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Abstract

This study examines the impact of a mobile game app on science museum visitors’ level
of engagement with exhibit content, compared to a non game-based version of the same
app. Ask Dr. Discovery (Dr. D) is a question-asking app containing two versions: a Game
Mode employing casual game mechanics and an Ask Mode providing a baseline version.
We implemented both versions of Dr. D at two science museums located in the South-
western United States with 1539 participants. In both conditions, participants could type
or speak questions to receive vetted answers about museum content, but only Game Mode
embedded question-asking within a simple game. Participants’ level of engagement was
represented by the number of questions asked about exhibit content in Dr. D. Addition-
ally, we explored the relationship between app engagement and participants’ self-reported
level of interest in science. All participants completed pre- and post-questionnaires with
questions related to science interest, impressions of the Dr. D app, and demographic infor-
mation. Results in both museums indicated that users of Game Mode asked nearly twice
as many questions on average as participants using Ask Mode. Science interest predicted
engagement at one of two sites. Demographic variables, including gender, age, and race/
ethnicity were not found to influence the rate of question asking in either mode. These
results indicate that employing simple game mechanics in apps for museum visitors may
lead to strong positive impacts on visitor engagement with museum content.
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346 B. C. Nelson et al.

Introduction

Ask Dr. Discovery (Dr. D) is a National Science Foundation-funded study addressing the
need for affordable, ongoing, large-scale museum evaluation while investigating innova-
tive ways to encourage museum visitors to engage deeply with museum content. Conduct-
ing ongoing museum evaluation is imperative because, while the “hardscape” (physical
exhibits) of museums is often prohibitively costly to change, comprehensive exhibit experi-
ences also depend on flexible elements that can change over time, such as docents (loca-
tion, training, and contents of their experience carts), multimedia, public events, temporary
signage, and webpages. To improve these elements, timely and accessible insight into the
minds of visitors becomes invaluable. To this end, visitor-facing apps provide an attractive
and potentially effective data collection method in support of evaluation efforts. Besides
reach and data volume, one strength of app-based data collection, when compared to tradi-
tional museum data collection methods, is that all visitor in-app interactions may be unob-
trusively and anonymously captured. These app interactions contrast with the potentially-
filtered responses that visitors might provide to an interviewer or the self-edited comments
by visitors wearing a microphone.

To realize the Dr. D project aims, we designed and developed a mobile app with two
parts: (1) a front-end Q&A interface through which visitors can ask questions and receive
vetted answers about museum content, and (2) a back-end analytics portal that visualizes
recorded visitor interactions with the app to be mined by museum staff, evaluators, and
researchers. Through a partnership between Arizona State University (ASU), the Arizona
Science Center (ASC), and the Arizona Museum of Natural History (AZMNH), we devel-
oped the Dr. D app primarily to support museum evaluation by collecting and analyzing
data from visitor questions about exhibit content for use by museum personnel, while pro-
viding visitors with vetted answers to their questions.

In the current study, we focus on Dr. D’s two modes of asking questions: Ask Mode
and Game Mode. Ask Mode situates visitor question-asking in a non-game-based version
of the app while Game Mode situates visitor question-asking within simple, casual game
mechanics. In this study, we describe the impact of these two modes on visitor engage-
ment. For our research questions, we operationalize “engagement” as the number of ques-
tions asked in the app about science content. We also explore “time spent in the exhibit”
as an alternative measure of visitor engagement. Additionally, we explore the relationship
between visitor reported levels of interest in science and app engagement.

The goals, design, and implementation of the Dr. D mobile app and the current study
are situated within the literature on mobile apps in museums, museum evaluation, informal
learning in museums, educational games, and games for engagement.

Background
Mobile apps in museums

The ownership of smartphones in the U.S. has grown rapidly. The Pew Research
Center (2018) reports that 77% of American adults own a smartphone (including 67%
of adults earning below $30,000), up from 35% in 2011. Smartphone prevalence is
even higher among young adults aged 18-29 (94%). Our Ask Dr. Discovery (Dr. D)
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study suggests that ownership among museum visitors may be greater still: Of the
more than 2300 museum visitors who have participated in our study overall, more than
97% of participants reported owning a smartphone.

Museums (via apps, e.g., AZMNH’s Explorer; Brooklyn Museum’s Ask; Cleveland
Museum’s ArtLens; CMH’s More; Smithsonian’s Infinity of Nations) and researchers
(e.g., Bickmore et al. 2013; Katz et al. 2011; Lane et al. 2013; Proctor 2015; Rgtne and
Kaptelinin 2013) have been quick to realize the opportunities provided by the ubig-
uity of mobile devices. In 2011, the New Media Consortium Horizon Report (Museum
Edition) found that, “Mobile Apps are the most relevant features of mobiles for muse-
ums right now” (Johnson et al. 2011, p. 7). Only five years later, the 2016 version of
the same report found apps to be such a reality in museums that the report’s focus
shifted from whether to how (Johnson et al. 2016). Proctor (2015) affirms, “Mobile is
no longer a ‘nice to have’: we hear museum professionals echoing the sense that the
pervasiveness of mobile makes it an essential part of the museum experience” (p. 501).

The 2016 Horizon Report identifies data analytics as a key medium-term
(3-to-5 years) trend coupled to mobile in museums. They note, “Today museum staff
are also more willing to see themselves as learners, taking advantage of user-generated
content” (p. 10), however they identify “improving digital literacy of museum profes-
sionals” (p. 21) as a key challenge and note that some thought leaders believe there
are not enough best practices guidelines for technology training for current and pre-
service museum staff, and the most progressive examples are taking place informally.
Professional development around how emerging technologies can be leveraged to fur-
ther museums’ interpretation goals and enhance their visitor experiences is needed at
all levels of museum education (Freeman et al. 2016, p. 24).

Museum evaluation

While mobile devices offer the potential for unprecedented types and volumes of visi-
tor data in support of evaluation, making sense of those data in practical, continu-
ous ways remains a challenge. Communities across the U.S. host local museums and
other informal learning venues, many with limited financial and staffing resources.
Such sites are rarely, if ever, able to employ an evaluator. The Smithsonian found in
a national study that “only a handful of institutions—13 percent—have someone on
staff that spends all or part of his or her time on evaluation of exhibits or programs”
(2004, p. 15). They note that museum evaluation in most institutions is tacked on to
the responsibilities of other staff. A 2011 study by the Federal Institute of Museum
and Library Services found that while respondents “clearly understood the utility of
evaluations in refining projects, gauging their success, and informing future directions,
evaluation posed challenges for museums. Some noted their own lack of knowledge of
evaluation practices; others noted the cost” (Apley et al. 2011, p. I1I-24). As Adams
(2012) points out, “While the ‘want to’ in the practitioner’s desire to conduct evalu-
ation is much stronger than ever before, the ‘can do’ is a different matter” (p. 28).
The Dr. Discovery app and project, while not a replacement for full-scale evaluation,
seeks to bolster museum evaluation efforts by exploring sustainable, generalizable, and
transferable ways to build capacity among museum professionals for working with and
learning from their own data to enable evaluation and data-driven decision making.
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348 B. C. Nelson et al.

Informal learning in museums

The current study examines participant engagement with the Dr. D mobile app in support
of data collection for museum evaluation. Because the larger NSF-funded Ask Dr. Dis-
covery project is focused on museum evaluation, investigating participant learning was
outside the scope of the study. However, the project is situated in the larger realm of infor-
mal learning, and our focus on museum visitor engagement is informed by, and may help
inform, related work on informal learning.

Informal learning is characterized as motivating, spontaneous, learner-centered, and
open-ended (e.g. Wellington 1990; Ramsey-Gassert 1997; Eshach 2007; Vadeboncouer
2006) factors that contribute to learning and interest by offering experiences different from
traditional classroom learning. Abraham-Silver (2006) explains that those in informal
learning environments show increased attention and enthusiasm, as well as a willingness
to observe, question, and discuss objects around them. Furthermore, she asserts, “students
who are generally reticent in the formal environment of the classroom or laboratory are
more likely to be drawn out and eagerly participate when immersed in the activity and
energy found in the galleries of a science center” (pg. 12). Thus, informal learning environ-
ments may serve to better engage both students and lifelong learners who do not (or did
not) have a strong interest in classroom science.

Beyond increasing motivation and improving attitudes toward science, informal learning
also plays a role in enhancing learning and reasoning abilities, which is particularly impor-
tant when considering complex topics such as sustainability. Enriched informal activities
in settings such as museums may provide experiences that stimulate cognitive conflict and
promote social interaction to improve visitors scientific reasoning abilities (Gerber et al.
2001). As such, there is a two-fold need to (1) help visitors explore complex topics infor-
mally across visits and venues as the public’s understanding of science is the result of var-
ied contexts, both formal and informal (Falk et al. 2007, p. 456) and (2) support museum
staff as their roles expand beyond facility guides into sources for interpretation (Johnson
et al. 2016, p. 10).

Educational use of digital games

Scholars have been exploring video or computer (digital) games’ affordances for engage-
ment for decades, with Malone (1981) as an early example. However, the literature on digi-
tal games’ value in teaching and learning accelerated, reignited by James Gee’s What video
games have to teach us about learning and literacy (2003). Gee challenged the perception
of video game play as a waste of time and elaborated how, when played in a thoughtful
context that fosters critical thinking, video games can become excellent tools which model
good design for teaching and learning. The Federation of American Scientists (2006) ech-
oed Gee’s views, stating that “there are many features of digital games, including game
design approaches and digital game technologies, which can be applied to address the
increasing demand for high quality education” (FAS 2006, p. 4). A number of scholars
have since examined video games’ potential for improving education (e.g., Shaffer 2006;
Squire 2011), as well as how games may be leveraged to improve business (e.g., Edery
and Mollick 2009), address social problems like depression, obesity, poverty, and climate
change (e.g., McGonigal 2011), and serve as platforms for art and politics (e.g., Bogost
2011).
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Researchers have also argued that video games, both commercial and educational, have
the potential to engage students who are typically disenfranchised by more traditional
classroom curricula, encouraging them to actively participate in learning within informal
contexts (e.g., Cassell and Jenkins 2000; Dickey 2005, 2006; Hayes 2005, 2008; Hart-
mann and Klimmt, 2006; Kafai 2006; Steinkuehler and Duncan 2008; Jenkins et al. 2003;
Prensky 2001; Steinkuehler 2004). For example, Cassell and Jenkins (2000) describe the
importance of video games in popular culture and in children’s lives. Steinkuehler (2004)
examines the power of commercial games for informal learning, demonstrating the impact
of playing massively multiplayer online role-playing games (MMORPG) on shaping player
literacy practices.

Games and engagement

Although higher levels of engagement may lead to increases in learning, this is not always
the case. Some findings suggest that use of games can bolster player engagement, even
if they do not foster learning that can be directly measured. For example, Annetta et al.
(2009) conducted a study in which a digital game designed to teach genetics did not lead to
improved learning outcomes compared to a non-game curriculum despite showing signifi-
cantly increased levels of engagement (p <0.05) by learners who played the game. Simi-
larly, Ke (2008), in a study into the impact of a math game on learning and engagement,
found participants reporting more positive attitudes toward math when playing a game,
but no accompanying increase in scores on a performance measure. Furthermore, in their
meta-review of games and simulations used for science learning, Clark et al. (2009) found
similar mixed results across an array of studies: near universal increased engagement on
the part of participants playing games, but only occasional increased scores on learning
measures associated with games vs. non-game-based learning environments.

Although others have made causal relationships between engagement and learning, the
Dr. D project does not focus on measuring or assessing learning. Instead, our focus is on
exploring how simple game mechanics may affect visitor engagement. To investigate our
research questions, we use the number of in-app questions asked as a proxy for participant
engagement. That is, the greater the number of questions participants asked within the app,
the higher we classified their engagement.

Another approach to measuring engagement is “time on task”, with the idea being that
the more time a participant spends doing something, the greater their level of engagement
in the task. We believe that, for the Dr. D project, question-asking level is a more direct
measure of engagement, as it demonstrates ongoing, intentional visitor engagement. How-
ever, because “time on task” is a common tool for measuring engagement (e.g. Johns and
Woolf 2006; Joseph 2005), and because we recorded “time in exhibit” in minutes for all
participants, we include an exploratory analysis of the relationship between app mode and
engagement as represented by time spent in the exhibit.

Study

For this study, we employed a two-group experimental design to examine whether museum
visitors engage more with a baseline question-and-answer version of the Dr. D mobile app
(Ask Mode) or a game-based version (Game Mode) of this same app. Two partner sites
in the Phoenix, Arizona metro area—the Arizona Science Center (ASC) and the Arizona
Museum of Natural History (AZMNH)—allowed visitor groups to be lent an iPad with
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350 B. C. Nelson et al.

the Dr. D app pre-installed for use throughout a single exhibit at each site. On alternating
implementation days, all participants were assigned to either Dr. D’s Game or Ask Mode.

Research questions

1. How do casual game mechanics incorporated into a mobile question-asking app (Game
Mode) impact levels of app use by museum visitors exploring a science-related exhibit
compared to a version of the app lacking game mechanics (Ask Mode)?

2. Does the level of app use, overall and by mode (Game vs. Ask), vary as a function of
museum (ASC or AZMNH)?

3. Does level of app use vary by self-reported level of science interest, both overall and
by mode (Game vs. Ask)? Does app use vary as a function of the demographics of
participants?

Dr. Discovery app

Dr. Discovery principally serves as a question-asking app for museum visitors. To increase
accessibility of use, questions may be inputted through text as well as by voice in either
English or Spanish. To display potential answers, Dr. D connects to a curated database
of more than 13,500 verified questions and 5000 answers. Note that the total number of
questions is greater than the total number of answers because many questions (or ways of
asking a question) have the same answer. This curated database was developed by research
project team members and related specifically to the content of the museum exhibits in the
study.

Dr. D makes use of a tiered response system to answer questions. If a user’s question
perfectly matches one in the database, Dr. D replies with the associated answer. If the ques-
tion match is close, but not perfect, the system responds, “If you meant [question from the
database], the answer is [answer from the database].” With a partial match, Dr. D responds,
“Did you mean to ask [question from the database] or [other question from the database]?”,
both of which are hyperlinked for the user to tap to select. If there is no match, Dr. D will
reply that it has not yet learned that information and provide the user with a random science
fact from its database. Users also can indicate whether Dr. D answered their question(s)
adequately, allowing us to make continuous improvements to the database.

Ask Mode

Dr. D’s Ask Mode (Fig. 1) represents the baseline treatment. In Ask Mode, visitors ask
questions about the exhibits to Dr. D through a simple Q&A interface. Visually, app users
see an image of Dr. D floating in space in an astronaut’s suit. A familiar text entry box
allows users to type or speak questions to Dr. D in English or Spanish. The answers appear
in a highlighted window. The user’s question history is also shown.

Game Mode

Dr. D’s Game Mode (Fig. 2) represents the experimental treatment. In Game Mode, users
ask questions similarly to Ask Mode, either through text or voice, but Game Mode over-
lays simple game mechanics onto the baseline question asking and answering process. It is
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Fig. 1 Dr. Discovery Ask Mode

important to notice that Game Mode represents a central tension in implementing a casual
game in a museum setting. This tension resides in the fact that the usefulness of the game
for museum personnel as an evaluation tool directly relates to the number of visitor ques-
tions. That is, on one hand, higher number of questions asked results in a more nuanced
and useful portrait of visitor interests, areas of confusion, and patterns of interaction with
the exhibit content. On the other hand, greater number of questions asked represents time
that is diverted from actual museum exhibits. Because of potential usefulness to museum
staff, the project strives to create a game that encourages players to ask a lot of questions
about the exhibit content. However, if the visitors are concentrating mostly on asking ques-
tions while visiting an exhibit in hopes of winning the game, they may not fully engage
with the physical museum experience outside of the screen. To avoid this undesired situa-
tion, Game Mode underwent several design iterations.

As we have described elsewhere (Nelson et al. 2017), we followed a design-based
research process in creating the Game Mode of the Dr. D app. We iterated through three
designs, focusing on the central challenge of making the game engaging enough for visitors
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who are you?

Fig.2 Dr. Discovery Game Mode

to want to use it while keeping their primary focus on museum exhibit content. The game
positions museum visitors to help Dr. D return to the safety of a space lander. Visitors see
Dr. D in a mobile vehicle with the space lander on the opposite side of the screen. There
are three levels in the game app-identical except for their visual setting (Moon, Mars, and
Titan). With each question a player asks, Dr. D’s vehicle moves forward a short distance
across the screen before friction brings it to a halt. In response to feedback from visitors,
we provided a small collection of badges and trophies in the game that are designed to
reward players for completing specific sets of question-asking behaviors. For example, the
“Rising Rookie” badge is awarded upon asking 5 questions.

Participants

There were 1539 participants in the final treatment group sample for this study. We defined
“a participant” as one adult from a visitor group (of any group size, including those visit-
ing on their own). While experimentally “messy” since an individual’s responses are surely
impacted by those in their group, this reflects the reality of doing research in an informal
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museum setting. The data collected are analogous to traditional museum evaluation meth-
ods, which ask questions of an individual visitor, but cannot “control” for that visitor’s
responses or experiences being mediated by interactions within their group during the visit.

The majority of the participants were female (59%) and between 26 and 45 years of age
(64%). The sample included 1495 participants who answered an ethnicity question, and
described themselves as Native American/American Indian/Alaska Native (N=23; 1.5%),
Native Hawaiian/Other Pacific Islander (N=9; 0.6%), Asian/Asian American (N=69;
4.6%), Black or African American (N=50; 3.3%), Hispanic or Latino (N=259; 17.3%),
White (Non-Hispanic) (N = 1000; 66.9%), and participants who selected two or more races
(N=85; 5.7%). Because of the uneven sample sizes, the race and ethnicity variable was
examined as “White (Non-Hispanic)” participants and “Other Race”.

Overall, 60% of participants were assigned to Game mode and 40% to Ask Mode. How-
ever, this breakdown was not consistent by museum as there were more Game Mode par-
ticipants at ASC (64%) than at AZMNH: (52%), due to different scheduling availability for
implementations across the two sites (Table 1).

Procedures

At each partner museum, we conducted implementations using Ask and Game Modes on
an alternating schedule such that on a given day all visitors would be offered participation
in only one of the conditions. Implementation periods generally ran 3—4 h each day. At
each site, 13 iPad minis were available to lend to participants. The data collection team set
up two tables in each museum, one at the entrance to the exhibit, where visitors were solic-
ited to take part in the study and complete the pre-questionnaire and one at the exhibit exit,
where visitors completed the post-questionnaire.

Each table contained a questionnaire (pre or post depending on the table), coloring
sheets, crayons, informed consent forms, stickers, tattoos, project business cards, a “time
in” log, a “time out” log, and a decline sheet. Researchers at the entrance table approached
every visitor group containing at least one adult over the age of 18 to offer participation,
following a standardized script. If the group declined, the general composition of the group
was recorded (number of adults, youth, and babies/toddlers) and any relevant spoken com-
ments were noted. If the group accepted, one adult in each group filled out the pre-ques-
tionnaire. After the paperwork, participants received a numbered iPad, with the number
recorded on their questionnaire along with the time noted as they entered the exhibit. Par-
ticipants were informed that the research team was testing an iPad app, designed to answer
their questions as they go through the exhibit. The adult participant who completed the
pre-survey was instructed to be the “question enterer” for the group. Other members of
the group were invited to contribute questions to the question enterer. Participants were
told they could stay in the exhibit as long as they wished. After the exhibit, participants

Table 1 Participant numbers by Ask Mode  Game Mode  Total
venue and app mode _

Arizona Science Center (ASC) 348 (36%) 631 (64%) 979

Arizona Natural History 266 (48%) 294 (52%) 560
Museum (AZMNH)
Total 614 925 1539
AECT @ Springer
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354 B. C. Nelson et al.

returned the iPad to the exit table. Researchers recorded the exit time on the post-ques-
tionnaire before handing it to the adult participant for completion. Participant groups were
provided with stickers and temporary tattoos in appreciation of their participation.

Measures

The pre-questionnaire contained a multi-part item about free-time science behaviors; smart
device ownership, use, and comfort; museum membership and visitation; group size and
composition; and standard demographic items. The post-questionnaire included ques-
tions about visitor interest in the exhibit, impressions of the Dr. D app, and three questions
related to group participation in question-asking. The questionnaires were timestamped
and collated by number, providing the total time spent in the exhibit by each visitor group.
There were seven items that made up the free time science activity variable (adapted from
Shavelson and Towne 2002): read news about science, read books about science, visit web-
sites about science, watch TV about science, talk to others about science, visit science-
related museums, and do science activities/projects. Reliability analysis was conducted
to ensure that the seven items fit reliably to the scale, with results indicating a reliable
fit (a=.86) and therefore a “free time science” scale was created by averaging the means
across all seven items.

The pre- and post-questionnaires were developed using closed- and open-ended items
adapted from existing sources (e.g., Bickmore et al. 2011; Gehlbach et al. 2008; Shavel-
son and Towne 2002) and items developed by the team to inform the project’s research
questions. The questionnaires were piloted following standard testing and refinement pro-
cedures (e.g. Converse and Presser 1986; Dillman et al. 2014) including expert review and
two rounds of pilot testing. Expert review (Olson 2010) was provided by a member of the
project advisory board with expertise in museum research, by the project external evalua-
tor, and by an external questionnaire design expert at another university. The first version
of the questionnaire was piloted simultaneously with testing the project’s data collection
procedures for the first time, facilitating collection of feedback from the target population
(museum visitors) (n=42). From the responses, areas of misinterpretation were identified,
and changes were made to the problematic items. Following changes, a second pilot of the
questionnaire and data collection procedures was conducted (n=95) to confirm the clarity
of the items.

Analysis

For the current study, quantitative questionnaire data were analyzed within and across
samples, by individual item and considering the relationship between items. Descriptive
and inferential statistics inform the findings. Along with descriptive statistics, two-sample
t-tests assuming equal variances were used to determine the significance of the collected
data. The value of alpha used for all t-tests is .05. Categorical data were assigned numerical
codes (for example, male coded to 1, female to 0).

Three different iterations of Game Mode were used in the data collection at different
times. A one-way ANOVA test was conducted to see if there was a statistical difference
in the data between the different game versions. The variable that was compared in the
ANOVA test was “number of questions asked”. The two museums (ASC and AZMNH)
were compared separately for each game version (alpha equal to .05). The p value for ASC
was 0.7181; the p-value for AZMNH is 0.1215. In both cases we fail to reject the null
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Table 2 Correlation analysis for

all study variables Measure ! 2 3 4 > 6
1. App use -
2. Mode 32%* -
3. Museum —.20%* —.12%F -
4. FTS .06* .03 .00 -
5. Race -.01 .00 -.01 .09* -
6. Gender -.02 .02 .05 —-.07* .03 -
Mean 7.74 .60 1.36 3.51 .67 .61
SD 6.90 49 48 99 47 49

SD standard deviation, FTS free time in science, Race dummy coded
variable

#p < 001 (2-tailed)

Table 3 Means and standard deviations of mode and museum

Ask Mode M (SD) Game Mode M (SD)
Arizona Science Center (ASC) 6.19 (6.13) 10.96 (7.56)
N=348 N=631
Arizona Natural History Museum (AZMNH) 3.53(3.27) 6.46 (5.51)
N=266 N=294

hypothesis that the means of “number of questions asked” for each game version are rela-
tively the same. This allows us to combine data for all three game versions.

Results

Correlation analyses were run to assess the overarching associations between all study
variables (Table 2). Overall, the dependent variable (use of the app) was significantly
associated with mode (Ask or Game), museum site, and free time spent in science activ-
ities. Thus, higher levels of app use were associated with Game Mode (as compared to
Ask Mode), with participants at the Arizona Science Center (as compared to the Arizona
Museum of Natural History), and with higher levels of reported free time spent engaged in
science activities. Further, the race and gender variables were significantly associated with
reported free time science activities, with higher levels of engagement in free time science
activities reported by White (Non-Hispanic) and male participants.

To investigate the first research question about the difference in question-asking lev-
els between Ask and Game Mode participants, descriptive statistics were examined, and
a one-way ANOVA was conducted to determine the mean differences in the number of
questions asked across Ask and Game Modes. The results showed a significant difference
across modes, F(1,1537)=173.78, p<.001, indicating that, on average, a higher number
of questions were asked by participants who used the Game Mode (M =9.53) compared to
Ask Mode (M =5.04).

To investigate the second research question exploring whether level of app use, over-
all and by app mode, varies by museum, descriptive statistics were examined (Table 3),
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indicating that Game Mode participants asked more questions on average than Ask Mode
participants at both museums. A two-way ANOVA showed a statistically significant inter-
action between the effects of venue and mode on app use, F(1,1535)=7.345, p=.007.
Simple main effects analysis showed that, although Game Mode participants asked sig-
nificantly more questions than Ask Mode participants at both museums, the strength of the
difference was somewhat stronger at ASC, F(1977)=101.697, p<.0001, than at AZMNH,
F(1558)=57.113, p<.0001.

To explore the third research question on the extent to which app use varied by self-
reported level of engagement in science-related activities, both overall and by mode (Ask
and Game), a regression analysis was conducted to determine whether there was a signifi-
cant interaction between the free time spent in science-related activities and app mode as
they relate to the number of questions asked.

The first step in this analysis included centering the independent variables. Next, the
regression analysis was run to determine whether there were significant main effects and/
or interaction effects, while controlling for race and gender. The results indicated two sig-
nificant main effects, but no interaction (#=0.00, p=.96) and no associations between race
and gender and the amount of questions asked. However, both amounts of reported free
time science activity (f=0.06, p<.05) and mode (#=0.31, p<.001) positively predicted
the amount of questions asked (see Table 4).

The same regression analyses were run separately for each of the museums. For the
ASC, there was a main effect such that Game Mode positively predicted the amount of
questions asked ($=.31, p<.001), however, there was not a main effect for reported free
time science activity, nor was there a significant interaction. The results for the AZMNH
were similar to the results across all participants. Specifically, both reported free time sci-
ence activity (#=.10, p=.02) and assigned app mode ($=.31, p<.001) positively pre-
dicted the number of questions asked. Neither race nor gender were significant predictors
in either of these models (see Table 5).

As a post hoc analysis, a one-way ANOVA was conducted to explore the relationship
between mode (Ask, Game) and time spent in the exhibit as an alternative approach to
measuring visitor engagement. Overall, we saw a significant difference, with Game
Mode participants spending more time on average (16.29 min) than Ask Mode partici-
pants (14.77 min), F(1,1537)=11.074, p=.001. However, the difference in time spent in
the exhibit by Game and Ask mode participants varied by museum. A two-way ANOVA
showed a statistically significant interaction between the effects of Mode and Venue on
time spent in the exhibit, F(1,1535)=5.229, p=.022. Simple main effects analysis showed
that Game Mode participants at AZMNH spent significantly more time in the exhibit than
Ask Mode participants, F(1558)=11.515, p=.001, but at ASC there were no differences
in the time spent in the exhibit by Mode, F(1977)=.000, p=.986.

Table_4 Regression analysis for Variable Standardized coefficients

Dr. Discovery app use across all

participants ¥ t 2
Mode 0.31 12.63 .000
FTS 0.06 2.28 .023
Interaction 0.00 0.05 961
Race -0.02 —0.82 415
Gender -0.02 —0.94 3444
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Table 5 Regression analysis Variable Standardized coefficients
for Dr. Discovery app use: by
museum B t Sig. (p) d
ASC
Mode 0.30 9.44 .000 .693
FTS 0.04 1.29 197 -
Interaction 0.01 0.03 976 -
Race —-0.04 —-1.17 242 -
Gender -0.02 —-0.78 437 -
AZMNH
Mode 0.32 7.72 .000 .646
FTS 0.10 2.44 .015 -
Interaction -0.01 —0.16 .873 -
Race 0.04 0.85 394 -
Gender 0.02 0.46 .642 -
Discussion

Overall, exposure to Game Mode was the strongest predictor of app use, and all the vari-
ables combined accounted for approximately 25% of the variance. In both museums, par-
ticipants using Game Mode asked significantly more questions on average than those using
Ask Mode. While the frequency of reported free time science activities was positively
associated with the number of questions asked, it seemed less influential when including
app mode in the same regression model. Interestingly, frequency of engagement in free
time science activities was still a positive predictor at the AZMNH.

Exploring time in the exhibit as an alternative measure of participant engagement
revealed mixed results. While Game Mode participants spent more time overall in the
exhibit than Ask Mode participants, the difference was only seen in one of the two muse-
ums (AZMNH). Although we recorded start and end time for each participant group, we
have no way of determining how the time in exhibit was spent. In particular, we cannot
know how participants divided up their time while in the exhibit: for example, how much
time they spent looking at exhibit items vs. contemplating, discussing, typing questions,
and reading the provided answers. In other words, time in the exhibit may not be as accu-
rate a measure of engagement as question-asking levels. It is interesting that at ASC, the
mean time spent in the museum was the same for Ask and Game Mode participants, but
the mean number of questions asked was significantly higher for Game Mode participants.
Even though both groups spent roughly the same time in the exhibit on average, a larger
proportion of Game Mode participants’ time was spent entering questions.

In considering the implications of these findings, it is important to restate the primary
goal of the Dr. Discovery project: collecting, analyzing, and interpreting data on museum
visitor questions to support museum evaluation efforts. It is clear that data gathered about
visitor questions related to exhibit content does not, by itself, constitute a full program of
museum evaluation. However, such data can bolster evaluation efforts, particularly in the
majority of museums that have no staff conducting visitor evaluation (Smithsonian 2004).
Further, the more data collected (i.e., the more questions visitors ask), the more useful the
data will be in uncovering trends in visitor interests, areas of confusion, and interaction (Ha
et al. in preparation).
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As the gathering of question data is a primary concern of the Dr. D project, it is impor-
tant to consider the practical “bang for the buck” impact of such an app on question-asking.
Considering Game Mode participants in the current study asked significantly more ques-
tions on average than Ask Mode users, does an average of between 5 and 10 questions
per user provide enough evaluative information to be worth the expense of developing and
implementing such a tool? We believe it does. In aggregate, the number of questions asked
adds up (more than 11,000 questions were asked overall in the current study). Given the
dearth of on-staff evaluation personnel at most museums (Smithsonian 2004), data gleaned
from thousands of up-to-date visitor questions, specific to exhibit content, should be very
useful in supporting evaluation efforts.

The findings in this study showing the Game Mode version of the Dr. D app to be asso-
ciated with significantly higher levels of question-asking leads us to conclude that design-
ers of similar data-gathering tools in informal science venues such as museums and science
centers may want to incorporate simple game mechanics into their designs to bolster use.
These simple game mechanics may lead to increased visitor engagement with the con-
tent of their setting if the tool is designed to incorporate game mechanics. Our findings
on increased levels of visitor engagement (as reflected through levels of question asking)
associated with Game Mode echo findings from our related work on the impact of educa-
tional games in formal settings (Clark et al. 2016; Martinez-Garza et al. 2013; Nelson et al.
2011, 2016), and that of other game researchers (e.g. Annetta et al. 2009; Ke 2008; Barab
et al. 2005). Educational games have been consistently shown to foster high levels of user
engagement (Barab et al. 2005; Clark et al. 2009), even as the record on increased learning
with games is mixed (Martinez-Garza et al. 2013).

Further, our rounds of user testing on the design of the Dr. D Game mode suggest that
museum researchers and app designers should focus on keeping game elements as simple
as possible, and on tightly integrating game goals with actions that maintain visitor focus
on exhibit items (Nelson et al. 2017).

Limitations

Assignment to one of the two app modes (Game or Ask) was not fully randomized (dif-
ferent modes were implemented on different days on a rotating basis). However, care was
taken to assure that each mode was implemented on varying days of the week (to avoid
having one mode always implemented on a weekend day, for example). Also, as in any
research with voluntary participants, there is the possibility of nonresponse error, “which
occurs when the characteristics of the respondents differ from those who chose not to
respond in a way that is relevant to the study results” (Dillman et al. 2014, p. 5), so the
reported results are only representative of visitors who chose to participate in the study.

Future directions and conclusions

The analysis described in this paper provides an in-depth, but still preliminary step in
understanding the impact of the Dr. D Game mode, and other similar software, on visitor
engagement in science museums. While visitors clearly asked more questions, on average,
when using the Game mode version of the Dr. D app, we have yet to analyze qualitative
data collected that may clarify the extent to which use of the Game Mode may draw visitor
attention away from viewing and interacting with exhibit content. As we have described
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elsewhere (Nelson et al. 2017), with the Dr. Discovery project, we sought to design a sim-
ple game that was engaging enough to promote sustained, active use by visitors, but not so
engaging that it became the focus of visitor attention. An ongoing and critical challenge for
museum apps such as Dr. D is the impact their use could have on drawing visitors’ atten-
tion out of the physical experience of a museum exhibit and directing it into staring at a
screen. As Rung and Laursen (2012) describe, digital devices and apps may lead visitors
to “...spend all their time looking at a poky little screen instead of the art” (p. 322), which
museums and researchers must keep in mind as they introduce new mobile experiences.
Our future studies will formalize our exploration of how to design casual games for use in
museum settings to find the best balance between game and exhibit engagement.

Another area for study that can shed light on the role of question-asking apps such as
Dr. D on visitor engagement in museums centers on understanding if and how participant
groups interact with each other while using them. In a separate study (Ha et al. in prepara-
tion), we are investigating this topic. Our post-questionnaire asked participants about how
their groups went about asking questions with the app, probing such issues as how often
group members discussed which questions to ask, who in the group asked the most ques-
tions, and how use of the Dr. D app affected the group’s interactions with each other and
with museum personnel. Understanding such focused qualitative stories can add nuance to
the basic findings supportive of game-based question-asking apps reported here. For exam-
ple, group-level information can provide insights on how to better design similar apps to
foster more and higher quality collaboration in the question-asking process.

Finally, given the focus of the Dr. D study on engagement and museum evaluation, we
did not collect data on participant-visitors’ learning gains. Therefore, we cannot make
claims of Dr. D’s effect on participant-visitor’s learning. Our future studies will build on
the findings reported here to investigate the relationship between engagement with Dr. D
and informal learning for its users.
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