Zimmerman, 2009). These biases were focusing to understand better any possible obstacles in 
engaging in physical activity and building a bridge for neuromarketing.

Neuromarketing is still an effective approach to influence consumers after almost two decades 
(Fugate, 2007; Lee et al., 2018; Reimann et al., 2012; Shiv et al., 2005). Neuromarketing could be 
used to decrease the gap between self-reported survey studies and the actual thought processes 
preceding physical activity that might be discovered through functional magnetic resonance 
imaging (fMRI) scanning (Fugate, 2007). Where there was hypothesized behavior, a field-test 
could be targeted towards subjects to nudge (Thaler et al., 2010) them in physical activity by 
creating environments that encourage individuals to choose physical activity more often. 
Research on neuromarketing recognized impulsive consumer behavior (Hubert et al., 2018), 
predicted consumer choice (Lichters et al., 2016; Telpaz et al., 2015) and variation in weight due 
to food marketing (Masterson et al., 2019; Petit et al., 2016; Yokum et al., 2014), and aided with 
antismoking campaigns (Modica et al., 2018). Yet, the study field is rather new, and the fMRI testing 
success rates varied according to testing conditions and the subjects’ cultural background (Falk 
& Scholz, 2018; Mostafa, 2014). At best, neuromarketing supported consumers make healthier 
choices (Gurgu et al., 2020; Harris et al., 2018), but there was not yet enough research on the role 
of neuromarketing in understanding the actual intention and behavior towards physical activity.

The aim of this study was to develop a new of understanding how to increase physical activity 
among people with theoretical frameworks of the stages of change model, risk- and time-
related economical preferences, and neuromarketing. There were two objectives: First, to build 
a model that predicts the subjects’ stages of change in physical activity. The second objective 
was to factor risk and time preferences as behavioral profiles towards physical activity and 
neuromarketing research, to decrease the gap between self-reported and actual subconscious 
intentions towards physical activity.

MATERIAL AND METHODS
The research was correlative: research was designed based on theory, data were collected and 
analyzed, and the conclusions were drawn afterwards (Nummenmaa, 2009). The study was 
conducted in a medium-sized Finnish company in the city of Tampere in Western Finland. The 
company reported to operate in the telemarketing industry (YTJ 2020). Employees consisted 
mainly of younger males with lower education: the median age was 23 and 68% reported 
higher secondary school or vocational as their highest educational level. The employee count 
was 165 person-years in 2017 (STO 2017), when scope of the study was planned, and the final 
survey response rate totaled at 87% (n = 144).

DATA COLLECTION

Data were collected through a self-completion, cross-sectional online questionnaire (Rhodes 
et al., 2003), where subjects evaluated their physical activity and risk and time tolerance in 
coin tossing and willingness for short- or long-term prizes. The survey was created based 
on earlier studies and theorizations (Leonard & Shuval, 2017; Leonard et al., 2013) and the 
synthesized literature review. A survey pre-testing was conducted with a separate focus group 
in 2018 and some of the questions varied according to the feedback given. The questionnaire 
was sent to employee emails, and the response period was June 15th–21st, 2018. Taking part in 
the survey was non-compulsory but anonymous to minimize nonresponse. Participants gave 
their self-willed, informed consent before responding to the survey. The study was conducted 
in accordance with the Declaration of Helsinki and the guidelines of Finnish National Board on 
Research Integrity, then National Advisory Board on Research Ethics (NABRE, 2009).

As there was a tradition of measuring physical activity of natural groups representing larger 
populations (Ng et al., 2019; Obrien et al., 2020), the sampling method was chosen cluster 
sampling that targets natural groups such as organizations (Holopainen & Pulkkinen, 2013; 
Nummenmaa et al., 2019). The cluster was studied as a complete enumeration to collect a 
sample of over 100 units (Holopainen & Pulkkinen, 2013; Nummenmaa, 2009).

DATA ANALYSIS

Data were analyzed through explorative factor analysis (EFA) and ordinary logistic regression 
(OLR) using IBM SPSS Analytics 27. EFA was used for testing the new survey questions of 
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five economic cognitive biases with 5-step Likert scales—a similar method has been earlier 
applied in the context of biases and self-reported behaviors in many studies (Baker et al., 2019; 
Baklouti, 2015; Gifford & Chen, 2017; Lim & Rogers, 2017; Sahi, 2017; Scopelliti et al., 2015; 
Steenbergh et al., 2002; Xiao & Porto, 2019; Zhang et al., 2020; Zhang et al., 2019). OLR was 
chosen because the model incorporates multiple, mostly ordinal variables, and the research 
interest was in the logarithmic likelihood and odds ratio for the engagement. Either logistic 
or linear regression methods were also used for relatively similar studies (Bezyak et al., 2011; 
Faralla et al., 2017; Leonard et al., 2013; Plotnikoff et al., 2010; Shuval et al., 2015; Walton et 
al., 1999; Xiao & Porto, 2019).

SURVEY

PASC was a sum variable consisting of the subjects’ own evaluation about their weekly physical 
activity, according to the official Finnish physical activity guidelines (UKKI 2021): weekly 
amount of moderate physical activity, vigorous physical activity, and muscle-strengthening 
and balance training. The length of engaging in any current physical activity habit was modified 
from Leonard et al. (2013) by deciding any physical activity over two years would count as 
most active, and by assuming most variation—i.e., relapses and starting over—in anyone’s 
physical activity habit stabilization would happen during the first two years. Originally, Marcus 
et al. (1992) referred only to six months in maintaining physical activity. Other physical activity 
questions were subjects’ evaluations of their sedentary behavior and perceived health status.

Risk and time preferences were adapted from Leonard et al. (2013) to a Finnish environment in 
an online setting. Answers to the risk question were handled as such: The first 40/40 € option 
indicated risk aversion, the last three options between 100/10 € and 130/-10 € indicated risk-
seeking behavior, and other options were risk-neutral. Each of the options were valued between 
1 and 6 according to their risk weight—even if the expected value of the coin tosses increased 
respectively from 40 to 60. The time preference question differed from the risk question: 
Subjects were to answer on each row which prize they would prefer: 50 € now or X sum after 
six months. Individuals who always chose the now options were classified as present biased. 
Choosing the now option in the first 1–3 questions and the future option otherwise indicated 
time consistency. Individuals who always chose the future options were classified as future 
biased. A total of six rows were then added up and categorized respectively.

Finally, the survey consisted of 16 statements on cognitive biases connected with either risk or 
time preferences: status quo bias, habit, loss aversion, intertemporal choice, and licensing effect. 
The statements were created merely for this research and tested for the first time. A statement 
was assumed to measure one bias, consisting of 3–4 statements for each bias. Loss aversion 
was described how “losses loom larger than corresponding gains”, (Tversky & Kahneman 1991: 
1039). The original finding was already denoted in the prospect theory (Kahneman et al., 1979) 
and was scrutinized in many studies (e.g. Camerer et al., 1997; Concina, 2014; Post et al., 2008; 
Tversky & Kahneman, 1992). Loss aversion was connected to exchanging time and energy 
for physical activity benefits in this study: “Practicing physical activities decreases my other 
activities” (Q18), “Practicing physical activity on a weekly basis takes me energy and time” 
(Q24), and “Being physically active doesn’t guarantee me a better health” (Q29). The basis of 
the status quo bias statements was the willingness to continue in the current state and the 
lack of desire to change circumstances (Concina, 2014; Tversky & Kahneman, 1991). Status quo 
referred to possible means for avoiding risk and uncertainty on a general level, whereas loss 
aversion targeted to certain gains and losses (Samuelson & Zeckhouser, 1988). Therefore, the 
statements described the contentment of stability: “I engage in a sufficient amount of physical 
activity on a weekly basis” (Q16), “My current amount of practicing physical activities is good” 
(Q20), and “I wouldn’t change anything in my weekly activity habits” (Q26). Habit is another 
way to beat the current—this time from the perspective of a routinized behavior. Habits were 
explained to be rather sticky and automatic (Dolan et al., 2012) and were reasoned to originate 
from past behavior in some studies (Gardner et al., 2012; Wood & Neal, 2009). There could also 
be a high threshold to forming new habits (Acland & Levy, 2015; Charness & Gneezy, 2009; 
Gardner et al., 2012; Sniehotta et al., 2005; Wood & Neal, 2009). Statements of this survey were 
developed to find out, whether physical activity was an established habit: “I practice physical 
activities according to a precise weekly schedule” (Q17), “I am physically active on a weekly 
basis” (Q25), and “I practice physical activities on a weekly basis” (Q31).
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Intertemporal choice emphasizes the benefit of different times somewhat skewedly (Faralla 
et al., 2017)—there is an aim to change behavior, yet for some present-biased reason there is 
a failure in acting. Intertemporal choice was related with a want-should conflict (Milkman et 
al., 2008) and the intention-behavior gap (Sniehotta et al., 2005). In this setting, intertemporal 
choice was surveyed with four statements: “Being physically active now doesn’t guarantee 
me health after 25 years” (Q19), “I should be more physically active” (Q21), “I tend to stop 
practicing physical activities after the first flush” (Q23), and “Being physically active wouldn’t 
benefit my current life situation at all” (Q28). Lastly, licensing effect was the other measurement 
of time-based cognitive biases. The bias justifies the individual for letting go or committing a 
guilty decision, having executed any righteous deed (Khan & Dhar, 2006; Milkman et al., 2008; 
Monin & Miller, 2001; Prinsen et al., 2019). This bias was studied in the health and physical 
activity scene, too. A closer proximity of weight-loss goal licensed subjects to higher-calorie 
snacks (Prinsen et al., 2019), and a more vigorous exercise gave subjects permission for a 
higher calorie intake (Rosenkilde et al., 2012). Statements measuring licensing effect in this 
survey were: “Being physically active would require great amounts of food” (Q22), “Practicing 
physical activities as a hobby decreases my spontaneous and informal physical activity” (Q27), 
and “I tend to lie down on the couch after any form of physical activity” (Q31).

RESULTS
Even if theory and earlier studies supported risk and time preferences influencing physical 
activity behavior, this study could not find statistically significant connections through three 
different regression models. Nevertheless, interesting results were found throughout the 
research process, and these findings are elaborated in this section.

DESCRIPTIVE DATA

The study sample size was n = 144, leaving a response rate of 87% from a population of 165 
from where 63% of respondents were male, 35% female, and 2% reported other gender 
(Table 1). The mean age was 25.96 (standard deviation, SD, 7.82), mean height 175.89 cm (SD 
9.77), and mean weight 80.39 kg (SD 18.69). BMI of was calculated and grouped afterwards 
based on WHO (2010) guidelines. 50% of the subjects were classified as normal weight and 
47% in the obesity groups. Also, the mean BMI of 25.93 (SD 5.66) exceeds 0.93 points above the 
normal weight class (WHO 2010). 9% reported comprehensive school, 68% higher secondary 
school or vocational school, 12% university of applied sciences, and 4% university as their 
highest level of educational attainment. Most respondents, 84%, reported sedentary behavior 
lasting between two and six hours daily. Moreover, 74% of respondents perceived their health 
to be rather or particularly good. Of the economic preferences, 35% were categorized risk-
neutral, 38% risk-seeking, and 77% time-consistent. Preparation and Action stages were the 
most common PASC categories by totaling 58% of respondents. After excluding all the scale-
typed background variables and sum variables, Cronbach’s 𝛂 for the survey was 0.69.

VARIABLE CATEGORY COUNT % MEAN SD

Gender Male 90 62.5%   

Female 51 35.4%

Other 3 2.1%

Highest level 
of educational 
attainment

Comprehensive school 13 9.0%  

Higher secondary or vocational school 98 68.1%

University of Applied Sciences 17 11.8%

University 6 4.2%

Other 9 6.3%

Age   25.958 7.815

Height   175.894 9.766

Weight   80.39 18.688

BMI   25.933 5.658

(Contd.)
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FIRST REGRESSION MODEL: SIMPLE

Three OLR models were tested, the last one was complemented with EFA. The first model 
consisted of background and sum variables constructed from multiple questions: gender, 
educational attainment, age, BMI, sedentary, risk, time, health, SQ, H, LA, IC, and LE. For the 
economic risk and time variables, the Wald test values were too high to be kept in the model as 
significant factors. However, the stepwise deleting method under significance level of p < 0.05 
showed positive effect for risk-related cognitive biases status quo bias and habit. In addition, 
background variables age and BMI had statistically significant explanatory power for advancing 
in the stages of physical activity (Table 2).

VARIABLE CATEGORY COUNT % MEAN SD

BMI (grouped) Underweight 2 1.4%  

Normal weight 72 50,0%

Pre-obesity 42 29.2%

Obesity class I 16 11.1%

Obesity class II 5 3.5%

Obesity class III 4 2.8%

Sedentary behaviour <2 hours 0 0.0%  

2 hours < × < 4 hours 52 36.1%

4 hours < × < 6 hours 69 47.9%

6 hours < × < 8 hours 20 13.9%

>8 hours 2 1.4%

Risk preference Risk-aversive 37 25.7%  

Risk-neutral 51 35.4%

Risk-seeking 55 38.2%

Time preference Present-biased 12 8.3%

Time-consistent 111 77.1%

Future-biased 20 13.9%

Perceived health Particularly poor 1 0.7%

Rather poor 10 6.9%

Neither poor nor good 23 16.0%

Rather good 69 47.9%

Particularly good 38 26.4%

Physical Precontemplation 3 2.08%

Activity Contemplation 33 22.92%

Stages of Preparation 45 31.25%

Change Action 39 27.08%

Maintenance 20 13.89%

Table 1 Descriptive survey data.

Defining characteristics of 
the responders were male 
as gender, higher secondary 
or vocational school, normal 
weight, 4–6 hours of sedentary 
behavior daily, time-
consistency as time preference, 
and rather good perceived 
health. BMI, Body Mass Index; 
SD, standard deviation.

VARIABLE β 
EST.

SE WALD DF SIG. 95% CI EXP(β) 95% CI (EXP)

LB UB EXP (LB) EXP (UB)

PASC = 0 –0.832 0.952 0.764 1 0.382 –2.697 1.033 0.435 0.067 2.810

PASC = 1 2.868 0.845 11.530 1 <0.001 1.213 4.523 17.602 3.362 92.155

PASC = 2 5.541 0.962 33.142 1 <0.001 3.654 7.427 254.838 38.641 1680.670

PASC = 3 7.932 1.077 54.283 1 <0.001 5.822 10.042 2785.504 337.668 22978.261

Age 0.073 0.024 9.412 1 0.002 0.026 0.120 1.076 1.027 1.127

BMI –0.344 0.171 4.026 1 0.045 –0.679 –0.008 0.709 0.507 0.992

SQ 0.634 0.232 7.472 1 0.006 0.179 1.089 1.886 1.197 2.972

H 1.233 0.236 27.335 1 <0.001 0.771 1.695 3.431 2.161 5.446

Table 2 The first final OLR 
model.

The first model recognized 
two background and two sum 
variables as significant factors 
in the model. BMI, Body Mass 
Index; CI, confidence interval; 
df, degrees of freedom; Est., 
estimate; Exp,. exponent; H, 
habit; LB, lower bound; OLR, 
Ordinal Logistic Regression; 
PASC, Physical Activity Stages 
of Change; SE, standard error; 
Sig., significance; SQ, status 
quo; UB, upper bound.
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Goodness-of-fit results tested 297.81 for the Pearson Chi-square test and 247.10 for Deviance 
Chi-square with non-significant test results (p = 1.000, degrees of freedom, df = 476). For these 
tests, a smaller p-value indicates a poor model fit (Fagerland & Hosmer, 2017). Even though 
the given values weren’t exactly small, all the other models obtained a p-value of 1.000. The 
explanatory variable improved the model, since unexplained variation decreased from 375.02 
in the model with only a constant to 261.20, with a statistically significant difference of 113.82 
(p < 0.001, df = 4). Pseudo R-square resulted 0.56 for Cox and Snell, 0.60 for Nagelkerke, and 0.29 
for McFadden. Considering the preceding tests, a value of 1 ought to be the expected direction 
(Hanneman, 2012; Metsämuuronen, 2008), even if they were considered as guidelines, not 
direct indicators (UCLAIDRE 2021). The test of parallel lines tested 261.20 for -2LL, whereas the 
general model was 250.71 with a subtraction of 10.49 (p = 0.573, df = 12). This type of p-value 
was considered a good indicator of a OLR model (UCLAIDRE 2021).

SECOND REGRESSION MODEL: COMPLEX

The second model consisted of individual data points instead of sum variables: gender, 
educational attainment, age, BMI, sitting still, standing still, lying down, risk, time, health, 
and all cognitive bias questions (Q16–31). This model would measure, if any of the individual 
statements have higher substantial value in comparison to others. Most of the variables did 
not show any statistically significant p < 0.05 value. Yet, as assumed from the larger number of 
variables, the final version of this model was slightly broader than the first one (Table 3).

For the second model, the goodness-of-fit results tested 268.97 for the Pearson Chi-square test 
and 232.33 for Deviance Chi-square with non-significant test results (p = 1.000, df = 514). The 
explanatory variable improved the model: unexplained variation decreased from 390.95 in the 
model with only a constant to 238.35, with a statistically significant difference of 152.6 (p < 
0.001, df = 6). Pseudo R-square resulted 0.67 for Cox and Snell, 0.71 for Nagelkerke, and 0.38 for 
McFadden, which made them closer to the eligible value of 1. As with the test of parallel lines, the 
null hypothesis of -2LL was 238.35, whereas the general model was 206.73 with a subtraction of 
31.62 (p = 0.024, df = 18). Age, gender, and statements Q16, Q22 and Q31 showed significance 
in the model. The second final model was broader, and gender had by far the greatest odds 
ratio. Next, the EFA was conducted to see how the 16 questions would cluster organically.

EXPLORATIVE FACTOR ANALYSIS FOR THE 16 QUESTIONS

The EFA extraction method used was Principal Component Analysis. Three principal components 
were distinguished from the 16 questions with an eigenvalue over 1. In the first run, none of the 
questions showed cross loadings, Q30 had no loading at all, and component three consisted 
only of one question (Q22). The Kaiser Normalization Varimax rotation stabilized the situation 
after four iterations and organized the statements into three principal components (Table 4).

VARIABLE β EST. SE WALD DF SIG. 95% CI EXP(β) 95% CI (EXP)

LB UB EXP(LB) EXP(UB)

PASC = 0 4.009 1.642 5.965 1 0.015 0.792 7.227 55.112 2.207 1376.039

PASC = 1 8.332 1.664 25.077 1 <0.001 5.071 11.593 4154.515 159.317 108337.373

PASC = 2 11.824 1.855 40.622 1 <0.001 8.188 15.460 136433.328 3596.339 5175834.264

PASC = 3 14.564 2.003 52.892 1 <0.001 10.639 18.489 2113342.909 41726.571 107035352.885

Age 0.070 0.024 8.255 1 0.004 0.022 0.117 1.072 1.022 1.124

Q16_SQ 1.180 0.224 27.661 1 <0.001 0.740 1.620 3.254 2.096 5.051

Q22_LE 0.404 0.181 4.992 1 0.025 0.050 0.758 1.498 1.051 2.135

Q31_H 0.993 0.234 18.094 1 <0.001 0.536 1.451 2.701 1.709 4.268

Male 3.301 1.238 7.114 1 0.008 0.875 5.727 27.143 2.400 307.003

Female 3.337 1.262 6.986 1 0.008 0.862 5.811 28.129 2.369 334.005

Other 0a   0       

Table 3 Final model of the 
second OLR.

The second broader model 
showed significant results with 
three separate statements 
with age and gender as 
background variables. CI, 
confidence interval; df, degrees 
of freedom; Est., estimate; Exp., 
exponent; H, habit; LB, lower 
bound; LE, licensing effect; OLR, 
Ordinal Logistic Regression; 
PASC, Physical Activity Stages 
of Change; SE, standard error; 
Sig., significance; SQ, status 
quo; UB, upper bound.
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The Kaiser-Meyer-Olkin measure resulted 0.84 and Bartlett’s test of sphericity Chi-square 
1129.74 (p < 0.001, df = 120) indicating a proper analysis. The first component had an 
eigenvalue of 5.33, explaining 33.3% of variance the second one 3.03, 18.92% of variance and 
the third one 1.14, 7.11% of variance. Based on the bias, new factors were named and recoded 
accordingly: prevailing physical activity habits and stability with a lesser intention-behavior gap 
(factor 1), a pessimistic attitude towards physical activity as a trade for other activities (factor 
2), and self-licensing after physical activity with a great focus on energy consumption (factor 
3). The factor variables summarized all the occurring biases from the theory. These new factors 
were constructed as new sum variables for the third OLR.

THIRD REGRESSION MODEL: NEW COMPONENTS

This model replaced the original bias sum variables with the newly created sum variables from 
the EFA: gender, educational attainment, age, BMI, sedentary, risk, time, health, and factors 
1–3. Yet again, neither sedentary nor economic behavior had any significant effect in the model 
after stepwise deleting method (Table 5).

For the third model, goodness-of-fit results tested 353.22 for Pearson Chi-square test and 246.54 
for Deviance Chi-square with non-significant test results (p = 1.000, df = 521). The explanatory 
variable improved the model somewhat: unexplained variation decreased from 369.11 in the 

ROTATED COMPONENT MATRIX COMPONENT

16. I engage in a sufficient amount of physical activity on a weekly basis (SQ). 0.892

20. My current amount of practicing physical activities is good (SQ). 0.866

25. I am physically active on a weekly basis (H). 0.842

17. I practice physical activities according to a precise weekly schedule (H). 0.832

31. I practice physical activities on a weekly basis (H). 0.827

21. I should be more physically active (IC). –0.763

26. I wouldn’t change anything in my weekly activity habits (SQ). 0.682

23. I tend to stop practicing physical activities after the first flush (IC). –0.673

29. Being physically active doesn’t guarantee me a better health (LA). 0.842

28. Being physically active wouldn’t benefit my current life situation at all (IC). 0.811

19. Being physically active now doesn’t guarantee me health after 25 years (IC). 0.690

18. Practicing physical activities decreases my other activities (LA). 0.625

22. Being physically active would require great amounts of food (LE). 0.804

27.  Practicing physical activities as a hobby decreases my spontaneous and 
informal physical activity (LE).

0.518

24. Practicing physical activity on a weekly basis takes me energy and time (LA). 0.481

30. I tend to lie down on the couch after any form of physical activity (LE). 0.441

Table 4 The EFA Varimax 
analysis.

The EFA factored three 
components from the sixteen 
statements. EFA, explorative 
factor analysis; H, habit; IC, 
intertemporal choice; LA, loss 
aversion; LE, licensing effect; 
SQ, status quo.

VARIABLE β EST. SE WALD DF SIG. 95% CI EXP(β) 95% CI (EXP)

LB UB EXP (LB) EXP (UB)

PASC = 0 –4.312 0.927 21.651 1 <0.001 –6.129 –2.496 0.013 0.002 0.082

PASC = 1 –0.378 0.623 0.369 1 0.543 –1.598 0.842 0.685 0.202 2.321

PASC = 2 2.599 0.705 13.609 1 <0.001 1.218 3.980 13.450 3.380 53.517

PASC = 3 5.364 0.809 43.991 1 <0.001 3.779 6.949 213.578 43.772 1042.107

Age 0.076 0.024 10.299 1 0.001 0.030 0.123 1.079 1.030 1.131

Factor 1 2.500 0.291 73.652 1 <0.001 1.929 3.071 12.182 6.883 21.563

Factor 2 –0.558 0.184 9.233 1 0.002 –0.918 –0.198 0.572 0.399 0.820

Table 5 Third and final logistic 
regression model with new 
sum variables within.

From components of the 
factor analysis, two of them 
showed significance in the final 
OLR model along with age 
as a background variable. CI, 
confidence interval; df, degrees 
of freedom; Est., estimate; Exp., 
exponent; LB, lower bound; OLR, 
Ordinal Logistic Regression; 
PASC, Physical Activity Stages of 
Change; SE, standard error; Sig., 
significance; UB, upper bound.



247Vainio and Heinonen  
Physical Activity and 
Health  
DOI: 10.5334/paah.255

model with only a constant to 246.54, with a statistically significant difference of 122.57 (p < 
0.001, df = 3). Pseudo R-square resulted in 0.61 for Cox and Snell, 0.64 for Nagelkerke, and 0.33 
for McFadden. Lastly, in the results of the test of parallel lines: the null hypothesis of -2LL was 
246.54, whereas the general model was 223.37 with a subtraction of 23.17 (p = 0.006, df = 
9). Statistically significant explanatory power of two new factors, 1 and 2 (prevailing physical 
activity habits and stability with a lesser intention-behavior gap; pessimistic attitude towards 
physical activity as a trade for other activities), stayed throughout the elimination process, as 
did the age variable. Whereas factor 3 (self-licensing after physical activity with a great focus 
on energy consumption) was the weakest component already in the beginning of the initial 
model, and it was dropped out during the elimination process.

DISCUSSION
The aim for this study was to study the subjects’ PASC by understanding their economic 
preferences and building behavioral profiles for neuromarketing. Risk-related cognitive biases 
SQ and H increased likelihood in advancing the PASC, as well as older age in all the OLR models. 
In addition, two behavioral factors derived from the data raised the PASC advancement 
likelihood, of which factor 1 (“people who are prevailing physical activity habits and stability 
with a lesser intention-behavior gap tended to engage higher in PASC”) was over 12 times more 
likely. Gender and BMI also had statistical significance in individual models but not repeatedly. 
Economic preferences in the gambling setting did not have a significant effect in any of the OLR 
models, nor did other cognitive biases. All three OLR models and the EFA passed model fit tests 
indicating a good analysis method for the data.

Risk and time preferences could not be proven to significantly (p < 0.05) predict advancing in 
the PASC model, even though previous results (Leonard et al., 2013) indicated so. Other studies 
(Shuval et al., 2017; Shuval et al., 2015) too connected economic preferences with physical 
activity. Yet not all research (Conell-Price & Jamison, 2015; cf. van der Pol et al., 2017) verified 
these findings. A reason for the different result could be that this study focused on European 
subjects, mostly young men—the sample could have been too a different from the earlier 
studies’ older, African American subjects with generational and/or cultural differences (Leonard 
et al., 2013; Shuval et al., 2017; Shuval et al., 2015). This difference in the results left leaves a 
space for replication or field testing in the European context.

Risk-related cognitive biases H and SQ showed significant results in advancing the PASC: 3.34 
times and 1.88 times more likely respectively. Earlier studies found connections between H/SQ 
and physical activity/other health-promoting behavior (Gardner et al., 2011; Roberto & Kawachi, 
2014; Tappe & Glanz, 2013), but the stages of change connection was missing until this study. 
The PASC model indicates a long-term, habit-building commitment to physical activity (Leonard 
et al., 2013; Marcus et al., 1992), and therefore, it would be important to continue studies on 
what type of cognitive biases might influence one’s advancement in the model.

Older age showed consistency with more advanced stages of change in all the regression 
models: the likelihood for a more advanced stage of change was 1.07–1.08 higher per year. 
Earlier studies (e.g. Riebe et al. 2005; Dumith et al. 2007; Garber et al. 2008) would not support 
this finding, and further studies should be conducted to verify the results of this paper.

The second, statement level regression model was the only one where LE had any significance, 
and LA and IC showed significance only after the EFA. Why other cognitive biases could not 
pass the regression models as sum variables is most likely a two-way street: On the one hand, it 
might be that these biases don’t have such a strong emphasis on engaging in and establishing 
physical activity behavior among young adults. On the other hand, the other cognitive bias 
statements had weaker correlations with each other and could therefore be re-evaluated for 
modification. Further studies for LA, LE, and IC with PASC should be considered.

Interestingly, two out of three new factors derived from the data were detected to predict 
their advancement in the PASC model: 1. people who are prevailing physical activity habits and 
stability with a lesser intention-behavior gap tended to engage higher in PASC with a likelihood 
of 12.18, holding constant all other variables and 2. people with a pessimistic attitude towards 
physical activity as a trade for other activities, with a negative likelihood of 0.57, holding 
constant all other variables. Since the factors derived from the bias statements were pioneered 
in this study, direct comparison to other studies would be indicative at best. However, the two 
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factors could be used as a template for understanding subjects’ behavior in the neuromarketing 
framework and nudging them towards a more physically active life.

As the research gap with physical activity and neuromarketing still exists, the results of this 
study could operate as a catalyst for encouraging such endeavors. These results could be 
further elaborated with targeted marketing messages compared with fMRI results, as it was 
already found that health activities such as weight gain and smoking habits but also consumer 
choice were better understood through neuromarketing (Hubert et al., 2018; Lichters et al., 
2016; Masterson et al., 2019; Modica et al., 2018; Petit et al., 2016; Telpaz et al., 2015; Yokum 
et al., 2014). Moreover, nudges (Thaler et al., 2010) towards physical activity could be planned 
based on the behavioral profiles discovered in this study and following the fMRI understanding.

The first factor component included all the H and SQ and two LA statements confirming the 
effect of established habits as a prevailed state and describing people who do not juggle between 
the intention and behavior anymore but are continuously in the behavior stage. Most likely these 
individuals did not need any kind of extra push by promoting physical activity but needed to be 
encouraged to keep the healthy habits. The second factor consisted of two LA and IC statements 
with a rather pessimistic view towards physical activity. This could be a more difficult but also a 
more fruitful group to be nudged to a healthier lifestyle. Modern times are busy full of needs and 
activities that compete with each other, physical activities being only some of them. Moreover, 
for people who might not have any kind of activity history, the benefits of physical activity might 
not be clear. Physical activity may be seen rather uncomfortable and not likely to bring any 
immediate pleasure nor results. Or there might be assumptions that increasing physical activity 
in the daily life would be too much of a sacrifice and take too much time, even if as little as 
25 minutes three times a week would have sufficient health benefits (UKKI 2021; WHO 2022). 
These speculations should be confirmed and field-tested in future studies.

CONCLUSION
This was the first study to scrutinize both economic behaviors and physical activity stages of 
change model, and to discover behavioral profiles towards physical activity for neuromarketing. 
Based on the three regression models and the explorative factor analysis, perceiving physical 
activity as a habit and a status quo, as well as older age, increased advancement in the PASC 
model, whereas an intertemporal, pessimistic attitude towards physical activity decreased. This 
kind of attitude could focus on the current benefits overriding the future ones, i.e., not seeing 
the future health benefits of physical activity, and could be the target profile for neuromarketing 
studies and further field testing for encouraging in more physical activity.

LIMITATIONS
As a hypothetical online survey in the organization context, further lab or field experiment 
settings should be conducted for broader conclusions. Considering the numerus, a cluster 
sample permitted only a certain number of subjects, and broader samplings should be gathered 
in future studies. Also, a North European organization consisting mainly young men might 
differ greatly from African American households and communities as a sample. Therefore, one 
should not make too strict comparisons between earlier results (Leonard et al., 2013; Shuval 
et al., 2015) and the results of this paper. A replication study in Central Europe could better 
validate findings of this study.
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