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Abstract
At Carlsbad Caverns National Park, park rangers blended traditional personal 
interpretation with technology to showcase park-based research and to advance science 
literacy among visitors. Interpreters and Scientists Working on Our Parks (iSWOOP) 
provided interpreters with professional development and a selection of visualizations 
from scientists’ research on Brazilian free-tailed bats and their habitat at Carlsbad 
Caverns. After using tablets containing these visualizations for informal interpretive 
interactions, the interpreters responded to an open-ended survey. The authors 
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Introduction
With its second century at hand, the National Park System has challenged its staff and 
partners to offer visitors interactive experiences, incorporating new technology, and 
highlighting current scholarship (National Park Service, 2012). Increasing visitors’ science 
literacy; that is, the understanding of how we know what we know, has the potential to 
stimulate intellectual and emotional connections to national parks. With limited resources 
to accomplish these new and traditional interpretive goals, the demand for creative 
approaches is high. 

Committed to increasing science learning opportunities and literacy, Interpreters 
and Scientists Working on Our Parks (iSWOOP) seeks to meet these challenges. iSWOOP 
delivers professional development that ensures interpreters have both a working 
knowledge of recent and current studies as well as questioning strategies to engage the 
public in two-way conversations about them. We are extending research in the areas 
of informal science learning with handheld devices in museums and school settings to 
parks while attending to the fit with the literature on personal interpretation. 

In its pilot at Carlsbad Caverns (a pathways project funded by the National Science 
Foundation for professional development of interpreters), the project shared a library of 
scientists’ visualizations on two tablets. During roves, which are informal conversations 
usually within an assigned area, interpreters used tablets to display a variety of visual 
media to visitors, revealing the research behind the scenes. Interpreters’ assessment of 
the value of blending traditional personal, informal interpretation with 21st-century 
technology and the challenges they encountered established a starting point for further 
research on the value of tablets in park interpreters’ hands. 

Literature Review
Learning for park visitors can start on websites long before the visitors’ arrival and can 
continue on after the visit. On-site, visitors can take advantage of ranger talks, service 
learning, citizen science projects, and special events. This is typical of informal learning, 
which is idiosyncratically pieced together across different venues and times, from a 
wealth of opportunities and through varied media (Falk & Dierking, 2010; National 
Research Council, 2009). In addition to structured tours and talks at national parks, 
visitors often interact informally with park rangers whose focus is interpretation and 
education. Informal education researchers are beginning to investigate the dynamics 
at work in these interactions. Reflecting on interviews with Cape Hatteras National 
Seashore visitors who interacted with rangers, Knackmuhs (2015) noted that all 
respondents remembered the general topic of conversation, while the ability to recall 
more detailed content varied widely. Respondents spoke at length about how they 
appreciated the ranger’s time, genuine interest, and one-on-one attention. Pattison and 
Dierking (2013) argue for analyzing visitor-interpreter interactions using a mediated 
discourse perspective to gain insight into how adults negotiate roles, identities, 
power, and authority within these informal learning opportunities. Their research on 
interactions between museum educators and family groups makes it clear that adult 
family members play a critical role in shaping the nature of the interactions. In a 
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mixed methods study at a zoo, Mony and Heimlich (2008) found where and how the 
interactions were initiated influenced the length of the interactions and the number 
of key educational messages the interpreter delivered. Taken together, the literature 
suggests that in addition to analyzing discourse content, the field would do well to have a 
more nuanced understanding of the techniques for initiating and sustaining substantive 
engagement, as well as the value visitors ascribe to these interactions. 

In the eyes of the National Park Service, an interpreter’s job is to create 
opportunities for the audience to form their own intellectual and emotional connections 
with the meanings and significance inherent in the resource (Knackmuhs, 2015). In 
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museums, the visitors were in control of the devices. Mobile device users were able to 
tap into the collection, accessing information customized to their dominant senses 
(Linzer, 2013; Goodwin, 2013). Swift (2013) describes intersections in London coming 
alive with sounds and typical sights from past eras. Handheld devices were a vehicle to 
reveal aspects of what was on display that visitors might otherwise not have perceived or 
imagined. 

In the case of 21-Tech, a collaboration of five science museums, tablets started off 
in the hands of floor educators rather than visitors. Then floor educators invited visitors 
to use apps on the tablets to explore the exhibit content. Evaluators found that visitors 
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interpretive conversations on park-based research; i.e., how they began and sustained 
conversations; and 3) the challenges interpreters mentioned; i.e., challenges encountered 
when integrating tablets into their practice.

Methods and Data Sources

Methods
We selected a qualitative approach using interpretive methods to understand interpreters’ 
perspectives and experience using tablets during their roves. Analyzing responses to 
an open-ended survey provided an opportunity to see the variation in interpreters’ 
experiences, as well as to draw out thematic patterns. Observations and blog posts 
confirmed interpreters’ assertions and informed categories and themes. 

Setting
Carlsbad Caverns National Park attracted approximately 397,000 visitors in 2014. 
During summer months visitors gathered in the amphitheater at sunset to watch the 
emergence of hundreds of thousands of bats. Most park visitors followed the self-guided 
tour route through the cave. Low light, simple signage, and tours by candle-lit lanterns 
helped visitors imagine the experience of cave explorers a century ago. Curious visitors 
read signs, rented an audio guide, or asked rangers questions. Roving interpreters 
walked through the cave against visitor traffic or took up standing positions at specific 
locations for periods of about 90 minutes. Interpreters’ roving styles varied from nods to 
actively inviting interaction with tour groups, families, singles, and couples. Interpreters 
used flashlights to point out features of the resource the visitors could easily overlook: an 
imprint of a prehistoric shellfish or a droplet of water forming a crust (Dillon, 2011). Not 
surprisingly, conversations about bats occurred most naturally at the sign that pointed 
out the passage to bat cave. At this spot, the sign abutted an area with a stone bench and 
standing space for about ten people. 

Participants
Interpreters in both seasonal and permanent positions (8 seasonal; 9 permanent) took 
part in the iSWOOP project. Their experience at the Caverns ranged from several weeks 
to multiple seasons. All interpreters had worked at other parks and the majority had 
college degrees reflecting varied interests including environmental science, geology, 
anthropology, and history. The majority were in their 20s and 30s, with men being the 
slight majority of the participants. Comfort levels with the tablets varied; however, all 
expressed a strong interest in communicating science. During the project period, 17 
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Professional development
Beginning in January 2014, iSWOOP conducted 24 hours of seminar-style and field-
based professional development for interpreters, and made available a visual library 
and display devices to Carlsbad Caverns. To ensure compatibility with researchers’ 
file formats, the project used Apple products, which is the reason interpreters refer to 
iPads rather than tablets in their survey responses. During professional development 
sessions, participants in seminars and field-based experiences became familiar with 
cutting-edge methods for studying wildlife. They operated laser scanners and thermal 
cameras. Project leaders encouraged interpreters to design programs with opportunities 
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“As I rove the cave and I approach groups I will say hello and ask them how they 
are doing and if they are enjoying the cave. This usually helps them warm up 
and invites them to talk to me. I will then ask them if they have any questions. 
Depending on what they say I will then use the iPad or not. If they have questions 
regarding studies in the cave, or the bats I will use the iPad.” —Mina, 8/22/14

As shown in Table 1, when met with a question, interpreters could promote science 
literacy and provoke thinking about what and how scientists know what they know. 
With iSWOOP they had questioning 
strategies and the visual library with 
graphs, videos, animations, and still 
images they could draw on to invite 
visitors to take an active part in 
answering their own questions.

Data sources
For this study, we used a qualitative 
approach, drawing from techniques 
in constructivist grounded theory 
(Charmaz, 2006) to understand 
interpreters’ perspectives and 
experiences using tablets during their 
roves. Emerging themes from several 
data sources were used to inform the 
open-ended survey on roving and 
subsequently to organize and analyze 
open-ended responses. 

During the project, the research 
team collected a variety of data. 
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Table 3: Categories, Themes, Definitions, and Sample Responses 

Category/	  

Theme	  

Definition	   Sample	  Responses	  
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between visitors and the resource. Therefore, we looked at the theme of location along 
with the strategies interpreters mentioned for initiating and sustaining conversations.

Eliciting and analyzing challenges was important during this proof-of-concept 
project. We analyzed survey responses for challenges, noting frustrations and possible 
solutions. Each element of iSWOOP—the devices, the professional development, and 
the content of the visual library were all scrutinized and targets for revision, further 
investment, or elimination. 

The salient categories defined with examples appear in Table 4. 
One of the known problems of relying on self-report is that participants may answer 

in a way that will please researchers (Hoskin, 2012). To establish the trustworthiness 
of the data, we reviewed observers’ field notes. In this way authors were able to confirm 
the accuracy of interpreters’ statements about visitors’ enthusiasm and engagement, 
opportunities, and logistical constraints and disconfirm exaggerations or embellished 
responses that would have distorted results. Furthermore, the fact that one-third of 
interpreters who could have used the iPads did not and that two were forthcoming in 
voicing their concerns confirms that some interpreters were not under undue pressure to 
comply with researchers’ expectations. 

Findings
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cuter than I thought they would be,” upon seeing the close up image of the free-tailed 
bat (Rico, 12/7/14; Figure 2). The realization that bats —which are often feared—can be 
perceived as cute was noteworthy. A revelation precipitated a shift in attitude, which had 
the potential to lead to increased concern for bats and their survival.

Within the category of research and technology four of six responses were about 
showing and telling, implying a one-way dissemination of information, while two 
responses indicated interactive two-way discussions. Winston’s response exemplifies the 
show and tell approach: “The iPad…allows rangers to get out the message regarding the 
interesting research being done here” (8/19/2014). In his comment, the agency rests with 
interpreters who get the message out. In contrast, Mina commented, “The videos of the 
scans of the cave are also really neat because we can see what other areas of the cave look 
like virtually and discuss
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Figure 4: Still Image of Fly-through
Still image taken from the ÿy-through sequence (on the right) reveals the cavern beyond 
the natural entrance (pictured on the left), including the switchbacks along the path that 
leads to the Underground Lunchroom. Using long-range laser scanning technology, the 
cave is captured as a three-dimensional point-cloud generated from billions of points. 
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Initiating and sustaining tablet-based interactions 
During roves, interpreters greeted visitors. One interpreter noted that because she is 
an introvert, in the past she has had a hard time starting conversations. Having images 
to display on a tablet made her feel more at ease when striking up conversations with 
visitors. Although she stated that she didn’t want to become too dependent on the tablet, 
she acknowledged that it made her more comfortable initiating contacts during roves 
(Observer’s field notes, July 2014).

In one-third of survey responses, iSWOOP interpreters explicitly mentioned that 
iSWOOP conversations over the iPads were longer and more substantive than typical 
interactions. More time in conversation meant more opportunities to forge intellectual 
and emotional connections, more time to learn about the visitors’ interests and to 
offer information tailored to these interests. Of the five interpreters who quantified 
how often they initiated contact with visitors, four estimated that they initiated 75% to 
85% of contacts, while one reported that visitors approached him 75% of the time. An 
interpreter offered this description: “While stationed at Bat Cave, I initiate conversations 
with visitors if they pause to look at the wayside exhibit. If they just walk by, I usually 
just offer a greeting, but don’t stop them” (Rico, 12/7/14). 

Most often the cave itself, or research on the cave, made sense as an overture. Two 
interpreters began conversations by asking visitors if they were interested in seeing the 
cave in a new light and continued the dialogue after showing the fly-through (animated 
laser scans from a bat’s eye perspective) by asking if they saw something familiar in the 
video (Figure 4). Another said he simply asked if visitors were interested in bats or in 
research being done in the cave.

To sustain conversations, interpreters tailored their comments to visitors’ 
interests and questions. Visitors frequently had questions about bats and their cave 
habitat. Interpreters took these questions as opportunities to invite discussions on bat 
reproduction, behavior in the roost, and the location of the bat cave relative to other 
areas of the cavern, as well as wildlife biologists’ research agenda. Some interpreters 
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to location, and initiated conversations in ways that increased the potential for making 
connections with a receptive audience. 

Challenges 
Though the visual library and the tablet interface provided new opportunities for 
showcasing technology, bats, and scientific research, at the time of this article not all 
iSWOOP-trained interpreters had adopted them for use. Interpreters articulated two 
concerns: 1) the visual competition with the caverns, and 2) the awkwardness of roving 
with a tablet. 

Echoing the findings of the 21-Tech project, interpreters worried that visualizations 
intended to complement the main attraction had the potential to upstage it, competing 
for visitors’ time and attention. An interpreter mentioned that a tablet flashing colorful 
video in the cave was too compelling. She and two other interpreters were reluctant to shift 
visitors’ focus to a screen that could easily detract from visitors’ appreciation of the cave. 

Unlike an illustrated talk projected on a wall or screen, tablets allowed interpreters 
to rove with visuals. Yet, when interpreters spoke simultaneously to shorter and 
taller visitors, struck up conversations in narrow passages, and attempted to expand 
conversations to enable newcomers to get a view, handling a tablet was tricky. An 
interpreter wrote: “I found it to be cumbersome…. [I had to] juggle it from hand to hand 
when I wanted to use my flashlight to point out something in the resource” (Rocko, 
9/17/14). On days with high attendance0(i)-21(ng a t)-15(a)-5(b)5(l)6(e)-8(t w)-8(a)-17(s t)-26 
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joint looking, making it possible for park interpreters to reveal the natural resources to 
visitors that they would not ordinarily see. With scientists’ visualizations, interpreters 
can leverage intriguing juxtapositions of current and past conditions, change visitors’ 
perspectives, and reveal non-visible aspects of the natural resource, infusing interactions 
with novelty and surprise. 

In some sense, explaining features of the park and its bats with a tablet is not such 
a large departure from interpreters’ use of other props at Carlsbad Caverns. Props are 
a recognizable part of the interpretive toolbox. Skeletons, skins, and puppets help the 
public learn about wildlife. Tablets are less furry than some of the traditional props, but 
fulfill a similar function. With them interpreters can reveal aspects of park resources 
that are out of sight, out of season, notable when juxtaposed with a contrasting example, 
or too large or too small for the naked human eye to perceive, playing on novelty and 
surprise to captivate visitors and spark conversations. Tablets, like flashlights, make it 
possible for interpreters to establish a joint focus for attention. One major difference 
between flashlights and tablets is that with tablets visitors’ attention initially is directed 
away from their environment and to a screen, whereas a flashlight focuses attention 
on features of the environment. Interpreters were aware of the potential for iPads to 
compete with the natural resource and explicitly stated that they wanted visitors to be 
awed by the cave. Another difference is that the cave was relatively static in comparison 
to the visual library, which included video, and enabled interpreters to shift visitors’ 
perspectives in surprising ways, i.e., taking a bat’s-eye view down a passage. With this 
control, interpreters showed visualizations in a sequence that made sense in accordance 
with visitors’ questions and interests. 

Many visitors whom interpreters treated to the iSWOOP library expressed 
gratitude, curiosity, pleasure, and astonishment. Conducting think-aloud protocols as 
visitors watch a fly-through sequence or other visualizations might give interpreters 
and researchers a better understanding of what was new, compelling, or of value to 
visitors. This feedback would be useful in the design of visual libraries for other parks. 
In informal interactions it can feel awkward to ask visitors to explain their reactions, so 
until we do further research, we can only speculate about the characteristics of a visual 
library that are most likely to arouse strong positive reactions or contribute to visitors’ 
science literacy. Think-aloud protocols could yield useful information for interpreters—
describing the place of visualizations and interpreters’ provocative comments for 
visitors might otherwise silently connect their personal experiences to the scenery or 
phenomenon at hand. 

It is clear, both from the literature and from interpreters’ experiences at Carlsbad 
Caverns, that iPads can stimulate wonder and understanding of how scientists know 
what they have come to know. In interpreters’ hands, scientists’ visualizations can 
advance interpretive goals, but this does not happen magically. As researchers of the 21-
Tech project found, interpreters need time to become fluid with the technology (Garibay 
& Ostfeld, 2013). At Carlsbad Caverns individual interpreters found locations and 
strategies for initiating conversations. To meet the 21st-century standards for audience-
driven interpretation, professional development may need to place an even stronger 
emphasis on techniques for fostering dialogue. 

Based on the responses of nine Carlsbad Caverns interpreters, the data suggest that 
interpreters with tablets have the potential to increase awareness of parks as sites for 
research, highlight innovative uses of technology, give visitors reasons to appreciate bats, 
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and extend a behind-the-scenes look at the park. These are all aspects of revelation that 
could be described more fully in tandem with the guidelines suggested by Zimmerman 
and Land (2014), the categories used by Stern and Powell (2013), or the new interpretive 
competencies (2016). Researchers could then develop measures for the effectiveness 
of different strategies and techniques in inspiring concern for and connection to the 
resource. However, parks have limited resources. Bearing this in mind, ascertaining 
patterns of where and how visitors embrace opportunities for conversation and learning 
with interpreters can help parks target resources strategically.

In spite of professional development sessions that stressed interaction and 
questioning techniques, some interpreters and visitors easily fell into the comfortable 
roles of expert and listener. A benefit of establishing joint attention is its potential 
to jumpstart conversation, to spur the visitors to comment, observe, and speculate. 
Additional opportunities to practice this way of interacting may increase the likelihood 
that interpreters give visitors a chance to connect park-based scientific research to their 
prior experiences. 

We believe tablets are a worthwhile focus for continued use and study. Further 
research could investigate and confirm that roving with tablets shifted where and 
how interpreters approached visitors, increased the number of contacts, added value 
to visitors’ experience, and increased two-way communication about the relevance of 
scientific research to visitors. iSWOOP project leaders will be talking about possibilities 
in consultation with interpreters and supervisors at Carlsbad Caverns and other parks 
in the near future with support from another National Science Foundation grant 
(DRL# 1514776). The tablets have proved themselves as a tool that advanced interpreters’ 
mission to reveal the aspects of the park’s resources to visitors. With collaborative effort 
and plans we hope to document further the short- and medium-term impacts of tablet-
based technology in interpreters’ hands, more precisely describing types of revelation 
interpreters readily use, learning which visualizations visitors find most compelling 
and why, as well as how opportunities for increased science learning can dovetail with 
visitors’ interests and motivation. 
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Appendix A: iPad Reporting Form Prompts
1.  Images / Animations used 


