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Science on tap: effective public engagement or preaching
to the choir?

Cara Ocobock and Patricia Hawley

The goal of Science Cafés and Science on Taps is to encourage open
discourse between scientists and the public in a casual setting (e.g., a bar)
in order to improve the public understanding of, and trust in, science.
These events have existed for over two decades, but there is no research
studying their efficacy. Data presented here demonstrate that a yearlong
Science on Tap series induced little change among the attendees with
respect to attitudes, emotions, and knowledge about the nature of science.
Ultimately, we found this event may be preaching to the choir rather than
changing hearts and minds.
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Introduction Over the last 20 years, Science Cafés [after Dallas, 1999] have become a popular
medium through which to engage the community with science and scientists. The
goal of such events is to encourage open scientific discourse between scientists and
the public in a casual setting such as a café or a bar (often called Science on Tap
when held at a bar) [Bitgood and Ahmann, 2008; Cohen and Macfarlane, 2007;
Dallas, 1999; Einbinder, 2013; Norton and Nohara, 2009; Rabe, 2009]. Ideally, as an
informal science learning context [e.g. Austin and Sullivan, 2019], a friendly bridge
is formed between ‘town and gown’ to forge connections and reduce division or
disinterest while improving public understanding of, trust in, and positive
attitudes towards science. The casual setting and one-on-one contact would, in
principle, reduce the physical and intellectual distance between scientists and the
public. Furthermore, Science Cafés stand to connect scientists with diverse
community members (e.g., religion, socio-economic status, political affiliation, etc),
thus encouraging discourse across “the aisle” and consequently enhancing
understanding and empathy for different cultural dispositions and belief systems.

But what do Science Cafés actually do? This question is vital. Recent U.S. survey
data suggest that there is a considerable opinion gap between scientists and the
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general public on a number of topics in science and technology. For example,
almost 90% of American Association for the Advancement of Science scientists say
that genetically modified foods are safe, whereas only 37% of the general public say
the same [Pew Research Center, 2015]. Furthermore, in the U.S., public
understanding of basic scientific principles, particularly those pertaining to
evolution and origins of the universe, lag behind other industrialized countries
[National Science Board, 2018]. Contributing to this divide is the fact that the
general public does not interact with science or scientists to an appreciable degree
[Allum et al., 2008; Collins and Evans, 2007; Gauchat, 2011; Merton, 1973; Miller,
2004; Moore, 2008; National Science Board, 2018; Shapin, 2008]. Accordingly, there
has been a vocal call within the scientific community to more effectively engage
with the public to enhance knowledge, perceptions, and attitudes towards science
and scientific research [Dallas, 1999; Norton and Nohara, 2009]. The hope is that
these efforts generate a more scientifically literate public and electorate such that
science is more highly valued in terms of funding and consultation in public policy
development.

Divided opinions on the understanding the nature of and trust in science is not a
new phenomenon [Gauchat, 2008; Moore, 2008; Shapin and Schaffer, 1985].
However, there is increasing evidence that this divide has deepened. Social
scientists have proposed three models to explain this trend:

1. The Knowledge-Attitude Model [aka deficit model; Gauchat, 2012] posits that
positive attitudes result from knowledge acquisition; that is, attitude and
knowledge are positively correlated regardless of the identity features of the
individual [Allum et al., 2008; Bauer, Allum and Miller, 2007; Evans and Durant,
1995; Gauchat, 2011; Hayes and Tariq, 2000; Miller, 2004]. Thus, in order to
enhance public attitudes towards science, one must focus on science literacy.

2. The Meaning of Science Model explores what makes something scientific in
people’s minds, and thus addresses the relationship between cultural
representations of science and attitudes towards it. This model suggests that
cultural dispositions associated with group identity (e.g., religious affiliation)
may actually trump the level of science knowledge gained from formal and
informal education when it comes to attitude formation [Bauer, Petkova and
Boyadjieva, 2000; Bauer, Allum and Miller, 2007; Gauchat, 2011; Gieryn, 1999;
Kahan, 2015; Hawley and Sinatra, 2019]. Remediation requires sensitive
acknowledgement of said identity features to help the individual resolve
perceived conflicts [e.g. Hawley and Sinatra, 2019].

3. The Alienation Model suggests that disconnects between scientists and the
general public, both physical (contained within universities and research
institutions) and intellectual (conducted by those with advanced degrees), make
science abstract and unrelatable. As a consequence, those not within scientific
spheres feel alienated [Beck, 1992; Gauchat, 2011; Giddens, 1991; Habermas,
1989]. Like the Meaning of Science Model, the Alienation Model involves group
identity. The focus here, however, is connection. Remediation consequently
involves resolving the distance and increasing accessibility.

These models provide a useful framework for developing testable hypotheses
regarding science outreach effectiveness. For example, the Knowledge-Attitude
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Model, if correct, would predict that emotions and perceptions of science would
improve after a science outreach event simply because attendees would know more
than before event attendance. That increase in knowledge would lead to more
positive associations with science. This prediction was borne out in a 2012 study
among science festival attendees [Manning et al., 2012]. Investigators found that
over half of respondents reported having learned something new at a science
festival and that their experiences at the festival increased their interest in science.
Indeed, in another study among science expo attendees, participants rated events
more positively when they personally interacted with the scientists and engineers
themselves [e.g. Boyette and Ramsey, 2019].

However, the Meaning of Science and Alienation Models may provide an alternate
explanation for the rather positive results of these studies. From these models, one
could predict that attendees of science outreach events are those who already feel
comfortable with science and ascribe to a pro-science group identity. For example,
44% of respondents attending science festivals stated that their reason for attending
the event to begin with was having a general interest in science and 16% stated
they attended due to a specific interest related to their profession or hobby
[Manning et al., 2012]. The Meaning of Science and Alienation Models, together
with data collected during science festivals indicate that these events may
ultimately be preaching to the choir: those who attend science outreach events are
already interested in and positively inclined towards science. In today’s
sociopolitical climate, these latter two models suggest that identities characterized
by high levels of religiosity and conservatism view science less favorably [Gauchat,
2012]. Indeed, it is well documented that scientists are less religious than the public
[Pew Research Center, 2009] and, for example, there are deep political divisions as
to whether climate change is due to human activity [Funk and Kennedy, 2009; but
see Carl, Cofnas and Menie, 2016].

Public outreach institutions, activities and events have long played an important
role in community education [e.g. Goode, 1889]. The present work is focused on
the modern so-named Science Cafes or Science on Taps which typically involve a
community speaker series at a coffee house or bar. Much of the work conducted on
Science Cafés and Science on Taps focuses on how to best develop an event
[Bitgood and Ahmann, 2008; Cohen and Macfarlane, 2007; Rabe, 2009], draw large
audiences [Bitgood and Ahmann, 2008], and track event success in terms of
marketing (attendance) and participant satisfaction [Bitgood and Ahmann, 2008;
Einbinder, 2013; Johnson, 2014]. Critically, though these types of events have been
around for more than two decades, to our knowledge, there is currently no research
studying their efficacy on improving public understanding or perception of
science. Through the present work, we attempt to redress this gap.

Thus, important questions remain: do Science Cafés and Science on Taps have a
measurable effect on the public’s view of science? Namely, who attends these
events? Are the events attractive only to people with knowledge about science,
pro-science identities or attitudes, and feel comfortable in scientific spheres? Or, do
the friendly and informal atmospheres of Science Cafés and Science on Taps
successfully reach those who are less knowledgeable about science and are
skeptical towards science and scientists? Moreover, can these events claim success
in changing attitudes for the better?
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Goals and hypotheses

The goal of the present study is to explore the effects of a Science on Tap series on
public attitudes (e.g., trust), emotions [e.g., anxiety and enthusiasm; Pekrun and
Perry, 2014], and knowledge about the nature of science, and how attitudes,
emotions, and knowledge are associated with group identity variables such as
religiosity and political self-identity. We hypothesized that, according to the
Alienation and Meaning of Science Models, which have similar underpinnings,
that Science on Tap attendees would, on the whole, already be closely connected to
scientific fields and identify as pro-science (e.g., high trust and positive attitudes).
We also hypothesized that a conservative and religious self-identity would obstruct
positive attitudes. If these two hypotheses bear out, outreach efforts like Science on
Tap would not be particularly useful for bolstering trust in science and scientists as
the audience, due to self-identification, already has a great deal of trust in science.
Finally, following the Knowledge-Attitude Model, we hypothesized that Science on
Tap attendance would improve scientific knowledge and thereby improve the
already high positive attitudes towards science. In essence, we expect elements of
each of the models to be reflected in our measured outcomes.

To test these hypotheses and determine the outreach efficacy of this particular
Science on Tap, we collected pre- and post-event survey data on attitudes,
emotions, and knowledge about the nature of science, as well as measures of
religiosity, political self-identity, and basic demographics among attendees across
ten Science on Tap events in the Capital Region of New York.

Methods Science on Tap Capital Region (spanning the New York cities of Albany,
Schenectady, and Troy) was founded in February of 2017 by the first author. Ten
events were held on a monthly basis rotating among local bars in each of the three
cities. Events consisted of one or a panel of experts to speak to their expertise
through a 30–40 minute talk followed by a question and answer session which
lasted a similar amount of time. Data were collected by the first author (CO) during
each of these events. This study was reviewed by and received exempt status from
the University at Albany Institutional Review Board (reference number:
17-X-097-01).

Participants

Participants were individuals who either knew the event was happening (i.e.,
through local advertising via Facebook and email), or individuals who were at the
bar when the event took place and decided to join.

Survey design

The present study utilized a pre-event/post-event survey design. Pre-event
surveys were handed out to event attendees before the presentation began. The
first author and organizer of the events provided oral instructions on filling out the
survey and collected completed surveys within 10 minutes after the event started.
With roughly 5 minutes left in the event, post-event surveys were distributed and
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explained. Participants handed in their surveys to CO as they left the bar. The
surveys were kept as brief as possible given the nature of the event and the
constraints of the setting.

Pre-event instructions. Participants were asked to create a codename so that their
responses could be tracked across events. “FIRST: please create a codename so that
your surveys can be matched. So that you will remember, let’s use the first 2 letters of your
father’s name, followed by the first 2 letters of your mother’s, followed by a year you will
remember. For example, my father was William, my mother was Rachael, my first child was
born in 2010. >> WiRa10”).

Post-event instructions. Participants were asked to match their pre-event
codename to the best of their recollection.

Pre-event and post-event surveys were matched according to codename. Across
events, codenames were carefully examined for repeats (or near repeats) in order to
cull multiple records within individual participants. When participants attended
multiple events, data from their first event were used in order to avoid practice
effects.

Measures

Basic demographics. The respondents in this sample identified as either male or
female, with male being coded as one and female coded as zero. We asked them
also to identify their age, occupation, student status, and whether they identify
themselves as working in a scientific field broadly defined.

Religiosity. Religiosity is a powerful predictor of trust in science and scientists
[e.g. Evans, 2011; Johnson, Scheitle and Ecklund, 2015]. We measured religiosity by
way of two highly correlated items (α = .93): What is your level of religious
commitment? (“1” = none at all; “5” = very high); How important is your religion to
you [“1” = not at all; “5” = very; cf. Hawley, Short et al., 2011]. High scores denote
high religiosity. Religiosity was measured once, post-event.

Political self-identity. Political ideation is a powerful predictor of attitudes
towards scientific concepts and approaches [e.g. Miller, Scott and Okamoto, 2006].
Participants responded to a single scale: In general, how do you self-identify politically?
[measured on a 7 point scale; “1” = strong democrat, “7” = strong republican;
Hawley, Short et al., 2011]. Higher scores indicate a higher level of conservatism.
Political self-identity was measured once, post-event.

Attitudes (e.g., trust). Pre- and post-event, three items were used to assess trust of
science [Nadelson et al., 2014]: We should trust the work of scientists; Scientific theories
are trustworthy; and We can trust science to find the answers that explain the natural
world. The items demonstrated sufficient internal consistency to warrant collapsing
into a single scale (pre-event: α = .67; post-event: α = .75).
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Knowledge of the nature of science (NOS). Three items were drawn from the
Nature of Science Scale [NOS: Lombrozo, Thanukos and Weisberg, 2008]: Scientific
knowledge is tentative (NOS Item 1); Science involves only things that can be seen directly
(reverse coded) (NOS Item 2); Scientific theories are hunches (reverse coded) (NOS
Item 3). Rather than being knowledge kernels about the scientific process per se
(e.g., data collection, interpretation) — which differed greatly across the
events — understanding the nature of science concerns more the epistemological
assumptions and values that underlie the activity of the scientific enterprise
[Lederman et al., 2002]. The items did not have a sufficient internal consistency to
warrant collapsing into one subscale and thus are kept separate (i.e., α = .07).

Emotions. Three negative emotions (When I think about science, I feel. . . anxious,
conflicted, reluctance) and three positive emotions (When I think about science, I feel. . .
enthusiastic, happy, curious) were assessed via two items administered both before
and after the event [after Pekrun and Perry, 2014; Hawley and Sinatra, 2019].
Participants responded on a five point scale (“1” = strongly disagree; “5” = strongly
agree).

Perceptions of enjoyment and learning: value. Finally, participants were asked
the degree to which a) they learned something new, b) enjoyed the presentation,
and c) changed their mind about something as a consequence of the event, all
measured on a 7-point scale (high scores indicate high learning and enjoyment).
The items demonstrated sufficient internal consistency to warrant collapsing into a
single scale (post-event: α = .59) which we will refer to as Value (i.e., perceptions of
the value of the experience).

Pre/post retrospective design

The post-event items were presented in the following form: Before the workshop,
when I thought about science I felt. . . anxious, conflicted, reluctance; Before the workshop,
when I thought about science I felt. . . enthusiastic, happy, curious; After the workshop when
I think about science I feel. . . anxious, conflicted, reluctance; After the workshop when I
think about science I feel. . . enthusiastic, happy, curious. This pre-post retrospective
design was used in order to explore response shift effects (a threat to validity)
inherent to simple pre-/post-test designs [see Hawley and Sinatra, 2019, for
extended discussion]. The pre-event items described above are referred to as
“pretest” items. The post-event items are referred to as “thentest” items (Before the
workshop, when I thought about science I felt. . . ) and “posttest” items (After the
workshop when I think about science I feel. . . ). The difference between the pretest and
the thentest represents a response-shift after exposure, leading some to argue that
the difference between the thentest and posttest is consequently a better estimate of
the treatment effect [Finkelstein, Quaranto and Schwartz, 2014], especially for
events where one wishes to capture participants’ evaluations about the
effectiveness of the curriculum [Lamb, 2005].
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Results Survey participants

Demographics and identity features. Overall, 327 pre-event surveys and 319
post-event surveys were completed, which reflect most accurately one measure of
success: the overall attendance to the series. Importantly, many respondents
attended multiple events. For the purpose of the present study, ‘participants’ were
a) limited to those with an identifiable codename, and b) limited to a single
attendance (the participant’s first) to avoid dependencies in the dataset. After
culling for missing identifiers and participant dependencies, there were 251 unique
survey respondents over the course of ten Science on Tap events who completed
pre-event and post-event surveys. Their average age from the final sample was
37.19 years (S = 13.58), 146 identified as female, 105 identified as male, 77 were
students, 164 were non-students (62.8% of which identified being in a scientific
field). In the end, 72.5% of the sample identified with a science field. Alcohol was
being purchased, but participant drinking behaviors were neither monitored nor
recorded.

Gender differences and similarities

Religiosity and conservatism. Religiosity and conservatism were compared
between male and female participants. Descriptive statistics can be found in
Table 1. As seen in Table 1, men and women did not differ in terms of Religiosity,
but the men in the sample rated themselves as more conservative than the women
did (p < .0001).

Table 1. Mean comparisons between female and male attendees.

Women (n=141) Men (n=100) p
Religiosity 1.99 (1.18) 1.75 (1.13) 0.17
Conservatism 2.26 (1.22) 2.96 (1.33) < .0001
Trust 6.24 (0.74) 5.91 (0.88) F 1,218 = 9.85; p = .0019
Negative Emotions 1.45 (0.73) 1.62 (0.96) 0.17
Positive Emotions 4.74 (0.62) 4.67 (0.75) 0.59
NOS 1 3.95 (1.79) 4.31 (1.81) 0.11
NOS 2 6.01 (1.38) 6.21 (1.31) 0.18
NOS 3 6.13 (1.27) 5.95 (1.44) 0.47
Value 5.48 (0.94) 5.31 (0.90) 0.22

Note: NOS 1: Scientific knowledge is tentative; NOS 2: Science involves only things that can be seen
directly (reverse coded); NOS 3: Scientific theories are hunches (reverse coded). Conservative
self-identity did not exceed 3.0 for either men or women. The national average on a 7 point
scale of political ideation is 4.125 [Pew Research Center, 2014].

Trust in science, emotions, knowledge, and value. As seen in Table 1, women
reported themselves as trusting science more so than men, but there were no
statistically significant gender differences in Negative Emotions, Positive Emotions,
the three NOS items, or finding value in the event.
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Science status differences and similarities

Conservatism and religiosity. Religiosity was compared between those who
reported working or studying in a science field and those who did not. Descriptive
statistics can be found in Table 2. As seen in Table 2, scientists and non-scientists
did not differ in terms of Religiosity or Conservatism.

Table 2. Mean differences between scientists and those not affiliated with a science field.

Science (n=174) Non-Science (n=66)
Religiosity 1.89 (1.14) 1.96 (1.31) p = .70
Conservatism 2.57 (1.36) 2.46 (1.16) p = .62
Trust 6.19 (0.73) 5.86 (0.93) F1,239 = 16.74; p = .0065
Negative Emotions 1.43 (0.77) 1.78 (0.95) F 1,239 = 7.08; p = .0083
Positive Emotions 4.81 (0.60) 4.44 (0.79) F 1,239 = 13.01; p = .0004
NOS 1 4.21 (1.80) 3.81 (1.81) p = .14
NOS 2 6.06 (1.35) 6.18 (1.37) p = .05
NOS 3 6.18 (1.25) 5.71 (1.42) F1,239 = 5.93; p = .0156
Value 5.39 (0.93) 5.46 (0.93) p = .62

Note: NOS 1: Scientific knowledge is tentative; NOS 2: Science involves only things that can be seen
directly (reverse coded); NOS 3: Scientific theories are hunches (reverse coded). Both scientists
and non-scientists scored well below the national average of 4.125 on conservatism [Kiley
and Keeter, 2015].

Trust in science, emotions, knowledge, and value. As seen in Table 2, those
involved in scientific endeavors reported significantly higher levels of Trust,
significantly lower levels of Negative Emotions, significantly higher levels of
Positive Emotions, and scored significantly better on NOS 3 (Scientific theories are
hunches, reverse coded). Interestingly, scientists scored more poorly on NOS 2
(Science involves only things that can be seen directly, reverse coded). Because this item
was reverse coded, it favors answers that consider the role of inference, an indirect
way of drawing conclusions (e.g., the speed of light cannot be seen directly).
Scientists and non-scientists did not differ in finding value in the event.

Responses to events

As seen in Table 3, participant ratings for Trust in science and scores on the NOS
items did not change pre- and post-event except for scores on NOS 3 (Scientific
theories are hunches, reverse coded), which decreased over time (which here means
that after the event, participants were more likely to align theories with mere
hunches). Furthermore, there were no significant differences in Negative or
Positive Emotions either between pretest and posttest, or reflective post-event
thentest and posttest. Last, we conducted a post hoc analysis to see if any event
‘stood out’ as affecting change. None did. Event by event results mirrored the
overall pattern below.

Correlations

Because the greatest differences occurred between scientists and non-scientists, we
performed our correlations by science status for comparison (see Table 4).
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Table 3. Changes in trust, knowledge of science items, and emotions before and after Science
on Tap events.

Pre-event Reflective Post-event Post-event
p

“pretest” “thentest” “posttest”
Trust 6.09 (0.79) na 6.11 (0.83) 0.59
NOS 1 4.08 (1.81) na 4.04 (1.83) 0.53
NOS 2 6.09 (1.33) na 6.02 (1.38) 0.18
NOS 3 6.00 (1.38) na 5.81 (1.53) t249 = 2.73; p = .007
Negative Emotions 1.52 (0.83) 1.50 (0.83) 1.53 (0.92) 0.48
Positive Emotions 4.70 (0.68) 4.66 (0.61) 4.66 (0.63) 0.99

Note: NOS 1: Scientific knowledge is tentative; NOS 2: Science involves only things that can be seen
directly (reverse coded); NOS 3: Scientific theories are hunches (reverse coded). Null results re-
mained after controlling for Religiosity and Conservatism. Responses to workshop did not vary
by scientist and non-scientist status.

Table 4. Inter-variable correlations for scientists and non-scientists.

Respondents in Science Fields
Age Relig. Conserv. Trust NOS 1 NOS 2 NOS 3 Neg. Pos. Value

Age x
Religiosity -.06 x
Conservatism -.15 .33** x
Trust -.06 -.28** -.29** x
NOS 1 -.14 -.11 .04 -.09 x
NOS 2 -.02 .04 -.10 .14 .00 x
NOS 3 -.19 -.08 -.17 .27** -.05 .11 x
Negative Emotions -.07 .07 -.03 -.12 .09 .11 .04 x
Positive Emotions -.17 .01 .07 .13 .02 -.02 .05 -.24** x
Value -.05 .13 -.06 .07 .04 .00 .12 -.04 .05 x

Respondents in Non-Science Fields
Age Relig. Conserv. Trust NOS 1 NOS 2 NOS 3 Neg. Pos. Value

Age x
Religiosity .00 x
Conservatism -.39** -.09 x
Trust -.01 -.20 -.44** x
NOS 1 -.34** -.04 .21 -.11 x
NOS 2 .07 -.18 -.06 .14 -.03 x
NOS 3 .27* -.16 -.16 .28* -.47** .31* x
Negative Emotions -.20 .00 .10 -.32** .22 -.42** -.26* x
Positive Emotions -.03 -.26* -.23 .28* -.16 .37** .32* -.41** x
Value -.18 .09 .00 .28* -.11 .09 .01 -.03 -.07 x

Note: Correlations for those in science fields (top matrix, n = 173, * < .01 **<.001) and those in non-science
fields (bottom matrix, n=66, *= <.05 ** < .01) for group identity, trust in science, knowledge of science items
(NOS 1: Scientific knowledge is tentative; NOS 2: Science involves only things that can be seen directly (reverse
coded); NOS 3: Scientific theories are hunches (reverse coded)), emotions towards science, and level of value
found in the event.

Identity variables. As seen in Table 4, Age and Conservatism were negatively
related in non-scientific Science on Tap attendees, and Conservatism and
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Religiosity were positively related in scientific attendees (r = -.28; p < .001). This
relationship did not hold for non-scientific attendees (though, the correlations of
-.20 in non-scientists is not significantly different from the -.28 in scientists). Also,
Conservatism and Religiosity were positively correlated in scientists only (r = .33;
p < .001). Positive emotions and Negative emotions were significantly negatively
correlated in both, as would be expected through validity lenses.

Trust. We found that Conservatism and Religiosity were negatively related to
Trust: the more conservative and/or religious the attendee, the less trusting s/he
was of science. A similar pattern was found in non-scientists: while Conservatism
was strongly correlated with Trust (r = -.44; p < .001), the negative correlation with
Religiosity did not achieve significance (r = -.20; p > .05). In both scientists and
non-scientists, Trust was positively associated with knowing that theories are not
hunches (r = .27; p < .001).

Nature of science. The Nature of Science items were not consistently positively
intercorrelated. In scientists, they were not correlated at all. NOS 2 and 3, however,
positively correlated in non-scientists (r = .31; p < .05): the more respondents
understood that evidence need not be seen directly (i.e., they presumably
understood the role of inference), the more they understood theories were not
hunches. Interestingly, the more they understood these two concepts), the more
positively (NOS 2: r = .37; p < .01; NOS 3; r = .32; p < .05) — and less negatively
(NOS 2: r = -.42; p < .01; NOS 3; r = -.26; p < .05) — they felt about science.

Finding value in the event. The only correlation to perceptions of Value and
‘having learned something’ was Trust in non-scientific participants (r = .28; p < .05)

Discussion This study assessed the effects of a Science on Tap series over the course of nearly a
year on public perceptions and understanding of the nature of science as well as
how audience demographics related to perception and understanding. Specifically,
this study tested two main hypotheses: 1) following the Alienation and Meaning of
Science models, prior to Science on Tap events, attendees will already be connected
to scientific fields and self-identify pro-science, and 2) following the
Knowledge-Attitude model, Science on Tap will improve scientific knowledge and
attitudes towards science among event attendees. To the authors’ knowledge, this
is the first published study to determine who is attending Science on Tap style
events and to assess the efficacy of this form of science outreach.

Attendees

Event participants were largely from science fields (72.5% across the sample) and
most were non-students (65.3%), which indicates what many Science on Tap and
Science Café organizers have long suspected and confirming our first hypothesis,
that those attending events are those who are already interested in and trust
science.

Moreover, the sample scored well below the national average on Conservatism,
and well below the samples from Kansas [M = 3.75; Hawley, Short et al., 2011] and
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West Texas [M = 5.35; Hawley and Sinatra, 2019] on a religiosity measure from
which the present one was derived. This is not surprising as in New York, 29% of
people identify as conservative while 65% identify as moderate or liberal [Pew
Research Center, 2014]. Recent work in motivated cognition and psychological
approaches to science education have turned their attention to what the National
Academy of Sciences has referred to as “noncognitive factors” [National Research
Council, 2012] such as beliefs, identity, and motivations [Hawley and Sinatra, 2019;
Kahan, 2015; Kahan, Jenkins-Smith and Braman, 2011; Sinatra and Seyranian,
2016]. Much of this work is ultimately derived from sociological models of the
relationships of subgroups to societal institutions such as science. For example, the
last several decades have seen conservative ideation (and the correlated religiosity)
become increasingly associated with mistrust of science [Gauchat, 2012], and one
would accordingly expect that this identity feature would be associated with
unfavorable views towards Science Cafes and Science on Taps. Indeed, we saw
evidence for this expectation reflected in our attendee pool which identified
predominantly as liberal and non-religious. This finding lends credence to the
Meaning of Science and Alienation models.

Interestingly, although Age and Conservatism are associated in the population in
the U.S., with Baby Boomers being more conservative than Millennials [Kiley and
Keeter, 2015; Maniam and Smith, 2017], our sample of Science on Tap attendees
showed a significantly negative correlation between Age and Conservatism in
non-scientists (and trending in scientists). We interpret this to mean that older
conservatives simply did not attend the science events. This result reflects the
predictions put forth by both the Meaning of Science and Alienation models as the
purpose of Science on Tap does not align with their group identity views on
science, dissuading attendance. These results mirror those assessing the
demographics and attitudes towards science among science festival attendees who
are more science literate than the population as a whole. Accordingly, science
festival attendees’ evaluations of such events are largely favorable [Canovan, 2019].
This finding suggests that neither this style of event, nor science festivals, is
attracting the target demographic: those with less trust in and high negative
emotions towards science — the very demographic whose views these events are
often meant to influence.

Trust and emotions

The correlations. At the same time, within scientists as well as non-scientists,
Conservatism was significantly negatively associated with Trust, and, to a lesser
degree, Religiosity. At first glance these correlations within academia may be
surprising. However, when one considers that the post-modernist movement
which questions the objectivity of science and the ‘factuality’ of its claims was born
in the halls of higher education [Gauchat, 2012; Kuntz, 2012], this pattern makes a
good deal of sense. The tentative and interpretative nature of science may thus sow
distrust. Such a view may even give rise to an ‘anything goes’ attitude towards
scientific theories. From a science standpoint, theories are testable and tested
explanatory frameworks. From a post-modernist perspective, theories may be
highly subjective and susceptible to time and place. From this latter view, it is easy
to slip into a ‘theories are hunches’ orientation, which would understandably sow
mistrust. Apropos to this point, both for scientists and non-scientists alike, Trust
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was significantly correlated with our Nature of Science item aligning theories with
hunches; namely, those who understood the difference between theories and
hunches had greater trust in science. It is possible that the public picks up on these
cues from the scientific community, particularly in the age where scientific theories
are presented and debated on social media platforms for the world to see. Though
such transparency has myriad benefits, it could also fuel the perception that unless
there is 100% agreement within the scientific community, a theory cannot be
“trusted”.

The means. Measures of trust in, knowledge about the nature of, and emotions
towards science revealed interesting mean differences between scientists and
non-scientists. There was no difference in knowledge about the nature of science
between these two groups, at least on the items we chose to represent the nature of
science (see also Limitations). However, those from science fields had greater trust
in and more positive emotions towards science than their non-science field
counterparts. These results suggest that the Knowledge-Attitude Model may not
apply in this sample as knowledge about the nature of science did not reveal a gap
in understanding between science and non-science participants as reflected in our
nature of science items. Furthermore, the negative correlation between trust in and
negative emotions towards science among non-scientists (see above) suggests that
the Meaning of Science model may be more representative of larger patterns in
attitudes towards science. These two findings allow us to reject our second
hypothesis [Bauer, Petkova and Boyadjieva, 2000; Bauer, Allum and Miller, 2007;
Gauchat, 2011; Gieryn, 1999; Kahan, 2015; Hawley and Sinatra, 2019].

Nature of science

Though targeting specific gaps is not an advisable approach to improving
knowledge of and trust in science, addressing the nature of theories and their role
in the scientific process may be a critical concept to clarify for the public. We found
a significant pre-post difference on NOS 3, which examined whether participants
viewed scientific theories as mere hunches rather than well-established and well
supported explanations of observable phenomena [Suppe, 1977; Lederman et al.,
2002]. Our results indicate that after Science on Tap events, participants were more
likely to align theories with hunches — which is in direct opposition to the goals of
science outreach events.

At first glance, this result seems puzzling. We can think of four possible
explanations. First, after hearing the talk, participants may have experienced some
confusion about the role of theory because of either presentation style or
unfamiliarity with the content. Sometimes in scientific talks, hypotheses are
confused with theories. The tentativeness of the hypotheses may have been
confused with “hunchiness” in the word “theory”. Or, presenters may not have
presented a formal theoretical framework at all. Second, some scientific
misconceptions are ‘stickier’ than others, and some scientific content even
inadvertently increases misconceptions [e.g. Short and Hawley, 2015]. Educational
work on knowledge about the nature of science has shown, for example, that beliefs
that theories are hunches are persistent even after instruction [Concannon, Brown
and Brown, 2013]. Third, science education researchers by and large are of the
well-informed opinion that understanding the nature of science requires sustained
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explicit instruction, with inquiry-based and reflective pedagogical practices
[Akerson, Abd-El-Khalick and Lederman, 2000; Concannon, Brown and Brown,
2013]. These practices are not (and probably should not be) incorporated into
community science events. This latter point raises an interesting question: what are
the knowledge goals of Science on Taps and Science Cafés, and how should they be
measured? Fourth, scientists deal in and are comfortable with uncertainty, as it
drives scientific inquiry [Schneider, 2010; Stocking and Holstein, 2009]. However, it
was recently found that science journalists, the frequent mediators between
scientists and the public, rarely report on scientific uncertainty in their work as a
result of how they believe their audience may perceive uncertainty [Guenther and
Ruhrmann, 2016]. This may mean that when scientists present their work and the
uncertainties associated with the grounding theory of their research in events like
Science on Tap, it is likely the first time the general public is hearing about such
uncertainty. This may lead audience members to call into question their previously
held beliefs on the difference between theories and hunches.

Recommendations

The results of this study suggest that Science on Tap, and by extension Science
Cafés, are unknowingly reaching an audience that already has a positive view of
science and scientists. Though this may not be the intended audience or goal of this
type of outreach event, that does not mean one should throw the baby out with the
bath water. Science on Tap still connects scientists with the community and
provides a time and place for the public to become aware of the kind of work being
done locally and globally. However, there is a great deal of room for improvement,
as such we have four primary recommendations to move science outreach efforts
forward:

1. Embrace Uncertainty: scientists and science communicators need to be more
upfront and clear about the difference between a theory and a hunch. It would
also be beneficial for scientists conducting outreach and working with science
journalists to comment on uncertainty. Scientists and science journalists need to
take greater care in expressing how uncertainty works within science and
propels scientific innovation, or perhaps framing uncertainties more as
questions to be answered rather than just “We don’t know.”

2. Make a Personal Connection: in order to address declining public opinions of
science and scientists, public outreach efforts need not focus on gaps in
knowledge per se (which are notoriously difficult to target, see Limitations), but
rather focus on making deeper, more personal connections between scientists
and the public. Attempts to adjust attitudes towards science may optimally be
possible through a connection on an emotional level that presents the impact of
science on relatable, everyday life. Such efforts are underway with the successful
Two Scientists Walk Into a Bar R© event in San Diego, CA. During this minimally
advertised event, scientists pair off and go to happy hours across the San Diego
area and strike up casual conversations about science with other bar patrons.
Given the spontaneous nature of this event, the self-selected audience observed
at Science on Taps in this study is avoided. This provides an opportunity to
reach members of the public less inclined to attended science outreach event.
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3. Hone Communication Skills: the only way for recommendations #1 and #2
above to be successful is for the participating scientists to be practiced
communicators. Explaining one’s work to the public in any venue is not the
same as explaining one’s work at a national conference, and, unfortunately,
academic training often undervalues good general public communication skills.
Providing science communication training that emphasizes connecting with the
audience, eliminating jargon, and building active listening will better prepare
scientists for not only structured events like Science on Tap, but also for any
conversation they may find themselves in with non-scientists.

4. Know Your Audience and Know Your Goal: the most important point to come
from this study is that there is a dire need to assess current outreach efforts. For
example, after discussing the results of this study, Science on Tap organizers
from the Capital Region of New York started to include greater science
communication training as well as implement Two Scientists Walk Into a Bar R©.
By doing so, they keep Science on Tap and provide a space for members of the
public to learn about new advances and connect with local scientists; however,
they also added new efforts to reach a broader audience and improve the way
scientists communicate. As such, we recommend Science Café/on Tap
organizers conduct similar survey-based studies with their respective audiences.
Such work would help each organizer(s) better understand who their audience
is and if they are reaching their intended goal. Furthermore, it would provide
guidance on how to expand existing efforts, and in which ways current efforts
might be improved upon to more effectively reach a broader audience.

Limitations

There were a number of limitations to this study. One potential confounding factor
was alcohol consumption during events. These events did take place in bars, and
many attendees did imbibe. How this may have impacted questionnaire response
is unclear. In future studies a question asking for the number of drinks consumed
should be included. This study was also limited to the Capital Region of New York,
and as such, likely not representative of different geographic regions or the country
as a whole. The design of this particular Science on Tap was more akin to a public
lecture. There is a growing body of evidence suggesting that such a style is not
conducive to learning, and other events with a more interactive nature may be
more successful at changing trust in and attitudes towards science among
non-scientists [e.g. Martin et al., 2016]. Our Knowledge of Science questions were
concerned with the nature of science in general, and were not specific to the topic of
each event. As such, they were not specifically addressed by the presenters. Thus,
hoping for change after exposure to specific content is rather untenable. It is
possible the results would have revealed greater increases in knowledge if
questions were geared towards the specific topic discussed during each event. In
this study there was a lack of anonymity during data collection in that the
questionnaires were filled out at each attendee’s seat in very close proximity to
other attendees. It is possible that “over the shoulder” glances may have pressured
participants to answer the questionnaire differently than if they were in a private
setting. Finally, our sample size for non-scientists was rather small (though not
prohibitively so).
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Conclusions

The results of this study suggest Science on Tap is not working in the way we
would like. First, Science on Tap is not succeeding in clarifying the important
difference between scientific theories and mere hunches. This finding highlights
the need for scientists and science journalists to reframe how they present theories
to the general public, as the public has a different perception about the implications
of uncertainty than the scientific community. Second, Science on Tap, like other
science events, appears to be preaching to the choir — the minds and attitudes that
are attending are not the minds and attitudes we hope to change. However, despite
these seemingly disheartening results and aforementioned limitations, Science on
Tap still has an important role, connecting scientists to the public and providing
opportunities for interested parties to learn more about the science being conducted
in their very own communities. This may likely increase scientific literacy even
though it may be within the narrow scope of each event’s topic. The economic,
personal, political, and cultural rationales for increasing scientific literacy are well
documented elsewhere [National Academies of Sciences, Engineering and
Medicine, 2016] and are powerful arguments for continuing with such efforts as
Science on Tap. Most importantly, this study highlights the need to be cognizant
that not all forms of science outreach are effective in the ways we intend. As a
scientific community we need to better assess the goals, implementation, and
outcomes of our science outreach efforts to broaden our audience and impact.
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