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Abstract
Persuasive technologies are more likely to be successful if personalized to the target audience. However, in the context of 
exercise behavior modeling in fitness applications, there is limited research on the moderating effect of personalization 
based on the race characteristic of the user. To bridge this gap, we carried out an empirical study (n = 669) to examine how 
race-based personalization moderates the relationships between the perceived persuasiveness of behavior model design 
and three key social-cognitive determinants of behavior: outcome expectations, self-efficacy beliefs, and self-regulation 
beliefs. We based our investigation on user evaluation of bodyweight-exercise behavior models (videos) featured in a 
fitness app prototype based on all four constructs. Our results showed that, in both tailored and untailored contexts, 
behavior models (i.e., their perceived persuasiveness) have a significant influence on both black/brown and white users’ 
outcome expectations and self-regulation beliefs. However, they are more likely to be effective in influencing black/brown 
observers than white observers in the respective contexts. Moreover, black/brown models are more likely to have a sig-
nificant influence on users’ self-efficacy beliefs than white models. Specifically, it is only when the black/brown models are 
tailored to black/brown observers and contra-tailored to white observers that the perceived persuasiveness of behavior 
model design has a significant effect on self-efficacy beliefs. Finally, among black/brown observers, our results indicate 
that behavior model designs are more likely to be effective when tailored than when contra-tailored or untailored, but 
this is hardly the case among white users. Our study contributes to the body of knowledge by being one of the first to 
demonstrate the potential effectiveness of race-based personalization of exercise behavior models in the domain of 
persuasive technologies aimed at motivating behavior change.

Keywords Persuasive technology · Fitness application · Bodyweight exercise · Video-based behavior modeling · Social 
cognitive model · Race-based personalization

1 Introduction

Owing to the limited information on how to correctly 
perform exercise behavior in the fitness domain, behav-
ior modeling has become a popular persuasive technique 
used to motivate behavior change. Behavior modeling is 
a persuasive strategy employed by domain experts and 
coaches in a physical or virtual setting to demonstrate 
how to correctly perform a given behavior to an observer 
[1, 2]. The behavior modeling strategy can be considered 

successful when the behavior of the observer is visibly 
changed in the future in line with the observed behavior 
[3]. In a systematic review of persuasive strategies used in 
top-ranked fitness apps in the marketplace, Conroy et al. 
[4] found that exercise behavior modeling (such as instruc-
tions, videos and simulations) is the most commonly used 
persuasive technique in motivating behavior change 
in the health domain. For example, in virtual (video- or 
simulation-based) exercise behavior modeling, users can 
visualize the steps involved in performing a given exercise 
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behavior, just as computer-based learners in the educa-
tion domain can visualize abstract cognitive processes or 
concepts of a given subject simulated by the computer 
[3]. Moreover, video-based behavior models are employed 
to visualize the positive outcome expectations of certain 
health behaviors, for example, in exercise behavior, spe-
cific muscles that are targeted by specific body move-
ments. Virtual behavior models have some advantages 
over real-life human models such as gym personal trainers 
and coaches. They include: (1) they are more affordable; 
and (2) they are more convenient, i.e., they enable the tar-
get users to observe and perform the modeled behavior at 
any time and wherever that is most convenient for them, 
e.g., at home, in the hotel, etc. [3, 5].

However, in the fitness domain, there is limited research 
on the moderating effect of personalization of exercise 
behavior models on their target users. Personalization 
is defined as the alignment of the features of a persua-
sive system to the characteristics of the end-user by the 
designer of the system [7]. It can be implemented at vari-
ous levels—individual and group—with user characteris-
tics being defined based on demographic variables such 
as age, gender, race, ethnicity, etc. In the context of this 
paper, we focused on group-based personalization based 
on the race of the end-user, also known as tailoring [6]. 
Research in the persuasive technology domain has shown 
that persuasive systems are more likely to be successful 
if tailored to the user by the designer. Thus, there have 
been several calls in the persuasive technology domain 
on designers to tailor or personalize persuasive systems 
aimed at behavior change to the characteristics of the 
users, as they are more likely to be successful [8, 9]. How-
ever, there is limited research in the area of race-based 
personalization of persuasive systems to the target user, 
especially in the health and fitness domain. Although, per-
sonalization has been applied in persuasive technology 
design in different health contexts, e.g., substance use [10], 
medication adherence [11], etc., there is limited evidence 
of its moderating effect in the fitness domain in the con-
text of behavior modeling [7].

In this paper, in the context of user perception, we 
investigated the effect of race-based tailoring of exer-
cise behavior model design on the target users using 
path analysis. Specifically, we examined the relationship 
between the perceived persuasiveness of bodyweight-
exercise behavior model design and three key social-
cognitive determinants of behavior (self-efficacy beliefs, 
self-regulation beliefs and outcome expectations) [5, 12] in 
a tailored, contra-tailored and untailored context. Primar-
ily, our investigation is based on two same-race (tailored) 
observer-model dyads and two opposite-race (contra-
tailored) observer-model dyads. They include: (1) black/
brown observers who evaluated black/brown behavior 

models (BB); (2) black/brown observers who evaluated 
white behavior models (BW); (3) white observers who 
evaluated white behavior models (WW); and (4) white 
observers who evaluated black/brown behavior models 
(WB). In addition, we investigated four other (untailored) 
dyads which resulted from the combination (summation) 
of two of the aforementioned dyads: (1) the group of ran-
dom observers (BB and WB) that evaluated black/brown 
models (BM); (2) the group of random observers (WW and 
BW) that evaluated white models (WM); (3) the group of 
black/brown observers that evaluated random models 
(BR); and (4) the group of white observers that evaluated 
random models (WR).

The results of our study showed that the perceived per-
suasiveness of behavior model design has the potential 
to influence social-cognitive determinants of behavior, 
with the relationship between the persuasive design and 
social-cognitive constructs being moderated by race. Our 
path models showed that exercise behavior models are 
more likely to be effective in influencing outcome expecta-
tions and self-regulation beliefs than self-efficacy beliefs. In 
tailored (BB vs. WW) and untailored (BR vs. BR) contexts, 
behavior models are more likely to be effective in influ-
encing outcome expectations and self-regulation beliefs 
of black/brown observers than those of white observers. 
For example, in the untailored context (BR vs. WR), the 
influence of perceived persuasiveness on self-regulation 
beliefs and outcome expectations is significantly stronger 
for black/brown users [(β = 0.52, p < 0.001) and (β = 0.59, 
p < 0.001), respectively] than for white users [(β = 0.38, 
p < 0.001) and (β = 0.39, p < 0.001), respectively]. Similarly, 
in the tailored context (BB vs. WW), the influence of per-
ceived persuasiveness on self-regulation beliefs and outcome 
expectations is significantly stronger for black/brown users 
[(β = 0.59, p < 0.001) and (β = 0.62, p < 0.001), respectively] 
than for white users [(β = 0.41, p < 0.001) and (β = 0.35, 
p < 0.001), respectively]. However, in the contra-tailored 
(BW vs. WB) context, though the path coefficients for the 
three investigated relationships turned out to be higher 
for the black/brown observers than for the white observ-
ers, we found no significant differences between both user 
groups (BW vs. WB).

In sum, our findings revealed that behavior mod-
els, tailored and untailored, have the potential of being 
more effective among the black/brown user population 
than among the white user population, especially with 
respect to self-regulation beliefs and outcome expectations. 
Moreover, we found that behavior models, among black/
brown users, are more likely to be effective, especially with 
respect to influencing self-efficacy beliefs, if tailored than 
otherwise. Therefore, we argue that, given that most exist-
ing fitness apps on the market are targeted at the west-
ern population (especially white users), there is a need for 
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designers to begin tailoring their apps to the racial charac-
teristics of the target populations. Tailoring behavior mod-
els to the target users based on race will allow designers to 
deliver more effective fitness apps that users can identify 
with and use to support their behavior change.

The rest of this paper is organized as follows. Section 2 
focuses on background information. Section 3 dwells on 
related work, while Sect. 4 on research method. Finally, 
Section 5 focuses on the result, while Sects. 6 and 7 on 
the discussion and conclusion, respectively.

2  Background

In this section, we provide an overview of the Social Cogni-
tive Theory (SCT) and behavior modeling in the context of 
observational learning.

2.1  Social cognitive theory

The SCT is one of the most established behavior theories in 
the field of Psychology. It was put forward by Bandura [13] 
to explain human behaviors. As shown in Fig. 1, the SCT 
holds that personal factors, environmental factors, and the 
target behavior itself reciprocally influence one another. 

The bidirectional interplay among the three SCT factors 
is known as the triad of reciprocal determinism. In this 
paper, we are particularly concerned with the influence 
of the environmental factors on three social-cognitive fac-
tors of behavior: self-efficacy beliefs, self-regulation beliefs, 
and outcome expectations. Table 1 shows the definitions 
of the three factors. The environmental factor includes 
friends, family or other influential people in face-to-face 
conversations, mass communication media (e.g., news-
paper, radio, television, etc.), electronic communication 
systems (e.g., mobile phone, computer, etc.) or social net-
works (e.g., Facebook, Twitter, etc.) where people engage 
online. Given the critical role mobile technology plays in 
our lives today, to the extent that mobile devices such as 
smartphones have become an extension of the human 
body and are becoming ubiquitous and invisible, it has 
become important to investigate how mobile technology 
affects our cognition in the context of beneficial behavior 
change. Thus, in our study, we are focused on investigat-
ing, at the perception level, the effect of mobile-technol-
ogy-based artifacts on three key social-cognitive factors 
using bodyweight-exercise behavior models featured in a 
mobile fitness app as our case study. More specifically, we 
set out to investigate how the perceived persuasiveness of 
behavior model design influences the three SCT factors. All 
of the three SCT factors (self-efficacy beliefs, self-regulation 
beliefs, and outcome expectations) have been shown by 
prior research [14–19] to be significant determinants of 
physical activity behavior. 

2.2  Behavior modeling

Research [22] shows that most behavior changes require 
new knowledge, though knowledge alone may not be 
sufficient to bring about the desired behavior change. 
According to Jimison et al. [22], human cognition (what 
people know and think) and behavior (people’s action) go 
hand in hand. Behavior modeling, in the context of SCT, 
is a behavior change technique through which a domain 
expert or coach teaches an observer (by way of demon-
stration) how to perform a given behavior correctly, in 
either physical setting (e.g., gym) or virtual setting (e.g., 
video). In this paper, we are concerned with the latter. 

Fig. 1  SCT framework depicting the triad of reciprocal determinism 
[2]

Table 1  Study’s constructs and definition

Construct Definition

Self-efficacy belief It is the belief in one’s ability to perform a given behavior [2, 20]
Self-regulation belief It is the belief in one’s ability to regulate his/her behavior through planning, self-monitoring, 

goal-setting, and tracking of his/her behavior over time [2, 21]
Outcome expectation It is the belief that engaging in a given behavior will result in certain positive outcomes [2, 21]
Perceived persuasiveness It is the belief that a certain persuasive system has the motivational capacity to influence one 

to positively change his/her behavior [2]
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Behavior modeling stems from the concept of observa-
tional learning, which is based on Bandura’s [23] Social 
Learning Theory (SLT). The SLT, over time, evolved into 
the SCT. According to Wouters et al. [3], “the social cogni-
tive model of sequential skill acquisition [sic] describes how 
learners initially start with observing a model, but then start 
practicing and gradually learn how to self-regulate their 
own performance” (p. 328). During the observation of the 
behavior model, Wouters et al. explain [3], the learners 
constructs a mental representation of the modeled behav-
ior without actually performing it immediately. Eventually, 
the observed behavior is performed by the observer in dif-
ferent situations and contexts. Wouters et al. [3] argue that 
the transition from observing the model to self-regulated 
practice is “accompanied by different cognitive processes and 
that the interaction takes different forms that all facilitate 
different cognitive processes” (p. 328). Research has shown 
that behavior modeling—also regarded as vicarious 
modeling—can influence behaviors through mediating 
social-cognitive factors such as self-efficacy, self-regulation, 
outcome expectation, etc. [24, 25]. In behavior modeling, 
individuals observe the actions and consequences of the 
behavior of others and then determine through social-
cognitive processes whether to imitate and/or adopt the 
newly learned behavior. Three reasons have been put for-
ward to explain why behavior modeling has the potential 
to be effective. They include the following [3]:

1. By observing an expert performing a complex behav-
ior, the observer can construct a sufficient cognitive 
representation, which enables him/her to rehearse and 
fine-tune the observed behavior mentally and physi-
cally.

2. Observational learning might be more effective than 
other forms of learning because the expert mode-
ling the behavior does not only demonstrate to the 
observer what is happening but explains why it is hap-
pening as well.

3. While the performance of a complex behavior by nov-
ices might place high demands on memory resources 
such that vital information can no longer be pro-
cessed, observing an expert performing the complex 
behavior, on the other hand, tends to free up cogni-
tive resources that can be channeled to processing the 
vital information.

3  Related work

In this section, we present a review of the literature related 
to behavior modeling in the health domain. Jimison et al. 
[22] investigated the effectiveness of using interactive 
exercise videos for remote coaching of older adults in their 

homes. They developed an online-based interactive video 
exercise system (composed of a human behavior model and 
Kinect camera’s skeleton representation), which was used to 
demonstrate the performance of certain types of chair exer-
cises to older adults residing in their homes. They found that 
the online interactive video exercise system can be used to 
foster adherence to exercise goals despite the challenge in 
finding adequate room in participants’ homes. However, the 
authors did not investigate the perceived effect the inter-
active video exercise system has on participants’ cognition 
such as self-efficacy beliefs. Oyibo et al. investigated the 
influence behavior model design has on three SCT factors. 
They found that the perceived persuasiveness of behavior 
model design affects self-regulation beliefs, outcome expec-
tations and self-efficacy beliefs (the least affected). However, 
they did not investigate the moderating effect of race-based 
personalization of the behavior model design.

Moreover, Devi et al. [26] conducted a study to investi-
gate the effect of breast-feeding behavior modeling and 
other media influences on postnatal women. The study 
used a video in which correct breastfeeding techniques 
and safe practices were taught to postnatal women by a 
behavior model. They found that the video-based model 
of breastfeeding—a cost-effective method of disseminat-
ing breastfeeding information—yielded positive results, 
including providing the target women with the right 
knowledge and fostering a prolonged breastfeeding 
period. However, apart from the study being in the breast-
feeding subdomain of health, it is difficult to tell how much 
influence the video-based behavior model had on the tar-
get audience due to their exposure to other media (e.g., tel-
evision, newspapers), health personnel, friends and family, 
etc.) as well during the same time period. Torres et al. [26] 
carried out an experimental study to evaluate the effects 
of a video-enhanced activity schedule on exercise behavior 
among adolescents with autism spectrum disorder (ASD) 
using an iPad®. They found that the intervention, consisting 
of a video-based model and graduated guidance, increased 
the independent schedule-following behavior and on-task 
behavior of adolescents with ASD, with participants’ skills 
generalizing to a novel exercise and novel setting (such 
as a new fitness center). Specifically, they found that the 
intervention was socially acceptable to behavior analysts, 
instructors, and paraprofessionals. However, their study, 
though experimental, did not investigate the effect the 
video modeling had on cognitive factors. Our current study 
aims to bridge this gap in a large-scale study. Specifically, 
at the cognitive level, we set out to investigate the influ-
ence of exercise behavior model design on three important 
social-cognitive factors (outcome expectations, self-efficacy 
and self-regulation beliefs), which mediate behavior change, 
and the potential effectiveness of race-based personaliza-
tion in fitness app design.
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4  Method

In this section, we present the research objective, empiri-
cal instruments used in measuring the constructs in our 
research model and demographics of participants who 
took part in the study.

4.1  Research objective

In this paper, we aimed to investigate the moderating 
effect of race-based tailoring of exercise behavior models 
by uncovering the differences that exist between two dif-
ferent groups of observers in tailored, contra-tailored and 
untailored contexts. This means, in all three contexts, the 
two comparative groups of interest evaluated behavior 
models of the same, opposite and random race, respec-
tively. In a nutshell, we aimed to answer this overarching 
research question—“is race-based tailoring of behavior model 
design more likely to be effective for both racial target groups 
than otherwise?” To answer this question, we adopted a prior 
research model [2] shown in Fig. 2 to study the relationships 
between the perceived persuasiveness of behavior model 
design and the three social-cognitive factors of interest.

Using path analysis, we investigated whether behavior 
model designs are more likely to be effective if tailored to 
the target users or not. Owing to the limited studies in the 
context of tailoring exercise behavior models to the race of 
the target users in the fitness domain, we decided to adopt 
an exploratory approach using Partial Least Square Path 
Modeling (PLS-PM) [27]. We chose PLS-PM because it is a 
technique used for predicting response and not for explain-
ing a phenomenon, for which covariance modeling is a bet-
ter suited alternative modeling technique. While explana-
tory models may be “perceived to be primarily concerned 
with testing the faithful representation of causal mechanisms 
by the statistical model and the estimation of true popula-
tion parameter values from samples” (p. 2) [28], predictive 

models, though possibly based on causal mechanisms, are 
developed in a more exploratory and data-driven way. In 
other words, a PLS-based predictive model emphasizes the 
observed data over the underlying theory, which makes 
it preferable to covariance analysis for the prediction of 
target constructs1 [28]. According to Tobias [29], PLS is a 
method for building predictive models which lays empha-
sis on “predicting the responses and not necessarily on trying 
to understand the underlying relationship between the vari-
ables” (p. 1) in the causal model [28]. In our case, we aim 
at investigating the ability of the perceived persuasiveness 
of behavior model design in fitness apps to predict SCT 
factors (perceived self-efficacy, perceived self-regulation and 
outcome expectation) in the context of tailoring, contra-
tailoring and non-tailoring and not the interrelationships 
among the SCT variables in our path model. In a nutshell, 
our research design is based on the research model shown 
in Fig. 2 and the following four observer-model dyads:

1. Black/brown observers who evaluated black/brown 
behavior models (BB).

2. Black/brown observers who evaluated white behavior 
models (BW).

3. White observers who evaluated white behavior mod-
els (WW).

4. White observers who evaluated black/brown behavior 
models (WB).

Furthermore, using exploratory analysis, we analyzed 
the path models for the following four observer-model 
dyads:

1. The group of random observers (BB and WB) that eval-
uated black/brown models (BM).

2. The group of random observers (WW and BW) that 
evaluated white models (WM).

3. The group of black/brown observers that evaluated 
random models (BR).

4. The group of white observers that evaluated random 
models (WR).

We examined in a multigroup analysis the statistical sig-
nificant differences that exist in the respective path coef-
ficients between pairs of path models, e.g., BB versus. WW, 
BB versus BW, WW versus WB, BM versus WM, BR versus 
WR, etc. We also examined the numerical differences in 
the respective path coefficients between a tailored dyad 
and an untailored dyad (BB versus BR and WW versus WR) 
in order to see whether perceived persuasiveness is more 

Fig. 2  Research model based on the SCT triad of reciprocal deter-
minism [2]

1 Prediction has been recognized as an important aspect of infor-
mation systems research [28].
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likely to predict the three SCT factors in a tailored context 
than in an untailored context.

For the sake of proper organization and easy reference, 
we present all of our research questions in Table 2, in which 
the third column represents their symbolic representa-
tions. For example, the symbol, BM > WM? or WM > BM?, 
means: are the relationships between the perceived persua-
siveness of the behavior model design and the SCT factors 
stronger in the BM path model than those in the WM path 
model or vice versa? Overall, our findings will provide 
empirical evidence on the moderating effect of tailoring 
exercise behavior models to the race of the target users.

4.2  Research design and measurement instruments

To answer our research questions, we designed a fitness app 
prototype we called “Homex App,” aimed at encouraging 

the performance of bodyweight exercise on the home 
front. The app features eight versions of exercise behavior 
model designs (see Fig. 6 in Appendix 1), each of which 
demonstrates to the target user (in text and graphics) how 
to correctly and successfully perform a given bodyweight 
exercise. The textual representation of the modeled exercise 
behavior (see the top-left corner of the application screen) 
is similar to the Tunneling strategy in the Persuasive System 
Design (PSD) model [30]. Tunneling is a persuasive strat-
egy in which a user is guided in a step-by-step fashion to 
perform the target behavior [10, 31]. For example, the tun-
neling-based instructions for the squat exercise include: (1) 
Stand upright, with your arms stretched forward; (2) Push your 
butt backward until hips are lower than knees; (3) Return to the 
starting position; and (4) Repeat as many times as possible. 
Apart from focusing on two exercise-types (push-up and 
squat), in designing the behavior models, we considered 

Table 2  Research questions in words and observer-model dyadic symbols

“>”: are the path coefficients in the left path model greater than those in the right path model? SE: Self-Efficacy Beliefs, SR: Self-Regulation 
Beliefs, OE: Outcome Expectations

BM = Random observers’ evaluation of black/brown models, WM = Random observers’ evaluation of white models

BR = black/brown observers’ evaluation of random models, WR = white observers’ evaluation of random models

BB = black/brown observers’ evaluation of black models, BW = black/brown observers’ evaluation of white models

WW = white observers’ evaluation of white models, WB = white observers’ evaluation of black models

No. Research question (RQ) in words RQ in symbols

RQ1 Overall, are the relationships between perceived persuasiveness of behavior model design and the SCT fac-
tors more likely to be stronger when observers evaluate black models or white models?

BM > WM? or WM > BM?

RQ2 For which of the groups of observers (black/brown vs. white) are the relationships between perceived per-
suasiveness of behavior model design and the SCT factors more likely to be stronger when they evaluate 
random behavior models (i.e., in an untailored context)?

BR > WR? or WR > BR?

RQ3 For black/brown observers, are the relationships between perceived persuasiveness of behavior model 
design and the SCT factors more likely to be stronger in a tailored context than untailored context?

BB > BR?

RQ4 For white observers, are the relationships between perceived persuasiveness of behavior model design and 
the SCT factors more likely to be stronger in a tailored context than untailored context?

WW > WR?

RQ5 For black/brown observers, are the relationships between perceived persuasiveness of behavior model 
design and the SCT factors more likely to be stronger in a tailored context than untailored context?

BB > BW?

RQ6 For white observers, are the relationships between perceived persuasiveness of behavior model design and 
the SCT factors more likely to be stronger in a tailored context than untailored context?

WW > WB?

RQ7 Are the relationships between perceived persuasiveness of black/brown behavior model design and the SCT 
factors more likely to be stronger for black/brown observers (tailored) than for white observers (contra-
tailored)?

BB > WB?

RQ8 Are the relationships between perceived persuasiveness of white behavior model design and the SCT factors 
more likely to be stronger for white observers (tailored context) than for black/brown observers (contra-
tailored context)?

WW > BW?

RQ9 For which of the two groups of observers (black/brown vs. white) are the relationships between perceived 
persuasiveness of behavior model design and the SCT factors more likely to be stronger in a tailored 
context?

BB > WW? or WW > BB?

RQ10 For which of the two groups of observers (black/brown vs. white) are the relationships between perceived 
persuasiveness of behavior model design and the SCT factors more likely to be stronger in a contra-
tailored context?

BW > WB? or WB > BW?

RQ11 In general, which of the three relationships between perceived persuasiveness of behavior model design and 
the SCT factors is more likely to be the strongest?

PERS → SE? or 
PERS → SR? or 
PERS → OE?
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gender (male vs. female) and race (black/brown vs. white). 
However, in this paper, we are focused on investigating the 
moderating effect of race-based tailoring of behavior model 
designs to the target users (black/brown observers vs. white 
observers). In our questionnaire, to put our study in proper 
context, we described to participants the functionality of 
the fitness app prototype as shown in Appendix 1. After-
wards, we presented each participant with one of the rand-
omized versions of the eight behavior model designs (a GIF-
based video). Next, we requested the participant to answer 
questions relating to the behavior model design and SCT 
factors (see Table 3).

4.3  Participants

The survey questionnaire was submitted to and approved 
by the Behavior Research Ethics Board of our university. 
Afterward, we posted it on Amazon Mechanical Turk (AMT) 

to recruit participants. Prior to answering the question-
naire, participants were presented with an informed con-
sent form, which explained what the study was about, the 
potential risks, potential benefits, compensation, rights to 
withdraws, etc. Participants agreed to the information con-
tained in the consent form before completing the survey. 
In appreciation of participants’ time, each was compen-
sated with US $0.6. Table 4 shows the demographic infor-
mation of the valid participants after data cleaning.

5  Results

In this section, we present the results of our path analysis 
and multigroup analysis (MGA). The analyses were con-
ducted using PLS-PM library (“plspm”) in R programming 
language [27]. Statistical significance tests were done 
using the bootstrapping method with 5000 resamples [33].

Table 3  Study’s constructs and measurement items [20, 21]

Construct Overall question and items

Perceived persuasiveness [0—strongly disagree to 7—strongly agree] Assume the Homex App works as described at the beginning 
of the survey and seen in the previous video. Please answer 
the following general questions about yourself and regarding 
the app

 The app would influence me
 The app would be convincing
 The app would be personally relevant to me
 The app would make me reconsider my physical activity habits

Perceived self-efficacy [18] [0—not confident to 100—confident] How confident are you that you can complete at home the 
proposed weekly number of push-ups (entered previously) for 
the next three months

 Even when you have worries and problems?
 Even if you feel depressed?
 Even when you feel tense?
 Even when you are tired?
 Even when you are busy?

Outcome expectation [32] [1—strongly disagree to 5—strongly agree] The [name of exercise] will…
 Improve my ability to perform daily activities
 Improve my overall body functioning
 Strengthen my bones
 Increase my muscle strength
 Improve the functioning of my cardiovascular system
 Improve my social standing
 Make me more at ease with people
 Increase my acceptance by others

Perceived self-regulation [19] [1—strongly disagree to 5—strongly agree] To achieve my proposed weekly average number of push-ups…
 I will set a goal
 I will develop a series of steps to reach my weekly goal
 I will keep track of my progress in meeting my goal
 I will endeavor to achieve the set goal for myself
 I will make my goal public by telling others about it
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5.1  Measurement models

Before analyzing the structural models, we evaluated the 
measurement models and ensured the preconditions for 
the former were met [33, 34]. The definitions of the pre-
conditions (criteria) and the result of the evaluation of the 
measurement models are shown in Table 5.

5.2  Structural models

We began our path analysis by building structural mod-
els that will help in addressing our first research question: 
“Overall, are the relationships between perceived persua-
siveness of behavior model design and the SCT factors more 
likely to be stronger when observers evaluate black models 
or white models?” Figure 3 shows the path models for the 
evaluation of the two different race-based behavior model 
designs. The path models represent the relationships 

Table 4  Demographics of participants (n = 669)

BB = black/brown observers who evaluated black models, 
WW = white observers who evaluated white models, BW = black/
brown observers who evaluated white models; WB = white observ-
ers who evaluated black models

Criterion Subgroup Number Percent

Gender Female 327 48.9
Male 342 51.1

Age 18–24 126 18.8
25–34 296 44.2
35–44 155 23.2
45–54 60 9.0
54+ 32 4.8

Education Technical/trade school 86 12.9
High school 136 20.3
BSc 316 47.2
MSc 96 14.3
PhD 15 2.2
Others 20 3.0

Country of origin Canada 214 32.0
United States 378 56.5
Others 77 11.5

Race Black 52 7.8
Brown 99 14.8
White 518 77.4

Observer-model race BB 74 11.1
BW 78 11.7
WW 255 38.1
WB 262 39.2

Years on the internet 0–3 4 0.6
4–6 31 4.6
7–9 60 9.0
> 10 574 85.8
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between the perceived persuasiveness of behavior model 
design and the three SCT factors for the two groups of 
random observers that evaluated the behavior models in 
an untailored context. In the survey, the first group evalu-
ated black/brown models (BM) and the second group 
evaluated white models (WM). In the path models, the 
goodness of fit (GOF) represents how well the respective 
models fit their data, while the coefficient of determi-
nation  (R2) stands for the amount of variance of an SCT 
factor explained by perceived persuasiveness. Finally, the 
path coefficient (β) represents the strength of the relation-
ship between perceived persuasiveness and an SCT factor. 
The GOF for BM and WM is 49% and 47%, respectively 
(roughly moderate), while the  R2-value for self-regulation 
and outcome expectation is about 17%. In particular, the 
 R2-value for self-efficacy is quite low (4% and 1%, respec-
tively). Moreover, the β-value for self-regulation and out-
come expectations is over (β = 0.4, p < 0.001). However, with 
respect to self-efficacy, while the relationship for the black/
brown models is significant (β = 0.21, p < 0.01), that for the 
white models is non-significant (β = 0.10, p = n.s). The MGA 
will reveal whether the numerical differences between the 
corresponding path coefficients in the BM and WM path 
models are statistically significant at p < 0.05 or not.

Furthermore, to be able to answer the second to sixth 
research questions, we built the path models for the 
untailored (BR and WR), tailored (BB and WW) and con-
tra-tailored (BW and WB) dyads we introduced earlier on 
(see Fig. 4). The left column represents the black/brown 
group of observers, while the right column represents 
the white group of observers. The GOF for the six dyads 
ranges from 46 to 56%—almost similar to those for BM 
versus WM path models. However, unlike in the BM versus 
WM path models, where the β- and  R2-values, especially 

for self-regulation and outcome expectations, are approxi-
mately equal for both path models, in the six dyads shown 
in Fig. 4, both parameters are higher for the black/brown 
observers than for the white observers. For example, 
regarding BB versus WW dyads, the β-values for self-effi-
cacy, self-regulation and outcome expectations are higher 
for the black/brown observers (β = 0.30, p < 0.5; 0.59, 
p < 0.001; and 0.62, p < 0.001, respectively) than for the 
white observers (β = 0.11, p = n.s; 0.41, p < 0.001; and 0.35, 
p < 0.001, respectively). The same applies to the  R2-values 
for the black/brown observers (9%, 35%, and 39%, respec-
tively) compared with those for the white observers (1%, 
17%, and 12%, respectively). Again, the MGA will reveal 
whether the numerical differences between the corre-
sponding path coefficients in the respective comparative 
path models are statistically significant at p < 0.05 or not.

5.3  Multigroup analysis

To investigate the moderating effect of the race of the 
behavior models and that of the observers in the evalua-
tion of the former, we conducted MGAs as shown in Table 6. 
The MGA is based on the following six dyadic pairs: (1) BM 
versus WM, (2) BR versus WR, (3) BB versus WB, (4) WW ver-
sus BW, (5) BB versus BW, (6) WW versus WB, and (7) BB ver-
sus WW. The results of the MGAs showed that, regarding 
BR versus WR, there are significant differences in two rela-
tionships: PERS → SR (p = 0.059—marginal) and PERS → OE 
(p < 0.05). Secondly, regarding BB versus WB, there are 
significant differences in two relationships: PERS → SR 
(p < 0.05) and PERS → OE (p < 0.05). Finally, regarding BW 
versus WW, there are significant differences in only one 
relationship: PERS → OE (p < 0.05). However, regarding BR 
versus WR, BB versus BW and WW versus WB, there are no 

Fig. 3  Path models for the evaluation of black/brown and white behavior models
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significant differences in the three investigated relation-
ships. We discuss the implications of the significant differ-
ences between the respective dyadic pairs in Sect. 6.

6  Discussion

We have presented a path model of the relationships 
between the perceived persuasiveness of behavior model 
design and three key social-cognitive factors (perceived 
self-efficacy, perceive self-regulation and outcome expecta-
tions) in tailored, contra-tailored and untailored contexts. 
Moreover, we showed the significant differences that exist 

between key observer-model dyadic pairs in a number of 
MGAs. In this section, we discuss our key findings and 
recommend persuasive technology design guidelines 
accordingly.

6.1  Perceived effect of black/brown and white 
behavior model design on SCT factors: BM 
versus WM

Overall, as shown in Fig. 3, the perceived persuasiveness of 
behavior model design, irrespective of its race character-
istic, has a positive influence on the three social- cognitive 
factors, especially on perceived self-regulation and outcome 

Fig. 4  Race-based tailored, contra-tailored and untailored path models
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Table 6  Multigroup analysis for untailored, contra-tailored and tailored dyadic pairs

PERS Persuasiveness, SE self-efficacy beliefs, SR self-regulation beliefs, OE outcome expectation

BM = Random observers’ evaluation of black/brown models, WM = random observers’ evaluation of white models

BR = black/brown observers’ evaluation of random models, WR = white observers’ evaluation of random models

BB = black/brown observers’ evaluation of black models, BW = black/brown observers’ evaluation of white models

WW = white observers’ evaluation of white models, WB = white observers’ evaluation of black models

β value in regular font: p < 0.001, β value in bold font: fully or maginally significant at p < 0.05, β value in italic font: non-significant (n.s)

Relationship between Model Constructs R2 value β value Sig. Diff.

Black/brown model versus white model: BM versus WM 
(BM = 336, WM = 333)

BM  WM BM WM p Value

PERS → SE .04 .01 .21** .10 n.s

PERS → SR .17 .18 .41 .42 n.s

PERS → OE .18 .16 .43 .40 n.s

Untailoring for black/brown observers versus untailoring 
for white observers: WR versus. BR (BR = 152, WR = 517)

BR WR BR WR p Value

PERS → SE .02 .02 .15 .13* n.s

PERS → SR .27 .15 .52 .38 0.059

PERS → OE .34 .13 .59 .36 0.015

Tailoring for black/brown observers versus contra-tailoring 
for white observers: BB versus WB (BB = 74, WB = 262)

BB WB BB WB p Value

PERS → SE .09 .04 .30* .19** n.s

PERS → SR .35 .13 .59 .37 0.043

PERS → OE .39 .14 .62 .36 0.047

Contra-tailoring for black/brown observers versus tailoring 
for white observers: BW versus WW (BW = 78, WW = 255)

BW WW BW WW p Value

PERS → SE .05 .01 .23 .11 n.s

PERS → SR .22 .17 .47 .41 n.s

PERS → OE .32 .12 .56 .35 0.041

Tailoring for black/brown observers versus tailoring for 
white observers: BB versus WW (BB = 74, WW = 255)

BB WW BB WW p Value

PERS → SE .09 .01 .30* .11 n.s

PERS → SR .35 .17 .59 .41 0.059

PERS → OE .39 .12 .62 .35 0.017

Contra-tailoring for black/brown observers versus contra-
tailoring for white observers: BW versus WB (BW = 78, 
WB = 262)

BW WB BW WB p Value

PERS → SE .05 .04 .23 .19** n.s

PERS → SR .22 .13 .47 .37 n.s

PERS → OE .32 .14 .56 .36 n.s

Tailoring for black/brown observers versus contra-tailoring 
for black/brown observers: BB versus BW (BB = 74, BW = 78)

BB BW BB BW p Value

PERS → SE .09 .05 .30* .23 n.s

PERS → SR .35 .22 .59 .47 n.s

PERS → OE .39 .32 .62 .56 n.s

Tailoring for white observers versus contra-tailoring for 
white observers: WW versus WB (WW = 255, WB = 262)

WW WB WW WB p Value

PERS → SE .01 .04 .11 .19** n.s

PERS → SR .17 .13 .41 .37 n.s

PERS → OE .12 .14 .35 .36 n.s
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expectations. In the WM path model, for example, the influ-
ence of perceived persuasiveness on perceived self-regulation 
(β = 0.42, p < 0.001) and outcome expectations (β = 0.40, 
p < 0.001) is stronger than that on perceived self-efficacy 
(β = 0.10, p = n.s). The numerical difference between the first 
two path coefficients and the third is also evident in the tai-
lored, contra-tailored, and untailored path models shown 
in Fig. 4. These results suggest that irrespective of the race 
characteristic of the behavior model, the higher users per-
ceive behavior model design to be persuasive, the higher will 
be their outcome expectations and their perceived ability to 
regulate themselves to engage in the modeled behavior. 
Based on these findings, we can conclude that, in the context 
of perception, irrespective of tailoring, exercise behavior models 
are more likely to be effective in increasing outcome expecta-
tions and self-regulation beliefs and less likely to be effective 
in increasing self-efficacy beliefs. As a result, we recommend 
that fitness apps designers should leverage exercise behav-
ior models to promote regular exercise, as their perceived 
persuasiveness has the potential of impacting outcome expec-
tations and self-regulation, both of which mediate behavior 
change. For example, as seen in Fig. 6 (Appendix 1), positive 
outcome expectations (e.g., physical benefits of exercise) 
can be fostered by highlighting the body parts or groups of 
muscles affected when users perform a given bodyweight 
exercise. Moreover, users should be given the opportunity, 
as a way of self-regulation, to set goals, plan their workouts, 
track their activities, performance and progress.

Moreover, we found that it is only the perceived persua-
siveness of the black/brown behavior model design that 
has a significant influence on users’ perceived self-efficacy 
(β = 0.21, p < 0.01). That with regard to white behavior 
model design is non-significant (β = 0.10, p = n.s). While 
the numerical difference between both path coefficients 
is not significant, in the light of our first research question, 
this result seems to suggest that the black/brown behavior 
models are more likely to influence users’ perceived self-
efficacy than white behavior models. This also seems to be 
evident in the BB dyad (β = 0.30, p < 0.05) versus WB dyad 
(β = 0.19, p < 0.01), in which the relationship PERS → SE—
unlike that of WW (β = 0.11, p = n.s) and BW (β = 0.23, 
p = n.s)—is statistically significant. However, as a result of 
the non-statistically significant difference between BM 
and WM path models with respect to PERS → SE, there 
is a need for further research to answer our first research 
question, which, in other words, reads: “in a one-size-fits-
all fitness app, which of the behavior model designs (black/
brown vs. white) is more likely to influence the social-cogni-
tive factors of observers?” Meanwhile, a possible answer to 
this question could be found in the qualitative data we 
collected (i.e., comments provided by participants on the 
respective race-based behavior model designs). Thus, we 
look forward, in future studies, to conducting a sentiment 

analysis on participants’ comments to uncover any pos-
sible explanations as to why the perceived persuasiveness 
of the black/brown models seems to have a stronger sig-
nificant effect on observers’ perceived self-efficacy,  in par-
ticular, and social-cognitive factors, in general.

6.2  Perceived effect of untailored behavior model 
design on SCT factors: BR verus WR

Figure 4 (first row) shows the path model for the untailored 
dyads (BR and WR). Overall, the three model parameters (β, 
 R2, and GOF) are similar to those of BM versus WM in Fig. 3. 
In the BR and WR path models, the influence of perceived 
persuasiveness of behavior model design on outcome 
expectations and perceived self-regulation is stronger than 
on perceived self-efficacy. Moreover, the three relationships 
tend to be numerically stronger for the BR dyad than for 
the WR dyad. It is worthy of note that the PERS → SE rela-
tionship (β = 0.15, p = n.s) for BR might have been non-sig-
nificant because of the relatively small sample size (n = 152) 
compared with the larger sample size of WR (n = 517) for 
which the relationship is significant (β = 0.13, p < 0.05). 
Despite that the PERS → SE relationship is significant for 
WR and non-significant for BR, the MGA shows that there 
is no significant difference between both dyads regarding 
this relationship. However, for PERS → OE and PERS → SR, 
the MGA results, which are fully significant (p < 0.05) and 
marginally significant (p = 0.059), respectively, indicate the 
relationships are stronger in the BR path model than in the 
WR path model. These findings suggest that, in the light of 
our second research question, the influence of perceived 
persuasiveness on outcome expectations and self-regulation 
is more likely to be stronger among black/brown observ-
ers than among white observers. Moreover, the stronger 
influence of the untailored behavior models on black/
brown observers than on white observers is reflected in 
the amount of variance of the target social-cognitive fac-
tors explained by perceived persuasiveness. For example, 
the variances of outcome expectations and perceived self-
regulation (see Fig. 4) explained by perceived persuasive-
ness for the black/brown observers (BR) are 27% and 34%, 
respectively, while those for the white observers (WR) are 
15% and 13%, respectively. These findings, coupled with 
those regarding BB versus WW and BW versus WB (see 
Fig. 4), suggest that the use of behavior models in fitness 
apps, whether in a tailored, contra-tailored or untailored con-
text, is more likely to be effective among black/brown users 
than among white users, especially regarding the effect of 
their perceived persuasiveness on outcome expectations and 
self-regulation beliefs.
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6.3  Race‑based tailoring and contra‑tailoring 
of behavior models

In general, the results of our path analyses (Fig. 4) showed 
that exercise behavior model designs are more likely 
to be effective among black/brown users than among 
white users, especially in a tailored context in which the 
PERS → SE relationship is significant for the former group. 
For easy visualization of the pairwise comparisons among 
the tailored and contra-tailored dyadic path models, we 
summarize the results of the MGAs (from Table 6) in Fig. 5. 
The results of the MGAs showed that there are signifi-
cant differences between BB and WB, between BW and 
WW, and between BB and WW, at p < 0.05. However, there 
are no significant differences between BB and BW, and 
between WW and WB, and between WB and BW.

First, regarding BB versus WB, the MGA showed that 
the perceived persuasiveness of the black/brown model 
design has a significantly stronger effect (p < 0.05) on the 
self-regulation beliefs (β = 0.59, p < 0.001) and outcome 
expectations (β = 0.62, p < 0.001) of black/brown observ-
ers than those of white observers: (β = 0.37, p < 0.001) and 
(β = 0.36, p < 0.001), respectively. Overall, this suggests 
that, in a real-life fitness app, black/brown models are more 
likely to be effective for black/brown users (tailored) than for 
white users (contra-tailored) in impacting outcome expecta-
tions and self-regulation.

Second, with respect to BB versus WW, the MGA showed 
that, in a tailored context, the perceived persuasiveness of 
behavior model design is more likely to influence the self-
regulation beliefs (β = 0.59, p < 0.001) and outcome expec-
tations (β = 0.62, p < 0.001) of black/brown observers than 
white observers: (β = 0.41, p < 0.001) and (β = 0.35, p < 0.001), 
respectively. (Note: the significant difference between the 
two groups with respect to self-regulation beliefs is marginal: 

p = 0.059.) Overall, this finding suggests that, in a real-life 
fitness app, tailored behavior models are more likely to be 
effective among black/brown users than among white users 
in influencing outcome expectations and self-regulation.

Third, with respect to BW versus WW, the MGA showed 
that the perceived persuasiveness of the white model design 
has a significantly stronger effect (p < 0.05) on the outcome 
expectations (β = 0.56, p < 0.001) of black/brown observ-
ers than those of white observers (β = 0.35, p < 0.001). The 
result suggests that, in a real-life fitness app, regarding out-
come expectations, white models are more likely to be effec-
tive among black/brown users (contra-tailored) than among 
white users (tailored). This finding, coupled with that in 
the prior paragraph, suggests that, regarding outcome 
expectations, behavior models—whether tailored or contra-
tailored—are more likely to be effective among black/brown 
users than among white users. This confirms the prior finding 
in Sect. 6.2, in which we saw that, in an untailored context 
(BR vs. WR), behavior models are more likely to influence 
the outcome expectations of black/brown users (β = 0.59, 
p < 0.001) than those of white users (β = 0.36, p < 0.001).

6.4  Summary of main findings

All of our findings based on the MGA results in Table 6 are 
summarized in Table 7 to provide answers to the research 
questions we posed earlier in Table 2.

As shown in Tables 6, 7 and Fig. 4, we see that, regard-
less of the race of the observers, behavior model design 
is more likely to be effective in enhancing outcome expec-
tations and self-regulation beliefs than self-efficacy beliefs. 
Secondly, we see that, in general, behavior models, 
whether tailored (BB vs. WB/WW) or contra-tailored (BW 
vs. WW) or untailored (BR vs. WR), are more likely to have 
a greater effect on outcome expectations for black/brown 
users than for white users (see RQ2, RQ7, RQ8, and RQ9). 
Thirdly, as seen in RQ2, RQ7 and RQ9, behavior models, 
whether tailored (BB vs. WB/WW) or untailored (BR vs. WR), 
are more likely to have a greater effect on self-regulation 
beliefs among black/brown users than among white users.

To wrap up the discussion, we would like to revisit the 
overarching research question of this study—“is race-based 
tailoring of behavior model design more likely to be effec-
tive for both racial target groups than otherwise?”—in the 
light of our results. Going by the MGA results for BB ver-
sus BW (tailored vs. contra-tailored) and for WW versus WB 
(tailored vs. contra-tailored), the answer to our question 
seems to be “No,” as there are no significant differences 
between both comparative path models in either case 
regarding the three SCT relationships. However, for black/
brown users, given the following:

Fig. 5  Abstraction of pairwise comparisons of tailored and contra-
tailored path models
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1. the three relationships in the path models are numeri-
cally stronger when the behavior models are race-tai-
lored (BB) than otherwise (Fig. 4);

2. the relationship between perceived persuasiveness and 
self-efficacy beliefs is only significant (β = 0.30, p < 0.05) 
when the behavior models are tailored (BB); and

3. there are significant differences between BB and WB 
(tailored vs. contra-tailored) but none between BW 
and WB (contra-tailored vs. contra-tailored).

we may conclude that behavior model design in fitness 
apps are more likely to be effective if tailored to the race of 
black/brown users than otherwise. However, this conclusion 

needs further investigation in future research efforts to 
confirm it.

On the other hand, with respective to white users, we 
found no evidence that tailored behavior models are more 
likely to be effective than contra-tailored or untailored 
behavior models. Specifically, for the three relationships, 
we found the following:

1. There is no substantial numerical difference between 
WW and WR (see Fig. 4).

2. There is no statistically significant difference between 
WW and WB regarding all three relationships (see 
Table 6).

Table 7  Summary of answers to research questions

No, REV: means the reverse is true about the symbolic representation of the research question. NA: not applicable

No. Research question (RQ) in words RQ in symbols Answer to RQ Is the 
difference 
significant?

RQ1 Overall, are the relationships between perceived persuasiveness 
of behavior model design and the SCT factors more likely to be 
stronger when observers evaluate black models or white models?

BM or WM? BM (based on PERS → SE) No

RQ2 For which of the groups of observers (black/brown vs. white) are the 
relationships between perceived persuasiveness of behavior model 
design and the SCT factors more likely to be stronger when they 
evaluate random behavior models (i.e., in an untailored context)?

BR or WR? BR (based on PERS → SR and 
PERS → OE)

YES

RQ3 For black/brown observers, are the relationships between perceived 
persuasiveness of behavior model design and the SCT factors more 
likely to be stronger in a tailored context than untailored context?

BB > BR? Yes (based on PERS → SE) NA

RQ4 For white observers, are the relationships between perceived persua-
siveness of behavior model design and the SCT factors more likely 
to be stronger in a tailored context than untailored context?

WW > WR? No, REV (based on PERS → SE) NA

RQ5 For black/brown observers, are the relationships between perceived 
persuasiveness of behavior model design and the SCT factors more 
likely to be stronger in a tailored context than untailored context?

BB > BW? Yes (based on PERS → SE) No

RQ6 For white observers, are the relationships between perceived persua-
siveness of behavior model design and the SCT factors more likely 
to be stronger in a tailored context than untailored context?

WW > WB? No, REV (based on PERS → SE) No

RQ7 Are the relationships between perceived persuasiveness of black/
brown behavior model design and the SCT factors more likely to 
be stronger for black/brown observers (tailored) than for white 
observers (contra-tailored)?

BB > WB? Yes (based on PERS → SR and 
PERS → OE)

Yes

RQ8 Are the relationships between perceived persuasiveness of white 
behavior model design and the SCT factors more likely to be 
stronger for white observers (tailored context) than for black/
brown observers (contra-tailored context)?

WW > BW? No, REV (based on 
PERS → OE)

Yes

RQ9 For which of the two groups of observers (black/brown vs. white) 
are the relationships between perceived persuasiveness of behavior 
model design and the SCT factors more likely to be stronger in a 
tailored context?

BB or WW? BB (based on PERS → SR and 
PERS → OE)

Yes

RQ10 For which of the two groups of observers (black/brown vs. white) 
are the relationships between perceived persuasiveness of behavior 
model design and the SCT factors more likely to be stronger in a 
contra-tailored context?

BW or WB? BW (based on PERS → SE, 
PERS → SR, and PERS → OE)

No

RQ11 In general, which of the three relationships between perceived per-
suasiveness of behavior model design and the SCT factors is more 
likely to be the strongest?

SE or SR or OE? PERS → OE and PERS → SR NA
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However, unexpectedly, we found that the relationship 
between perceived persuasiveness and self-efficacy beliefs 
for WB (β = 0.19, p < 0.01) is significant, but for WW, it is 
non-significant (β = 0.11, p = n.s). These findings seem to 
suggest that white users are very likely to be indifferent 
to the race characteristic of the behavior model design. 
However, more investigation still needs to be carried out 
in the future to verify this hypothesis.

6.5  Contributions

Our main contribution to the body of knowledge is that 
our study provides empirical evidence on the potential 
effectiveness of the race-based personalization of behav-
ior models in fitness apps aimed at exercise behavior 
change, especially for black/brown users. We showed that, 
in general—in an untailored context—behavior models, 
in fitness apps, are more likely to be effective among 
black/brown users than among white users. Secondly, we 
showed that race-based personalization is more likely to 
be effective among black/brown users than among white 
users. Finally, for black/brown users, we demonstrated that 
tailoring of behavior models is more likely to be effective 
than contra-tailoring and non-tailoring. In the context 
of fitness apps aimed at promoting regular bodyweight 
exercise, our study is one of the first to contribute these 
findings to the body of knowledge.

6.6  Limitations

There are several limitations to our study. The first limita-
tion is that our study is based on user perceptions and not 
the actual use of fitness apps featuring exercise behavior 
models. Thus, our findings may not generalize to the con-
text of actual use, in which users have to interact with the 
behavior models through monitored (logged) usage over a 
given period of time. For this reason, we recommend that, 
in future research efforts in the area of race-based person-
alization, researchers investigate our findings in an actual 
use context to uncover how far our findings generalize to 
or differ from a real-life setting.

The second limitation of our findings is that we treated 
black/brown users as a monolithic group given that both 
subgroups belong to the collectivist culture based on 
Hofstede’s framework of cultural classification [37, 38]. 
Similarly, in our study, we did not differentiate between 
black and brown behavior models in terms of their physi-
cal characteristics, e.g., skin color, hairstyle, etc. Rather, our 
black/brown behavior models seem to be more tailored 
to the physical characteristics of black users than brown 
users, e.g., based on skin color, hairstyle, and physique. As 
a result of these limitations, we recommend that future 
research efforts in this area should differentiate between 

black and brown users to uncover the influence of the 
acknowledged limitation on our study and provide more 
nuanced findings related to race-based personalization 
of exercise behavior model design in the fitness domain.

The third limitation of our study is that our findings 
may neither generalize to the entire white race nor black/
brown race, as our study mainly focuses on both groups 
of users from North America (Canada and United States). 
As a result of this limitation, we recommend that, in addi-
tion to investigating our findings in an actual application 
setting, future research efforts should focus on users from 
other countries and continents to uncover how our current 
findings generalize to them.

7  Conclusion

In this paper, we presented the path model of the rela-
tionships between perceived persuasiveness of behavior 
model design and three social-cognitive factors (outcome 
expectations, self-regulation beliefs and self-efficacy beliefs) 
in a tailored, contra-tailored and untailored contexts. In 
addition, we presented the results of our MGAs aimed at 
uncovering the potential effectiveness of tailoring exercise 
behavior model design in fitness apps to the target users. 
Overall, our path models showed that exercise behavior 
models are more likely to be effective in influencing users’ 
outcome expectations and self-regulation beliefs than self-
efficacy beliefs. Moreover, we found that, in a tailored con-
text (BB vs. WW) and untailored context (BR vs. BR), behav-
ior models are more likely to be effective in influencing the 
outcome expectations and self-regulation beliefs of black/
brown observers than those of white observers. However, 
in the contra-tailored context (BW vs. WB), we found no 
significant differences between both user groups, though 
the path coefficients for the three relationships turned out 
to be higher for the black/brown observers than for the 
white observers. Overall, we did not find a statistically sig-
nificant difference between tailored and contra-tailored 
behavior models for the black/brown observers (BB vs. 
BW) and the white observers (WW vs. WB). However, our 
path models indicated that race-based personalization is 
more likely to be effective for black/brown users as the 
path coefficients for the three relationships turned out to 
be greater in the tailored than in the contra-tailored and 
untailored context. Based on this finding and the finding 
that the relationship between perceived persuasiveness and 
self-efficacy beliefs is statistically significant when behav-
ior models are tailored to black/brown users, we recom-
mend that fitness apps featuring behavior models should 
be specifically tailored to this group of users. In future 
work, we look forward to conducting sentiment analysis 
on participants’ comments on the behavior model designs 
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and studies among other populations to determine the 
generalizability of our findings.
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Appendix 1: Description of fitness app 
and videos of race‑based behavior models

Description of fitness app to participants prior 
to taking the survey

Kindly read the description of the above application before 
proceeding to the next page.

Research has shown about one-third of the world’s 
population are either obese or overweight as a result of 
a sedentary lifestyle, with about 6% dying as a result of 
physical inactivity.

Imagine you want to improve your personal health and 
fitness level. Given the challenges associated with going to 
the gym regularly, the “Homex App” has been developed 
to support you in performing exercises at home.

For example, it suggests to you to do three or more dif-
ferent home exercises three or more times a week. Addi-
tionally, “Homex” allows you to collaborate with a friend by 
setting collective goals, and alerts you when your friend 
achieves his/her part of the set goal.

After each exercise session, the application records data 
like duration of exercising, the intensity of exercising, and 
frequency of repetitions. “Homex” processes this data to 

analyze your exercise program and adapt it to your per-
sonal goals.

A curve diagram informs you about your progress and 
steps back over time. Progress is rewarded with cheering 
up like “You did 10 more squats than the last time”. If you 
are losing sight of your goal, e.g., stopped exercising for 
some time, “Homex” encourages you not to give up and 
defines new interim goals to increase your motivation 
again.

Behavior model videos presented to participants 
prior to answering questionnaire

See Fig. 6.

Fig. 6  Four of the eight race-based behavior models performing 
push-up and squat [2]
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Appendix 2: Evaluation of measurement 
model criteria

See Tables 8, 9, 10.

Table 8  Outer loading of direct and second-order indicators on constructs

OE was a higher-order construct composed of two lower-order constructs (Phy OE and Soc OE)

Indicator Block BM WM BR WR BW WB BB WW

The app would be convincing PERS 0.87 0.91 0.87 0.90 0.87 0.87 0.88 0.92
The app would be personally relevant for me PERS 0.90 0.89 0.89 0.90 0.90 0.90 0.89 0.89
The app would influence me PERS 0.91 0.93 0.89 0.93 0.91 0.93 0.87 0.93
The app would make me reconsider my physical activity habits PERS 0.90 0.89 0.91 0.89 0.89 0.89 0.93 0.89
 …even when you are busy? SE 0.85 0.96 0.87 0.88 0.92 0.85 0.85 0.95
 …even if you feel depressed? SE 0.85 0.73 0.87 0.82 0.75 0.84 0.87 0.69
 …even when you feel tense? SE 0.87 0.87 0.87 0.90 0.75 0.88 0.85 0.90
 …even when you are tired? SE 0.90 0.88 0.92 0.89 0.96 0.90 0.88 0.81
 …even when you have worries and problems? SE 0.89 0.81 0.89 0.89 0.79 0.89 0.89 0.80

Second order indicator for physical outcome expectation (Phy OE) OE 0.80 0.79 0.82 0.79 0.82 0.80 0.82 0.78
Second order indicator for social outcome expectation (Soc OE) OE 0.78 0.78 0.81 0.77 0.80 0.77 0.83 0.78
 …improve the functioning of my cardiovascular system Phy OE 0.75 0.74 0.70 0.76 0.64 0.75 0.77 0.78
 …improve my ability to perform daily activities Phy OE 0.81 0.75 0.80 0.78 0.86 0.83 0.74 0.71
 …improve my overall body functioning Phy OE 0.84 0.76 0.83 0.80 0.78 0.83 0.88 0.75
 …increase my muscle strength Phy OE 0.74 0.67 0.71 0.71 0.70 0.75 0.70 0.65
 …strengthen my bones Phy OE 0.64 0.61 0.65 0.62 0.64 0.64 0.66 0.60
 …improve my social standing Soc OE 0.90 0.90 0.90 0.90 0.89 0.89 0.92 0.91
 …increase my acceptance by others Soc OE 0.90 0.89 0.90 0.89 0.89 0.89 0.91 0.89
 …make me more at ease with people Soc OE 0.86 0.88 0.88 0.87 0.88 0.85 0.88 0.88

I will endeavor to achieve the set goal for myself SR 0.86 0.84 0.87 0.84 0.87 0.85 0.87 0.83
I will develop a series of steps to reach my weekly goal SR 0.78 0.80 0.82 0.78 0.83 0.76 0.81 0.79
I will keep track of my progress in meeting my goal SR 0.85 0.85 0.82 0.86 0.85 0.86 0.80 0.86
I will set a goal SR 0.88 0.85 0.89 0.85 0.91 0.88 0.88 0.82

Table 9  Internal consistency 
reliability based on Dillon–
Goldstein metric (DG.rho)

Construct BM WM BR WR BW WB BB WW

PERS 0.94 0.95 0.94 0.95 0.94 0.95 0.94 0.95
SE 0.94 0.95 0.95 0.94 0.95 0.94 0.94 0.95
OE 0.77 0.76 0.80 0.76 0.80 0.76 0.80 0.76
Phy OE 0.87 0.83 0.86 0.86 0.86 0.86 0.87 0.83
Soc OE 0.92 0.92 0.92 0.92 0.92 0.92 0.93 0.92
SR 0.91 0.90 0.91 0.90 0.91 0.90 0.91 0.90

Table 10  Convergent validity 
based on average variance 
extracted (AVE)

Construct BM WM BR WR BW WB BB WW

PERS 0.80 0.82 0.79 0.82 0.79 0.82 0.80 0.83
SE 0.76 0.73 0.78 0.77 0.78 0.77 0.75 0.70
OE 0.63 0.62 0.67 0.61 0.67 0.61 0.67 0.61
Phy OE 0.58 0.50 0.55 0.54 0.55 0.54 0.57 0.49
Soc OE 0.78 0.80 0.80 0.79 0.80 0.79 0.82 0.80
SR 0.71 0.70 0.73 0.69 0.73 0.69 0.71 0.68
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