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Abstract

Scientists play important roles in conducting public engagement, but evidence shows that
scientists perceive great challenges in doing so. Drawing broadly from the theory of planned
behavior (TPB), this study examines factors predicting scientists’ willingness to conduct
public engagement. This study further examines how perceived behavioral control (PBC) of
conducting public engagement would moderate the relationships between the proposed
predictors and scientists’ willingness to conduct public engagement. Using survey data col-
lected from 706 scientists based in Singapore, this study found that attitude toward and per-
sonal norms of conducting public engagement, as well as PBC, significantly predicted
scientists’ willingness to conduct public engagement. Notably, PBC interacted with attitude
toward conducting public engagement, the perceived descriptive norms, the perceived posi-
tive media influence, and the perceived negative external norms of conducting public
engagement, as well as personal norms of conducting public engagement to predict scien-
tists’ willingness to conduct public engagement. We postulated the key role that the percep-
tion of the ease or difficulty plays in motivating scientists to conduct the skill-intensive
endeavor explains the significant moderating effects. The theoretical implications on the
TPB and the practical implications for public engagement are further discussed.

Introduction

Public engagement provides scientists the opportunities to interact with the public on topics
that impinge on social progress and public welfare. As a result of rapid changes in science,
there is a growing need for public attention and policy interventions in domains such as cli-
mate change, energy resources, emerging technologies, food security, and health [1]. Scientists
conduct public engagement in domains such as these to defend science from falsehood, share
information, nurture interest, and build trust in science (e.g., [2]). In recent years, the intersec-
tion of the science-policy interface has propelled the importance of public engagement [3].
However, the practice is not well-defined [4, 5]. Nevertheless, scholars have commonly identi-
fied public engagement to constitute two-way communication between scientists and the
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public through various communication channels to achieve their goals [6-10]. Two-way com-
munication in public engagement emphasizes information exchanges and knowledge co-pro-
ductions with scientific and non-scientific perspectives [11]. With growing attention on the
ethical, legal, and social implications (ELSI) of science, there would be greater expectation for
public engagement [12], in which case scientists would assume more important roles in
informing the practice of science with input from the public.

Amidst calls for strengthening the rigor of public engagement [13-16], scientists have
reportedly faced difficulties in conducting public engagement. Scientists presumed that a lay
audience would encounter difficulties in understanding complex concepts [17]. Tailoring an
esoteric content for a lay audience could be challenging for scientists who have been accus-
tomed to using scientific jargons [18]. Further, maintaining dynamic exchanges with a live
audience requires strong interaction skills [17]. However, scientists’ presumption of their lack
of skills, confidence, or experience in using non-scientific terms to discuss their research have
reportedly hindered their willingness to conduct public engagement [19-22]. Expansions in
the realm of public engagement can also impose higher expectations on scientists. For
instance, the heightened societal interest in the ELSI of science calls for adroitness in tackling
questions on moral principles. It is conceivable that scientists find themselves unaccustomed
to topics beyond their expertise [21]. Scientists have also reflected having insufficient time out-
side of their teaching and research duties to conduct public engagement; the limited funding
and organizational support for public engagement is another common criticism [23]. Since
the challenges of public engagement could arise from scientists’ perception of the ease or diffi-
culty of meeting the requirements of effective public engagement, scientists who think that
they are adequately equipped in terms of skills and time, and who perceive receiving sufficient
support from their research institutes may be more willing to do so [7, 24-28]. Research into
the relationship between scientists’ perceived ease or difficulty of conducting public engage-
ment and their willingness to do so has applied the construct of perceived behavioral control
(PBC) or self-efficacy [29]. PBC refers to the perception of the ease or difficulty of performing
a behavior [30]; it is conceptually similar to self-efficacy [31].

Against the backdrop of the growing significance of public engagement, this study draws
broadly from the theory of planned behavior (TPB; [32]) to examine scientists’ willingness to
conduct public engagement. Although the TPB has received criticisms for its narrow focus on
rational reasoning [e.g., 33], our rationale for drawing broadly from the TPB stems from the
understanding that the theory constitutes a known set of constructs (i.e., attitude, social
norms, and PBC) that has been applied widely for studying human social behaviors [34].
Meta-analytic studies of the TPB in pro-social organizational contexts have provided evidence
of the predictive powers of the constructs [35, 36]. Another meta-analysis of TPB results across
different contexts in two countries also showed that there were moderating effects by the PBC
in addition to the direct relationships among attitude, perceived subjective norms and behav-
iors [37]. Together, these findings provide the foundation for this study to test the moderations
by PBC.

Executing public engagement effectively constitutes having relatively well-formulated plans
to achieve the goals for engagement. Qualitative studies have found that scientists’ attitude
toward public engagement, their perceptions of the norms for public engagement within their
fraternity, as well as their perceived self-efficacy in conducting public engagement are consid-
erations that can motivate or deter them from doing so [38-41]. Quantitative studies in public
engagement have also found support for the TPB through these constructs (e.g., [7, 24, 28]).
Based on the meta-analytic evidence of the predictive power of TPB antecedents and the mod-
erating effects of the PBC, we argue that the TPB is an appropriate overarching theoretical
framework for the current quantitative study that not only aims to predict Singapore scientists’
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willingness to conduct public engagement using similar antecedents, but also intends to exam-
ine moderation effects within the established framework.

This study examines scientists’ willingness to conduct public engagement as the criterion
variable. Willingness refers to an individual’s openness to an opportunity to perform a behav-
iour [42]. Although behavioral science research undertaken under the TPB framework has
conventionally examined behavioral intention as the criterion variable, this study makes a case
for examining willingness. It is arguable that public engagement is usually presented to scien-
tists as opportunities that are outside of their core duties than as job requirements since they
are more likely to have defined job scopes in research or teaching, or even both [5]. Therefore,
it would be more appropriate to apply the construct of willingness to capture the relatively
more spontaneous reactions toward public engagement rather than the more rational process
of developing behavioral intention [43]. The predictors of the criterion variable are attitude,
perceived social norms, personal norms, and PBC. We will delineate the relationships between
the predictors and the criterion variable in the literature review.

This study also aims to examine how PBC would moderate the relationships among the
abovementioned predictors and willingness to conduct public engagement. This is a novel
approach in the public engagement literature that has applied the TPB. Although extant litera-
ture has shown how PBC influenced the willingness to conduct public engagement, there is a
research gap in testing the moderating effects of PBC in this context. Compared with PBC,
which can be raised through programmatic interventions, attitude and norms are relatively
more stable individual-level constructs. The results of the moderation would be useful for
informing the stakeholders of public engagement whether at the current attitudinal states, and
levels of social and personal norms, how low levels of PBC or efforts at raising PBC would
affect scientists’ willingness to conduct public engagement. Theoretically, our approach can
contribute to the growing literature on the moderating effects of PBC within the TPB frame-
work from a public engagement perspective.

Context of study: Singapore

Science and technology is a cornerstone of Singapore’s development. In 2010, the government
envisioned shaping Singapore into a knowledge-based economy and raising its global competi-
tiveness through research, innovation, and enterprise. Besides manufacturing, the government
also identified urban sustainability, health, and digitization as the areas that required deeper
research and development (R&D; [44]). The government’s pragmatic approach set science and
technology as a pillar for other sectors and a foundation for the later milestones. Developments
in public engagement accompanied the further integrations of science and technology into the
economy. Scientists in Singapore have conducted live demonstrations at science fairs, pre-
sented at science cafes, and interacted with their audiences over traditional and social media
[41]. A big stride in formal education was the joint offer of the Master of Science in science
communication by the National University of Singapore (NUS) and the Australian National
University in 2009. The NUS and the Nanyang Technological University began offering
credit-bearing courses on public engagement in the mid-2000s [45]. Science and technology
institutes also provided public engagement trainings for scientists (e.g., [46]). The develop-
ments of formal public engagement trainings in Singapore attest to the importance of strong
institutional support for tertiary education in science communication. Conversely, such pro-
grams are lacking in developing countries such as Africa, as the nexus between scientific
research and public engagement of science is seemingly lacking [47].

However, a pioneering body of research on public engagement in Singapore presented evi-
dence of scientists perceiving themselves lacking the time, skills, and organizational support
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for executing what they also believed to be challenging endeavors [41, 48]. One study observed
that scientists were less proficient in conducting public engagement than their counterparts in
the arts, humanities, and social science disciplines [48]. These observations were made despite
scientists largely maintaining a positive attitude toward public engagement. Further, the junior
scientists and those who reported having little experience in public engagement reflected hav-
ing greater difficulty in conducting public engagement than the senior scientists and those
with past experiences in public engagement. Likewise, those who had not undergone training
in public engagement perceived the task to be more difficult than those who had [37]. Overall,
scientists in Singapore feel constrained by perceptions of their own limited abilities and the
lack of strong organization support for public engagement.

Scientists in other countries also face the same constraints when conducting public engage
ment. For instance, between 2014 and 2016, scientists in Italy consistently perceived a lack of
communication skills for public engagement [49]. African scientists also faced the same chal-
lenges, especially in their abilities to engage in meaningful exchanges with their audiences,

raise their enthusiasm toward a science topic, and present with clarity to prevent themselves
from getting misconstrued [47]. Situations that require scientists to tailor contents for educa-
tional purposes pose further challenges as they could lack pedagogical skills [50]. The reflec-
tions by Portugal’s scientists on their weak motivation [51] sum up the implication of the lack
of skills on public engagement.

Amidst the leaps that Singapore has made in public engagement, evidence of scientists’
reflections on their inadequacy in conducting public engagement calls for deeper research into
the impact of the perception and recommendations for interventions. Therefore, this study
positions itself at the point when the public engagement scene in Singapore requires more
insights to help keep pace with the expectations for more public engagement. On one hand,
the thrusts for R&D to propel Singapore into new stages of development can create opportuni-
ties for seeking input for research and policy-making through scientists-public exchanges. The
government’s support for knowledge-creation and -sharing through academic research [44]
also signals expectations for more public engagement. On the other hand, there appears to be
room for improving scientists’ perception of their ability to conduct public engagement,
although some scientists perceived themselves to be more efficacious in this regard. On the
same note, researchers of the public engagement scene in Singapore have highlighted the need
for scientists to bridge the gap between science and the public [52]. The apparent gap in per-
ceived self-efficacy that has appeared amidst the headway that Singapore has made in improv-
ing the robustness of the scene for public engagement offers an appropriate context to
examine the moderating effects of PBC. This study is also timely in that the empirical findings
would carry practical implications for stakeholders who wish to strengthen scientists’ willing-
ness to conduct public engagement.

Literature review
The theory of planned behavior

The TPB is a highly-established framework that has explained behavioral changes in the con-
texts of health, information technology, and environmentalism, among others [48]. Conven-
tionally, the TPB comprises the attitude, subjective norms, perceived behavioral control and
behavioral intention constructs [30]. Drawing broadly from the TPB, we posit that attitude,
dimensions of perceived social norms, personal norms, and PBC are the key predictors of will-
ingness to conduct public engagement; PBC would also be a viable moderator of the other rela-
tionships with the criterion variable. The broad application of the TPB to examine scientists’
willingness to conduct public engagement is consistent with past studies. In this study, we
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explicate perceived social norms into (a) perceived descriptive norms, (b) perceived positive
media influence, and (c) perceived negative external norms of public engagement.

Attitude toward public engagement

Adding to the definition of PBC provided earlier, we define attitude as the positive and nega-
tive evaluations of an entity [53]. Past studies found support for the relationship between atti-
tude and willingness to conduct public engagement. Scientists who held positive attitude
toward public engagement in terms of perceiving the act to be socially beneficial [54] and
believing that performing it would advance their careers expressed stronger willingness to do
so [55]. Among scientists in the United Kingdom, a positive attitude was positively associated
with the willingness to conduct public engagement [7]. Similarly, the positive attitude among
microbiologist in the United States was predictive of their willingness to conduct face-to-face
and online engagement [28]. Drawing on these studies, we hypothesize:

H;: Favorable attitude toward public engagement is positively associated with scientists’ will-
ingness to conduct public engagement.

Perceived norms of public engagement

Perceptions of social norms refers to perceptions of social pressure to act in acceptable man-
ners [56]. One distinctive feature of the studies that applied the TPB to predict scientists’ will-
ingness to conduct public engagement is the addition of relevant antecedents. Scholars have
examined whether scientists’ perceptions of social norms that arise from the positive and nega-
tive reactions toward public engagement predicted their willingness to conduct public engage-
ment. The common proposition is that a strong perception of what are normative in scientists’
working environments would encourage them to do so. The following sub-sections discuss the
relationships among perceived descriptive norms, as well as the norms that arise from the per-
ceived benefits and negative external norms of public engagements, and scientists’ willingness
to conduct public engagement.

Perceived descriptive norms. Perceived descriptive norms refers to the beliefs about the
pervasiveness of certain behaviors [56]. This implies that descriptive norms provide explicit
information on the prevalence of common behaviors. Past studies suggested that the perceived
descriptive norms of public engagement was inconsistent in predicting scientists’ willingness
to conduct public engagement. For instance, the positive associations between perceived
descriptive norms and scientists’ prioritization of defending science and providing informa-
tion through online communication [2] suggested a strong likelihood of conducting online
public engagements. On the contrary, one study on scientists who were based in the United
States found that the perceived descriptive norms was not associated with the willingness to
engage with the lay public online [26]. Interestingly, there was a negative relationship between
the perceived descriptive norms and willingness to engage in face-to-face communication—a
finding which scholars attributed to the microbiologists’ stronger motivation to fill the void
left by their co-workers [28]. To probe further into the influence of perceived descriptive
norms on scientists’ willingness to conduct public engagements, we pose the following
research question:

RQ1: How does the perceived descriptive norms of public engagement influence scientists’
willingness to conduct public engagement?
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Perceived positive media influence. Scientists’ perceptions of positive media influence
on their careers can set up norms for conducting public engagements. The presumptions of
positive media influence, in terms of gaining recognition and resources, and facilitating their
promotion, can motivate scientists to be more active in conducting public engagements. Rec-
ognizing the potential boosts to their careers, scientists could expect themselves to be more
devoted to public engagement. Expectations are related to norms in that normative actions in
a group signal beliefs on the standard that members should meet [56]. Hence, with strong per-
ceptions of positive media influence on their careers and research, there could be strong expec-
tations within scientific research communities to meet the standards of conducting public
engagement. This could establish strong norms for partaking in public engagement.

Scientists presumed positive media influence on their careers in many ways. Studies found
that scientists were motivated by the possibility of enhancing reputation [19] and raising the
prominence of their research centers [57] through public appearances. Another study found
that scientists who conducted research in nanotechnology were motivated by the prospects of
academic citations as indicators of others’ recognition of their work [58]. The possibility of
subsequently attracting research funding and talents through heightened exposure added to
the presumptions of positive media influence. Japanese scientists’ acknowledgement that there
were personal and career benefits ([59]; p. 9) to carrying out public engagement reinforces the
point on scientists deriving some personal benefits, such as greater confidence of their own
abilities, from their career successes. As these findings indicate that scientists recognized the
positive media influence, the norms to conduct public engagement may be strong. Therefore,
we posit:

H,: Perceived positive media influence is positively associated with scientists’ willingness to
conduct public engagement.

Perceived negative external norms. On the other hand, research has shown that percep-
tion of negative external norms can shape scientists’ perception that public engagement is
socially disapproved. Receiving sanctions for not adhering to social standards set up percep-
tions of social norms [56]. Sanctioning public engagement within the research fraternity can
give scientists the impressions that there are norms—both explicit and implicit—about scien-
tists” fulfillment of their responsibilities as researchers vis-a-vis public communicators. In
other words, it connotes that public engagement is secondary to research. When scientists con-
duct public engagement to the extent of failing to adhere to the norms of fulfilling their main
research duties, they may face disapprovals from their organizations. Studies found that scien-
tists perceived such negative external norms against public engagement: prioritizations of
research output over public engagement and relatedly the lack of recognizing public engage-
ment efforts in work evaluations [41]. Colleagues’ disapprovals of public engagements [7] also
give scientists the impressions that their efforts would be viewed negatively. These revelations
were indicative of the sanctions that contributed to perceptions of unfavorable organizational
norms toward public engagements. Guided by these findings, we posit:

H;: Perceived negative external norms is negatively associated with scientists’ willingness to
conduct public engagement.

Personal norms of public engagement

Past studies have also examined how personal norms influenced the willingness to conduct
public engagement. This initiative is in line with scholarly recommendation that examining
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personal norms is a useful extension of the TPB [60]. Personal norms refers to one’s moral val-
ues. It imposes sanctions on the self for non-compliance with one’s beliefs [61]. Anticipation
of guilt for failing to adhere to one’s beliefs can drive individuals to act in accordance with
their personal norms [62]. In this sense, personal values can set expectations for the self to per-
form a behavior.

Research showed that scientists’ personal norms for public engagement manifest in various
ways. Personal values such as altruism [38], a sense of moral obligation to share important
information [63], and a desire to repay taxpayers by sharing the results of publicly-funded
research [64] were reflective of scientists’ strong personal norms for public engagement. Scien-
tists who opined that public engagement can contribute to social welfare held better attitude
toward the behavior, and therefore reported higher levels of past engagement [25]. The more
scientists enjoyed sharing the value of their research, the more frequently they engaged with
journalists [27]. Scientists’ sense of public duty to conduct public engagement over the media
also motivated them to do so [9]. Based on the strong evidence related to personal norms, we
posit:

H,: Personal norms is positively associated with scientists’ willingness to conduct public
engagement.

Perceived behavioral control. Individuals with stronger PBC are presumably more suc-
cessful at enacting a behavior because they feel more confident about their ability to access the
resources required for completing various tasks [65]. Building on the earlier discussion on the
areas in public engagement which scientists have faced challenges in, extant literature presents
strong evidence that scientists’ perception of self-efficacy for conducting public engagement is
predictive of their willingness to conduct public engagement in both online and offline settings
[7, 10, 24, 26-28]. Hence, we posit:

Hs: PBC is positively associated with scientists’” willingness to conduct public engagement.

The moderating effects of perceived behavioral control. The literature presents two
main ways of interpreting the TPB. First, the traditional argument is that attitude, subjective
norms, and PBC have an additive function on behavioral intention [34]: if any antecedent is
weak, it is still possible to form behavioral intention as long as the other two antecedents can
compensate. For instance, individuals who display an unfavorable attitude toward a behavior
can still develop strong behavioral intention as long as the subjective norms and PBC are suffi-
ciently high. The second argument is that the PBC can serve as a moderator, which is one of
the initial propositions in the formulation of the TPB [66]. Beyond a simple additive effect of
the antecedents, scholars have argued that PBC can influence the strength of the attitude-
intention and subjective norms-intention relationships [53, 67]. Adopting the latter approach
can add new perspectives to the literature on public engagement since scientists’ willingness to
conduct public engagement could be related to their perceived ease or difficulty of the
behavior.

Scholarly discussions on PBC have shaped knowledge on its role as a moderator in the TPB.
The anecdotal account of how an intention to quit smoking would be low as long as smokers
believe that they lack the ability to do so, even if they bear positive attitude about the health
outcomes and are highly aware of others’ expectations to do so, highlights the moderating
potential of volition [68]. Further, Fishbein and Ajzen reiterated the proposition that “PBC is
expected to moderate the effects of attitudes and social norms on intentions. ..” ([69]; p. 181).
However, due to the lack of empirical support, the moderation proposition failed to receive as
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much attention as the additive proposition [70]. In other words, the small volume of research
that examined the moderating role of PBC stems from the lack of empirical support, not the
lack of theoretical support. The paucity of studies that investigated the moderation effects of
PBC implies that scholars have missed opportunities to understand the motivators of behav-
ioral intention at a deeper level. These perspectives on PBC provide an impetus for this study
to examine its moderating potential since scientists’ public engagement is likely an endeavor
that is dependent on perception of being sufficiently skilled.

Recent studies that examined the moderating role of PBC found preliminary support for
this notion. Studies found that in the case of intention to quit smoking, attitude and subjective
norm were more strongly related to intention when PBC was high [68]. PBC also interacted
with the association of attitude and personal norms with six cancer-screen and health-enhanc-
ing intentions [71]. The interaction effects were also observed in undesirable behaviors. For
example, PBC moderated the relationship between attitude and intention to consume cannabis
[72, 73], intention to tailgate, and intention to violate traffic rules [74]. Overall, there is some
evidence to suggest that PBC moderates the relationships between attitude and intention, and
norms and intention.

In line with the aim of our study, we extend the existing research on the moderating effects
of PBC on behavioral intention to examines whether PBC will moderate the relationships
between the antecedents of scientists’ willingness public engagement and the variable itself.
Therefore, we pose the following questions:

RQ2: Does PBC moderate the relationship between positive attitude and scientists’ willingness
to conduct public engagement?

RQ3: Does PBC moderate the relationship between perceived descriptive norms and scientists’
willingness to conduct public engagement?

RQ4: Does PBC moderate the relationship between perceived positive media influence and sci-
entists’ willingness to conduct public engagement?

RQ5: Does PBC moderate the relationship between perceived negative external norms and sci-
entists’ willingness to conduct public engagement?

RQ6: Does PBC moderate the relationship between personal norms and scientists’ willingness
to conduct public engagement?

Method

Data collection took place between July and August 2018 through an online survey. After
obtaining ethical approval, we sent 2,662 invitation e-mails to the scientists working in Singa-
pore’s public universities and public research institutions. We sent the e-mails in four batches.
After sending the initial e-mail, we followed up with two reminders in two-day intervals.
Respondents could access the survey by clicking on the link stated in the e-mails. We offered S
$20 worth of shopping vouchers to the respondents who completed the questionnaire as
tokens of appreciation.

Ethics statement

The study protocol was approved by the Institution Review Board (IRB) of the Nanyang Tech-
nological University (IRB number: 2017-03-009-02). All participants provided their written
consent to take part in the study by answering an informed consent form.

PLOS ONE | https://doi.org/10.1371/journal.pone.0275643 October 5, 2022 8/24


https://doi.org/10.1371/journal.pone.0275643

PLOS ONE

Scientists’ willingness to engage the public

Sampling

Sampling procedure. To create the sampling frame, we compiled an exhaustive list of
researchers in the Science, Technology, Engineering, and Mathematics (STEM) fields in Singa-
pore by going through the websites of the six public universities and 19 public research institu-
tions. We randomized the list before sending the invitation e-mails. To be eligible for the
survey, the respondents had to meet three criteria: (a) hold a Ph.D. degree, (b) employed by a
public university or public research institution in Singapore, and (c) conduct research in
STEM fields. To ensure that the respondents meet these criteria, we required them to answer
screener questions at the start of the survey.

Sample. With 706 completed surveys, we attained a 40.9 percent response rate (based on
formula 3 for response rate by the American Association for Public Opinion Research). Specif-
ically, 336 of the respondents were employees of public universities and 370 were employees of
public research institutes. In terms of seniority, 47.7 percent of them held senior positions (i.e.,
Professor, Associate Professor, Senior Research Fellow, Senior Principal Investigator, Senior
Scientist, and Senior Research Engineer), while 52.3 percent held junior positions (i.e., Assis-
tant Professor, Research Fellow, Junior Principal Investigator, Junior Scientist, Junior Research
Engineer, and Research Associate). The respondents had between 0.3 and 45 years of research
experience in Singapore (M = 10.2, SD = 8.05). They represented 35 disciplines, which we later
categorized into science, technology, engineering, and others. In terms of gender, 75.4 percent
of them were male and 24.6 percent were female. The age range was 26 to 73 years old
(M = 40.9, SD = 9.45). When it comes to nationality, 317 of them were Singaporeans, 164 were
permanent residents, and 221 were foreigners. Four respondents did not indicate their nation-
ality. The distribution of the sample enabled us to examine the public engagement of scientists
of various disciplines and levels of seniority.

Measures

We included nationalities, gender, countries from which PhD degrees were attained, seniority,
and tenure-track positions as control variables. We created dummy variables for the countries
where more than 50 participants attained their PhD. Four countries fit this criterion: China,
Singapore, the United Kingdom, and the United States. Another dummy variable was created
for participants who attained their PhD from countries aside from these four main countries.
S1 Table shows the complete wordings and descriptive statistics of all the variables. S2 Table
provides the zero-order correlations of all variables. Unless stated otherwise, we measured all
variables using a 5-point Likert scale and averaged the items to create composite indices. A
higher score indicates a higher value of each of the following composite measures.

Willingness to conduct public engagement. Participants indicated, through 16 ques-
tions, their willingness to conduct various types of public engagement activities (e.g., “In the
next 12 months, I am willing to be interviewed by media targeted at the non-expert public on
science topics,” and “In the next 12 months, I am willing to provide science knowledge to the
public relations department of research institutions.”). The questions were adapted from past
studies [25, 75]. A composite measure was constructed (M = 3.72, SD = 0.72, Cronbach’s o =
.92).

Attitude toward public engagement. Participants indicated their attitude toward com-
municating their research findings through four questions that were measured on a 5-point
semantic differential scale (e.g., “Communicating my research findings to the non-expert pub-
lic is bad: good.” and “. . .unenjoyable: enjoyable.”). The questions were adapted from a past
study [7]. A composite measure was constructed (M = 4.10, SD = 0.77, Cronbach’s o. = .90).
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Perceived descriptive norms. Respondents indicated how much they agreed or disagreed
with three statements on the perception of the norm of taking part in public engagement
among their colleagues, superiors, and other scientists in Singapore (e.g., “My colleagues/supe-
riors take part in public engagement of science.” The questions were adapted from a past study
[58]. A composite measure was constructed (M = 3.63, SD = 0.83, Cronbach’s o = .84).

Perceived positive media influence. Respondents indicated how much they agreed or
disagreed with five statements on the perceived positive influence of taking part in public
engagement (e.g., “Universities find it more difficult to deny tenure to candidates who make
frequent media appearances.” and “Media appearances help researchers get funding.”). The
questions were adapted from the same study mentioned above. A composite measure was con-
structed (M = 3.55, SD = 0.70, Cronbach’s o. = .79).

Perceived negative external norms. Respondents rated the importance of three consider-
ations for the performance of public engagement (e.g., “Possible critical reactions from other
scientists in the same field/my supervisors.”). The questions were adapted from the same study
mentioned above. A composite measure was constructed (M = 3.77, SD = 0.85, Cronbach’s o =
74).

Personal norms

Respondents indicated how much they agreed or disagreed with four statements on the per-
sonal norms to perform public engagement (e.g., “I feel a personal obligation to engage in pub-
lic engagement of science.” and “I feel guilty when I turn down public engagement requests.”).
The questions were adapted from past studies [7, 76]. A composite measure was constructed
(M =3.52,SD = 0.87, Cronbach’s o = .84).

Perceived behavioral control. Respondents indicated, through four questions, how confi-
dent they were when carrying out public engagement (e.g., “Explain scientific facts in a way
the non-expert public can understand” and “Adapt to different groups of people who are non-
expert”). The questions were adapted from past studies [7, 58]. A composite measure was con-
structed (M = 3.90, SD = 0.71, Cronbach’s o, = .88).

Analytical approach

We analyzed the data using ordinary least squares (OLS) hierarchical regression in SPSS Ver-
sion 25. Prior to performing the regression analysis, we dummy-coded participants’ nationali-
ties, genders, countries from which they attained their PhD degrees, seniority, and whether
they were holding tenure-track positions. We entered all the independent variables into the
regression model based on their assumed causal order: demographics variables (i.e., the con-
trol variables) into the first block, the TPB variables into the second block, and the five interac-
tion terms into the third block. The interaction terms were created by multiplying the
standardized values of the independent variables. These interaction terms include the interac-
tion between PBC and (a) attitude, (b) perceived descriptive norms, (c) perceived positive
media influence, (d) perceived negative external norms, and (e) personal norms.

Results

We conducted OLS hierarchical regression to predict scientists’ public engagement. Table 1
presents the zero-order correlations and models used for predicting the outcome.

The results showed that across all the control variables, attaining a PhD from China was
negatively associated with scientists’ public engagement (B = -.14, p < .001). In other words,
these scientists displayed a lower level of willingness to conduct public engagement as com-
pared to the scientists who received their PhD from other countries. Age was also negatively
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Table 1. Factors predicting scientists’ willingness to conduct public engagement.

Model 1 Model 2 Model 3

Block 1: Control variables
Nationality (1 = Singaporeans; 0 = Others) .01 .04 .03
Gender (1 = Male; 2 = Female) -.04 .01 -.01
Attained PhD from America (1 = Yes, 0 = No) .02 .03 .03
Attained PhD from United Kingdom (1 = Yes, 0 = No) -.01 -.01 -.01
Attained PhD from China (1 = Yes, 0 = No) -.10* - 140 - 147
Attained PhD from other countries (1 = Yes, 0 = No) -.03 -.04 -.04
Seniority (1 = Senior, 0 = Junior) -.06 -.04 -.04
Tenure (1 = Yes, 0 = No) .02 .02 .03
Age -.04 -117 -.127
Experience -.11 -.06 -.05
Incremental R (%) 3.20*

Block 2: Theory of Planned Behaviors
Attitude 367 347
Perceived descriptive norms -.01 .00
Perceived positive media influence .01 .01
Perceived negative external norms .04 .04
Personal norms 29+ 29+
Perceived behavioral control (PBC) 21 197

Incremental R (%) 50.40***

Block 3: Interactions
Attitude*PBC -.10%*
Perceived descriptive norms *PBC -.08"**
Perceived positive media influence *PBC -.06*
Perceived negative external norms *PBC -.08**
Personal norms*PBC -.06*
Incremental R? (%) 1.50"**

Total R* (%) 55.10%**

Note: ***p < 0.001
**p<0.01
*p < 0.05.

https://doi.org/10.1371/journal.pone.0275643.t001

associated with scientists’ public engagement (B = -.12, p < .05), indicating that the younger
scientists are more willing as compared to the older scientists. Other demographic variables,
such as nationality, gender, seniority, being on tenure track, and years of experience as a
researcher in Singapore were not significantly associated with scientists’ public engagement.
This block accounted for 3.20 percent of variance in scientists’ public engagement.

As for the TPB variables in block 2, the results showed that attitude toward public engage-
ment was positively associated with scientists’ public engagement (B = .34, p <.001). H; was
supported. However, perceived descriptive norms, perceived positive media influence, and
perceived negative external norms were not significantly associated with scientists’ public
engagement. In response to RQ1, perceived descriptive norms was not predictive of scientists’
public engagement. H, and H; were also not supported. The results also showed that personal
norms (B =.29, p <.001) and PBC (B =.19, p < .001) were positively associated with scientists’
public engagement. Therefore, H, and Hs were supported. This block explained 50.40 percent
of the variance in scientists’ public engagement.
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Finally, the interaction results showed that PBC significantly moderated the relationships
that we tested earlier in block 2. With regard to RQ2, the results show that PBC interacted sig-
nificantly with attitude (B = -.10, p < .01) to influence scientists’ public engagement. Fig 1
shows that among the scientists with unfavourable attitude, those with high PBC were more
willing than those with low PBC. However, this difference was not observed among the scien-
tists with favourable attitude. With regard to RQ3, PBC significantly interacted with perceived
descriptive norms (B = -.08, p < .01) to influence scientists’ public engagement. Fig 2 shows
that among the scientists with low perceived descriptive norms, those with high PBC were
more willing than those with low PBC. However, this difference was comparatively smaller
among the scientists with high perceived descriptive norms. With regard to RQ4, PBC signifi-
cantly interacted with perceived positive media influence (f = -.06, p < .05) to influence scien-
tists’ public engagement. Fig 3 shows that among the scientists with low perceived positive
media influence, those with high PBC were more willing than those with low PBC. However,
this difference was comparatively smaller among the scientists with high perceived positive
media influence. With regard to RQ5, PBC significantly interacted with perceived negative
external norms to influence scientists’ public engagement ( = -. 08, p < .01). Fig 4 shows that
among the scientists with low perceived negative external norms, those with high PBC were
more willing than those with low PBC. This difference was not observed among the scientists
with high perceived negative external norms. Finally, with regard to RQ6, PBC significantly
interacted with personal norms (B = -.06, p < .05) to influence scientists’ public engagement.
Fig 5 shows that among the scientists with low personal norms, those with high PBC were
more willing than those with low PBC. However, among scientists with strong personal
norms, the willingness among those with low PBC and those with high PBC did not differ
much. This block explained 1.50 percent of the variance in scientists’ public engagement.
Opverall, the final regression model explained 55.10 percent of variance in scientists’ public
engagement.

Table 1 presents the results of the OLS hierarchical regression analysis.

Discussion

In examining how PBC would moderate the relationships among attitude, norms, and scien-
tists” public engagement, this study made several key findings. First, this study found that PBC
significantly moderated the associations of attitude, perceived social norms, and personal
norms with scientists’ willingness to conduct public engagement. Second, we found that per-
sonal norms significantly predicted scientists’ willingness to conduct public engagement.
Third, the relationships between perceived social norms (i.e., perceived descriptive norms, per-
ceived positive media influence, and perceived negative external norms) and scientists’ willing-
ness to conduct public engagement were non-significant, which are contrary to our
hypotheses. These noteworthy results can deepen the theoretical understanding of how PBC
would influence willingness to conduct public engagement and how different dimensions of
norms in the TPB predict scientists’ willingness to do so. Meanwhile, the results reflected the
possibility of strengthening scientists’ PBC as a means to improve public engagement. The fol-
lowing sub-sections discuss the findings as well as the practical and theoretical implications.

PBC as a significant predictor and moderator

Consistent with past research that we have reviewed earlier, PBC was a significant predictor of
scientists’ willingness to conduct public engagement. PBC also significantly moderated the
associations of attitude, perceived social norms (i.e., perceived descriptive norms, perceived
positive media influence, and perceived negative media influence), and personal norms with
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Fig 1. Perceived behavioral control as a moderator of the attitude-willingness relationship.
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scientists’ willingness to conduct public engagement. Unlike the findings of a recent meta-
analysis, which found that PBC did not moderate the attitude-intention and norm-intention
relationships [77], this study found that among those who scored low on the other three pre-
dictors, those who possessed a high level of PBC displayed stronger willingness to conduct
public engagement than those with a low level of PBC. A possible reason for the moderation
effects among scientists with an unfavorable attitude toward public engagement and a low
level of perceived positive media influence is that the perception of ease of conducting public
engagement overrode their assessments of public engagement. Conversely, a positive attitude
and a high level of perceived positive media influence could have been strong drivers of will-
ingness to conduct public engagement in themselves, to the extent that PBC did not play as
strong a role in elevating the willingness. Similar arguments can be made for the moderation
of personal norms by PBC: PBC served as a stronger elevator of willingness among those with
weak personal norms of conducting public engagement than those with strong personal
norms possibly because PBC gave the former group an impression that public engagement was
manageable. However, PBC was a weaker driver of willingness in the presence of strong per-
sonal norms. PBC could have also elevated the willingness of scientists who rated low on per-
ceived descriptive norms because the perception of having the skills to conduct public
engagement could have motivated them to express stronger willingness to conduct more pub-
lic engagement to make up for an act that they believe to be uncommon within their fraternity.
The weaker moderation among those with high perceived descriptive norms could be due to
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scientists not believing as strongly about the need to do more of what they think is already
common or sufficient. The perceived ease of carrying out public engagement could have raised
the willingness of scientists who perceived a low level of negative external norms because they
were motivated to perform what they believed to be relatively easy tasks that would meanwhile
not invite much critical reactions. However, it is plausible that PBC was not as strong a moder-
ator among scientists who perceived a high level of negative external norms as they might per-
ceive that public engagement made scientists susceptible to criticisms.

The finding that PBC strengthened scientists’ willingness to conduct public engagement
under the abovementioned conditions presented by scientists is congruent with past findings
that PBC was directly associated with scientists” willingness to conduct public engagement. In
the context of this study, PBC manifested in the form of possessing skills for conducting public
engagement. Scientists, with their prevailing attitude, as well as perceived social norms and
personal norms for conducting public engagement, could have perceived that they would be
able to do a reasonable job if they were equipped with the requisite skills. This signals a possi-
bility that the scientists perceived public engagement to be a skill-intensive endeavor, to the
extent that the perception of being adequately-skilled could raise their willingness to carry out
public engagement. Hence, when interpreted in terms of skills, the results indicated that PBC
is a plausible elevator of scientists’ willingness to conduct public engagement; this is especially
so among the scientists who were rated lower on the other predictors. In short, PBC can be
considered a key enabler for scientists, especially among those who lacked positive evaluations
and perceived weak norms of public engagement.
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The norms for public engagement

With the considerations of personal norms and the perceived social norms of public engage-
ment, this study found that scientists’ personal norms significantly predicted their willingness
to conduct public engagement. This is a noteworthy finding in relation to the non-significant
relationships between scientists’ perceived social norms of public engagement (i.e., perceived
descriptive norms, perceived positive media influence, and perceived negative external norms)
and their willingness to do so. A possible explanation of this difference is that the scientists
could have recognized themselves more as civic scientists who can serve the society’s needs for
advancement. In the words of Dr. Neal Lane, the former director of the U.S. National Science
Foundation, a civic scientist is someone who utilizes his or her scientific acumen to connect
science with the society [78]. Serving this role, scientists can play the leadership or advisory
roles in professional science societies, as well as in the educational and political realms (e.g.,
[79]). Their recognition that the value of science lies not only in its ability to advance the fron-
tiers of science through research and formal education, but also as a service to humanity, could
have elicited strong moral obligations for them to realize this potential for the society. With a
heightened sense of servicehood, scientists expressed stronger willingness to benefit others
with the results of their research through public engagements.

Earlier, we explained that explicit information facilitated the development of descriptive
norms. However, the results showed that even perceptions of the explicitness of public engage-
ment could not influence scientists’ public engagement. To explain this outcome, we draw
upon the earlier point that scientists could have been more motivated by servicehood to con-
duct public engagement. We argue for the possibility that scientists felt less convicted by the
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presumed prevalence of public engagement than by the benefits they can bring to the audience.
This is indicative that the value of public engagement for scientists lies less in its popularity, or
strong acceptance, among the research community than by the social good that science and
public engagement can deliver to society. Likewise, the normative standards of public engage-
ment that arise from perceptions of positive media influence on their careers and from the per-
ceptions of others’ disapproval did not impose as strong a pressure to conduct public
engagement as from the conviction to do so based on servicehood. In other words, the percep-
tions of personal gains and losses of conducting public engagement were not compelling moti-
vations for doing so. Taken together, these findings reinforced the possibility that scientists
perceive public engagement more of a moral duty than tasks to be fulfilled in their list of work
duties.

The results also draw focus on the distinction between the intrinsic and extrinsic motiva-
tions for public engagement. From the perspective of the self-determination theory [80], the
positive association between scientists’ personal norms for conducting public engagement and
the willingness to do so can be interpreted as the intrinsic motivation for conducting public
engagement. In this sense, the scientists could have been driven by their understanding of the
worth and purpose of civic science to conduct public engagement. This could be related to
their attitude toward public engagement (i.e., their evaluations). However, the perceived tangi-
ble rewards and consequences of public engagement—delineated through the constructs of
perceived negative media influence and perceived positive media influence in this study—
appeared to have no direct effects on scientists’ motivation. While we cannot make extensive
statements about the relevance of extrinsic motivations of public engagement through this
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study, one important takeaway is that scientists could have been introspective of the impor-
tance of civic science and motivated by the enjoyment of public engagement for its intrinsic
value. Drawing the relation to the prevailing discussion on the objectives that scientists set for
public engagement [2, 81, 82], our proposition on civic scientists—made through our findings
on the norms for public engagement—opens the discussion to further inquiries on how the
intrinsic motivations of aspiring civic scientists or those who identify themselves as one shape
their goals for public engagement for various disciplines of science.

Theoretical and practical implications

The significant direct effects and moderating effects of the PBC contribute to the theoretical
understanding in the context of TPB. First, this study lends support to the additive function of
PBC in the TPB. Also consistent with scholars’ propositions on the ability of PBC to moderate
other relationships in the TPB, PBC moderated the attitude- and norms-willingness relation-
ships in the context of public engagement. Particularly, the evidence for the significant moder-
ations by PBC in a context that is dependent on skills to fulfill a range of goals for the behavior
(i-e., goals for communication in public engagements) emphasizes the importance of high lev-
els of PBC as the elevators of behavioral outcomes. Importantly, the results also provide evi-
dence that the moderating effect exists for the relationship between personal norms and
scientists’ public engagement. This is an insightful finding on the moderating effect of PBC on
a norms-willingness relationship since the construct of perceived social norms has been the
more common predictors in the TPB. Earlier on, we highlighted that some empirical studies
on the moderating effects of PBC could not find substantial support for the proposition. Based
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on the significant moderations of not only attitude and personal norms but explications of the
perceived social norms for public engagement, this study adds to the evidential base from the
recent years of the proposed moderating effects (e.g., [62, 74, 83, 84]).

The significant relationships involving PBC bear important implications for organizers of
public engagement training in light of past findings that suggested that training was associated
with the perceived ability to conduct public engagement and the willingness to do so [85, 86].
Building on the arguments on the viability of providing training programs in public engage-
ment to raise PBC, the significant moderations suggested that the content of the training pro-
grams can be tailored to scientists who hold less favorable attitude toward, who perceived
weaker social norms of, or who possess weaker personal norms for public engagement. To
boost public engagement among these groups of scientists, organizers of training programs
can identify and target the training programs at them. Better provisions of learning opportuni-
ties can provide the impetus for public engagement among these scientists as they try to make
up for the less favourable assessments of public engagement. When scientists are adequately
trained to the extent that they perceive themselves to be able to carry out public engagement
with greater ease, there is a greater likelihood that they would be able to fulfill their roles scien-
tists who contribute to the welfare of their society.

Based on the positive association between personal norms and scientists’ public engage-
ment, it is crucial for the scientific community to note that more scientists could be taking on
the identity of a civic scientists when they reach out to the public. This likelihood may come as
an encouraging phenomenon for the supporters of the notion of civic scientists (e.g., [87, 88]).
Research institutes who wish to align their mission with the civic role of science can tap on sci-
entists’ intrinsic motivation for public engagement and support them by providing more ave-
nues for them to fulfill their personal norms. For instance, research institutes can provide
more recommendations for scientists to serve their local communities or inform public poli-
cies through collaborations with external organizations. To sustain or promote the organiza-
tional culture of public engagement as a service to society, research institutes can consider
setting up mentoring programs for scientists with strong personal norms for public engage-
ment to nurture others into sharing their understanding on impact of science on humanity.
Research institutes can collaborate with trainers of public engagement programs for university
students by having such scientists inspire students to do the same. Structural changes at the
organizational level need to be implemented to help the scientists with strong moral inclina-
tions for public engagement to translate their strong personal norms into actions.

Limitations of study and recommendations for future research

There are several limitations to our study. First, with the use of cross-sectional survey data, this
study was not able to establish causal relationships. Second, this study utilized self-report data
for the analysis. In doing so, social desirability bias [89] could have influenced the respondents
to provide favorable answers in this study context so that they would portray themselves better.
To reduce this possibility, we administered the questionnaire online and informed the poten-
tial respondents of anonymity and confidentiality in the recruitment e-mails. Third, self-selec-
tion bias could have affected the representativeness of the data in terms of capturing the
responses of scientists who were more interested in the topic. To minimize the influence of
self-selection bias, we avoided evaluating public engagement in the recruitment e-mail.

We offer several recommendations for future studies in relation to limitations of the mea-
sures. The measure for the criterion variable—willingness to conduct public engagement—was
not presented in a manner that was directed at a particular behavior, but a across multiple
behavioral items instead. Future studies should measure the criterion variable using a simpler
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method: provide a single description of the behavioral category. Other variables can then be
examined in relation to the target behavior defined [90].

Also pertaining to the criterion variable, references to the context—public engagement of science
in Singapore—were not explicit in the measures, as per the principles of compatibility of the TPB
[91]. Therefore, future studies should make specific references to the context of the criterion vari-
able, alongside the target, action and time elements. Relatedly, wordings for the predictor constructs
should also comply with the principles of compatibility. Meanwhile, the wordings within the predic-
tors that were used to refer to the target behaviors need to be kept consistent across all constructs
considered (e.g., PBC: “Within the next 12 months, I am confident that I can carry out public engage-
ment on a topic related to my research for a group of non-expert public in Singapore.” and perceived
descriptive norms: “Within the next 12 months, most scientists like me would carry out public
engagement on a topic related to their research for a group of non-expert public in Singapore.”).

It is also possible that future studies adapt measures from the prototype willingness model
[92]—which considered the willingness construct—by first establishing a scenario for public
engagement (e.g., “Suppose within the next 12 months, you receive a request to perform public
engagement on a topic related to your research for a group of non-expert public in Singa-
pore.”) and requiring respondents to rate their level of willingness to perform the public
engagement on a Likert scale. Related to the abovementioned limitation posed by the usage of
cross-sectional survey data, it is also possible that future studies carry out longitudinal studies
by measuring the criterion variable at a time period after the predictors.

Informed by studies that showed that scientists conduct public engagement over a variety
of online and offline platforms (e.g., [93, 94]), we suggest that future studies explicate scientists’
public engagement into the dimensions of social media, mass media, and face-to-face commu-
nication. This research direction can provide further insights on the moderating effect of PBC
for public engagements over various types of communication platforms. Next, one limitation
is that our operationalization of PBC in terms of skills did not allow us to provide recommen-
dations for research institutes to promote public engagement as an organizational culture
through the provision of time, funding, and organizational assistance. Scholars who wish to
further research on the moderating effects of PBC can also examine how dimensions of PBC,
for example the availability of time, financial resources, and organization assistance, would
moderate the predictors of public engagement. Based on the earlier discussion on personal
norms, civic scientists, and engagement objectives, another prospective direction for future
research is an examination of how personal norms for public engagement influences scientists’
willingness to conduct various types of public engagement that would fulfill their objectives.

Conclusion

This study sets out to examine the moderating effect of PBC on the relationships between the TPB
variables and scientists’ public engagement. Given the significant moderations, this study has con-
tributed to the literature of scientists’ public engagement by showing that PBC can elevate scien-
tists’ public engagement at their current levels of attitude and norms. This is an important finding
for the scholarship on scientists’ public engagement because the relevant stakeholders can design
programs for various groups of scientists to raise their perceived self-efficacy to conduct public
engagement. With more skillful scientists who are willing to carry out public engagement, the lay
public will get more opportunities to engage with science through public engagement.
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