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Mosquito-borne disease is a public health challenge that warrants an active surveillance
program for the identification of mosquito populations and the education of the public
for prevention and protection against disease-transmitting arthropods. The
communication of science to the public is necessary to prevent disease, change
behavior, and promote a dialog between scientists and the public. People are
accustomed to high quality entertainment, which begs the question, “If we made
science more entertaining, would the public be more interested?” To address these
issues, the objectives of this study are: 1) identify mosquito species and abundance at
the US Meat Animal Research Center (MARC) in Clay County, Nebraska; 2) create two
entertaining educational videos about arthropod disease vectors using puppets, song,
and humor; 3) determine the effectiveness of these videos on the behavior and
knowledge of adults in the US. The surveillance of mosquito species abundance at the
MARC showed there to be a high number of mosquito species that can serve as vectors
of disease. The educational videos were shown to be a successful form of science

communication, and the videos developed and presented for this study were found to
not only be entertaining, but significantly increased the participants’ engagement,
knowledge, and behavior towards personal protection and management of mosquitoes
and ticks.
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CHAPTER 1: LITERATURE REVIEW

Introduction
Mosquitoes are one of the most significant vectors of disease, and are responsible for millions
of deaths, disease, labor days lost, and diminished quality of life (Beernsten et al 2000). Public
health literacy plays a crucial part in preventing disease and improving the community’s health
(Nutbeam 2000, Jahan 2000, Healthy People 2020). The communication of science to the public
and, in return, public communication to scientists is important for successful science
communication partnerships (Rose 2002).

Culicidae: The Mosquito Family
There are over 3,000 species of mosquitoes worldwide, and 52 species in Nebraska (Day 2005,
Harbach 2007). They are classified in the phylum Arthropoda, class Insecta, order Diptera, and
family Culicidae. Adults can be distinguished from all other Dipterans with two characteristics:
scales fringing the wings and present on the head and thorax, and wing venation (Herms 1939).

Mosquito Life Cycle
Adult mosquitoes (Fig. 1) emerge from pupae, with males generally emerging first. Adults have
one pair of functional wings, and are placed in the order Diptera, and one pair of knobbed
wings called halteres (Darsie 2016). They possess filamentous and segmented antennae, which
categorizes them in the suborder Nematocera. Males can be easily distinguished from females
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by their large fluffy antennae. Adult mosquitoes feed on nectar or other sugar sources with
their proboscis to obtain carbohydrates (Jones 1978).

Adult mating occurs around dusk, in mating swarms. Females are thought to be monogamous,
and their spermathecae, or sperm receptacles, are filled for the rest of their lives and used for
each batch of eggs (Marquart 2005). Two to four days after taking a blood meal, female
mosquitoes lay 50-500 eggs depending on the genus. Anopheles, Coquillettidia, Ochlerotatus,
and Aedes lay single eggs on the water surface, and other genera, such as Culex and Culiseta,
lay their eggs in rafts (Fig. 2) (Becker 2010, Marquart 2005, Dykstra 2008). Floodwater mosquito
eggs enter into a period of dormancy, and other mosquito eggs hatch immediately after
embryonic development completes (Becker 2010).

After hatching, the larvae molt several times, eventually becoming a fourth stage larva (Fig. 3).
They drink water, and collect ions through anal papillae, which are bladder-like structures at
the tip of the abdomen. Non-predacious larvae feed on plant and animal matter with a brushlike mouthpart (Marquart 2005). Larvae have siphons for breathing at the water surface, with
the exception of Anopheles; they lie horizontally at the surface and breathe through an opening
(Dykstra 2008). Several days after becoming fourth stage larvae, they molt and become pupae.
Their development is dependent on water temperature, food availability, and larval density
(Marquart 2005).
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Mosquitoes in the pupal stage do not feed. Inside the case, metamorphosis takes place within
one to four days (Dykstra 2008). Pupae (Fig. 4) have a special tail-like structure that allows them
to move when predators are present (Clements 2005).

Host Seeking
Suitable host candidate factors have been studied, but the process still is not understood well.
It is thought females are drawn to warmth, moisture, and carbon dioxide (Marquart 2005).
Kairomones are compounds from hosts that trigger a positive response in mosquitoes seeking a
blood meal. These sources can include expired breath, skin, epidermal secretions, flatus, and
urine (Clements 2005). Expired breath contains carbon dioxide, which is one of the more
prominent attractants. Sweat is secreted through the skin, as well as other compounds.

Blood Feeding and Pathogen Transmission
Mosquitoes have three phases of host location behavior. Long-range orientation incorporates
olfactory and visual cues, focusing on carbon dioxide, octenol, and lactic acid (Day 2005, Kline
et al 1991). Middle-range orientation involves secondary olfactory cues, such as lactic acid and
octenol. Vision cues are also used, as mosquitoes are adept as sensing color and motion. Shortrange orientations include heat, vision, sound, and olfaction, when the mosquito is very close to
the host (Day 2005, Khan 1966).

Females obtain a blood meal before mating, but some are autogenous, meaning they can
sometimes lay their initial batch of eggs without a blood meal (Marquart 2005).
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When feeding, mosquitoes inject saliva from their salivary glands into the host (Fig. 5). Saliva
has three main functions in this interaction: vasoconstriction, platelet aggregation, and bloodcoagulation cascade (Marquart 2005).

Mosquitoes are one of the most significant disease vectors (Beernsten et al 2000). Parasites
and pathogens take advantage of the saliva that is injected into a host.
Population density, temperature, feeding preferences, feeding time of day, and other factors
are all involved in whether or not a species will be relevant in the transmission of an arbovirus
(Turell et al 2005). For example, even though Culex pipiens is one of the most prominent
vectors of West Nile virus (WNV) in Nebraska, it might be irrelevant in other areas (Turell et al
2005).

West Nile Virus
In 2002, WNV-NY99 emerged in Nebraska with 153 cases, and 1,942 cases the following year
(Statistics & Maps West Nile Virus CDC 2019, ArboNET data). Eight months after the 2003
epidemic, blood donation samples were serologically screened for WNV. Approximately 9.5% of
the samples had positive results for WNV, with the western part of the state leading at 19.7%,
and the eastern part of the state at 4.2% (Schwitzer et al 2005). Western Nebraska had far
more detectable WNV-antibodies than the rest of the state, and this could be because the most
prominent vector of WNV, Culex mosquitoes, is more prevalent in the western part of the state
(Janousek & Kramer 1999). It is likely that hundreds of thousands of people have been infected
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with WNV, but do not experience any symptoms (Schwitzer et al 2005). A total of 3,653 cases
were reported by state and local health departments in Nebraska from 1999-2016, and in 2018,
Nebraska led the nation with the highest amount of human WNV cases (Statistics & Maps West
Nile Virus CDC 2019).

Mosquitoes, primarily mosquito from the Culex genus, feed on certain species of wild birds (Fig.
6), preferring those from the family Corvidae, including crows (Parra 2016, Komar et al 2003,
Georgiev et al 2008). If the bird has the virus, the mosquito will obtain it, because the bird’s
blood contains high levels of the virus (Work et al 1955). Some Culex mosquitoes are known to
feed on a mix of avian and mammalian sources, and therefore can pass WNV on to humans and
other mammals (Colpitts et al 2012). Humans and horses are the most common mammalian
hosts of WNV, but the virus levels in their blood are not high enough for a mosquito to pick up
and pass on to others (CDC Transmission 2018).

Approximately 80% of humans who become infected report no symptoms, but the remaining
20% display a range of signs, and occasionally some will have lasting brain damage even with
treatment (WHO WNV Fact Sheet 2017). WNV mainly affects elderly adults and those with
compromised immune systems (Sejvar 2003, CDC ArboNet 2012). There is no treatment other
than palliative care and mosquito control, but there is a vaccine for horses (NDA Animal Health
2019).

Mosquito Management
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Mosquito larvae are aquatic, so water can be treated biologically, physically, or chemically.
Larvicides can be applied where mosquitoes lay eggs, such as rain barrels, gutters, and tree
holes. Bacillus thuringiensis (Bti) is a biological control method, using a bacterium that kills
larvae that eat it before they pupate. Bti does not harm people, other insects, the environment,
or animals. It is often used as part of an integrated mosquito management plan (CDC BTI 2019).
Insect growth regulators, such as methoprene, and S-hydroprene, are used to disrupt the life
cycle of the larvae by interfering with juvenile hormone, which causes the larvae to die before
pupating (EPA Larvicides 2013).

Mosquito adulticides include coils, foggers, or sprays, and can be applied indoors or outdoors
(CDC Adulticides 2019). Synthetic pyrethroids, such as permethrin, are commonly used for
mosquito adult control, either as a spray or fog, or treated clothing and nets (EPA Permethrin
2019). Trucks can spray small amounts of insecticide to kill flying mosquitoes instantly (CDC
Outdoor Spraying 2019). Aerial spraying includes both adulticides and larvicides (CDC Aerial
Spraying 2019).

The Department of Health and Human Services (DHHS) urges the public to contribute to
community mosquito control by removing standing water and eliminating receptacles that can
hold water. Wearing mosquito repellent, wearing appropriate clothing, and staying indoors at
dusk and dawn are also recommended actions the public can, and should, take (Mirzaian et al
2010, Brewster 2001, Sarwar 2016). They also provide testing services to those who bring dead
birds to local health departments. Currently, there are no cost-effective products available to
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the public that are effective, but larvicides are well suited for farmers, ranchers, and tire pile
owners (personal communication with DHHS). Homeowners can hire professionals to spray, but
chemical treatments are temporary (Green 2019).

Forty states, including Nebraska, have adopted The International Code Council’s International
Property Maintenance Code (IPMC) (IMPC Code Adaptation Map). One of the principles of IMPC
is that they must protect public health, safety, and welfare by providing a basic volume of
knowledge and resources to home dwellers, adopted and enforced by local jurisdictions. The
Code 302.2 states that occupants of premises or exterior properties that have stagnant water
must either regrade the premises, or install a water-diversion system. Nebraska health
departments, such as Lancaster and Douglas counties, take action by removing mosquito
breeding sites, applying larvicide, educating the public, and monitoring mosquito populations
and disease (DCHD Mosquito Monitoring 2019). The Environmental Protection Agency (EPA)
ensures that state and local agencies are able to get effective mosquito control resources (EPA
Mosquito Control Statement 2012). Many local and state governments have mosquito and virus
surveillance programs, issue pesticide permits, educate the public (DHHS Fight the Bite), and
determine if control methods, such as aerial spraying, should be used (New York Public Health
Law 602, Article 15, Code 2.6, Code 44). Nebraskan local public health departments have three
core functions: assessment, policy development, and assurance, and are funded by the
Nebraska Health Care Funding Act (LB 692).

Mosquito Surveillance
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Mosquito and virus surveillance are valuable components for a control program (Dykstra 2008).
First, changes are tracked in mosquito populations throughout the seasons and the years
(Osorio et al 2014). This helps predict when and where mosquitoes are thriving, so the areas
can be properly managed (IDPH Mosquito Surveillance 2019). Second, knowing what mosquito
species are present is helpful because different species are carriers or potential carriers of
certain disease (CMMCP Arbovirus Surveillance 2019). Surveillance also indicates if there are
any new invasive species (Osorio et al 2014). Third, testing for viruses shows if new viruses
emerge, or if different species from the norm are carrying them (ECDC Guidelines 2014). In
Nebraska, precipitation and irrigation can cause large populations of mosquitoes, especially
floodwater types (Tate 1944).

Mosquito surveillance is conducted for various reasons. The relationship between agricultural
activity and occurrence, abundance, and distribution of mosquito densities can convey valuable
insight into developing a management plan (Muturi et al 2006). Other information can be
integrated with the mosquito surveillance data, such as water quality, rainfall, pH of water,
temperature, and other factors. If environmental factors are recorded, they can assist in
predicting larval densities, and efficient control methods can be applied (Vanalruia et al 2014).
Surveillance data and knowledge of potential aquatic habitats are important for developing
effective mosquito control methods (Hayes et al 1985). Surveillance data in the United States is
available online as a live map to aid in predicting WNV outbreaks (ArboNET, CDC).
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Light traps are the most commonly used traps in mosquito surveillance, and are typically hung
on a tree or shepherd’s hook, about 5-6 feet off the ground (Dykstra 2008), or 1.5 m off the
ground (Williams 2007). They can be baited with carbon dioxide, or 1-octen-3-ol (octenol),
which can be used with carbon dioxide or alone. Octenol is a gas produced from cows and
attracts certain species (Dykstra 2008). Baited light traps collect a higher variety and number of
mosquitoes, but the majority are nullipars with no blood meal present (Gingrich 2004, Williams
2007). Gravid mosquitoes collected has been estimated to be 21 to 35% (Reisen 1987). Since
many species are attracted to light, males are also collected occasionally. This can indicate that
a group of females is about to emerge in that location (Dykstra 2008).

Mosquito Surveillance in Nebraska

To date, there are 51 mosquito species documented in Nebraska. Between 1944 and 1999,
there were 47 mosquito species documented in Nebraska (Tate & Gates 1944, Rapp 1958, Rapp
& Harmstone 1965, Lunt & Rapp 1981, Janousek & Kramer 1999). Hayes et al. (1985) found
Aedes vexans and Culex tarsalis to be the most abundant mosquito species surveyed at a
reservoir near the Missouri River between Nebraska and South Dakota. Easton (1987)
conducted a mosquito surveillance study in Nebraska, Iowa, and South Dakota finding the most
abundant species to be Aedes vexans and Culex tarsalis. In 2001, the mosquito species
Ochlerotatus epactius, Anopheles perplexens, and Culiseta melanura (Moore 2001) were
discovered in Nebraska. Schwitzer et al. (2005) led a surveillance study across 20 counties in
Nebraska, which found Culex mosquitoes that tested positive for WNV-specific antibodies. A
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study near the United States Meat Animal Research Center (US MARC) reported 13 different
mosquito species collected in 2012 and 2013 (Bryson 2014), with the most common species
collected being Culex tarsalis, Aedes vexans, and Culex pipiens. The additional mosquito species
collected near this site were Ochlerotatus sollicitans, Anopheles quadrimaculatus, Coquillettidia
perturbans, Culiseta impatiens, Culiseta inornata, Ochlerotatus dorsalis, Ochleritatus trivittatus,
Psorophora ciliata, Psorophora columbiae, and Psorophora cyanescens (Bryson 2014). In 2016,
the DHHS conducted a mosquito surveillance study in the government-designated southeast
region of Nebraska, which included Clay County. They found the top species to be Aedes vexans
making up 47% of the total amount. Culex pipiens and Culex tarsalis were the next most
abundant species (DHHS 2016). In 2019, the first record of the infamous Aedes aegypti was
documented in the state, and is known for transmitting yellow fever, dengue fever,
chikungunya, and Zika viruses (Bucco-White 2019, Mirzaian et al 2010, Sarwar 2016).

There are several medically relevant species in the state, and surveillance projects are designed
to track these species. Aedes vexans is a floodwater mosquito that transmits or has the ability
to transmit Dirofilaria immitis, Rift Valley fever, Eastern equine encephalitis, and West Nile virus
(DHHS 2016, Hu 1931, Milker et al 2002, Fortin & Slocombe 1981, O’Malley 1990, Kulasekera et
al 2001, Sarwar 2016). They have certain criteria for selecting a suitable location for egg laying:
the body of water must have few mosquito predators, there must be sufficient and consistent
flooding, and the location must be wet to ensure there is no water loss (Becker 2010). Aedes
vexans mosquitoes have a flight range of around 20 miles, which is unique, considering
mosquitoes are weak fliers (Dykstra 2008).
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Culex pipiens mosquitoes transmit Dirofilaria immitis, St. Louis encephalitis, and Rift Valley
fever (Hu 1931, Milkler et al 2002, Brewster 2001, Mirzaian et al 2010). They also are one of the
primary vectors of WNV (Kulasekera et al 2001, Mirzaian et al 2010, Brewster 2001). Culex
pipiens mosquitoes that are about to lay eggs are attracted to the organic content of water and
decomposition products ammonia, methane, and carbon (Becker 2010). They are able to detect
the site as a prime location to lay their eggs. Culex pipiens mosquitoes have a flight range of one
mile (Dykstra 2008).

Culex tarsalis mosquitoes are known to feed on humans, domestic animals, and birds. They
transmit or have the ability to transmit WNV, Western equine encephalitis, and St. Louis
Encephalitis (Dykstra 2008, Reeves & Hammon 1944, Kulasekera et al 2001, Mirzaian et al
2010). Their larvae are found in permanent and non-permanent aquatic habitat and do not
show much preference for water quality (Dykstra 2008, Kloter 1983, Tate & Gates 1944).

Mosquito Education for the Public
Mosquito-borne illnesses are a significant public health concern. They make people ill, which
affects overall quality of life, labor days lost, and agricultural loss. A total of 2,544 cases of West
Nile virus were reported in 2018 across 49 states, with the majority classified as neuroinvasive
disease, with Nebraska leading the nation with 245 WNV cases (Statistics & Maps West Nile
Virus CDC 2019). While low fatality rates of humans are reported for WNV, the virus is a public
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health concern as it can be present in a range of environments, carried by several mosquito
species, and detected in multiple hosts (Gingrich & Casillas 2004, Campbell et al 2002).

Throughout the years, mosquito control has gone from pesticides to integrated pest
management which includes surveillance, pesticides, education, and eliminating larval habitats.
Pesticide applications funded by taxes are vulnerable to public criticism, even though the
pesticide use is approved by state and federal regulations. Many people are concerned about
environmental consequences of pesticide use, such as polluting water, killing of honey bees and
other beneficial insects, and negative health effects on humans and animals. Public knowledge
and political involvement are crucial to ensure that pesticides for disease control are available
(Rose 2002).

Public perceptions and knowledge about transmission, prevention, and treatment are the main
sociocultural factors that affect disease control (Agyepong 1992, Nuwaha 2002). Community
participation is an essential and cost-effective method of mosquito habitat control (Winch et al
1992, Gubler & Clark 1996, Sarwar 2016). Many educational programs do not have an instant
effect on behavior change, and passive educational methods are not effective to motivate the
public to reduce their backyard and community mosquito habitats (Bartlett-Healy et al 2011).

Government health agencies are not enough to locate and manage potential mosquito
oviposition sites; participation of the public is necessary to prevent containers from collecting
water (Madeira et al 2002, Sarwar et al 2016). Yasuoka et al (2006) developed an educational
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intervention. This curriculum included a component of environmentally friendly mosquito
control methods and field exercises rather than traditional indoor lectures. This educational
intervention program caused increased knowledge of mosquito ecology, disease epidemiology,
and community mosquito control.

In the 1930s, Shell International Petroleum Company Limited produced a series of videos
showing mosquito life cycle information, malaria transmission, and control measures.
Mosquito-borne illness films increased in number and popularity in the 1940s. In the past
twenty years, there have been many malaria videos, mostly documentaries for a general
audience. Between 1983 and 2003, over 45 films in the English language have been made by
producers such as The Discovery Channel and WHO. These films included footage of interviews
with malaria survivors, interviews with relatives of dead malaria victims, and areas that are
prone to a high number of malaria cases (Fedunkiw 2003.)

Basch et al (2018) identified the top ten most popular videos about Eastern equine encephalitis
on YouTube. They found that seven of these were produced by news companies, one was
produced by a health professional, and two were produced by individuals with no professional
background. In the US, a majority of post academic adults get their science information from
the news and social media, where the information might be incorrect, incomplete, and/or
biased (McNab 2009). To further compound this issue, this information is often not created by
experts (McNab 2009). This shows that videos made by professionals or experts are not as
widespread or as popular as videos made by organizations or individuals without a professional
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background. The general public could benefit from knowing how they can reduce their risk of
infection from mosquito-borne diseases, especially in third world countries with sub-par
healthcare, where the internet might not be readily available.

Dramatic titles are used for mosquito videos and documentaries and spark interest in the
potential viewer; such as “Return of the Plagues: Mosquito,” “The Threat is Real,” “Dengue and
Chikungunya in Our Backyard,” ”One Mosquito Bite Can Change a Life Forever,” and “Mosquito
Death Squad.” These videos and documentaries outline different control methods and topics
customized for specific regions, such as antimalarial medication, treated bed nets, and backyard
control.

Health Literacy
There are many definitions of health literacy circulating, but there is one that is used and
accepted by the Centers for Disease Control and Prevention (CDC), the USA Department of
Health & Human Services, National Institutes of Health, and the National Library of Medicine.
This definition (Ratzan et al 2000) states that health literacy is “the degree to which individuals
have the capacity to obtain, process, and understand basic health information and services
needed to make appropriate health decisions”

The ultimate goal of health literacy is to promote more independence among the public, so
they are able to develop confidence to communicate and discuss health with their peers and
health professionals (Nutbeam 2000). Public health literacy plays a crucial part in preventing
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disease and improving the community’s health (Nutbeam 2000, Jahan 2000, Healthy People
2020). Communicating science to the public, as well as the public communicating to scientists,
is important for successful health literacy partnerships (Rose 2002).

It can be difficult to share science with the public. One of the reasons being that scientists and
the public have different opinions about what is relevant and useful science. Scientific writers
need to come up with strategies to address the public’s comprehension. News reports involving
scientific topics could be challenging because of issues with the general public understanding
terms and jargon or visualizing concepts (Rowan 1991).

Science can be very challenging to understand, especially without a scientific education,
because of complicated terms, specialized language, and jargon (Durant et al 1989, Miller &
Wayne 1988, Miller 1983, Miller 1986). One common taxonomy describes different learning
styles, including visual, read-write, auditory, kinesthetic, or mixed-modality. Teaching strategies
that include more learning styles can help reach different kinds of people (Baykan & Nakar
2007). The use of audio-visual instruction has been shown to be more effective than written
instruction (Mayer 1999).

Social Media
There are millions of people that use social media daily to communicate and share content as
well as for entertainment and work. Social media has fostered the activity between
organizations and the public, the public to the public, and the public to organizations (Mangold
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& Faulds 2009). There are several companies, organizations, and scientists who use social
media to communicate their research and outreach projects through videos, articles, and
tweets. For example, Bayer, the Midwest Industrial Hemp Association Foundation, and Neil
deGrasse Tyson. Elon Musk uses Twitter frequently. In 2018, he tweeted 4925 times, and the
majority of his tweets were replies to the public, the media, and other organizations (Scott &
Bansal 2019). While many of Musk’s tweets are not science related, he engages his followers in
personal dialogue, in effort to share his company’s work. This more personal approach, rather
than an authoritative approach, might encourage users to retweet his science posts and
become engaged (Elon Musk’s Twitter, Van Eperen & Marincola 2011). Social media has
fostered the activity between organizations and the public, the public to the public, and the
public to organizations (Mangold & Faulds 2009). Social media has become a popular method
for organizations and the public to communicate. State public health departments that use
social media are mostly using it to distribute information, but not creating discussions with the
public (Thackeray et al 2012).

While research for the use of social media in public health is still emerging, there is great
opportunity for social media to be used in public health including change in disease knowledge
and attitudes (Kass-Hout & Alhinnawi 2013, Giustini et al 2018). In recent years, educational
videos have been used and distributed in through social media outlets with the goal of
impacting public health issues. Targeted public health videos have been used widely as a part of
public health campaigns on issues, including HIV prevention (Aronson et al 2012), fall injury
prevention (Gough et al 2017), and in smoking cessation (Richardson et al 2011). While some
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research exists on the impact of social media-based public health education videos, very little
work has been done to explore these videos impact on the public’s knowledge, behavior, and
attitudes of arthropod-borne diseases.

A YouTube search on the phrase “malaria prevention” resulted in 111 videos uploaded in 2019
alone (search YouTube.com December 5, 2019). Content covered in the videos include
information on the side effects of the disease, vector biology, mosquito biology, mosquito
control, societal impacts, and news stories. Similarly, a search on the phrase “tick prevention”
resulted in 232 videos with similar content. While these educational videos demonstrate the
prevention of insect vectored disease, there is no measurement of efficacy of these videos.

Production Approaches and the Efficacy of Educational Videos to Communicate Science
There is a limited amount of literature on the effectiveness of educational movies and videos,
even though they are a very popular source for entertainment and also education. The current
literature often does not provide information about the videos used in their studies. Knowing
attributes of the video, such as the style, production, budget, funding source, context in which
the video was shown, and if the video is still being used, could help others in developing
educational videos. However, none of that information has been made available. Most
importantly, the videos used in publications are unavailable to watch.

In England between 1911 and 1939, approximately 350 health videos were made to be
distributed throughout the country. The estimated cost for a 9-minute video was $1242.80 USD
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(1000 GBP). In a small town, over 2,500 people gathered to screen a public health film about
venereal disease. These people were eager to attend the public lecture not only for learning
about venereal disease, but the information was delivered via film, which was a relatively new
medium at the time (Boon 1999).

In 1988, the World Health Organization stated that television programs, such as Sesame Street
and Blue’s Clues, trumped every other media type for interest and engagement and have
positive effects on the cognitive development in children (Anonymous 1988). Educational
videos have a very effective intervention in changing behavior in students (Severson et al 1991,
Simons-Morton et al 2005).

Gastel (1983) compiled a list of strategies for scientists to effectively communicate with
reporters, including analyze the audience, build on their background, state the general concept
before the details, preview and follow up examples with explanations, depict relationships
clearly, avoid jargon, introduce new terms gently, keep words sentences and paragraphs short,
write using only a few numbers, and provide simple graphics or illustrations. It was found that
the best length for engagement in educational videos is between 2 - 5 minutes (Gruber &
Buchner 2017, Thomson et al 2014). When there is a lot of information to be conveyed in such
a short video, breaking the story into several chunks helps prevent cognitive overload (Mayer &
Moreno 2003). For example, skin cancer is one of the most common, but preventable, types of
cancer in the United States. The most common use of spreading information has been through
written materials. Similarly, community and school intervention programs have been very
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successful, but they require many resources. Armstrong et al (2011) found that the video group
participants referred back to the created video 1.3 more times than the pamphlet group. The
video group scored significantly higher on the post survey than the pamphlet group, and also
changed their behavior more. (Armstrong et al 2011).

Alternative Approach: Using Music and Puppets to Communicate Science
Songs are considered organizational mnemonic devices, because they provide a structure of the
information within meter and rhyme constraints and, in turn, making recall easier for people
(Bower & Bolton 1969). Songs are also encoding mnemonic devices, because words that are
difficult to remember are grouped with words or sounds that are easy to remember (Bellezza
1981). Music is not usually utilized in college. Even so, in one study, college students who had
heard an educational song tested better on the song related test questions compared to the
students who had not heard the song (McCurdy et al 2008).

The use of a character in a video can help the viewers identify and become more engaged
(Buchner 2018). Puppets come to life as complex characters with personality. They appeal to
both children and adults. Simon et al (2008) showed that puppets in a classroom helped
children become more engaged in the topic and become more involved in the lesson. Children
who usually did not contribute to in-class discussions were more involved vocally when puppets
were used, and the children said that science was easier to understand because the puppets
used simple language compared to the teacher to clearly explain important concepts (Simon et
al 2008).
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One way to make science relatable to both children and the general public is through the
combined use of puppets and familiar song parodies. The United States Copyright Act of 1976
(17 U.S.C. §107) allows “the fair use of a copyrighted work…for purposes such as criticism,
comment, news reporting, teaching (including multiple copies for classroom use), scholarship,
or research.”
Objectives
The presence of West Nile virus in Nebraska is a growing public health concern, which requires
community participation for the successful control of vector mosquito populations to mitigate
disease. There are several mosquito species present in Nebraska that are potential vectors for
diseases and pose a serious health risk for humans and animals. The communication of science
to the public is necessary to prevent disease, change behavior, and promote a dialog between
scientists and the public. People are accustomed to high quality entertainment, which begs the
question, “If we made science more entertaining, would the public be more interested?” To
address these issues, the objectives of this study were three-fold. First, the surveillance and
identification of mosquito species and abundance were conducted at the US Meat Animal
Research Center in Clay County, Nebraska. Second, there were two entertaining educational
videos created that focused mosquito and tick protection and prevention using puppets, song,
and humor. Third, the effectiveness of these educational videos was evaluated by testing a
change in the knowledge and behavior of adults towards the disease-transmitting arthropods in
addition to the adults’ attitudes towards the educational value of these videos and production
approaches.
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CHAPTER 2: SURVEILLANCE OF MOSQUITOES AT THE US MEAT ANIMAL RESEARCH CENTER

ABSTRACT
Landscape alterations and disease emergence are environmental concerns that intersect within
aquatic habitats. Human disturbances, particularly those involving water management, can be
either barriers or conduits that influence the propagation and persistence of vector-borne
disease. The US Meat Animal Research Center (MARC) contains farmland, water, and livestock.
Here, a groundwater discharge channel from a water treatment plant transects the MARC for
erosion, irrigation, and aquifer purposes. Additionally, the MARC is a flyway for migratory
waterfowl, including vectors of West Nile virus, and avian and mammalian species. In 2018, a
surveillance of mosquito populations was conducted to calculate the abundance of species at
the MARC. A total of 8,838 adult female mosquitoes consisting of 9 species were collected at
four sites using CO2-baited CDC light traps. The most abundant species collected were Culex
pipiens (86%), Culex tarsalis (9%), and Ochlerotatus trivittatus (3%). The data will be discussed
in terms of managing the presence and propagation of mosquito-borne disease for the
protection of human and animal health at the MARC.
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INTRODUCTION

The US Meat Animal Research Center (MARC), a 35,000 acre facility in Clay County, Nebraska,
started operation in 1966. The MARC is a former World War II naval ammunition depot that
was acquired by the US Department of Agriculture (USDA) through Congress-approved
legislation. In the mid 1980s, the groundwater was discovered to be contaminated as a result of
manufacturing munitions. The MARC has a groundwater discharge channel, with nine grade
control structures, draining to a 200-acre reservoir.
The discharge channel and grade control ponds are not filled with water continuously, due to
the need for irrigation and fluctuating precipitation. The MARC is a major migratory bird flyway,
increasing the native waterfowl population. There are several bird species known to carry
mosquito-borne viruses, such as West Nile virus, and many of them are found at MARC. Thus, it
is also possible for migratory birds to introduce viruses into the area. Additionally, the MARC
has approximately 8,000 breeding-age cows, farrows 1,000 litters of pigs annually, and 4,000
breeding-age ewes. These factors contributed to the MARC becoming a paradise for pathogens,
turning the acreage into a reservoir for disease (Collinge & Ray 2006).

Landscape alterations and disease emergence are environmental concerns that intersect within
aquatic habitats. Many aquatic habitats within agricultural landscapes are considered to be
highly nutrient-enriched ecosystems. Fluctuating biogeochemical cycles, such as nutrient
transition and the associated abundance of reactive nutrient species, in these landscapes are
linked to many concerns, including the emergence of vector-borne diseases (Norris 2004, Boyer
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et al. 2006). An impaired agricultural landscape in addition to aquatic and riparian habitats can
exacerbate the situation by producing nutrient-enriched aquatic habitats for microbial
communities that influence the spatiotemporal distribution and pathogen transmission of
mosquito-borne disease (Ponnusamy et al. 2008).

Human disturbances, particularly those involving water management, can be either barriers or
conduits that influence the propagation and persistence of mosquito-borne diseases (McCallum
2008). The transmission of mosquito-borne diseases often occurs at relatively small, discrete
parts of agricultural landscapes, and if the host, vector, and pathogen can be properly managed
or isolated, these pathogens and diseases may be controlled (McCallum 2008). Thus, the
incorporation of landscape structure into the design of management strategies for mosquitoborne diseases is of critical importance. The knowledge of mosquito species abundance and
diversity at the MARC is limited and, thus, requires surveillance approach to better understand
and mitigate emerging human and animal health challenges associated with mosquitoes and
their transmitted diseases.

This study aimed to provide mosquito species identification and abundance to better
understand the composition and activity of mosquito communities at the MARC. The
objectives were to 1) expand knowledge of the activity and relative abundance of mosquito
communities in an understudied area and 2) evaluate differences in mosquito communities by
location, especially focusing on known vector species. The data show Culex pipiens to be the
most abundant mosquito species found at the MARC, in addition to the identification of Culex
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tarsalis, Ochlerotatus trivittatus, and Aedes vexans, all of which are known disease pathogentransmitting mosquitoes.

MATERIALS AND METHODS
Study Location
Four sites were selected at MARC, and they were identified as SWEF, SBC, HIP, and TAI. The
trap sites (Figs. 7 & 8) were chosen based on the presence of vegetative resting sites, distance
from the stagnant water, and presence of animals (Silver 2007). The SWEF site had a large
number of densely packed trees located near a highway. The SBC site had a moderate number
of densely of trees located near the start of a water discharge channel and cornfields. The HIP
site had a moderate number of trees and located near grazing fields, with the presence of
horses and cattle. The TAI site had a smaller number of tightly packed trees, with many sheep,
and was in close proximity to humans and farm equipment.

Trapping protocol
Adult female mosquitoes were collected at the SWEF, SBC, HIP, and TAI sites on 10 trap nights
between June and October 2018. CDC Mini Light Traps (Bioquip, Rancho Dominquez, CA) baited
with dry ice CO2 in modified insulated coolers, were used for collection of adult mosquitoes at
each site (Fig 9). The traps were deployed between 1600 and 1900 hours and then collected
between 0600 and 0900 hours the following day. Five traps were positioned within 100 meters
of each other at the same sites on the same days to remove sampling bias (Fig. 10). The
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batteries did not die and were always found operating the next morning. On few occasions,
inclement weather prevented the deployment of traps, but never interrupted a trapping night.

Sample Sorting and Identification
The mosquitoes were stored on dry ice in 15 ml centrifuge tubes immediately after capture.
The mosquitoes were transported to the laboratory and were identified using the dichotomous
keys in Darsie and Ward (2016). The mosquitoes were stored at -80 °C by species, collection
site, and date.

Statistical Analysis
All calculations and statistical analyses were carried out using GraphPad Prism 7 (GraphPad
Software, Inc, La Jolla, CA). A one-way analysis of variance (ANOVA) followed by Turkey’s
multiple comparison test was used to compare the acreage number of mosquito species
collected at each site (Zar 2007). All statistical tests were carried out at a significant level p <
0.05.

RESULTS

Mosquito Collections
A total of 8,838 adult female mosquitoes representing nine species were collected from four
sites at the MARC. The mosquitoes were collected over 10 trap nights between July to August
2018 using CO2-baited CDC traps. Nine species were identified: Ochlerotatus trivitattus, Culex
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tarsalis, Culex pipiens, Aedes vexans, Psorophora columbiae, Anopheles quadrimaculatus,
Psorophora ciliata, and Ochlerotatus sollicitans plus one unidentified Anopheles species (Table
1).

The total number of adult female Ochlerotatus trivitattus, Culex tarsalis, Culex pipiens, Aedes
vexans, Psorophora columbiae, Anopheles quadrimaculatus, Psorophora cilata, and
Ochlerotatus sollicitans collected at the MARC was 283, 780, 7,626, 71, 8, 66, 1, and 2,
respectively (Table 1). The average numbers of the four most abundant adult female mosquito
species, Culex pipiens, Culex tarsalis, Ochlerotatus trivitattus, and Aedes vexans, collected at the
MARC on 10 trap nights are shown in Fig. 11. The average number of Cx. pipiens collected at
the MARC was 1,907.00 ± 870.70 per site for each trap night (Fig. 12). The average number of
Cx. tarsalis collected at the MARC was 195.00 ± 103.90 per site for each trap night (Fig. 12). The
average number of Oc. trivitattus collected at the MARC was 70.75 ± 59.13 per site for each
trap night (Fig. 12). The average number of Ae. vexans collected at the MARC was 17.75 ± 4.79
per site for each trap night (Fig. 12). The average number of An. quadrimaculatus collected at
the MARC was 16.50 ± 14.01 per site for each trap night (Fig. 12). The average number of Ps.
columbiae collected at the MARC was 2.00 ± 0.82 per site for each trap night (Fig. 12). The
average number of Oc. sollicitans collected at the MARC was 0.50 ± 0.58 per site for each trap
night (Fig. 12). The average number of Ps. cilata collected at the MARC was 0.25 ± 0.50 per site
for each trap night (Fig. 12).
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The mosquito species with the highest abundance at the SWEF, SBC, HIP, and TAI sites were Cx.
pipiens, Cx. tarsalis, Oc. trivitattus, and Ae. vexans are shown in Fig. 13. The average number of
Cx. pipiens collected at SWEF, SBC, HIP, and TAI was 583.00 ± 92.00 (1,749 total), 353.80 ±
569.70 (2,123 total), 276.00 ± 295.60 (828 total), and 731.50 ± 134.90 (2,926 total),
respectively. The average number of Cx. tarsalis collected at SWEF, SBC, HIP, and TAI was 92.33
± 54.15 (277 total), 58.20 ± 60.26 (291 total), 41.00 ± 46.60 (123 total), and 29.67 ± 29.02 (89
total), respectively. The average number of Oc. trivitattus collected at SWEF, SBC, HIP, and TAI
was 39.33 ± 65.53 (118 total), 31.25 ± 27.21 (125 total), 14.50 ± 19.09 (29 total), and 5.50 ± 0.71
(11 total), respectively. The average number of Ae. vexans collected at SWEF, SBC, HIP, and TAI
was 4.00 ± 3.61 (12 total), 5.75 ± 4.43 (23 total), 8.00 ± 8.49 (16 total), and 10.00 ± 11.31 (20
total), respectively. The average number of Cx. pipiens collected at the SWEF and TAI sites was
significantly higher than the average number of all other species collected at these two sites (p
< 0.0001; Fig. 13). There was no significant difference between the average number of
mosquito species collected at SBC and HIP (Fig. 13). In addition, there was no significant
difference with the average number Cx. pipiens, Cx. tarsalis, Oc. trivitattus, or Ae. vexans
collected between the four sites (Fig. 14).

DISCUSSION

The Nebraska Department of Health and Human Services in 2019 announced the first
identification of Aedes aegypti mosquitoes in York County, Nebraska. They found it with a
mosquito surveillance program. The surveillance of mosquito species is a valuable component
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for vector control programs (Dykstra 2008). First, the tracking of mosquito populations
seasonally and annually (Osorio et al 2014) assists with the predictions for when and where
mosquito populations are most abundant for the proper management of these populations
(IDPH Surveillance Program). Second, the knowledge of mosquito species present in an area is
not only important for identifying new invasive species, but also those species that are carriers
of mosquito-borne diseases (CMMCP Surveillance Program). Lastly, the collection of
mosquitoes allows for the testing of current and emerging viruses for a specific area (ECDC
2012).

The mosquito species Culex pipiens was by far the most abundant mosquito species found at
MARC followed by Culex tarsalis, Ochlerotatus trivittatus, and Aedes vexans. The most
abundant species are all vectors, or potential vectors, of diseases. Culex pipiens is the principal
vector of WNV in Nebraska, and also transmits Dirofilaria immitis (dog heartworm), and other
types of encephalitis (Hu 1931, Milkler et al 2002, Brewster 2001, Mirzaian et al 2010,
Kulasekera et al 2001). Culex tarsalis is also a principle vector of WNV, and carries other types
of encephalitis (Dykstra 2008, Reeves & Hammon 1944, Kulasekera et al 2001, Mirzaian et al
2010). Ochlerotatus trivittatus is known to vector Cache Valley virus, Jamestown Canyon virus,
snowshoe hare virus, trivittatus virus, and WNV (Anderson et al 2015, Tiawsirisup et al 2005,
Kokernot et al 1969). Of these diseases, WNV and Dirofilaria immitis are present in Nebraska.
Even though the other diseases mentioned are not present in Nebraska currently, they have a
high potential of a rapid spread across the state once introduced.
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This study was limited by one trapping season and would benefit from additional trapping
seasons and site locations. The additional data gathered may be used, along with
environmental data, to develop ecological niche modeling algorithms to predict future
distribution of mosquito species and potential diseases at the MARC. These algorithms might
be used to discover mosquito generation cycles or predict mosquito species distributions and
activities.

The presence of still and standing water can be found at several locations at the MARC,
including large water tubs, discharge channels, ponds, puddles, and ditches. In areas where
livestock are present, the MARC personnel might consider inspections following rain events to
locate and dispose of new potential mosquito oviposition sites. Cattle make deep prints in soft
earth, so they might be relocated after a heavy rainfall. The use of mosquitocides may be
considered for adult treatments, although this might not be applicable due to the large area of
the MARC. However, the use of biological mosquitocides, such as growth regulators and Bti, can
be used as larval treatments for water tanks.

Lastly, it is recommended that the personnel at the MARC adopt an education program to train
individuals for personal protection against mosquitoes and the management of these disease
vectors at the MARC. The education programming might include educational materials such as
videos to test personnel pre- and post-knowledge and behavior for the management of
mosquito populations at the MARC.

30
CHAPTER 3: SURVEY OF US ADULTS’ KNOWLEDGE AND ATTITUDES TOWARDS ARTHOPODBORNE DISEASE VECTORS

ABSTRACT
The communication of science to the public is necessary to prevent disease, change behavior,
and promote a dialog between scientists and the public. People are accustomed to high quality
entertainment, which begs the question, “If we made science more entertaining, would the
public be more interested?” This study aimed to survey the effectiveness of two educational
videos to increase the knowledge and behavior of people towards mosquitoes and ticks that
are a concern to public health. A survey was conducted with adults in the US to discover their
knowledge, behavior, and background. It was shown that the mosquito and tick videos were
effective at providing knowledge and changing the behavior of the participants in addition to
being enjoyed by the participating people. The post-scores for knowledge and behavior were
significantly higher after watching the mosquito and tick videos compared to the scores before
viewing each video. The participants found the use of humor, puppets, and songs to help them
better engage their learning about mosquitoes and ticks, and several participants considered
the mosquito and tick videos to be the best videos for teaching the practical aspects of
mosquito and tick management.
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INTRODUCTION
Public health literacy plays a crucial part in preventing disease and improving the health of
communities (Nutbeam 2000, Jahan 2000, Healthy People 2020). Communicating science to the
public, as well as the public communicating to scientists, is important for a successful public
health campaign (Rose 2002). The ultimate goal of public health literacy is to promote more
independence among the public, so they are able to develop confidence to communicate and
discuss health issues with their peers and health professionals (Nutbeam 2000).

For non-scientists, science can be hard to understand. For many, the use of complicated terms,
specialized language, and jargon makes connecting science concepts difficult (Durant et al 1989,
Miller & Wayne 1988, Miller 1983, Miller 1986). Further, many academic science publications
are not available to the public as a result of required subscriptions to those journals.

Educational videos delivered through social media have great potential to impact public health
(Dawson et al 2011, Thackeray et al 2012, Giustini 2018). While there is great potential for
social media, little to no work has explored the effectiveness of the production methods of
these videos.

“Edutainment” is a field of scholarship and practice that combines elements of entertainment
like story-telling, comedy, parody, gaming, and music with educational elements. This concept
was arguable first articulated by Walt Disney in reference to his True Life Adventure film series,
a mix of “entertainment and education” (Disney 1954). Since the 1950’s, there have been many
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science-focused entertainment, or “edutainment,” programs targeted at children, including Bill
Nye, The Magic School Bus, Sid the Science Kid, and What Could Possibly Go Wrong. These
programs encourage hands on exploration from children on the science topics learned from
each episode (Severson et al 1991, Simons-Morton et al 2005). However, there are very few
entertaining and educational programs for adults. In the US, a majority of post academic adults
get their science information from the news and social media, where the information might be
incorrect, incomplete, and/or biased (McNab 2009). Further compounding this issue is that this
information is often not created by experts (McNab 2009). Basch et al (2018) reported that the
highest number of viewed public health videos were produced by the news media rather than
videos produced by health professionals.

This study aimed to determine the effectiveness of two educational videos designed with
elements of entertainment, or edutainment, to impact the knowledge and also the prevention
and protection behavior of people towards mosquitoes and ticks. The objectives were to: 1)
create two entertaining educational videos about mosquito and tick protection and prevention
using puppets, song, and humor, 2) assess the effectiveness of these videos to change the
knowledge and behavior of adults towards the disease-transmitting arthropods, and 3)
determine adults’ attitudes towards the educational value of these videos and production
approaches.

MATERIALS AND METHODS
Pre-Production
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Production of “The Most Dangerous Animal on the Planet” and “Hooked on a Human” began
with setting objectives for each video. “The Most Dangerous Animal on the Planet” focused on
the prevention and protection behavior of people towards mosquitoes whereas “Hooked on a
Human” was focused on the prevention and protection behavior of people towards ticks. The
scripts were developed with the help of public health officials at the Lincoln-Lancaster County
Public Health Department (LLCPHD; Lincoln, NE). The scripts were edited for clarity and
content, with the final products used as templates to create a shot list for each video. Next, the
shot lists were developed for each video. The shot lists included descriptions and proposed
locations for filming, as well as individual shots to use at specific points of time in the script.

For both videos, puppets were designed and constructed to help with teaching the participants.
For “The Most Dangerous Animal on the Planet,” the puppets and related props included an
adult mosquito (Figs. 15 & 19), a mosquito larva (Fig. 16), mosquito pupation and adult
emergence (Figs. 17a & 17b), and a puppet character representing the author of this thesis
(Figs. 18 & 19). A dog tick puppet (Figs 20 & 21) was constructed “Hooked on a Human”. The
puppets were created with fabric, wire, cardboard, paint, string, foam, and other supplies. To
minimize the appearance of seams for each puppet, a very small whip stitch and other quilting
stitches were utilized used for constructing the puppets.

The videos were filmed in multiple sessions due to the availability of actors and weather
conditions (Figs. 22 & 23). The videos were recorded using a Sony AX53 4K Handycam® with an
Exmor R® CMOS sensor. Audio was recorded with the Blue Yeti microphone, recorded into
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Apple GarageBand, exported as a wav file, and imported into the editing software Final Cut Pro
(Apple).

Post-Production
The raw footage was edited using Final Cut Pro (Apple). The music for each video was
composed and arranged with MuseScore 3 (open-source software created by Werner Schweer).
Next, the audio for each video was mixed using the software FL Studio (Image-Line Software).
Finally, there was color grading and color correction applied to the videos using Final Cut Pro.

Online Surveys for Mosquito Video
The mosquito video survey was constructed with 10 demographic questions (Table 2), 3
knowledge questions (Table 3), and 4 behavior questions related to mosquitoes (Table 4). The
demographic questions were focused on gender, age, education levels, state, whether or not
they had a STEM career, whether or not they had ever had a job involving insects or other
arthropods, ethnicity, race, how often they spent in an environment where they could be bitten
by mosquitoes, and in which developed environment they reside (urban, suburban, or rural).
The knowledge questions were related to a participant’s knowledge of mosquito egg
oviposition, blood feeding, and monitoring. The behavior questions focused on a participant’s
understanding of personal protection measures against mosquitoes and educating others on
these measures. The online survey was written in English and was distributed in the US.

Online Surveys for Tick Video

35
The tick video survey was constructed with 10 demographic questions (Table 2), 3 knowledge
questions (Table 5), and 4 behavior questions (Table 6) related to ticks. The demographic
questions focused on gender, age, education levels, state, whether or not they had a STEM
career, whether or not they had ever had a job involving insects or other arthropods, ethnicity,
race, how often they spent in a tick-friendly environment, and in which developed environment
they reside (urban, suburban, or rural). The knowledge questions were related to a participant’s
knowledge of tick habitats, blood feeding, and symptoms of tick-borne disease. The behavior
questions focused on a participant’s understanding of personal protection measures against
ticks and educating others on these measures. The online survey was written in English and was
distributed in the United States.

Data Collection and Analysis
The survey was developed and hosted online using Qualtrics survey software (Provo, UT and
Seattle, WA). The survey participants were recruited through Mechanical Turk (Amazon,
Seattle, WA). Mechanical Turk (MT) is a marketplace managed by Amazon. The participants are
were to choose “tasks” to complete for funds. MT is often utilized by social scientists for
experimental research, as it usually costs the researcher or organization less than a dollar per
subject. In 2010, a sample of 1000 MT users showed that over half of the workers were female,
and education is higher than that of the average population (Paolacci et al 2010).
Approximately 60% of US MT workers are born after 1970 (Difallah et al 2018).
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The survey was shared on MT 01 October 2019, where the participants read a brief description
of the survey and read the research compliance statement. After deciding to begin the survey,
participants were given access to begin the Qualtrics survey. The participants completed the
pre-survey, followed by the educational video (the treatment) (e.g. “The Most Dangerous
Animal on the Planet” or “Hooked on a Human”), and then completed the post-survey. The prescreening questions were used to filter out ineligible participants. The MT application is also
less expensive than conducting an in-person test group. However, it was possible for the
participants to skip watching the videos posted and complete the survey, although a question
was added to filter out those individuals that did not watch the videos (e.g., Which of the
following was not in the video?). These individuals were disregarded from the surveys. All
respondents were collected on 01 October 2019. At completion of the study, the collected data
were exported from MT to a Microsoft Excel spreadsheet. For each answered question, a sort
function was used to group and count the identical answers. The open questions were analyzed
and sorted into previously defined categories. The participants that completed all elements of
the study (the pre-survey, watched the video, and post-survey) were compensated with $0.75
USD.

Ethics Statement
This study was approved on October 01, 2019 by the University of Nebraska-Lincoln
Institutional Review Board (IRB # 19634). Each participant provided consent with the selection
to continue the survey after reading a description of the study, including the risks and benefits.
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Statistical Analyses
A collection of the demographics of the participants was conducted. A paired-samples t-test
was conducted to determine if the videos had an impact on knowledge changes and reported
behavior changes. Kendall's tau-b correlation coefficient analyses were conducted to assess the
relationships between pre- and post-mosquito behavior change questions. A p-value of < 0.05
was considered to be statistically significant. A one-way analysis of variance (ANOVA) was
conducted to determine whether the population means were significantly different across the
levels of a factor.

RESULTS

Mosquito Video Results
Demographics
A total of 119 participants were recorded for the mosquito online survey. The participants were
46.22% female and 53.78% male (Fig. 24), with the ages ranging from 21-73, and an average
age of 38.97 years old. The education level of the participations was identified as 20.17% with
high school degree, 21.85% with an Associate’s degree, 44.54% with a Bachelor’s degree,
11.76% with a Master’s degree, and 1.68% with a Doctoral degree (Fig. 26). There were 39.50%
of the participants that have a job in the STEM field, and 60.50% of the participants did not
work in a STEM field (Fig. 27). There were 29.41% of participants that had, or currently have, a
job insect or pest management, and 70.59% of the participants did not work in pest
management (Fig. 28). The participants were asked to indicate how much time they spend in
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places where they might be bitten by mosquitoes. The participants answered 0.84% never,
15.97% 1 time per month, 15.13% 1 time per week, 32.77% 2-3 times per week, 18.49% 4-6
times per week, and 16.81% 7 or more times per week (Fig. 30).

General Knowledge Change
A paired-samples t-test was conducted to evaluate the improvement of the participant’s
knowledge score after viewing the mosquito video. The average score for pre-video knowledge
(M = 0.58, SD = 0.71, n = 119) was significantly lower than the average score for post-video
knowledge (M = 1.15, SD = 0.82, n = 119), t(118) = 7.34, p < 0.0001). The standardized effect
size index, Cohen’s d, was 0.75. The 95% confidence interval for the average difference
between the two scores was 0.42 to 0.73.

Kendall’s Correlation Coefficient
A Kendall’s tau-b (Kendall’s Rank Correlation) analysis was used to determine if there was a
significant shift in participant scores related to the mosquito behavior questions. Kendall’s taub coefficient measures ordinal associations between two measured quantities. The Kendall’s
tau-b coefficient is a non-parametric statistic for measuring the strength between variables. The
first question “How likely are you to wear long sleeves and/or pants with the purpose of
protecting yourself from mosquito bites?” resulted in a significant positive change in score with
more desired behavior post video (Kendall's tau-b = 0.559, p = .001) with a trend towards
concordance. The second question “How likely are you to make an effort to empty receptacles
of standing water in your local landscape?” resulted in a significant positive change score with
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more desired behavior post video (Kendall's tau-b = 0.499, p = .001) with a trend towards
concordance. The third question “How likely are you to educate others on how to take steps to
protect themselves from mosquitoes?” resulted in a significant positive change score with more
desired behavior post video (Kendall's tau-b = 0.575, p = .001) with a trend towards
concordance. The final question “How likely are you to educate others on how to reduce the
population of mosquitoes in your neighborhood?” resulted in a significant positive change score
with more desired behavior post video (Kendall's tau-b = 0.532, p = 0.001) with a trend towards
concordance.

One-Way Analysis of Variance (ANOVA)
An analysis was conducted to determine if participant characteristics had a role in the
performance on mosquito knowledge change scores. First, a one-way ANOVA was conducted
to evaluate the relationship between having a STEM career would change the participants’
mosquito knowledge after watching the video. There was no significant difference at the 0.05
level, F(1, 117) = 1.682 , p = 0.197. Second, a one-way ANOVA was conducted to evaluate the
relationship between having an arthropod-related career would change the participants’
mosquito knowledge after watching the video. There was no significant difference at the 0.05
level, F(1, 117) = 0.503 , p = 0.480. Third, a one-way ANOVA was conducted to evaluate the
relationship between living in an urban, suburban, or rural environment would change the
participants’ mosquito knowledge after watching the video. There was no significant difference
at the 0.05 level, F(1, 117) = 1.120 , p = 0.330. Next, a one-way ANOVA was conducted to
evaluate the relationship between the participants’ education level and their change in
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mosquito knowledge after watching the video. There was no significant difference at the 0.05
level, F(1, 117) = 0.600 , p = 0.663. Lastly, a one-way ANOVA was conducted to evaluate the
relationship between the time spent in places where one might be bitten by mosquitoes and
the change in the participants’ mosquito knowledge after watching the video. There was no
significant difference at the 0.05 level, F(1, 117) = 1.850 , p = 0.109. It was determined that
the participants’ characteristics had no significant role in determining the performance score
for the mosquito knowledge questions.

Tick Video Results
Demographics
A total of 130 participants were recorded for the tick online survey. The participants were
43.70% female and 56.30% male (Fig. 31), with the ages ranging from 19-71, and an average
age of 38.97 years old. The education level of the participations was identified as 23.53% with
high school degree, 20.17% with an Associate’s degree, 44.54% with a Bachelor’s degree,
11.76% with a Master’s degree, and 0.84% with a Doctoral degree (Fig. 33). There were 28.57%
of participants that have a job in the STEM field, and 72.27% of the participants did not work in
a STEM field (Fig. 34). There were 18.49% that had, or currently have, a job insect or pest
management, and 82.35% of the participants did not work in pest management (Fig. 35). The
participants were asked to indicate how much time they spend in places where they might be
bitten by ticks. The participants answered 17.65% never, 33.61% 1 time a month, 20.17% 1 time
per week, 17.65% 2-3 times per week, 7.56% 4-6 times per week, and 4.20% 7 or more times
per week (Fig. 37).
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General Knowledge Change
A paired-samples t-test was conducted to evaluate the improvement of the participant’s
knowledge score after viewing the tick video. The average score for pre-video knowledge (M =
1.61, SD = 1.06, n = 120) was significantly lower than the average score for post-video
knowledge (M = 2.37, SD = 0.98, n = 120), t(119) = 8.53, p < 0.0001). The standardized effect
size index, Cohen’s d, was 0.74. The 95% confidence interval for the average difference
between the two scores was 0.58 to 0.94.

Kendall’s Correlation Coefficient
A Kendall’s tau-b (Kendall’s Rank Correlation) analysis was used to determine if there was a
significant shift in participant scores related to the tick behavior questions. Kendall’s tau
coefficient measures ordinal associations between two measured quantities. The Kendall’s
coefficient is a non-parametric statistic measuring the strength between variables. The first
question “How likely are you to protect yourself with a spray protectant when going to tick
infested areas (woods, fields, etc)?” resulted in a significant positive change in score with more
desired behavior post video (Kendall's tau-b = 0.653, p = 0.001) with a trend towards
concordance. The second question “How likely are you to check your body or others for ticks
after being in a grassy or wooded area?” resulted in a significant positive change score with
more desired behavior post video (Kendall's tau-b = 0.653, p = 0.001) with a trend towards
concordance. The third question “How likely are you to educate others on how to take steps to
protect themselves from ticks?” resulted in a significant positive change score with more
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desired behavior post video (Kendall's tau-b = 0.481, p = 0.001) with a trend towards
concordance.

One-Way Analysis of Variance (ANOVA)
An analysis was conducted to determine if participant characteristics had a role in the
performance on tick knowledge change scores. First, a one-way ANOVA was conducted to
evaluate the relationship between having a STEM career would change the participants’ tick
knowledge after watching the video. There was no significant difference at the 0.05 level, F(1,
128) = 2.971, p = 0.087. Second, a one-way ANOVA was conducted to evaluate the relationship
between having an arthropod-related career would change the participants’ tick knowledge
after watching the video. There was no significant difference at the 0.05 level, F(1, 128) =
0.004 , p = 0.197. Third, a one-way ANOVA was conducted to evaluate the relationship
between living in an urban, suburban, or rural environment would change the participants’ tick
knowledge after watching the video. There was no significant difference at the 0.05 level, F(1,
128) = 2.087 , p = 0.128. Next, a one-way ANOVA was conducted to evaluate the relationship
between the participants’ education level and their change in tick knowledge after watching the
video. There was no significant difference at the 0.05 level, F(1, 128) = 0.759 , p = 0.554.
Lastly, a one-way ANOVA was conducted to evaluate the relationship between the time spent
in places where one might be bitten by ticks and the change in the participants’ tick knowledge
after watching the video. There was no significant difference at the 0.05 level, F(1, 128) =
2.182 , p = 0.060. It was determined that the participant’s characteristics had no significant role
in determining performance score for the tick knowledge questions.
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DISCUSSION
The study aimed to survey the effectiveness of two educational videos to increase the
knowledge and behavior of people towards mosquitoes and ticks that are a concern to public
health. The objectives of this study were three-fold. First, the surveillance and identification of
mosquito species and abundance were conducted at the US Meat Animal Research Center in
Clay County, Nebraska. Second, there were two entertaining educational videos created that
focused mosquito and tick protection and prevention using puppets, song, and humor. Third,
the effectiveness of these educational videos was evaluated by testing a change in the
knowledge and behavior of adults towards the disease-transmitting arthropods in addition to
the adults’ attitudes towards the educational value of these videos and production approaches.

The results from this study show that the mosquito and tick videos were effective at providing
knowledge and changing the behavior of the participants in addition to being enjoyed by the
participating people. The post-scores for knowledge and behavior were significantly higher
after watching the mosquito and tick videos compared to the scores before viewing each video.
Also, when the participants were asked to list three things learned from watching the mosquito
video, the most frequently listed “new things that I learned” were 1) mosquitoes lay their eggs
in stagnant water, 2) only females bite, 3) how to protect themselves from bites, and 4) the
importance of surveillance. These responses aligned well with the central themes of the video
and, thus, demonstrated the intended message of the video to the participants.
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The participants found the use of humor, puppets, and songs to help them better engage their
learning about mosquitoes and ticks, and several participants considered the mosquito and tick
videos to be the best videos for teaching the practical aspects of mosquito (65%) and tick
management (70%). The majority of participants agreed the videos taught them important
information about mosquitoes (90%) or ticks (87%). Moreover, the participants were not only
willing to share the videos on social media (Mosquito video: 41%, Tick video: 52%), but thought
the Lincoln-Lancaster County Public Health Department are focused on assisting the public with
issues related to mosquitoes (76%).

The data gathered from the participants supports that the enjoyment of the production and
entertainment approaches in the videos were observed as an important aspect of the videos.
The data collected from this study supports the underlying assumption that teaching and
learning can be effective with elements such as humor. Further, this approach is not only
effective when used with children to teach science (as it has been done historically), but it is
also perceived as enjoyable and worthwhile to share with others by adult learners.

The surveys might have been limited with the knowledge questions, and these surveys might
have benefited from more challenging and specific questions. The knowledge questions were
designed as multiple-choice answers, but another approach would be to ask the participants a
series of short answer questions, which might change the results of the surveys. The post
knowledge and behavior questions were asked directly after the participants viewed the videos.
These questions might be asked at later time (e.g., day, week, month) intervals to measure the
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participants’ retention of knowledge and their sustaining positive behaviors. Another
opportunity to improve this study would be to include additional population groups, including
children or people that live in areas heavily infested with mosquitoes and ticks. The survey of
these individuals would assist in testing the surveys and gathering data to improve on the
videos and information delivered to the public.

The knowledge questions for this study fall under the remembering and understanding stages
in Bloom’s Taxonomy. The questions could be improved to reach the stages of application,
analysis, and evaluation. Rather than ask questions that require rote memorization of the
knowledge presented in the videos, a series of direct questions would require the participants
to think critically about the information provide in the videos. For example, “What are some
receptacles on your property that could be potential oviposition sites?” This question requires
them to know the characteristics of where mosquitoes lay their eggs, but also encourages them
to apply that knowledge to their own experiences.

The effectiveness of mosquito and tick videos delivering the same information could be
improved by comparing participant observations on the production quality, use of humor,
narrative, presentation of information, clarity, enticing visuals, music, and others. The
understanding what makes an effective educational video could help scientists communicate
their research to a broader audience. If the general public becomes more interested in science,
there is a possibility that public health concerns could decrease over time.
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A free response opportunity was provided to the participants where one individual
commented, “I am a little concerned about the DEET, I feel like there should be more info about
that, especially because so many repellents are marketed as ‘DEET free.’" If these videos were
posted on social media, the public would have the opportunity to provide comments or ask
questions about topics that were not presented in the video and, in turn, create a dialog
between the scientist and the public. As our society grows in the STEM fields, so must the
knowledge of public. Therefore, communication not only facilitated from scientists and science
institutions to the public, but this communication between science institutions and the public is
essential for societal progression.

SUMMARY AND CONCLUSIONS

The surveillance of mosquito species abundance at the US Meat Animal Research Center
showed that there is a high number of mosquito species that can serve as vectors of disease.
Both human and animals can be greatly affected by mosquito-borne illness, and as this public
health concern increases, communication is crucial. The educational videos were shown to be a
successful form of science communication, and the videos developed and presented for this
study were found to not only be entertaining, but significantly increased the participants’
engagement, knowledge, and behavior towards personal protection and management of
mosquitoes and ticks.
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The data gathered in this study showed that the participants’ characteristics did not affect the
increased knowledge change, including education level and environment. The communities that
lack quality education are typically located in underdeveloped areas that are endemic to
mosquito-borne illness. However, the people living in these areas often have access to the
internet. With internet access, it is possible to view these videos on social media, and also
comment, ask questions, and discuss details that might not have covered in the videos. The
potential discussions and comments on these videos can help in answering specific questions,
discovering what topics the public perceives as important or relevant, addressing
misconceptions, and potentially improving human health.

The new technologies for film and social media have exciting and limitless opportunities for
scientists to communicate their research to diverse groups of people and, more importantly,
the addition of entertainment elements, such puppets, humor, and music, to educational
videos can give scientists an edge to keep the viewers engaged in learning about public health
challenges and improving health literacy.
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FIGURE 1. Culex mosquito adult.

FIGURE 2. Culex mosquito egg raft.

FIGURE 3. Culex mosquito larva.

FIGURE 2. Culex mosquito pupa.
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FIGURE 5. Blood and saliva pathways in an adult female mosquito.

FIGURE 6. West Nile virus transmission by Culex mosquito vector, crow as reservoir host, and
horse and human as incidental hosts.
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FIGURE 7. View of site TAI with trapping apparatus.

FIGURE 8. View of site HIP from parked car.
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FIGURE 9. Modified CDC Mini Light Trap with insulated cooler contraption.

FIGURE 10. Locations of sites SWEF, SBC, HIP, TAI on MARC property. Groundwater
discharge channel path noted with black, grade control structures noted with magenta, and
site locations noted with turquoise.
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TABLE 1. Descriptive statistics for mosquito species collected at the US Meat Animal Research
Center, Clay Center, Nebraska. The adult female mosquitoes were collected using CO2-baited
CDC traps at 4 sites (SBC, HIP, SWEF, TAI) between July to August 2018. Oc_triv:
Ochlerotatus trivitattus, Cx_tar: Culex tarsalis, Cx_pip: Culex pipiens, Ae_vex: Aedes vexans.

FIGURE 11. Average numbers of the four most abundant mosquito species collected in July August 2018 at US MARC. Bars represent the mean + standard deviation. Oc_triv:
Ochlerotatus trivitattus, Cx_tar: Culex tarsalis, Cx_pip: Culex pipiens, Ae_vex: Aedes vexans.
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FIGURE 12. Average numbers of the mosquito species collected in July - August 2018 at US
MARC. Bars represent the mean + standard deviation. Asterisks denote a significant
difference between the means of each species (**** = p < 0.0001, one way ANOVA). Oc_triv:
Ochlerotatus trivitattus, Cx_tar: Culex tarsalis, Cx_pip: Culex pipiens, Ae_vex: Aedes vexans,
Ps_col: Psorophora columbiae, An_ui: Unidentifiable Anopheles, Ps_cil: Psorophora ciliata,
Oc_soll: Ochlerotatus sollicitans.
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FIGURE 13. Average numbers of the mosquito species collected in July - August 2018 at the
US MARC sites SBC, HIP, SWEF, and TAI. Bars represent the mean + standard deviation.
Asterisks denote a significant difference between the means of each species (*** = p < 0.001,
one way ANOVA). Oc_triv: Ochlerotatus trivitattus, Cx_tar: Culex tarsalis, Cx_pip: Culex
pipiens, Ae_vex: Aedes vexans, Ps_col: Psorophora columbiae, An_ui: Unidentifiable
Anopheles, Ps_cil: Psorophora ciliata, Oc_soll: Ochlerotatus sollicitans.
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FIGURE 14. Average numbers of the four most abundant mosquito species collected in July August 2018 at the US MARC sites SBC, HIP, SWEF, and TAI. Bars represent the mean +
standard deviation.
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FIGURE 15. Adult mosquito observing toxicity
assay.

FIGURE 17a. Mosquito larva pupating.

FIGURE 16. Mosquito larva
feeding on plant matter.

FIGURE 17b. Adult mosquito emerging from
pupal casing.
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FIGURE 18. Puppet representing the author of thesis.

FIGURE 20. American dog tick singing.

FIGURE 19. Puppet
representing the author of
thesis, actor, adult mosquito.

FIGURE 21. American dog tick
feeding on human (note: no
humans were harmed in the
making of this video).
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FIGURE 22. Behind the
scenes filming.

FIGURE 23. Behind the scenes filming.

TABLE 2. Demographic information requested from survey respondents.

Demographic Questions:
Mosquito and Tick Video
(Pre-Survey Only)
Age
Developed Environment
State
STEM career
Entomology career
Highest Degree Obtained
Gender
Ethnic Heritage
Race
Time Spent In Places Where Mosquito/Tick Bites Likely
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TABLE 3. Knowledge questions given to survey respondents. Responses were considered
correct if the respondent chose all correct available answer options and considered incorrect if
they did not choose all correct answer options.
Knowledge Questions: Mosquito Video

Available Answer Options

In which of the following places are
mosquitoes most likely to lay their eggs?

•Gutters
•Damp soil
•Rain barrels
•Water fountains

Why do some mosquitoes feed on blood?

•In order to mature sexually
•To grow to the next stage
•In order to develop eggs
•To spread disease

Which of the following are reasons for
monitoring mosquito populations?

•To test for viruses
•To predict weather events
•To determine if landowners have done
correct mosquito management
•To determine which species in the
area

TABLE 4. Behavior questions given to survey respondents.
Behavior Questions:
Mosquito Video

Available Answer Options

How likely are you to wear long sleeves
and/or pants with the purpose of protecting
yourself from mosquito bites?

Extremely Unlikely, Unlikely, Neutral, Likely,
Extremely Likely

How likely are you to make an effort to empty
receptacles of standing water in your local
landscape?

Extremely Unlikely, Unlikely, Neutral, Likely,
Extremely Likely

How likely are you to educate others on how
to take steps to protect themselves from
mosquitoes?

Extremely Unlikely, Unlikely, Neutral, Likely,
Extremely Likely

How likely are you to educate others on how
to reduce the population of mosquitoes in
your neighborhood?

Extremely Unlikely, Unlikely, Neutral, Likely,
Extremely Likely
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TABLE 5. Knowledge questions given to survey respondents. Responses were considered
correct if the respondent chose all correct available answer options and considered incorrect if
they did not choose all correct answer options.
Knowledge Questions:
Tick Video

Available Answer Options

Where are ticks most likely to be picked up?

•Sandy beaches
•Tall grassy areas
•Mowed lawns
•Sidewalks/paved foothpaths

What are common symptoms of tick-borne
diseases?

•Muscle aches, headaches, and fever
•Cough and runny nose
•Diarrhea and weight loss
•Sneezing, nasal congestion, and
redness in eyes

Why do ticks feed on blood?

•To change their sex
•To get warmth
•To feed their offspring
•To advance their life cycle

TABLE 6. Knowledge questions given to survey respondents. Responses were considered
correct if the respondent chose all correct available answer options and considered incorrect if
they did not choose all correct answer options.
Behavior Questions:
Tick Video

Available Answer Options

How likely are you to protect yourself with a
spray protectant when going to tick infested
areas (woods, fields, etc)?

Extremely Unlikely, Unlikely, Neutral, Likely,
Extremely Likely

How likely are you to check your body or
others for ticks after being in a grassy or
wooded area?

Extremely Unlikely, Unlikely, Neutral, Likely,
Extremely Likely

How likely are you to educate others on how
to take steps to protect themselves from
ticks?

Extremely Unlikely, Unlikely, Neutral, Likely,
Extremely Likely
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TABLE 7. Production questions given to survey respondents. These questions were only given
after the video was viewed.

Video Production Questions:
Mosquito Video (Post-Survey Only)
This video taught me important information
about mosquitoes.

Strongly Agree, Agree, Neither Agree or
Disagree, Disagree, Strongly Disagree

The use of puppets in this video helped me
to better engage in learning about
mosquitoes and their control

Strongly Agree, Agree, Neither Agree or
Disagree, Disagree, Strongly Disagree

The humor in the video helped me to better
engage in learning about mosquitoes and
their control.

Strongly Agree, Agree, Neither Agree or
Disagree, Disagree, Strongly Disagree

The production techniques were well-done in
this video (e.g. framing, focus exposure, pace,
continuity, audio; creative, camera graphics).

Strongly Agree, Agree, Neither Agree or
Disagree, Disagree, Strongly Disagree

The tick video is the best video that I have
seen in teaching practical aspects about
mosquitoes and their control.

Strongly Agree, Agree, Neither Agree or
Disagree, Disagree, Strongly Disagree

How likely are you to share this video with
others through social media, email, or inperson on your electronic device?

Extremely Unlikely, Unlikely, Neutral, Likely,
Extremely Likely

I feel that the Lincoln-Lancaster County Public
Health Department is doing enough to help
with issues related to mosquitoes.

Yes, No, Unsure

Please list up to three things that you learned
as a result of this video.

Free Response

Please leave any comments about this video
or survey below.

Free Response
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TABLE 8. Production questions given to survey respondents. These questions were only given
after the video was viewed.

Video Production Questions:
Tick Video (Post-Survey Only)
This video taught me important information
about ticks.

Strongly Agree, Agree, Neither Agree or
Disagree, Disagree, Strongly Disagree

The song in this video helped me to better
engage in learning about ticks and their
control.

Strongly Agree, Agree, Neither Agree or
Disagree, Disagree, Strongly Disagree

The use of puppets in this video helped me
to better engage in learning about ticks and
their control

Strongly Agree, Agree, Neither Agree or
Disagree, Disagree, Strongly Disagree

The humor in the video helped me to better
engage in learning about ticks and their
control.

Strongly Agree, Agree, Neither Agree or
Disagree, Disagree, Strongly Disagree

The production techniques were well-done in
this video (e.g. framing, focus exposure, pace,
continuity, audio; creative, camera graphics).

Strongly Agree, Agree, Neither Agree or
Disagree, Disagree, Strongly Disagree

The tick video is the best video that I have
seen in teaching practical aspects about ticks
and their control.

Strongly Agree, Agree, Neither Agree or
Disagree, Disagree, Strongly Disagree

How likely are you to share this video with
others through social media, email, or inperson on your electronic device?

Extremely Unlikely, Unlikely, Neutral, Likely,
Extremely Likely

Please list up to three things that you learned
as a result of this video.

Free response

Please leave any comments about this video
or survey below.

Free response
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FIGURE 24. Per cent of responses of gender. A total of 119 participants completed
the survey. The categories evaluated are female, male, or other.

FIGURE 25. Frequency of responses what state the respondent lives. A total of 119
participants completed the survey. The categories evaluated were chosen from a
state selection list.
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FIGURE 26. Per cent of responses of highest completed education level. A total of
119 participants completed the survey. The categories evaluated are high school,
Associate’s degree, Bachelor’s degree, Master’s degree, and Doctoral degree.

FIGURE 27. Per cent of responses of whether or not they currently have or had a career
in the STEM field. A total of 119 participants completed the survey. The categories
evaluated are yes or no.
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FIGURE 28. Per cent of responses of whether or not they currently have or had a job
that involved insects or other arthropods. A total of 119 participants completed the
survey. The categories evaluated are yes or no.

FIGURE 29. Per cent of responses of what developed environment they live in. A total
of 119 participants completed the survey. The categories evaluated are rural, urban, and
suburban.
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FIGURE 30. Per cent of responses of how much time per week they spend in areas
where they might be bitten by mosquitoes. A total of 119 participants completed the
survey. The categories evaluated are never, monthly, once per week, 2-3 times per
week, 4-6 times per week, and 7 or more times per week.
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FIGURE 31. Per cent of responses of gender. A total of 130 participants completed
the survey. The categories evaluated are female, male, or other.

FIGURE 32. Frequency of responses what state the respondent lives. A total of 130
participants completed the survey. The categories evaluated were chosen from a
state selection list.
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FIGURE 33. Per cent of responses of highest completed education level. A total of
130 participants completed the survey. The categories evaluated are high school,
Associate’s degree, Bachelor’s degree, Master’s degree, and Doctoral degree.

FIGURE 34. Per cent of responses of whether or not they currently have or had a
career in the STEM field. A total of 130 participants completed the survey. The
categories evaluated are yes or no.
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FIGURE 35. Per cent of responses of whether or not they currently have or had a
job that involved insects or other arthropods. A total of 130 participants completed
the survey. The categories evaluated are yes or no.

FIGURE 36. Per cent of responses of what developed environment they live in. A
total of 130 participants completed the survey. The categories evaluated are rural,
urban, and suburban.
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FIGURE 37. Per cent of responses of how much time per week they spend in areas
where they might be bitten by ticks. A total of 130 participants completed the
survey. The categories evaluated are never, monthly, once per week, 2-3 times per
week, 4-6 times per week, and 7 or more times per week.
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This video taught me important information about mosquitoes.

Response Frequency

120

90

60

30

0

AGREE

NEUTRAL

DISAGREE

FIGURE 38. Frequency of responses for whether the video taught important information
about mosquitoes. A total of 119 participants completed the survey. The categories evaluated
are agree, neutral, and disagree.

The use of puppets in this video helped me to better engage in
learning about moquitoes and their control.

Response Frequency

70

52.5

35

17.5

0

AGREE

NEUTRAL

DISAGREE

FIGURE 39. Frequency of responses for whether the use of puppets helped them engage in
the learning of mosquitoes and management practices. A total of 119 participants completed
the survey. The categories evaluated are agree, neutral, and disagree.
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The humor in the video helped me to better engage in learning about
mosquitoes and their control.

Response Frequency

90

67.5

45

22.5

0

AGREE

NEUTRAL

DISAGREE

FIGURE 40. Frequency of responses for whether the use of humor to better engage in the
learning of mosquitoes and management practices. A total of 119 participants completed the
survey. The categories evaluated are agree, neutral, and disagree.

The production techniques were well-done in this video (e.g. framing,
focus, exposure, pace, continuity, audio, creative, camera work,
graphics).

Response Frequency

112.5
90
67.5
45
22.5
0

AGREE

NEUTRAL

DISAGREE

FIGURE 41. Frequency of responses for their opinion of the quality of production technique
in the video. A total of 119 participants completed the survey. The categories evaluated are
agree, neutral, and disagree.
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The mosquito video is the best video that I have seen teaching
practical aspects about mosquitoes and their control.

Response Frequency

100
80
60
40
20
0

AGREE

NEUTRAL

DISAGREE

FIGURE 42. Frequency of responses for whether the video was the best video they had seen
teaching practical aspects about mosquitoes and their control. A total of 119 participants
completed the survey. The categories evaluated are agree, neutral, and disagree.

How likely are you to share this video with others through social
media, email, or in-person on your electronic device?

Response Frequency

62.5
50
37.5
25
12.5
0

AGREE

NEUTRAL

DISAGREE

FIGURE 43. Frequency of responses for whether the participants would share video. A total
of 119 participants completed the survey. The categories evaluated are agree, neutral, and
disagree.
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I feel that the Lincoln-Lancaster County Health Department is doing
enough to help with issues related to mosquitoes.

Response Frequency

112.5
90
67.5
45
22.5
0

AGREE

UNSURE

DISAGREE

FIGURE 44. Frequency of responses for how the participants felt that the Lincoln-Lancaster
County Public Health Department was doing enough to help with issues related to
mosquitoes. A total of 119 participants completed the survey. The categories evaluated are
agree, neutral, and disagree.
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This video taught me important information about ticks.

Response Frequency

110

82.5

55

27.5

0

AGREE

NEUTRAL

DISAGREE

FIGURE 45. Frequency of responses for whether the video taught important information
about ticks. A total of 130 participants completed the survey. The categories evaluated are
agree, neutral, and disagree.

The use of puppets in this video helped me to better engage in
learning about ticks and their control

Response Frequency

80

60

40

20

0

AGREE

NEUTRAL

DISAGREE

FIGURE 46. Frequency of responses for whether the use of puppets helped them engage in
the learning of ticks and management practices. A total of 130 participants completed the
survey. The categories evaluated are agree, neutral, and disagree.
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The humor in the video helped me to better engage in learning
about ticks and their control.

Response Frequency

125
100
75
50
25
0

AGREE

NEUTRAL

DISAGREE

FIGURE 47. Frequency of responses for whether the use of humor helped them engage in
the learning of ticks and management practices. A total of 130 participants completed the
survey. The categories evaluated are agree, neutral, and disagree.

Response Frequency

The production techniques were well-done in this video (e.g.
framing, focus exposure, pace, continuity, audio; creative, camera
graphics).
125
100
75
50
25
0

AGREE

NEUTRAL

DISAGREE

FIGURE 48. Frequency of responses for their opinion of the quality of production technique
in the video. A total of 130 participants completed the survey. The categories evaluated are
agree, neutral, and disagree.
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The tick video is the best video that I have seen in teaching practical
aspects about ticks and their control.

Response Frequency

90

67.5

45

22.5

0

AGREE

NEUTRAL

DISAGREE

FIGURE 49. Frequency of responses for whether the video was the best video they had seen
teaching practical aspects about ticks and their control. A total of 130 participants completed
the survey. The categories evaluated are agree, neutral, and disagree.

How likely are you to share this video with others through social
media, email, or in-person on your electronic device?

Response Frequency

70

52.5

35

17.5

0

AGREE

NEUTRAL

DISAGREE

FIGURE 50. Frequency of responses for whether the participants would share video. A total
of 130 participants completed the survey. The categories evaluated are agree, neutral, and
disagree.
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The song in this video helped me to better engage in learning about
ticks and their control.

Response Frequency

112.5
90
67.5
45
22.5
0

AGREE

NEUTRAL

DISAGREE

FIGURE 51. Frequency of responses for whether the use of a song helped them engage in
the learning of ticks and management practices. A total of 130 participants completed the
survey. The categories evaluated are agree, neutral, and disagree.
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