and technology, can be learned through multiple grade levels and relates very specifically to
students’ interests and experiences.

The call for three dimensional learning serves as a broad view of NGSS, but much
greater detail exists within the conceptual framework and may be realized through the MobiLAP
approach. There are several primary areas where MobiLAP may have a significant impact
toward the alignment of NGSS standards. These include: utilizing the interconnectedness of
science as it applies to the real world, creating a deep understanding and knowledge of the
content area, incorporating engineering and technology into science learning and the ability to
prepare students for higher education, employment and citizenship.

One of the ways that educators can prepare students for the future is by making use of
tools that are readily available to them. Since the majority of US teenagers own a smartphone,
the MobiLAP approach is a vehicle that educators may use to facilitate student learning both in
and out of the classroom. Since many of the observations in citizen science take place outdoors,
students can make use of the tools they already have at their disposal and can continue the
learning outside of the classroom and during non-school hours. This access to smartphones, apps
and other mobile technologies affords any student the opportunity to be a citizen scientist
(Ranieri & Pachler, 2014).

Educator Confidence and Training. Teachers should aim to facilitate learning in a
multidisciplinary and project-based approach in order to solve real-world issues (Asghar,
Ellington, Rice, Johnson, & Prime, 2012). This may prove difficult however, as many teachers
do not receive the support needed to collaborate in a multidisciplinary manner (Slavit, Nelson &
Lesseig, 2016). Professional development may tend to be focused in the teacher’s primary

subject area and may not allow for growth in related content areas. Additionally, educators get
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comfortable in their own subject and may not wish to collaborate with colleagues in other STEM
fields (Zhang, Mclnerney, & Frechtling, 2010). Lack of support and collaboration with other
STEM educators may prove to be two factors that may prevent teachers from reaching their
potential as facilitators of project-based, multidisciplinary STEM instruction.

Another factor that may contribute to a lack of confidence in STEM educators in the need
for specialized skills or knowledge related to project-based activities such as citizen science
(Thrumbull et al., 2000; Shah & Martinez, 2016). In fact, many science teachers have not
personally experienced scientific inquiry and it may be difficult for them to recognize its
attributes when trying to implement it in a classroom activity (Shah & Martinez,

2016). Similarly, student-teachers use their own experiences to understand climate change and
may not understand the core concepts associated with the topic (Papadimitriou,

2004). Compounding these issues is the level of technological ability needed to properly
conduct project-based learning activities such as citizen science projects. Each project varies in
the types of technology and the level of skill needed to effectively use them for the respective
project. However, teachers should anticipate a learning curve in terms of subject content
knowledge, citizen science project comprehension and technical dexterity related to operating
mobile technologies, submission forms and determining coordinates using GPS devices or
apps. These unfamiliar areas and the additional effort needed to master them may be enough to
dissuade teachers from implementing projects such as these into their curriculum. School
districts should provide appropriate professional development learning experiences and support
for sustained implementation.

Instructional Time. In today’s educational system, where teachers may feel as though

they must “teach to the test” in order to satisfy mandates, there is little time for projects that can
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distract from those goals. Removing students from their regular science classroom to take part in
a multi-observational citizen science program could impact instructional time for subject matter
that needs to be covered. If the citizen science project includes a field trip component, students
may miss content in other subjects which can negatively impact their learning in those content
areas. Additionally, since many citizen science projects require the use of technology (often
students’ own smartphones), this increases the opportunity for students to get distracted and take
away from instructional time.

Logistical Barriers. Not every high school in the United States is located in a rural area
with a vast supply of natural and forested areas teeming with a variety of species in proximity to
the campus. Citizen science projects rely on individuals to make and report observations on a
variety of naturally occurring subjects. This may prove a difficult proposition if schools are
located in urban areas and do not have direct access to the citizen science subjects they wish to
study. In cases such as these, teachers may be required to organize field trips to locations where
the requisite observation and reporting of species can take place. There are also opportunities for
urban-based citizen science projects that examine pollutants or that make observations of
available species such as insects and birds.

Logistically, the addition of a field trip complicates what may otherwise be the very
simple process of taking part in citizen science. There are often costs associated with busing
needs as well as food and beverage requirements. School districts also have the responsibility of
obtaining permission slips, health forms, and providing qualified chaperones for trips away from
campus. Since many of the activities associated with citizen science take place outdoors,
precautions must be taken place for injuries, allergic reactions and illness. Thus, epipen and

glucagon-certified individuals and those with basic first aid training may need to be included as
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part of the chaperone team. The addition of such individuals may be burdensome to the district
financially and they may be in limited supply.

Costs, paperwork and personnel are not the only barriers to successfully implementing
citizen science projects in schools. Technology is frequently required in order to observe, record
and report data to citizen science projects. The use of technology may bring about several
challenges. Students that utilize their own smartphones may incur charges when downloading
apps that enable them to complete the project. For example, a citizen science project may
require the exact latitude and longitude for any species observed. Some smartphones may not
have a built-in GPS for students to mark sample locations and a handheld GPS unit might need
to be included to gather a geolocation. The amount of data used to take part in the project may
also be a barrier as many smartphone users have a monthly limit on the amount of data they can
use. Additionally, since many citizen science projects take place in nature, there may not be cell
phone service or WiFi available to transmit data about the project to corresponding third-party
apps. There are however, solutions that collect data and synch to the cloud once a network
connection becomes available. Lastly, each user has their own level of skill and comfort with the
use of technology. If students are not properly trained on the use of project-related technology,
the data collected for citizen science projects could be unreliable. Students need to be trained
with observational protocols and use of specialized equipment in some projects such as the use
of technology that measures water or air quality.

Directions for Future Research

This section outlines three major areas for future research. First, citizen science identity

should be explored further to better connect the interwoven areas of climate change, STEM

interest and environmental stewardship. Secondly, using the MobiLAP approach in other
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contexts may be beneficial toward learner identity and knowledge construction in other subject
areas. Thirdly, the CEmSTEM subsection of STEM should be further refined and explored to
find ways to capitalize on the potential of solving major environmental issues such as climate
change.
Citizen Science Identity

The idea of citizen science identity is relatively new and the interwoven aspects of STEM
interest, climate awareness and environmental stewardship should be investigated
further. Gaydos and Squire (2012) investigated the impact of an educational game on citizen
science identity and its connection with perceived, potential environmental
stewardship. Although this study was based in a virtual citizen science game, it connected
participants’ feelings toward their identities as citizen scientists and their perceived potential of
taking part in actions that help the environment. The Gaydos and Squire study (2012) connected
one of the theorized pieces (environmental stewardship) related with citizen science
identity. Wallace and Bodzin (2017) explored additional strands of this interwoven fabric and
added STEM interest as a related component of citizen science identity. This current study adds
another element (climate change awareness) to the composition of citizen science identity. The
results indicate that participants that take part in the MobiLAP approach and form identities as
citizen scientists also have increased interest in STEM, CEmSTEM, better climate awareness and
perceive that they will take part in activities to help the environment. Figure 8 introduced
components of citizen science identity related to this study. Future research may utilize
advanced statistical methods to understand how much each component of the framework

contributes to the formation of citizen science identity

159



MobiL AP in Other Contexts

Much like citizen science identity, the educational approach of mobile learning and
authentic practice is also a relatively new field of study. There are only a few research studies
that have examined this combination and with the ubiquity of mobile devices, additional research
is warranted. There are many applications in which mobile learning can pair with authentic
practice to provide authenticity to learning and professional development. Fields of study and
jobs that require the use of mobile technologies to perform work-related tasks are of particular
interest as the use of mobile devices add to the authenticity of the practice. In the case of this
study, citizen science fits nicely as many authentic tasks related to observing, recording and

reporting data can be completed by using a smartphone.

CEmSTEM Exploration

This study defined a new subsection of STEM which places an emphasis on the
conservation and environmentally-minded aspects of science, technology, engineering and
mathematics. Many citizen science programs offer experiences where participants can obtain
first-hand knowledge about climate change and the environment. This hands-on approach
combined with mobile learning demonstrated how participants may create interest in
CEmSTEM. A multidisciplinary approach to teaching and learning STEM may provide a
holistic view of the problems endangering our world and may create a pro-environmental ethos
to aid such issues.

As this is the first study related to CEmSTEM, there is a great need to further develop
this newly formed concept. Further definition, correlation and causation needs to take place in
order to understand how the next generation of STEM workers and educators may impact and

influence our world while adhering to their beliefs as conservationists and environmentally-
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minded individuals. Longitudinal research needs to occur to determine if STEM interest and
CEmSTEM interest generated in early high school years is indeed a predictor of future STEM
careers. Likewise, further study needs to take place to see if the climate change perceptions,
environmental stewardship and citizen science identity developed in this study have a lasting
impact on participants.
Final Thoughts

As the United States educational system develops methods to enhance STEM education
and increase climate change awareness, citizen science may be emerging as a viable solution to
both issues. Citizen science engages and empowers students to have an active role in their
learning and instills a pro-environmental ethos (Groulx, Bribois, Lemieux, Winegardner &
Fishback, 2017) while creating STEM interest (Johnson et al., 2014; Toomey & Domroese,
2013). The solution is simple, yet effective, as any student with a smartphone can be a citizen
scientist (Ranieri & Pachler, 2014). The formation of citizen science identity may have a long-
lasting impact in the areas of STEM interest, climate change awareness and environmental
stewardship. With a large majority of teens having access to a smartphone, the adoption of
citizen science as a method to enhance STEM education and increase climate change awareness
seems to be definitive solution.

There are a plethora of cost-effective educational opportunities within citizen
science. SciStarter (Science for Citizens LLC, 2017) boasts more than 1,600 citizen science
research projects, many of which have curriculum implementation guides for multiple grade
levels (Brown, Abell, Demir, & Schmidt, 2006). Many of these opportunities use mobile
technologies to enhance and extend the learning beyond the classroom. As teachers and schools

look for low-cost and engaging ways to align to standards and provide students with authentic
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experiences, the MobiLAP approach in citizen science contexts may be a solution worth
consideration.

While citizen science is not the panacea to all of the educational issues in the United
States, it does show promise in generating interest in STEM fields, improving STEM education
and increasing climate change awareness and understandings. Students that take part in citizen
science may be able to see and experience climate change for themselves; turning an abstract
concept into a personal reality. Perhaps more importantly, it helps to develop a conservation and
environmentally-minded STEM interest in which innovation is intertwined with conservation.
Citizen science is not the panacea to all of the educational issues in the United States, but it is a

powerful tool that may just change the world.
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