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Abstract 

​ Children have limited understanding of biosecurity and Salmonella enterica (Salmonella) 

because they lack the background information and context of their importance. Embryology and 

chick hatching are common subjects that could be used to help increase children’s knowledge of 

these subjects. Through surveying teachers, it was shown that these are areas of interest, yet still 

are limited in material availability and diversity. Teachers identified younger audiences, 

particularly kindergarten and preschool students, as the age group most frequently taught 

embryology and chick hatching. Six supplemental educational materials were created for this 

audience to encourage learning about these topics, including a vocabulary sheet, a game, a 

booklet showing chicken egg development, and three worksheets. In a time of changes to 

funding of both institutions implementing biosecurity measures and education, this research and 

effort to support teachers is especially critical.  
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Introduction 

​ Poultry are associated with several biosecurity concerns, particularly around zoonotic 

diseases, diseases that can spread from animals to humans (Kauber et al., 2017; Scanes et al., 

2004; Squier, 2011). Salmonella is a common concern with poultry; about 19% of tested 

backyard flocks in Vermont tested positive for Salmonella (Center for Food Safety and Applied 

Nutrition, 2012; Kauber et al., 2017; Larsen et al., 2022). It can be found in poultry of all ages 

(Larsen et al., Unpublished). Children are more likely to get Salmonella than adults (Scanes et 

al., 2004; Squier, 2011). This is a concern surrounding health outcomes that needs to be 

accounted for when children are interacting with poultry.  

Embryology is the study of the life cycle of an embryo; it is usually centered around eggs 

since one can see the development without invasive procedures (Guzman, 2024). The 4-H is a 

youth outreach program through the USDA’s National Institute of Food Agriculture done at land 

grant university’s extension programs; they often focus on agricultural and STEM work (4-H and 

positive youth development,  2025). Many university extensions through the 4-H run embryology 

programs, including the University of Vermont (4-H projects, n.d.). Embryology programs help 

children understand the life cycle of animals, connect with the natural world, and learn necessary 

life skills, often through hatching chicks (Gilligan & Downes, 2022; Hogan, 2002; Talmadge et 

al., 1962). This topic is sometimes referred to as chick hatching for younger students.  

Embryology and chick hatching programs often lack a focus on the biosecurity risks 

poultry may have, which creates a missed opportunity to teach children what biosecurity is and 

why it is important (Brewer, 2020; Stout et al., 2022; University of Vermont Extension, 2021). 

More focus on biosecurity in embryology programs could improve participant health while 

maintaining the many benefits these programs have. The majority of biosecurity information is 
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directed at adults, but there is evidence of the benefits this information has when directed at 

children as shown from research done during the COVID-19 pandemic (Abrams et al., 2022; 

Manches & Ainsworth, 2022; Younie et al., 2020). Combining the tactics that children learn 

from best—like gamifying, peer learning, and hands-on methods—with information on 

biosecurity could help bridge these gaps (Gelman, 2009; Murphy, 2014; Younie et al., 2020). 

Materials created are only useful if people value them, so teacher input is necessary.  

Through a questionnaire, teachers who participate in teaching embryology were asked a 

variety of questions to help identify if there are areas within this topic where more educational 

materials would be beneficial to their students. The hope is to identify gaps in what students are 

learning versus what age-appropriate information is available. Then with teacher input, engaging 

materials that could be used to increase children's understanding of biosecurity from these 

responses were created, focusing on areas they find the most important. Teacher input is essential 

as they are experts within their classrooms and can identify patterns from multiple years. 

Connecting biosecurity and embryology together benefits both areas of learning. It would better 

prepare students to engage in embryology and chick hatching in a safe and productive way and 

ensure this unit can stay a part of the curriculum, even with changing health concerns. These 

topics inherently go together and not connecting them is a missed opportunity to both deepen and 

round out the knowledge of students. This paper uses survey results of teachers to see how and 

why they teach embryology and gaps they have found in materials; the researcher then identified 

and created educational materials that fill this void, targeting students who would most benefit 

from increased education on embryology and biosecurity. 
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Previous Literature 

Salmonella enterica in Backyard Flocks as a Biosecurity Risk to Children  

It is a popular belief that more people are raising backyard poultry which is increasing 

human-poultry contact (Kauber et al., 2017; Larsen et al., 2022; Neuman, 2009; Patch et al., 

2025). Much of the information on poultry is from industrial and backyard contexts (Larsen et 

al., Unpublished). A survey by the American Pet Product Association (2021) found that the 

percentage of backyard flocks in the United States increased from 8% in 2018 to 13% in 2020. In 

Vermont, it is estimated that in 2021 around 150,000 people had backyard poultry, out of a 

population of 645,570 (Larsen et al., 2022). Those with backyard poultry tend to be wealthier 

and more educated but have poorer biosecurity-related habits than those without backyard 

poultry (Larsen et al., 2022). A quarter of backyard poultry owners reported behaviors like 

kissing their poultry and not washing their hands after touching their flock which is shown to 

increase the risk of infection (Kauber et al., 2017). Biosecurity focuses on using management 

and safety pracices to limit the transfer of disease and disease-causing materials which is 

important when in proximity to animals as they can spread illness (Bradley, 2007; Indiana State 

Poultry Association, 2023). This includes everything from policies on imports nd exports at the 

national level to handwashing at the personal level (Bradley, 2007; Indiana State Poultry 

Association, 2023; Reaser et al., 2024). 

Poultry can carry bacteria, viruses, and fungi that can cause transmissible illnesses; Avian 

Flu is a virus that can be transferred to humans, and Campylobacter, Listeria, and Salmonella are 

bacteria poultry can carry that can cause illnesses in humans (Scanes et al., 2004; Squier, 2011). 

Illnesses that occur in humans from animal contact are referred to as zoonotic (Kauber et al., 

2017). Salmonella is a common infectious bacteria that can infect both humans and animals 
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(Center for Food Safety and Applied Nutrition, 2012). It can be found in many animals, 

including poultry, and can be transmissible to humans through fecal matter or food such as meat 

or eggs contaminated by bacteria (Center for Food Safety and Applied Nutrition, 2012; Kauber 

et al., 2017). Salmonella can cause severe illness and even death in some cases—particularly in 

the elderly, children, and people who are immunocompromised (Center for Food Safety and 

Applied Nutrition, 2022; Food and Drug Administration, 2022; Gaffga et al., 2012; Kauber et al., 

2017; Marus et al., 2019). One study by Scallan et al. (2011) found that there were 1.0 million 

cases of salmonellosis each year  

The amount of Salmonella found in backyard flocks varies by area (Larsen et al., 2022; 

McDonagh et al., 2019). One study by Larsen et al. (2022) in Vermont found that 19% of 

backyard poultry flocks tested were positive for Salmonella, while another by McDonagh et al. 

(2019) in Massachusetts had only 2% of flocks that tested positive. There is variability in the 

amount of Salmonella in backyard flocks and a need for more research on the subject since 

sampling methods may impact the results (Kauber et al., 2017; Larsen et al., 2022; McDonagh et 

al., 2019). The variability in these numbers could also be explained by the differences in region 

and the difficulty both studies had in obtaining a large enough sample to be representative as the 

studies could not generalize their results to account for the region overall (Larsen et al., 2022; 

McDonagh et al., 2019). Information on the exact prevalence of Salmonella in backyard systems 

is inexact and needs more research (McDonagh et al., 2019).  

Salmonella can be asymptomatic in poultry, making it difficult to detect for backyard 

flock owners (Larsen et al., 2022; McDonagh et al., 2019). In one study, 62% of backyard 

poultry owners surveyed reported seeing signs of some form of illness in their birds; 68% 

reported never having called a veterinarian for their flock noted to possibly be from the cost and 
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difficulty finding a veterinarian who treats poultry (McDonagh et al., 2019). Animal contact, 

such as that with infected poultry, was shown to be one cause of Salmonella infections in humans 

(Hoelzer et al., 2011; Loharikar et al., 2012). Despite poultry guidelines recommending people 

only interact with poultry when necessary because of biosecurity risks, all households in these 

studies that had children let the children have contact with the flock (McDonagh et al., 2019; 

Scanes et al., 2004).  

Most cases of Salmonella in children in the state of Vermont are from animals and live 

animal associated outbreaks are increasing (Larsen et al., 2022; Patch et al., 2025; Stapleton et 

al., 2024). In three outbreaks from 2005 to 2008, the median ages of those who tested positive 

ranged from 2.5 to 5.5 years old (Gaffga et al., 2012). One reason for this is how children interact 

with poultry (Gaffga et al., 2012; McDonagh et al., 2019). The majority of participants in a 

research study on backyard chickens said their children hug and pick up the birds in their flock, 

with some children kissing and bringing them inside their homes (McDonagh et al., 2019). Some 

chickens are dyed bright colors to be more enticing to children and to be more attractive as 

presents (Gaffga et al., 2012). Another factor is that many people consider their poultry to be 

pets, and thus, are less likely to think about the biosecurity risks of the animal (Gaffga et al., 

2012; Larsen et al., 2022; McDonagh et al., 2019). Children have weaker immune systems than 

most other age groups, and they are more likely to put their hands or other objects in their 

mouths and wash their hands poorly or not at all (Jess et al., 2019; Jess and Dozier, 2020).  

Animal contact is the cause of 51.2% of salmonellosis infections in children under 10 and 

salmonellosis obtained from animal contact is shown to have high rates of hospitalization, when 

compared to food borne infections (Larsen et al., 2022). Parents do not necessarily enforce 

biosecurity measures in their children's interactions with poultry, and when combined with these 
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other factors, children are more susceptible to Salmonella and other illnesses from poultry 

(Kauber et al., 2017). All these factors lead to children being more likely to contract Salmonella 

and face potentially severe symptoms from it (Gaffga et al., 2012; Kauber et al., 2017; Larsen et 

al., 2022). Furthermore, there have been several examples of Salmonella outbreaks being caused 

by backyard poultry; between 2015 and 2022 there were 88 of these outbreaks (Stapleton et al., 

2024). These outbreaks have been shown to disproportionately affect children; 32% of these 

patients were 10 years old or younger (Larsen et al., Unpublished; Stapleton et al., 2024). 

Salmonella (particularly Salmonella Enteritidis) can be found inside unhatched eggs and 

Salmonella rates have been found to be higher in mail order chicks than poultry in backyard or 

commercial settings, suggesting that chicks are not safer than adult birds (Larsen et al., 

Unpublished). 

 

Effective Risk Communication with Children  

Effective risk communication requires that the information is accurate, helpful, and 

age-appropriate (Younie et al., 2020). Children’s minds are very susceptible to the information 

around them which makes it even more important for caretakers to be wary of misinformation 

the children may hear or see and to be clear and concise when discussing heavy or complex 

topics with them (Williams, 2020; Younie et al., 2020). Giving children a sense of control and 

helping them understand what they are doing—and why they are doing it—can help limit risk 

and is necessary to protect children's mental well-being in addition to their physical health 

(Abrams et al., 2022; Williams, 2020). Combining both practical knowledge and conceptual 

information helps children better absorb the information (Gelman, 2009; Younie et al., 2020).  
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Children learn by experiencing the world around them; combining classroom learning 

with hands-on learning has been shown to be beneficial (Gelman, 2009). One idea to improve 

learning outcomes in children is to create educational routines, like singing a song about hand 

washing each day before lunch; the hope is that the reinforcement of safe practices will improve 

outcomes more than a one-time intervention (Younie et al., 2020). Gamifying information can 

also make topics more memorable for children (Murphy, 2014). Songs, games, and books are 

some types of educational materials that communicate health risks to children and are already 

known to help kids learn more effectively (Younie et al., 2020). A focus on graphics can improve 

education for those who are not able to read or have limited literacy; letting children learn 

themselves and feel independent is the best way to communicate something (Office of the 

Assistant Secretary for Planning and Evaluation, 2008; Younie et al., 2020). Children like to 

learn and share information; researchers believe that children may be able to teach their parents 

about things they were taught outside the home by simply talking about their day (Petal & 

Crocetti, 2018). At the same time, parents reinforcing safety and biosecurity measures have also 

been shown to be effective as children mimic the actions of their parents (Murphy, 2014). 

Another helpful tactic is risk anchoring which is defined as showing how risky something 

is in the context of something else they understand (Abrams et al., 2022). It is difficult to 

communicate risk to children, but the COVID-19 pandemic taught many lessons on how to best 

do so from that can be generalized to communicating other risks (Abrams et al., 2022; Manches 

& Ainsworth, 2022; Younie et al., 2020). Washing hands and wearing a mask are measures 

beneficial in fending off most illnesses, even Salmonella and Campylobacter (Abrams et al., 

2022; Williams, 2020; Younie et al., 2020). One study on improving handwashing, a topic 

especially pertinent during the pandemic, looked at how multi-method interventions versus 
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single-method interventions affected kids learning to wash their hands (Williams, 2020; Younie 

et al., 2020). The single-method groups’ usage of the word germs when describing why hand 

washing was helpful increased from 47% to 52%, and the multi-method group’s increased from 

35% to 65% (Younie et al., 2020). Understanding child development can help ensure information 

and the way said information is presented to children is appropriate (Murphy, 2014). A major 

factor in effective risk communication is trust in the source of the information (Tinker, 1996). 

Children do poorly with change and uncertainty, so it is best practice to avoid these as much as 

possible (Gelman, 2009). New risk assessment measures for children need to be tested before 

and after they are implemented to see how effective they are (Petal & Crocetti, 2018). 

Generalizable risk communication is also best; it can make it so children can apply what they 

already know to multiple or more complex situations (Petal & Crocetti, 2018). Ensuring open 

conversation about risks and consequences from a young age can aid in integrating risk 

management into children’s lives (Murphy, 2014).  

Engaging materials are necessary for children to pay attention (Schaefer, 2016). Songs, 

games, and coloring sheets make learning more fun for young ages (Murphy, 2014; Younie et al., 

2020). Once children have a basis of knowledge on a subject, it has been shown that creating 

their own materials associated with the topic helps deepen their learning, especially if they are 

creating it intending to teach others (Kobayashi, 2023). Experimentation with materials and 

giving time to ask questions are necessary parts of the learning process for children (Schaefer, 

2016). For measures to be effective, they need to allow for the natural processes of learning to 

occur in children (Murphy, 2014; Schaefer, 2016; Younie et al., 2020). Relevancy also helps 

children learn; making sure they connect lessons to the real world makes topics more concrete 

(Bernard, 2010). As biosecurity in backyard poultry is an important but complex topic, this topic 
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could be useful to have children engage with, although there is a lack of material on the subject 

(Bradley, 2007; Center for Food Safety and Applied Nutrition, 2012). However, children are 

already involved in biosecurity and could benefit from more materials on it, especially if these 

materials are better integrated with poultry-related programs (Bradley, 2007; Morris et al., 2024). 

Integration of Biosecurity Education into Poultry Programs 

Embryology is the study of how fertilized eggs develop and hatch; teachers and their 

classes hatch poultry, usually chicks, so students get to see the developments in real life 

(Talmadge et al., 1962). These programs can help greatly increase a child’s knowledge about 

science, math, and even empathy through the care of the birds (Gilligan & Downes, 2022; 

Hogan, 2002; Talmadge et al., 1962). These programs can be adapted for young children or high 

schoolers with different developmentally appropriate information (Hogan, 2002; Talmadge et al., 

1962; University of Vermont Extension, 2021). However, only some programs mention 

biosecurity risks clearly in their materials (Brewer, 2020; Stout et al., 2022; University of 

Vermont Extension, 2021). Other programs rely on supplemental material to teach this topic 

(Pennsylvania 4-H, n.d.). Talking about biosecurity risks in school, even when the word 

biosecurity is not used, helps set children and their families up for success and ensures everyone 

has a base of knowledge on the subject (Msoffe et al., 2012). Programs will instead use terms 

like “safety routine” and discuss handwashing if they do not specifically mention biosecurity 

(Gilligan & Downes, 2022; Pennsylvania 4-H, n.d.; Stout et al., 2022). Studies on Salmonella 

frequency and biosecurity practices have pointed to knowledge gaps as a predictor of safety 

practices, so informing people of all ages about biosecurity and its importance is necessary 

(Kauber et al., 2017; Larsen et al., 2022). There are a significant amount of public-facing 

materials on biosecurity, although most are not directed towards young children and it is unlikely 
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that these materials will reach the necessary people for them to be fully effective (Larsen et al., 

2022; McDonagh et al., 2019). Many of these sources come from the government, agricultural 

information sites, or public universities with extension programs (Larsen et al., 2022; McDonagh 

et al., 2019; National Poultry Improvement Plan, n.d.). 

Children’s exposure to poultry increases with chick-hatching programs in school or 

programs like 4-H (Pennsylvania 4-H, n.d.; Stout et al., 2022). These programs were created to 

increase children’s knowledge and interest in agriculture and science (Bates & Tregenza, 2013). 

Schools also use these programs to increase students' confidence and interest in learning 

(Brewer, 2020). However, these programs are increasing contact with poultry because many are 

aimed at children who feel disconnected from the environment; some of these programs are 

trying to cater to children in more urban settings (Brewer, 2020; Gilligan & Downes, 2022). 

Many of these children would not be around poultry otherwise (Gilligan & Downes, 2022). 4-H 

programs have a goal of increasing children’s exposure to raising animals, particularly livestock 

(Pennsylvania 4-H, n.d.). People with poultry at home may not engage in safe biosecurity 

behaviors; a study by McDonagh et al. (2018) in Massachusetts on backyard flock owners 34.7% 

of participants said that they do not wash their hands after handling the birds showing the 

uncertainty researchers have about how many backyard poultry owners wash their hands. 

Nonetheless, the risks are not without benefits as embryology programs have been shown to 

increase empathy, environmentalism, and even math in students who participated (Bates & 

Tregenza, 2013; Brewer, 2020; Stout et al., 2022). All of the programs do try to get participants 

to be safe and wash their hands, even if many do not specifically use the term ‘biosecurity’ in 

their reasoning (Msoffe et al., 2012; Pennsylvania 4-H, n.d.; Stout et al., 2022). 
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The United States Department of Agriculture (USDA), Food and Drug Administration 

(FDA), and Center for Disease Control (CDC) all have materials on Salmonella, although each 

organization’s exact audience differs (Center for Disease Control and Prevention & National 

Center for Emerging and Zoonotic Infectious Diseases, 2023; Food and Drug Administration, 

2022; U.S. Department of Agriculture, 2020). The USDA focuses on poultry in a more industrial 

context, but much of its information on cleanliness and biosecurity can be generalized (U.S. 

Department of Agriculture, 2020). The FDA created the Bad Bug Book which describes several 

foodborne and zoonotic diseases, where they come from, and how to prevent them (Center for 

Food Safety and Applied Nutrition, 2012). The CDC has specific information regarding 

backyard chickens and how to prevent illnesses related to them (Center for Disease Control and 

Prevention & National Center for Emerging and Zoonotic Infectious Diseases, 2023).  

The U.S. government also created the National Poultry Improvement Plan to create safer 

best practices; this plan and certification process was created primarily for larger farms that 

would rely on the information from the USDA, but its practices can be applied everywhere 

(National Poultry Improvement Plan, n.d.). All of these are resources put out by the U.S. 

government to help the public, but growing distrust towards the government lowers the 

likelihood these resources will be read and trusted (Harvard T.H. Chan School of Public Health 

& Robert Wood Johnson Foundation, 2021; Tinker, 1996). The COVID-19 pandemic, in 

particular, worsened the public’s trust in the government and public health, even regarding 

common practices surrounding well-known and researched infectious diseases (Harvard T.H. 

Chan School of Public Health & Robert Wood Johnson Foundation, 2021). When asked, 20% of 

Americans surveyed did not trust the CDC and 24% surveyed did not trust the FDA (Harvard 

T.H. Chan School of Public Health & Robert Wood Johnson Foundation, 2021).  
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The Indiana State Poultry Association has made an effort to explain poultry risks and has 

a page dedicated to biosecurity for kids with a mascot and coloring pages (Indiana State Poultry 

Association, 2023). As both embryology and many aspects of biosecurity are directly linked to 

poultry, information regarding poultry safety and best practices could help improve public health 

(Hogan, 2002; Kauber et al., 2017; Larsen et al., 2022). Knowledge gaps in correct biosecurity 

practices are seen as a major risk to those with backyard poultry, and many researchers believe 

there needs to be more material available to backyard poultry keepers (Gaffga et al., 2012; 

Kauber et al., 2017; Larsen et al., 2022). Experts also believe this material needs to be directed 

at, or at least comprehensible to, children, which the Indiana State Poultry Association does 

(McDonald et al., 2019). Bridging this gap could help protect many people from illness (Gaffga 

et al., 2012; Indiana State Poultry Association, 2023; Kauber et al., 2017; Larsen et al., 2022; 

McDonald et al., 2019).  
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Methods 

Embryology/chick hatching has been studied in schools for many years to teach the life 

cycle of animals in a hands-on way. This work centers around the question of how 

embryology/chick hatching is taught in schools and how biosecurity can be better integrated into 

curriculum around this topic. Teachers are the experts in what helps their classes learn and 

accessible materials on biosecurity could improve students' understanding of the subject and 

lower their risk of acquiring Salmonella from hatching and/or raising chicks. Teacher input is 

necessary to create effective materials, as they understand their audience best. Educators in 

Vermont are the focus of the study; a survey was disseminated to try to answer these questions. 

Using this information pertinent educational materials were created to help bridge gaps in 

biosecurity communication with young students. 

 

Participants 

Superintendents and principals in the state of Vermont were directly asked to disseminate 

the survey at their discretion to teachers who have taught this subject before. The researcher 

pulled these contacts directly from district and school websites, compiling a list to be emailed. 

No monetary compensation for taking the survey was provided. Through taking the survey, 

participants were given the potential to learn more about biosecurity and be given extra materials 

for their students that were created based on this information. The survey was sent to principals 

and superintendents to be forwarded to willing teacher participants via email so that results could 

be reviewed online and to ensure the privacy of responses.  
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Survey  

The survey centers around the question of who is taught what through embryology/chick 

hatching (see appendix). The survey was designed to capture teachers' opinions on embryology 

and chick hatching, their previous experiences (if any), and how they teach this subject to their 

class. The survey starts with information about the teachers (if they had taugh embryology 

before, who runs the program, what year they teach, if they have poultry, and if they are keeping 

the chicks). This was to gain a basic understanding of who the teachers are and what their 

background on this subject may be. Teachers who have taught this program for multiple years, 

for example, were later asked to identify patterns they had seen between classes overtime. The 

other questions are more so to gain information on how and why they teach embryology. 

Preference on material type, subjects, and age were especially useful in creating materials that 

suit the needs for teachers. Some questions were made intentionally similar to each other to try to 

expand on the information the teachers share and give space for a wider variety of answers. 

Survey questions were multiple-selection, multiple-choice, and free-response. Free 

fresponse in particular allowed the teachers to share a wider range of possible answers that may 

help create education materials. Questions were reviewed by the primary researcher and expert to 

ensure utility in creating materials and relevance to the study and further research. The 

questionnaire was created in Microsoft Forms. No personal identifiers such as names, workplace, 

addresses, race, or ethnicity are collected. The study is IRB-exempt (Institutional Review Board) 

because it is not being used to produce generalizable knowledge and is not gathering information 

on human subjects.  
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Analytic Approach  

After collecting survey responses, researchers used Microsoft Forms and Google Sheets 

to perform a descriptive analysis of the data. Researchers evaluated the multiple-choice and 

selection questions to see teachers' opinions on the subject. Open-ended questions were coded 

inductively to help visualize participants' attitudes toward the current curriculum and potential 

curriculum changes they may be interested in.  

Data was coded inductively into general categories created by the principal investigator; 

the coding was done following Bingham’s five-phase process of qualitative data analysis 

(Bingham, 2023). Responses were coded based on popular themes, and responses containing 

multiple themes were counted multiple times. Then, through memoing general impressions, the 

data was re-sorted by the principal researcher. The data was coded inductively to create 

categories specific to the responses. Coding was compared between questions and then 

potentially resorted. Data would potentially go through this process multiple times for it to be 

finalized. The researcher then used literature and theory-based explanations of the findings to 

help create educational materials, like worksheets and games, based on interests.  

 

Educational Materials 

As educational materials that cover these subjects are lacking, making some materials 

based off of teacher responses was an important step in this research. It helps highlight the 

thought that go into creating these age appropriate materials as well as how teachers may use 

them in their classes. As the goal of creating the educational materials is for them to be accurate, 

age-appropriate, and engaging, it is important that they meet these goals through useful 

pedagogy. Preschool-aged children in particular have been noted to learn best by “doing” rather 
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than observing (National Research Council, 2015). Embryology in classrooms can be a helpful 

learning tool as the children can experience life science and embryo development in real time 

and practice necessary interpersonal skills like responsibility, leadership, and empathy through 

something interactive. Supplementing this educational activity is important for covering other 

related topics like biosecurity and health. The materials created were based off of already known 

types of materials to be in a format familiar to the children. These materials do not have a set age 

recommendation as teachers are the experts on what is appropriate for the age group of their 

classes. 
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Results 

Survey 

A total of 93 teachers responded to the survey. Eight respondents had not taught 

embryology, but still replied to the survey. These responses were removed from analysis. Not all 

questions were answered or answered logically by all participants, particularly to free-response 

questions. Many instead responded “N/A” or had off topic responses in these questions, the exact 

numbers per question are displayed in the respective figures. Free response questions were coded 

inductively and “other” options were created to group responses that were dissimilar. Particularly 

insightful or pertinent responses grouped under other are mentioned. 

The majority of teachers had done this program with young students. The two highest 

responses were preschool/pre-k at 19.8% and second grade at 17.2%; at total of 63.8% were 

second grade or younger (Figure 1). This topic was least common in high school (grades nine to 

twelve) at only 2.6% (Figure 1). Many of the teachers, 88.2%, have done this program multiple 

times (Figure 2). Later questions ask how many of the teachers enjoy teaching chick hatching to 

their students. 68.2% of teachers responded that they run their program themselves, although a 

substantial number, 23.5%, use the UVM 4-H embryology program (Figure 3). In later 

questions, some teachers mention distance as a reason they did not use the 4-H program. 

Biosecurity was a particular area of interest in this survey as it has been in the forefront 

of many minds since the pandemic (Reaser et al., 2024). However, as a standalone term it can 

cause confusion, so in the survey examples were provided of what biosecurity pracices teachers 

may have been using in their classrooms, with space for them to add practices not previously 

considered. Since the term biosecurity does cause confusion the question was worded to be 

“Which of the following practices do you teach your class?” with listed answers highlighting the 
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most common biosecurity precautions. Respondants reported using at least some form of 

biosecurity precautions. The majority of teachers used multiple methods of biosecurity when 

hatching eggs: 83 reported using handwashing, 78 reported using small groups around the eggs 

and chicks, 71 limited contact between the chicks and the students, and 24 used ‘other’ practices 

(Figure 4).  

About a third, 34.1%, of teachers had poultry at home (Figure 5). The majority of 

teachers wanted to keep the chicks hatched in their local community in a variety of ways; only 

22 responded that the chicks would not be staying in their community (Figure 6). 

Teachers reported using embryology concepts for a variety of reasons. The responses 

listed fell into the categories of “Agriculture”, “Joy”, “Life Cycles”, “Food systems”, “Soft 

Skills”, “Environment”, and “N/A”. Some responses fell into multiple categories and were 

counted for each. “Life Cycles” were by far the most prevalent at 53 responses (Figure 7). 

“Agriculture” and “Joy” came in at 22 and 21 responses, respectively. “Food Systems”, 

“Environment”, and “Soft Skills” were less common results. It is also important to note that 12 

people responded in ways that provided no information on how they use the program to teach or 

they did not respond to the question. 

Teachers reported using chick hatching to teach any subject they could. In addition to 

embryology, they listed soft skills, engineering, economics, math, and English as subjects they 

incorporates into the process of chick hatching. The majority of responses listed several subjects 

that teachers were eager to connect chick hatching to.  

Teachers used a variety of methods to teach about embryology and chick hatching to their 

students. All teachers used multiple methods to help their students. Orally (78), posters (55), 

worksheets (50), and presentations (41) were the most popular methods (Figure 8). 
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This variety of methods is echoed in the section asking about struggles and patterns that 

teachers who have taught embryology and chick hatching for multiple years have found. These 

could be important areas to focus on for creating more educational materials. Common themes 

emerged surrounding struggling with death and not understanding the full process of embryo 

development, as students could not see it in action. Teachers who have done this program also 

saw a decrease in agricultural knowledge over time. Some also mentioned worries about student 

impulse control and the difficulty of rehoming the chicks, both logistically and emotionally. Still, 

there were also a large number of responses commending their students for how well they 

understood this process and their participation in this unit.  

Teachers had the opportunity to shar information that they felt did not fall into the 

categories in other questions to minimize gaps in the survey that may not have been considered. 

When asked if there was anything not covered by the survey that they wanted to share, multiple 

teachers expressed their sadness that they could no longer do the program due to new roles, 

policies, or moving schools, highlighting how much teachers love embryology as a program. 

They also addressed the high costs and lack of support associated with the program. One teacher 

does not allow their students to touch the real incubator and instead has a homemade one with 

wooden eggs so that their students can practice taking care of the eggs without there being a risk 

to the students or eggs. However, sharing the day-to-day of the classroom, the difficulties of 

chick hatching, and how much they love teaching it made up the majority of the results. The 

difficulties of the program with chicks dying, associated costs, and lack of support, were 

prevalent as well. 

Many teachers, 88.2%, replied that they are or may be interested in receiving new 

materials related to the subject, but fewer, 76.5%, responded that they would be interested in 
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adding new materials to those they use to teach chick hatching/embryology (Figure 9; Figure 

10). Teachers expressed high interest in materials with information on all topics listed, with 

sustainability having the most interest at 51 responses and then agriculture at 49 (Figure 11) 

Teachers who expressed an interest in materials were interested in many different types, with 23 

responding that they would be interested in any or all materials they would be able to use 

(Figure 12). They also expressed interest in coloring pages and worksheets. One sentiment that 

was echoed throughout the survey was wanting materials would be suitable for younger 

demographics, which was prevalent here as well. 

 

Educational Materials 

Six educational materials were created using the results. Four were worksheets, one was a 

game, and one was a term list. These were created using input from the responses to the survey. 

These materials were all created for a young audience, as that request was seen throughout the 

survey and seems to be lacking in terms of material availability. They were made primarily 

around biosecurity, as there seemed to be a lack of materials on it available for young ages and 

health came up as a topic of interest for teachers to use while teaching embryology. Often in 

these results chick hatching is used instead of “embryology” as that is primarily how teachers for 

young age groups referred to it as despite them being synonymous in this context. One response 

that was echoed across questions was that teachers wanted more support when teaching this 

topic. They felt undersupported and believed more material, of nearly any kind, would be 

helpful. 

“Spot the Difference” was created for younger audiences with limited to no literacy as the 

main age group being taught this are very young, with around 65% being under the second grade 
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(Figure 1). This was created to rely heavily on visal information for this reason. It allows 

students to practice visually identifying biosecurity practices that they might come into contact 

with, while still being simple enough for young ages to do it independently. The ideas showen in 

this material echo the practices that teachers described using (Figure 4). Worksheet helps 

introduce young children to biosecurity measures in a fun and non judgmental way. It also 

provides teachers an opportunity to discuss why certain measures may be particularly important 

in the context of hatching chicks within their classroom and what they may look like in practice. 

​ “If I didn’t wash my hands for a week, they’d look like this…” was similarly created for 

young students, with them being a large majority of those learning embryology in mind (Figure 

1). However, two options were made to allow more flexibility for teachers. One involves only 

coloring to be accessible for children with more limited literacy. Allowing them to complete 

work independently is important to see what children focus on unprompted and gives them more 

agency while exploring topics. A version with more writing involved was created for older 

children to be able to dig deeper into the topic. This would require them to be able to read and 

write independently. Washing hands is heavily stressed in biosecurity, especially for younger 

ages (Younie et al., 2020). It is also one of the biosecurity practices that nearly all teachers 

reported using in their class (Figure 4). This worksheet can help students consciously think 

about the importance of washing their hands and let the topic come up organically for discussion.  

​ “Biosecurity Spelling” is focused on increasing familiarity with the terms that 

embryology and chick hatching may use. The worksheet features the words “Biosecurity”, 

“Bacteria”, “Virus”, “Sanitizer”, “Poultry”, and “Embryology”. This is for a slightly older age 

group than the previous two materials, as it requires children to be able to sound out the words 

and is used for writing practice. It is still appropriate for young students, however, more 
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discretion by the teachers may be require. Children like to feel in charge of their own learning 

and are quick at picking up new vocabulary; a child with an average sized vocabulary in 

Kindergarten had to learn, on average, nine words each day (Samuelson & McMurray, 2017). 

Young students are an optimal group to introduce more complex words through repetition and 

context once they begin getting comfortable with reading. Children would be able to rewrite the 

words underneath the typed version and see a visual representation of the word as well. This can 

help with the usage of these words. The images can also be colored to increase time directly 

exposed to the words. It is a fun way for teachers to introduce complex words to their students. 

Having this expanded vocabulary would allow them to better understand other biosecurity 

materials and let them gain more knowledge on their own. As teachers expressed interest in 

teaching more biosecurity, this was a natural addition. 

​ The last printable is a booklet for a “chick log”. It shows what an embryo developing 

looks like. One thing teachers mentioned that students struggled with was visualizing what the 

inside of the egg looks like as the chick is developing. This booklet shows what it looks like as 

each day progresses and also gives children space to color or write observations or their own 

pictures on the back part of each page, as the booklet is intended to be printed single-sided. The 

pages are meant to be stapled together to make a book shape. This is intended to help make the 

visualization fun and easy for students. It can be used for a variety of ages as young students can 

focus on the coloring aspect and older students can make detailed notes the notes written it 

​ Gamification is a useful tool to get children excited about a subject and has shown to be 

effective with younger ages, showing a decline in effectiveness with age (Koivisto & Hamari, 

2014). It makes topics hands-on and engaging. This method was used for an explanation of 

germs and how they spread. This gives teachers a natural segue to talk about handwashing, 
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bacteria, and viruses in how they related to both chick hatching and students lives in general. It 

provides questions that can be modified for different age groups and lets teachers adapt the 

discussion to their classes. The guiding questions added were general to allow for introspection 

and introduction to materials around disease transmission. Tying the game into something 

concrete is helpful to get younger ages interested in biosecurity and mirrors the idea behind risk 

anchoring. 

The terms list was created for both teachers and students. It provides developmentally 

appropriate definitions for terms that other educational materials here have used. Teachers can 

add more detail as they see fit, but these definitions are a good place to begin with as they are 

simple and use basic vocabulary. For older ages definitions elsewhere may be more appropriate, 

but seeing as almost a quarter of teachers hatched chicks with preschool and kindergarten 

classes, these definitions have a clear place amoung the materials made (Figure 1). Teachers 

expressed being interested in biosecurity materials, and not including at least some definitions 

would be incomplete. 
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Discussion 

Biosecurity and embryology should be combined to better equip students with applicable 

real-world knowledge during these programs. Both of these topics benefit from being taught in 

tandem as students are given factual explanations for why they are taking certain actions during 

embryology units. The results show that there is a need for more materials on embryology and 

biosecurity for younger ages. Information on biosecurity is both interesting and important for 

youth, but materials and explanations are lacking with young students (Ram, 2020; Ram et al., 

2016). As the materials were created with this in mind, they were all geared towards young 

audiences and require limited to no literacy. Biosecurity was particularly highlighted in these 

materials as there was interest shown by teachers, but many students struggle with understanding 

it, and current political and health concerns point to a need for it (Ram et al., 2016). These 

materials can supplement embryology and chick hatching units teachers are already teaching.  

Health communication is an important topic for all ages and it is more difficult with 

younger individuals (Bell & Condren, 2016). Younger individuals often lack background context 

and prior experience in health, so it can be difficult, if not impossible, for young individuals like 

preschoolers to make informed choices on their health (Bell & Condren, 2016). They look to 

trusted adults like teachers to ensure their safety and increase their understanding (Bell & 

Condren, 2016). Making educational materials that focus on increasing critical thinking at a 

young age is necessary to start building this background (Heyman, 2008). They may be able to 

help teachers to focus more on teaching things of interest like the importance of agriculture in the 

state of Vermont and less on telling students to keep their fingers out of their mouth after 

handling the chicks. These worksheets can be done during or before embryology and chick 

hatching units to prepare students for a hands-on unit with abstract concepts like human and 
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poultry health, biosecurity, or even economics. Biosecurity information is essential in helping 

prevent transmission of Salmonella, which helps ensure that embryology and chick hatching can 

continue to be taught in schools with minimal risk and concerns (Kauber et al., 2017; Larsen et 

al., 2022). 

Despite its importance to health outcomes surrounding poultry, Salmonella was not a 

focus of the educational materials. Focusing on specific viruses presented the possibility of 

children becoming fearful instead of just cautious, thus making the subject less enjoyable. 

Salmonella does present a human risk, however good biosecurity practices can be used to 

minimize the likelihood it is transferred (Kauber et al., 2017). It was decided that it would be 

better to focus on biosecurity as a whole in these materials, providing a more actionalable 

viewpoint where students could be empowered to take action against disease. Prevention through 

fear negates the point of making the materials fun and doing a unit regarded as enjoyable and 

hands on; students learn better when their learning is rooted in curiosity (Jirout, 2020). Instead, 

this paper recommends that a more in depth discussion of Salmonella and its transmission be 

considered as a topic for older students who would be able to gain a much more technical grasp 

on the subject, while an introduction to germ theory and the differences of bacteria and viruses 

be used for younger audiences. 

Overall, these results are not particularly surprising. Teaching is widely regarded as an 

underfunded field and when the majority of materials are created by teachers and are purchased 

by individual teachers, sometimes out of pocket, it can be difficult to incorporate all subjects 

(Learning Policy Institute, 2024; Ravitch, 2020). There is only so much time in the school year. 

It can be difficult to break down complex topics to young audiences. This data provides helpful 

insight into what teachers really value when teaching this topic and how they do it. 
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Understanding these needs and starting to create materials is the first step in supporting teachers, 

especially in a topic they reported as enjoying so much. 

Further research needs to be done to look into which ages are being taught embryology 

and what general subjects (i.e. literacy, math, science) this is supporting in the classroom in other 

geographic areas. It is also unclear what the true number of teachers who have taught 

embryology in Vermont is, so these results may only reflect the opinions of a small sample which 

could have skewed the data. Strong experiences teaching this subject could create higher answer 

rates for teachers with particularly high or low satisfaction teaching embryology as they may 

have been more driven to answer this survey, biasing the results. This could explain how many 

teachers reported embryology as their favorite thing to teach their students. Teachers at schools 

where the superintendent and principal did not forward the survey are also unrepresented in this 

data as responses were unable to be collected from them. 

​ Some responses to the survey had to be excluded because they did not answer the 

questions asked and/or had no experience with embryology. This was decided manually and 

because of this there may be some associated errors. There may also have been errors made 

when coding answers as this was done manually as well. This means that future studies may 

report different results.​  

​ The educational materials were made by someone with interest in this subject, but with a 

limited background in education. This means there may be a more effective way to make this 

information accessible to children. These materials have not been piloted and could benefit from 

feedback from teachers and students. It would also be beneficial to see if patterns observed 

through this survey are found in other geographic areas, as these results may not be 

generalizable. Some of the wording in this survey also confused teachers and this would need to 
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be improved upon in the future to obtain clearer data. Further research on childrens’ and teachers' 

understanding of biosecurity could be beneficial when creating and modifying educational 

materials to better suit needs. It may also be necessary to research the effects of an in-depth 

public health campaign's effectiveness on children. Further investigation on the percentage of 

teachers that do an embryology or chick hatching unit and information on the rates of disease 

transmission to students during these units would help in solidifying the significance of this 

study and future works that may be similar to it.  

This study had several strengths. There have not been many studies researching similar 

information. Communication to children is necessary to improve biosecurity outcomes (Bradley, 

2007). This study focuses on teachers in a rural state (Showalter et al., 2019). The study had 

flexibility incorporated into it to allow for rich and varied results. It gathered data that could not 

be found elsewhere, providing a foundation for future studies that may focus on the same 

subject. It provided a mixture of qualitative and quantitative data that can be used in a variety of 

contexts.
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Conclusion 

Through researching teachers’ experiences with embryology and creating materials to 

support these programs based off the opinions of teachers showed that despite the diverse needs 

of schools across a state, there were important trends to note. Despite their ability to retain 

information young children are not being adequately targeted as an audience for important and 

complex biosecurity knowledge (Frazier et al., 2016). Making information accessible for all ages 

is important because it allows students to have a richer understanding of the world around them, 

explore more interests, and prepare them for even more complex ideas later on (Bell & Condren, 

2016). As the age group that was most involved in a topic lacks educational materials on the 

subject, this shows the importance of consulting teachers when creating educational materials.  

In a time when funding is being pulled from education, food safety, and biosecurity 

institutions by the federal government, it is more important than ever to support teachers and 

creative teaching methods that get students excited about learning (Dragoi & Vijeyasingam, 

2025; ​​Knibbs, 2025; Mimbela & Schifeling, 2025; Smith et al., 2025). Biosecurity is a pressing 

issue that will not go away by ignoring it and while embryology and chick hatching are 

important educational tools, they need to be done conscientiously to get the full benefit for 

students and minimize the likelihood of disease transmission. In an era where the head of the 

USDA is recommending families with no experience purchase hens to combat the prices of eggs, 

it is essential for children to understand what biosecurity is through a lens of curiosity and not 

fear (Goodman, 2025). Children being taught biosecurity within their embryology and chick 

hatching programs will only better prepare them for the necessary critical thinking they will need 

to do throughout their lives.  
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Figures 

Figure 1 
Responses to ‘What Year are Your Students?’ 

 
Note. Pie chart of the responses to ‘What Year are Your Students?’, a multiple-selection question, 

as percentages. 63.8% of teachers taught second garde or younger, with a significant drop off 

afterwards. Made in Google Sheets. Own work. 

 

Figure 2 
Responses to ‘How many times have you done chick hatching/Embryology?’ 

 

Note. Pie chart of the responses to ‘How many times have you done chick 

hatching/Embryology?’, a closed-ended multiple-choice question, as percentages. Almost three 

quarters, 74.1%, of teachers have participated in teaching embryology three or more times. Made 

in Google Sheets. Own work. 
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Figure 4 
Responses to ‘Who is the program you do run by?’ 

 
Note. Pie chart of the responses to ‘Who is the program you do run by?’, a multiple-choice 

question with a coded free-response option, as percentages. The majority of teachers surveyed 

run their own programs. Made in Google Sheets. Own work. 

 

Figure 4 
Responses to ‘Which of the following practices do you teach your class?’

 
Note. Bar graph of the responses to ‘Which of the following practices do you teach your class?’, 

a multiple-selection question with a free response option, as true counts. Biosecurity practices 

were used by all teachers, with most using multiple. Made in Google Sheets. Own work. 
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Figure 5  
Responses to ‘Do you have Poultry at Home?’

 
Note. Pie chart of the responses to ‘Do you have poultry at home?’, a closed-ended 

multiple-choice question, as percentages. The majority of teachers teaching in embryology do 

not keep poultry at home. Made in Google Sheets. Own work. 

 

Figure 6 

Responses to ‘Do you keep the Chicks in your Community?’ 

 
 
Note. Bar graph of the responses to ‘Do you keep the Chicks in your Community?’, a 

multiple-choice question with a coded free response option. Teachers mostly described wanting 

to keep chicks hatched in their program in the immediate community. Made in Google Sheets. 

Own work. 
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Figure 7 

Responses to ‘What subjects do you teach about using the chicks?’ 

 

Note. Bar graph of the responses to ‘What subjects do you teach about using the chicks?’, a 

coded free-response question. Teachers taught a variety if subjects though embryology, with life 

cycles being the most common response. Made in Google Sheets. Own work. 

 

Figure 8 

Responses to ‘What types of materials do you use to teach about these topics?’ 

 

Note. Bar graph of the responses to ‘What types of materials do you use to teach about these 

topics?’, a multiple-selection question with a coded free response option. All teachers used 

multiple methods to teach mebryology and orally was the most common Made in Google Sheets. 

Own work. 
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Figure 9 

Responses to ‘Are You Interested in Receiving New Materials?’ 

 
 
Note. Pie chart of the responses to ‘Are You Interested in Receiving New Materials?’, a 

multiple-choice closed-ended question, as percentages. Most teachers express interest in 

receiving new materials. Made in Google Sheets. Own work. 

 

Figure 10 

Responses to ‘Would You be Interested in Adding New Materials?’ 

 
Note. Pie chart of the responses to ‘Would You be Interested in Adding New Materials?’, a 

multiple-choice closed-ended question, as percentages. Teachers were overall interested in 

adding new materials, although some where unsure. Made in Google Sheets. Own work. 
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Figure 11 

Responses to ‘Would you be interested in materials about…?’ 

 

Note. Bar graph of the responses to ‘Would you be interested in materials about…?’, a 

multiple-selection question with a coded free response option. Teachers were interested in 

materials on many subjects, particularly sustainability. Made in Google Sheets. Own work. 

 

Figure 12 

Responses to ‘Are there other types of materials that you may be interested in for your 
classroom?’ 

  
Note. Bar graph of the responses to ‘Are there other types of materials that you may be interested 

in for your classroom?’, a coded free-response question. Teachers were interested in many types 

of materials, with some not having a preference of the kind. Made in Google Sheets. Own work. 
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Educational Materials 

Below is a link to the educational materials discussed previously: 

Educational Materials 

 

 

Data 

Below is a link to the data presented: 

Data 
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