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ABSTRACT 

Students are exposed to various interdisciplinary concepts in a science classroom 
including how to work with and understand data. Data literacy is becoming an ever more 
important skill employers look for. However, most high school students are lacking proficient 
data literacy skills. Data literacy involves basic statistical calculations such as mean, median, and 
mode as well as cleaning and organizing data into graphs and tables for analysis. The purpose of 
this action research project was to try to address the lack of data literacy skills in high school 
students by integrating a year-long citizen science project. Citizen science is an opportunity for 
ordinary people to contribute to the world of science through collecting data or observations for 
practicing scientists. Thirty-four environmental students at MHSS in Middletown NJ took a pre 
survey to assess student confidence levels in data skills, science activities, and citizen science. 
They also took a data skills pretest to assess actual student skill levels. Next, students took part in 
a yearlong citizen science project where they took photos and IDed observations using the 
iNaturalist citizen science platform. At the end of the year, students cleaned, organized, and 
manipulated their data into graphs for analysis. After completing the project, students took post 
tests and surveys to assess any changes in skill or confidence levels. The teacher recorded 
student progress in personal notes as well as conducted exit interviews to obtain qualitative 
results. It was found that in the beginning, most students had high confidence in their skills, but 
performed poorly on the pretest. After the duration of the project, all but four students out of 34 
improved in their post test scores. The number of poor skill level individuals dropped from 60% 
to 29%. Data confidence levels increased slightly and student confidence in science activities 
improved. Exposure to raw and messy data through citizen science projects is a valuable tool that 
science teachers can and should be using to improve data literacy skill in high school students.  
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CHAPTER ONE 

BACKGROUND AND INTRODUCTION 

Middletown High School South, Middletown, NJ 

My current teaching assignment is at Middletown High School South, a public 9-12 

school servicing 1551 students in a suburban town of Middletown Township in New Jersey. 

Middletown, New Jersey, is located in Monmouth County close in central New Jersey. 

According to the US Census Bureau, in July of 2019, Middletown’s population was 

approximately 65,305 people with 2.9% of the population being under 18 years old. 93.1% of the 

population identified as White. Within the population of individuals 25 years or older, 95.6% 

have obtained a high school degree or higher; 47.0% have obtained a bachelor’s degree or 

higher. The median household income was $118,351. According to Zippia.com, the biggest 

industries and companies to work for in Middletown are grocery stores, plumbing supply, private 

schools, and the public school district (Zippia.com, 2022). It should be noted that with 

Middletown’s proximity to New York City, many residents commute into New York City daily.  

Middletown High School South is one of two high schools in Middletown, NJ. MHSS 

offers 18 science courses including biology, chemistry, physics, and other electives. Five 

different advanced placement science options and three honors level options are also offered. 

Students are required to take three years of lab science in order to graduate. Lab sciences include 

biology, chemistry, environmental science, marine science, or physics. I currently teach three 

sections of 9th grade biology and three sections of in class resource environmental science with 

one special education co-teacher.  
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 During the 2018-2019 school year, 91% of students at Middletown High School South 

were White. Economically disadvantaged students were 6.6% of the student population. Only 

28% of students in the 2018-2019 school year scored in the levels 3 and 4 (out of 4) and were 

considered proficient by the NJSLA science assessment. The NJSLA-Science is the NJ Student 

Learning Assessment for science. It is a federally required standardized test for all NJ students in 

grades 5, 8, and 11 to provide a snapshot of student performance. 90.4% of students enroll in a 

post-secondary institution after graduating. Overall, the school is a 1:1 device school (NJ School 

Performance Report, 2019). 

 Teaching science at Middletown High School South is my first teaching position. My 

background is in lab sciences, and I have previous experience completing field research classes 

and projects prior to starting teaching. Since beginning teaching, I have taught six months in a 

traditional style of teaching, and 12 months in a hybrid/remote model. Both models of teaching 

require different skills and materials. Within my first few months of teaching, I began to notice a 

trend in students’ ability and confidence to work with data during labs, tests, and other class 

activities. I discussed areas for improvement with colleagues and the discussion almost always 

involved the topic of students struggling with data literacy skills. My colleagues and I noticed 

that students have poor skills when it comes to lab analyses, science skills test questions, and 

general class discussions. Science teachers in my department found that upperclassmen (grades 

11-12) are not prepared to handle large amounts of data. This has only worsened during the 

COVID-19 global pandemic where students were not exposed to in-person laboratory activities 

and data collection. Freshman and sophomore science teachers will need to improve student data 

literacy skills and confidence to allow junior and senior teachers to scaffold off of previous 

knowledge.  
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Purpose and Significance  

 The purpose of this project is to improve student data literacy skills and confidence by 

allowing students to learn through the use of “messy” and authentic data found in citizen science. 

The term “messy” is used to describe “heterogeneous values, missing entries, and large errors” 

within a data set” (Udell, 2017, p. 439). Messy and authentic data is data that has not been pre-

screened or formatted into tables, graphs, and charts for students. Hopefully, through this process 

students will also become more engaged in science and their achievement in the course will 

improve. Data literacy is “the intersection of data science, quantitative reasoning, and authentic 

context” (p. 439). It is most often thought of as the skills to create, read, and interpret graphs, 

figures, tables, and raw data. Individuals who have strong data literacy skills are able to 

manipulate raw data into visuals as well as analyze the numbers for trends. 

Citizen science is a way for ordinary, nonscientist, individuals to take part in real science 

research projects locally and around the world. Volunteers can collect data for researchers, 

classify observations, and perform other tasks to assist professional researchers. These projects 

can help participants engage in science outside of an educational setting while promoting 

communication skills and helping researchers obtain their goals.   

The significance of this project is that in an ever-advancing world full of data, students 

need to be more data literate. Students must understand how to look at a figure and understand 

the numbers behind it, or see numbers and be able to manipulate them into a visual to highlight 

information and trends. My interest in citizen science came from my time collecting data for my 

research professor during my undergraduate degree through independent study classes and an 

ecology course. Collecting, interpreting, and then analyzing data helped me to become a better 

scientist and a better teacher. The hands-on experience was also more engaging, and I was more 
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invested in my learning experience. I hope this experience will have the same effect on my 

students. One of my goals as a science teacher is to boost students’ confidence in their science 

skills, including data literacy skills. My interest in hands-on learning through citizen science and 

my goal of improving data literacy are connected through this project.  

Focus Question and Statement 

 My primary focus question is, How will participating in citizen science projects affect 

student data literacy skills and data-confidence? 

My sub-questions include the following: 

1. How will participating in citizen science projects help students become aware of the 

importance of data literacy skills outside of school?  

2. How will working through a citizen science project increase student engagement and 

enthusiasm towards science? 
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CHAPTER TWO 

CONCEPTUAL FRAMEWORK 

There are many parts to understanding data literacy, citizen science, and could work in 

unison to benefit the students and teacher in the classroom. Data literacy is looking at and using 

raw data to develop and understand trends of the real world through tables, graphs, or other 

figures. However, it is important to understand that data literacy is not only used in the classroom 

and assessments, but that it is also applicable in a wide variety of professions, jobs, and daily 

life. Using citizen science to develop a method of instructing, practicing, and understanding key 

parts of data literacy could be a useful classroom technique and tool for teachers who wish to 

improve data literacy skills among their students.  

What is Data Literacy? 

Schultheis and Kjelvik (2020) state that data literacy is “the intersection of data science, 

quantitative reasoning, and authentic context” (p. 439). It involves the ability to use raw data to 

understand trends in the real world through tables, graphs, or other figures. School age children 

are exposed to data literacy skills mainly through science or math classes. However, students 

rarely understand the importance of data literacy skills in the world outside of the classroom.  

Data literacy skills involve three defined concepts. The first is understanding and 

producing information such as numerical data using raw numbers, percentages, averages, 

standard deviations, etc. Second, data literacy includes using that numerical data to create and 

understand visuals such as graphs and charts. Finally, data literacy can define data as information 

to be used in systems or algorithms to determine set factors such as compatibility between two 

things (Fontichiaro & Oehrli, 2016). 
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Elizabeth Schultheis and Melissa Kjelvik (2020) promote the idea of using “messy and 

authentic” data in classes to combat some of the challenges of data literacy. In their article, 

“Using Messy, Authentic Data to Promote Data Literacy and Reveal the Nature of Science,” the 

authors discuss how students have the strongest learning experiences when they work with real, 

and oftentimes messy, data such as what is found in citizen science projects. The “messy and 

authentic” data opens the eyes of students to how they use and create data in their everyday 

lives.  

 There are two kinds of data presented to students in classrooms: First-hand, or student-

collected data, and second-hand, data given to students that shows information from prior 

research. Both types of data are important when building student confidence and skills. It is 

important to use scaffolding methods when working on student data literacy skills. It has been 

suggested that exposing students first to simple, classroom use visualizations. Next, students 

should be given data sets with some data curation steps the students must take, such as 

summarizing or simple calculations. Finally, students can examine well-structured inquiry 

investigations and problems before being allowed to fully transition into inquiry and data 

collection on their own (Schultheis & Kjelvik, 2020). 

Why is Data Literacy Important? 

 Schultheis and Kjelvik (2020) state “The overarching goal of science is to investigate the 

unknown, and the interpretation of authentic, easy data plays an important role in this process” 

(p. 441). Creating a project that uses messy and authentic data will not only increase student data 

literacy, but it will also help students to better understand the nature of science. The National 

Resource Council (2012) noted in “A Framework for K-12 Science Education: Practices, 
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Crosscutting Concepts, and Core Ideas” that “…there is a strong consensus about characteristics 

of the scientific enterprise that should be understood by an educated citizen” (p. 78). In order for 

students to be fully educated citizens of the nature of science, they must understand data and how 

it works in their lives.  

“Why Data Literacy Matters” written by Kristin Fontichiaro and Jo Angela Oehrli (2016) 

highlighted six significant themes that school librarians should focus on when thinking about 

data literacy. I believe these themes are also applicable in science classrooms. One of the themes 

was statistical literacy, meaning the differences between mean, median, mode, and the potential 

of biases when collecting data. A second theme that was pertinent to data literacy was visualizing 

the data. Students need to be able to create and understand visuals such as graphs, tables, and 

charts. Fontichiaro and Oehrli (2016) posed the question of “Which came first? Learning how to 

make graphs? Or how to interpret them?”(p. 24). This was an important aspect to consider for the 

implementation of my project. A third theme discussed was using data in argument. Students 

should be able to use and understand when data is used informationally and persuasively. Data 

literacy is about “discerning correlation from causation” (p. 24). Finally, a fourth applicable 

theme was big data and citizen science. In this section, the writers discussed using citizen science 

as a student-friendly entry point into interacting with large amounts of data (Fontichiaro & 

Oehrli, 2016). 
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Data Literacy and NGSS 

 The Next Generation Science Standards (NGSS) were released in 2013 with the 

framework to promote three equally important dimensions of learning science: Disciplinary Core 

Ideas, Science and Engineering Practices, and Cross Cutting Concepts. Core Ideas are key areas 

and ideas in science that are important within or across many science and engineering 

disciplines. The Science and Engineering Practices examine what and how scientists investigate 

the real world and how engineers design and build systems. Cross Cutting Concepts follow 

connections between physical, life, and earth/space sciences along with engineering design. The 

Science and Engineering Practices and Crosscutting Concept dimensions require the most data 

literacy skills.  

 Within Science and Engineering Practices, different subcategories require specific data 

literacy skills. When students practice Developing and Using Models they can create 

mathematical models to represent real world phenomena. A student who is Analyzing and 

Interpreting Data is using different data literacy skills to organize and interpret and evaluate 

data; that is collected or provided, into tables and graphs to evaluate. The Mathematics and 

Computation Thinking category requires students to use mathematics and computer skills to 

assist with data comprehension (Anderson, 2019).  

 Specific examples of data literacy use in the NGSS include HS-PS2-1 Motion and 

Stability: Forces and Interactions- which requires students to look at data examples of Newton’s 

second law. HS-LS3-3 Heredity: Inheritance and Variation of Traits- asks students to apply 

statics and probability to explain variations and distributions of traits in a population. There were 

several other examples listed on the NGSS website; however, all of them are connected through 

the Science and Engineering Practice of Analyzing and Interpreting Data (Figure 1). It is evident 
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that data literacy skills are an important part in the NGSS and are key skills that students should 

learn while in the science classroom (NRC, 2013, p. 278).  

 

 

 

Figure 1. NGSS (NRC, 2013, p. 278) standards that utilize Analyzing and Interpreting Data for 
the Science and Engineering Practices.  

How Data Literacy is Used in the Classroom  

 Hogenboom (2011) notes that data literacy is used in different classrooms in different 

ways but most use data for some form of class demonstrations, lab and or assignments. However, 

data literacy is used in a wide variety of subject matters outside of math and science classes. 

Simmons (2021) states examples of areas where data analysis should be a cross-curricular 

concept including geography, social studies, any mathematics or statistics class and the sciences. 
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Anywhere that students are using graphs, pictures or data sets, they are using data literacy skills. 

Examples of this could be analyzing population growth or decline in human geography classes, 

reading stock market trends in economics, or graphing numerical points from story problems in 

math.  

 From the earliest stages of formal education, students are being exposed to concepts of 

data literacy as well as being taught to analyze data in different forms. Younger children, 

elementary school students, begin with handling data, observing patterns, and collecting 

information. This is then transitioned in the older grades into using digital software to analyze 

data and draw conclusions from data sets. The Data Education in School project is a team of 

educational researchers, professional learning consultants, digital skills consultants, and business 

development experts from Scotland working to improve the data literacy skills of school children 

across Scotland. They provide resources for educators to use in their classroom to work on data 

literacy skills. These resources include activities that combine physical activity with data, water 

pollution problems with data, and the challenge of providing the internet for all with data to 

name a few. The wealth of resources they have available can be easily integrated into the 

curriculum of multiple subjects to enhance the content being taught (University of Edinburgh, 

2022) (Figure 2). 
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Figure 2. University of Edinburgh’s (2022) topics and themes for using data literacy in the 
classroom. 

How to Assess Data Literacy 

 There is a lot of research on how to teach the educator how to use data literacy to 

improve overall student achievement. However, not much has been written or discussed about 

assessing data literacy in classrooms. In reality, teachers tend to assess data literacy without 

putting much thought into it. Teachers assess data literacy on a daily basis through questions 

during presentations, discussions with students, or even more formal, summative assignments. 

Teachers are assessing a student’s data literacy skills without thinking about it as it is oftentimes 
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in the background when compared to the teacher’s intended concept for the assessment. 

According to one source, data literacy can be assessed through methods used to assess 

understanding and knowledge of other concepts. Short answer questions, multiple choice 

questions, and open-ended responses are all common ways to assess literacy in students. Due to 

the nature of data literacy, having students analyze and interpret the meanings behind tables and 

figures, such as graphs or charts, is also a common way to assess data literacy (Zalles, 2006).  

 In 2020, a study performed in Indonesia by Mahardika (2021) determined the data 

literacy of high school students on physics learning. The study looked at over 60 students from 

five different schools. The students’ data literacy skills were assessed using a written essay test. 

The written essay test contained six items thought to be important aspects of data literacy. Those 

aspects were “collecting data, assessing data quality, analyzing data, interpreting data, 

implementing data, and evaluating data” (Mahardika, 2021, p. 2). According to the author, these 

six aspects should be thoroughly assessed by any teacher looking to improve their students’ data 

literacy skills. 

 Data literacy is used in different classrooms in different ways. Instructors use data for 

class demonstrations, labs and assignments the most (Hogenboom, 2011). Data literacy is used in 

a wide variety of subject matters outside of math and science classes. Examples of areas where 

data analysis should be a cross-curricular concept include geography, social studies, and the 

sciences (Simmons, 2021). Anywhere that students are using graphs, pictures or data sets, they 

are using data literacy skills. Examples of this could be analyzing population growth or decline 

in human geography classes, reading stock market trends in economics, or graphing numerical 

points from story problems in math. 

What is Citizen Science? 
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Ruiz-Mallén (2016) states that citizen science is a way for ordinary citizens, or in this 

case students specifically, to obtain hands-on experiences collecting data for real life science 

research projects. Volunteers in communities are able to assist researchers by collecting data and 

sharing information. Citizen science projects promote science and communication skills for 

participants while helping researchers gain valuable knowledge and data. Examples of successful 

citizen science projects include the Cornell Ornithology Great Backyard Bird Count, where, 

since its start in 1998, over 60,000 volunteers collected more than 11.4 million bird observations 

to help understand trends in migration and lifestyles (Audubon et al., 2022). Another example of 

a successful project is the Cyanobacteria Monitoring Collaborative, where giant algae blooms are 

tracked to studying cyanobacteria in local water sources (Bradt, 2022). Both projects allowed the 

general public from around the world, an opportunity to perform hands-on science through 

making and recording observations.  

When used in classrooms, citizen science can “engage learners in science while 

immersing them in science content and scientific practices” (Nugent et al., 2015, p. 11). Student 

participants in citizen science learning projects have the ability to be connected to real scientists 

and projects outside of the brick-and-mortar schools. These projects promote global awareness 

and engage collaboration in students as well (Nugent et al., 2015). Using the website Zooniverse, 

students can work on parallel activities using data from other citizen scientists. Zooniverse has 

over 50 active projects and over 580 million classifications made by citizen scientists. Citizen 

science is a powerful tool that can promote community awareness, critical thinking, problem 

solving, and practical experiences for student participants (Shah & Martinez, 2016).  

How Does Citizen Science Assist in Learning Data Literacy Skills? 
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A common goal of citizen science programs and projects is “to increase science and 

environmental literacy” (Mitchell, 2017, p. 2). Many studies have shown student achievement 

and environmental awareness has increased through hands-on, outdoor learning (Tierney, 2019). 

A different study focusing on the implementation of project-based learning, citizen science 

included, found that student science research skills and confidence increase after completing 

projects. This same study found that “Data and data analysis skills […] improved by 36% in 

relation to the student’s ability to provide strong data collection details (plot information, 

schematics, measurements, plant identification, further questions.)” (Langager, 2019, p. 34). The 

hope is that through exposure to real data sets, students will not only improve their data literacy 

skills for use outside of the classroom, but also gain confidence in their data literacy skills to 

carry with them into their post education lives.  

Best Practices for Implementing Citizen Science in the Classroom 

 Implementing a new practice into the classroom can be a daunting task for even the 

experienced teacher. However, Emily Harris and Heidi Ballard (2018) stated a few key practices 

for educators as well as four main activity themes to assist with the implementation of citizen 

science projects in science classrooms. The first key practice they recommend educators do is 

“Position youth as people who do science” (Harris & Ballard, 2018, p. 36). How educators and 

teachers frame the work done in citizen science projects can influence how successful and 

important a young person will see themselves and their contributions to the project. The second 

key practice is educators can “frame the work globally and locally” (Harris & Ballard, 2018, p. 

36) which can motivate students because they know they are impacting and contributing to 

science locally as well as globally. The final key practice Harris and Ballard recommend is to 
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“attend to the unexpected” (Harris & Ballard, 2018, p. 36), which is a skill most teachers already 

possess. Nature can be spontaneous which can lead to spontaneous events and discussions which 

can lead to teachers needing to pivot instruction to a different topic, which in turn can lead to 

new student understandings.  

 Harris and Ballard also included core activities to help facilitate the implementation of a 

citizen science project within the classroom. The first activity they suggested was to develop 

expertise through introducing the project, learning about field guides and how to observe or 

sketch specimens. It is also useful to work with a local expert and practice collecting and 

identifying organisms for the project. The goal of this activity is to develop the interest of 

students and gain skills with data collections (Harris & Ballard, 2018). It is very similar to 

Schultheis and Kjelvik’s thoughts on scaffolding when working with data literacy skills.  

 The second activity centers on contributing data. Examples of these activities could be 

working in small groups with designated specific roles which also developing peer leaders within 

the groups. Students can compare and review data while investigating the site used for the 

project. This activity allows students to physically collect and upload data collected for the 

project. After they collect the data, Harris and Ballard suggest the third activity of making 

meaning of the data. Students can reason and reflect on their data and data collection experience 

through identifying specific species, describing and patterns noticed, making graphs, and 

investigating any questions they developed along the way (Harris & Ballard, 2018). 

 The final activity Harris and Ballard suggested corresponds to the final step in the 

scientific method: communicating results. Activity four is sharing students’ work and taking 

action at the end of the project helps to extend the work done during the project to outside and 

beyond the classroom. Students can do this by presenting to other classes, talking to other local 
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citizen scientists, or presenting their findings to other community organizations and leaders. 

Even presenting to their parents would fulfill this activity (Harris & Ballard, 2018).  

Assessment of Knowledge and Skills in Citizen Science Projects 

 One of the key roles of a teacher is to assess any student learning gains or changes in 

knowledge throughout a period of instruction. The two main types of assessments recognized in 

education are summative and formative assessments. Formative assessments are more informal 

and show student progress in a timeline fashion whereas summative assessments are more formal 

and usually given at the end of a period of time in which instruction was given.  

 Common tools and methods for evaluating citizen science include very standard 

assessments used in the social sciences. These social science assessments include surveys for 

self-reported data, interviews for more semi-structures questions that can still be open for 

interpretation, focus questions, participant observations, and self-reflections (Schaefer, 2021).  

 One type of formative assessment that is often used to assess knowledge and skills in 

citizen science projects is a survey where participants take note of their current levels of 

understanding and then follow up the project with a post survey assessing their level of 

understanding a second time. Maria Peter and her team of researchers gathered data on 

participants of citizen science projects and their gains in knowledge and skills by using formative 

assessments in the form of a survey similar to the one used in this action research project. They 

found that the surveys provided them with the information they needed to make claims that 

projects that contain ways for citizen scientists to interact with researchers and gain feedback 

achieved higher learning outcomes for the participants (Peter, 2021).  
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 For this specific action research project, formative assessments such as surveys, 

interviews, and general observations were recorded. However, due to the duality of this project 

looking for changes in student engagement in science/citizen science and student data literacy 

skills, a summative assessment of a pre/post-test was used to assess changes in student skills. 

During the research for this project, assessing citizen science by summative assessments such as 

a pre/post-test was not heavily researched. However, after completing this project, it may be 

relevant to determine if a summative assessment could be devised for teachers to implement after 

completing projects with their classes.  

How to Study the Efficacy of Citizen Science Projects 

Citizen science projects are excellent ways to collect massive amounts of observations 

and data for scientists by utilizing individuals in the local community. However, the data 

collected by individuals in the community must be sufficiently accurate and reliable. Rebecca 

Jordan (2012) and colleagues investigated the performance of volunteers on a citizen science 

project regarding invasive plants on public conservation lands in their study “Evaluating the 

performance of volunteers in mapping invasive plants in public conservation lands.” They tested 

the accuracy of volunteers by subsampling the original samples submitted as well as comparing 

them to samples obtained and categorized by professional botanists. The only discrepancy they 

found was that sample quality could be affected based on the location of the sample. Overall, 

they concluded that citizen science projects could be accurately completed by the general public 

and produce quality data usable by scientists. 

Citizen science has the ability to influence student learning. According to Kloetzer et al. 

(2021) through the process of participating in a citizen science project, participants learn through 
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a variety of methods. These methods include contributing to a task, interacting with others, using 

outside resources and research, sharing personal creations, and using project documentation. 

Participants learn things including project mechanics, pattern recognition skills, scientific 

literacy, and off topic knowledge and skills (Kloetzer et al., 2021). While compiling research for 

this project, many of the experiment based resources provided evidence that citizen science 

positively improves student knowledge and ability to learn due to its hands-on nature (Collins, 

2014; Harris et al., 2012; Jordan et al., 2012; Langager, 2019; Mahardika et al., 2021; 

McAndrews, 2020; Tierney, 2019; Van Haeften et al., 2020). 
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CHAPTER THREE 

METHODOLOGY 

Introduction 

The purpose of this study was to discover whether or not student data literacy skills and 

confidence can improve by exposing students to real data through involving them in a data-

intensive citizen science project. I was also interested to see if student achievement and attitudes 

changed when exposed to participating in hands-on research. My primary research question was, 

“How will participating in citizen science projects affect student data literacy skills and data 

confidence in their conclusion?” Pre/Post student tests assessed students’ skill levels before and 

after treatment implementation and surveys were used to address their confidence in science. The 

sub question, “Will participating in citizen science projects help students become aware of the 

importance of data literacy skills outside of school?” was examined by student Pre/Post tests and 

post interviews with a few randomly selected students. Finally, a second sub question, “Will 

working through a citizen science project increase student engagement and enthusiasm towards 

science?” was addressed using a Cornell School of Ornithology Self Efficacy survey, post-

interviews and personal teacher observations were used (Table 1).  Prior to any testing, the I 

obtained IRB approval from Montana State University which can be found in Appendix A.  
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Table 1. Triangulation Matrix of focus questions and data sources. 

Focus Questions Data Source 1 Data Source 2 Data Source 3 

Primary Question: How will 
participating in citizen science project 
affect student data literacy skills? 

Student pre-test and 
student post-test 

Post interviews Surveys 

Sub Question: Will participating in 
citizen science projects help students 

become aware of the importance of 
data literacy? 

Surveys Post interviews Teacher 
observations 

Sub Question: Will working through a 
citizen science project increase student 
engagement and enthusiasm towards 
science? 

Surveys Teacher observations Post Interviews 

 

Student Population 

 The students who participated in this year-long project were 34 sophomores, juniors, and 

seniors taking environmental science during the 2021-2022 academic school year at Middletown 

High School South. The student sample pool consisted of 20 male and 14 female students. Two 

students qualify for free or reduced lunch. Three students identified as multiracial and the other 

31 identified as white-Caucasian. All students successfully completed the freshmen biology class 

and some of them had completed the chemistry course offered by the school. A little under half 

of the participants are classified with IEPs or 504s. 

Treatment 

Primary research began by having students complete a pre-test that was created to assess 

current data literacy skills. The test consisted of questions about data literacy and citizen science. 

There were four parts to the pre-test. The first focused on assessing a student’s understanding of 

citizen science projects, their purpose, and audience. The second section asked students to 

manipulate a data set and create an appropriate graph. The third section had students matching 
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different types of graphs to their uses. The fourth section required students to look at various 

graphs and analyze the information presented to answer questions about inferences, predictions, 

and general trend reading. The tests were scored as a normal assessment with an overall average. 

Scores ranging from 100-90 were excellent skills, 90-80 was above proficient, 80-70 was 

proficient, 70-60 was emerging, and below 60 was poor (Appendix B).  

Following the pre-tests, students completed a self-efficacy survey to investigate their 

feelings and opinions towards science, nature, and citizen science (Appendix D). The data 

obtained from the surveys was cleaned by removing data from any individuals that only 

answered 25% of the questions. Any surveyed students that selected the same answer for all 

questions were also excluded. As a safeguard, the response points were reversed for question 

three and seven so the ones become fives and the fives become ones, etc. The total scores for 

each participant were averaged. Any individual’s score below a three indicated low levels of 

confidence and or interest. Any scores of three and above indicated higher levels of confidence 

and engagement. Similarly, the different sections were individually averaged to get a deeper look 

at the specific concepts addressed in the survey. Any student that left the class halfway through 

the project or that did not complete both the survey and test in either the pre or post stage was 

removed from the data set. This dropped participation from 43 original students to 34. 

The implementation of the citizen science project began after all pre-tests and surveys 

were completed. Students were instructed to download the iNaturalist app from their app store 

and encouraged to create a personal account using their school email. iNaturalist is designed to 

collect biodiversity observations, from butterflies to weeds to snails (Figure 3). 
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Figure 3. iNaturalist Citizen Science website. 
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Once accounts were created, students joined the teacher’s project page set up from the 

teacher’s account (Figure 4). This allowed students to submit and upload their observations as 

well as the GPS location of each observation, identification of each observation, and the student 

observer’s account name. The project followed the guidelines of the National Geographic 

BioBlitz program. According to National Geographic, a BioBlitz event “focuses on finding and 

identifying as many species as possible in a specific area over a short period of time”. Once data 

has been uploaded to iNaturalist, it can become part of the Global Biodiversity Information 

Facility which is an open source resource on local biodiversity for scientists and policy makers 

around the world (National Geographic Society, 2021).  

Figure 4. MiddSouth Biodiversity citizen science project website 
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Students were taken outside and given instructions on how to navigate the app; including how to 

take photos, make observations, identify observations, and upload to the project page. Students 

practiced using the software and program on the school property (Figure 5). The virtual 

iNaturalist platform kept track of the pictures and observations they make throughout the process 

(Figure 6).  

Figure 5. Map of observations on the MiddSouth Biodiversity project page.
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Figure 6. Example of student observations uploaded to project page. 

Once students were comfortable with making observations and recording their data, they 

were instructed to repeat the exercise at home for five to seven species. The data was brought 

back to the class and stored in a spreadsheet (Appendix E). Observations were tracked through 

the iNaturalist teacher project page. The teacher project page sent student observations to the 

Global Biodiversity Information Facility database to make it available for scientists and policy 

makers around the world. The process was repeated during the winter months and again during 

the spring months to create a timeline of season species changes.  
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After the final spring observations were uploaded, students then received specific training 

on analyzing and interpreting data, creating graphs, and understanding the results of the 

observations in the form of data cleaning, organizing, and manipulation instructions for the data 

collected in the biodiversity project. Students also received training involving looking at practice 

data sets, graphing practice data, and practice problems for different data applications such as 

mean, median and mode throughout the school year. Throughout the entire process of collecting 

data and learning to manipulate and interpret it, the teacher made individual observations for 

students on their progress throughout the process. 

At the conclusion of the student participation, the post-test was administered to assess 

any skill improvements. It should be noted that students could gain other data literacy skills and 

practice outside of this project and there is no feasible way to limit the outside exposure. The 

pre/post test assessment questions were similar to how students experience data throughout the 

duration of this project (Appendix C). The test was the same format and types of questions as the 

pre-test; however, the data numbers and graphs differed to prevent any connection to the pre-test. 

Students completed the same survey as they did prior to the citizen science project to record any 

opinion changes throughout the course of the project. Randomly selected individuals from each 

class were selected for a brief, individual interview focusing on their prior and current opinions, 

self-confidence, and knowledge of data skills, citizen science and science/data careers (Appendix 

F).  

 The pre/post tests were given on paper and stored in class file folders to compare at the 

conclusion of the project. The surveys were given via Google Classroom on a Google Doc to 

have easy access for converting into tables and figures. The progress notes were stored in a 



27 
 
Google Doc. Finally, conclusion interviews were recorded on a Google Doc and stored in the 

project’s secure Google Drive for analysis.  

Data Collection Matrix and Analysis 

 Data analysis included both quantitative and qualitative data analysis. The pre and post 

tests underwent two tailed T testing with an alpha coefficient of 0.05 looking for significance 

between the two test scores. The overall averages were calculated and shown using a box and 

whiskers plot. The normalized gains calculated for the class and for individual students by the 

Hake’s normalized gains equation.  

 

Figure 7. Hake’s normalized gains equation. 

The gains for individual students were graphed to show the increases in student 

performance and a histogram was used to display individual average score frequencies. The 

purpose of the pre and post tests was to assess the effect of using a hands-on learning tool 

enriched with “messy and authentic data” on student data literacy skills. The tests helped 

determine if citizen science projects should be utilized more often to achieve NGSS goals and 

standards.  

The overall class and individual survey scores were shown on box and whisker plots and 

any gains were displayed on graphs. Qualitative data found in the emergent thematic analysis 

were also noted by when one answer was chosen more by a high percentage of the students. The 

surveys provided a key insight into student opinions of learning science through citizen science 

projects as well as their likeness to consider a future in a science career.  
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Random post project interviews provided another source of qualitative data by recording 

student quotes and uncovering any common emergent themes from student responses. Finally, 

teacher observations throughout the project provided more opportunities for emergent thematic 

analysis and student quotes. These last two methods of data collection allowed students to 

express their opinions of the project and their confidence levels in their skills. Teacher 

observations specifically allowed the researcher to understand if the students were actively 

engaged and understood the material and were improving.  

 

  



29 
 

CHAPTER FOUR 

DATA AND ANALYSIS 

Introduction 

 The research questions posed for this action research project centered on asking if citizen 

science would be a useful tool for teachers to use to improve student data literacy skills. The 

main question was how will participating in citizen science projects affect student data literacy 

skills and data-confidence in their conclusion? To answer the questions asked, pre and post 

surveys, pre and post tests, exit interviews, and teacher observations were used to record 

quantitative and qualitative information.  

Results: Pre Survey and Pre Test 

The data collected from the pre-survey gave insight into how students perceive their data 

literacy skills, their confidence in science activities, and their aptitude for nature and citizen 

science type activities. The average survey confidence score for the whole survey was 3.2 which 

is slightly above the neutral score of 3 from the survey. The mean confidence in data skills was 

only slightly higher with 3.3. The overall aptitude for nature and citizen science activities was 

also 3.3. The overall average science activities score was 3.1, which happened to be the lowest of 

the scores. These numbers show the averages for the entire sample in terms of how students saw 

themselves (Table 2). 
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Table 2. Average scores for each pre survey section, (N=34).    

Category Average 

Overall Average 3.2 

Data Section 3.3 

Science Section 3.1 

Citizen Science/Nature Section 3.4 

 

The individual student scores showed that over half of the students felt confident in all 

three categories. Twenty-three students felt confident in their data skills with only 11 feeling less 

confident. The confidence in science activities section showed 22 students felt confident with the 

activities and 12 did not. The confidence in citizen science and nature related activities showed a 

result of 26 confident students and eight less confident students (Figure 8).  
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Figure 8. Number of students who exhibited high and low confidence in each pre and post survey 
section, (N=34). 

The data collected from the pre-survey gave insight into how students perceive their data 

literacy skills, their confidence in science activities, and their aptitude for nature and citizen 

science type activities. The average survey confidence score for the whole survey was 3.2 which 

is slightly above the neutral score of 3 from the survey. The average confidence in data skills was 

only slightly higher with 3.3. The overall aptitude for nature and citizen science activities was 

also 3.3. The overall average science activities score was 3.1, which happened to be the lowest of 

the scores. These numbers show the averages for the entire sample in terms of how students see 

themselves (Table 2). 

         Some emergent themes that were seen through the pre-survey were that students either 

had full confidence in themselves and scored two or three of the three sections as high 
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confidence and had a high overall average, or they had low confidence in all or two of the three 

sections and had an overall low average. Overall, eight students had a low confidence level as 

their average. There were 16 total students who felt confident in all categories and four that felt 

low confidence in all categories (Figure 9). 

 

Figure 9. Box and whisker plot for pre survey sections, (N=34). 

The entire survey was based on students’ perceived confidence in their data skills, their ability to 

do science activities, and their aptitude towards citizen science and nature. The survey provided 

students with a scale to rate their feelings towards the questions from one to five. One was 

strongly disagree, three was neutral, and five was strongly agree to the questions provided. All 

three of the sections averaged just over the neutral three answer. This was about what I expected 

and shows that students as a whole were fairly neutral prior to the start of the project. The data 

and citizen science/nature sections scored the highest which showed that on average, students 

tended to have moderate confidence in their abilities in those sections. Within the data section 
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the highest confidence average for a student was 4.5 which coincides with the high number of 

students who had high confidence averages for the same section. Based on this information from 

the data section, the students as a whole perceive their data skills with moderate confidence. 

Their confidence level was interesting because it did not equate to high scores on the pre-

assessment to be discussed later on. 

         The section relating to citizen science and nature activities received the most fives for 

high answers because these sampled students feel comfortable and confident in science activities. 

Many of them answered with fives and fours. It was interesting to see that the most low score 

ones were from the science activity section. This was also seen with the higher number of 

students averaging low averages in the section. It tells us that students do not show promising 

levels of confidence when doing science activities. This is a problem that this study is looking to 

correct. 

         The first half of the pre-survey created a baseline to address if students’ confidence in 

their skills increases over time while participating in the citizen science project. The surveys also 

provided a sense of which students enjoy science and science activities and which do not, which 

was important to note when assessing confidence. The purpose of the surveys was to assess 

student level changes over the course of the project. 

         The student scores on the pretest were turned into percentages and tiered as excellent     

(> 90%), above proficient (89.9 - 80.0), proficient (79.9 - 70), emerging (69.9 - 60) and poor     

(< 59.9). No students fell into the excellent category. Four students fell in the above proficient 

category. Six students were in the proficient category. Four students were in the emerging 

category and 21 students were in the poor category. While the majority of students displayed 

threes and above for their confidence levels, about 60% of the students sampled have poor data 



34 
 
literacy skills (Figure 10). The difference between students’ perceived skills and confidence and 

their actual performance of the skills are vast.  

 

Figure 10. Student test scores on the pre-assessment, (N=34).  

The pre-test was given to assess student skills without their perceived level of confidence. 

The test was scored out of 27 with most questions and components given one point. The majority 

of points were lost in the first section where students were tasked with looking at a set of data 

and asked to perform simple data manipulation skills such as mean, median, mode, and creating 

a graph to visually display a section of the data. Student normally learn mean, median and mode 

in the beginning of middle school. In addition, a majority of the students created a line graph or 

attempted to create a scatter plot instead of utilizing a bar graph to show the data in categories. 
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The results from the data literacy skills test showed that the majority of students do not 

have the actual skills or ability to work with data when prompted, regardless of their perceived 

confidence in their skills. This could be due to lack of experience or practice working with 

numbers in a data format outside of math classes, lack of interest, or general lack of knowledge. 

Results and Discussion: Post Survey and Post Test Data 

For this specific action research project, formative assessments such as surveys, 

interviews and general observations were recorded. However, due to the duality of this project 

looking for changes in student engagement in science/citizen science and student data literacy 

skills, a summative assessment of a pre/post-test was used to assess changes in student skills. 

During the research for this project, assessing citizen science by summative assessments such as 

a pre/post-test was not heavily researched. However, after completing this project, it may be 

relevant to determine if a summative assessment could be devised for teachers to implement after 

completing projects with their classes. 

The data collected from the post-survey gave insight into how students perceive their data 

literacy skills, their confidence in science activities, and their aptitude for nature and citizen 

science type activities after completing the full year of class and citizen science project. The 

average survey confidence score for the whole survey was 3.4 which is slightly above the neutral 

score of 3 from the survey. The average confidence in data skills was only slightly higher with 

3.5. The overall aptitude for nature and citizen science activities was also 3.4. The overall 

average science activities score was 3.4. These numbers show the averages for the entire sample 

in terms of how students saw themselves (Table 3). The overall average, data section, and 
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science section scores increased by 0.2 points apiece, whereas the citizen science/nature section 

stayed the same at 3.4 post activity (Table 3).  

Table 3. Post survey averages for each survey section, (N=34).    

Category Average 

Overall Average 3.4 

Data Section 3.5 

Science Section 3.4 

Citizen Science/Nature Section 3.4 

The individual student scores from the post survey showed that over half of the students 

felt confident in all three categories again (Figure 8). Twenty-four students felt confident in their 

data skills with only 10 feeling less confident, this was an improvement of one student. The 

confidence in science activities section showed 29 students felt confident with the activities and 

five did not. This was a change in seven students. The confidence in citizen science and nature 

related activities remained constant at 26 confident students and eight less confident students 

(Figure 11).  
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Figure 11. Box and whisker plot for post survey sections, (N=34). 

The data from the post survey suggested that the number of students who were confident in their 

data skills improved from 23 to 24 students showing confidence. This could have been due to the 

data collection, cleaning, organizing, and interpreting work completed as part of the class citizen 

science project. The number of students showing confidence in science activities increased from 

22 to 29. This was the highest confidence level increase out of the three and can be attributed to 

the hands-on nature of the data collection process as compared with COVID restrictions of 

previous years. Students were exposed to the project and its requirements before repeating the 

process multiple times. The interesting portion of these results was the absence of change to the 

confidence level in citizen science skills. The numbers stayed the same at 26 confident and eight 

low confidence levels. 

 The post test scores showed significant improvement in proficiency for the students as a 

whole. Four students achieved a score in the excellent category. Eleven students fell in the above 

proficient category. Six students were in the proficient category. Four students were in the 

emerging category and 10 students were in the poor category. In contrast to the pre test, only 
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29% of students fell into the poor category whereas 59% of students fell into a proficient or 

above category. The gap between students’ perceived skills and confidence and their actual 

performance of the skills after the completion of the citizen science project was greatly reduced 

(Figure 12). In some cases, it was still inflated, however in most cases the students had closed the 

gap between their actual skills and their perceived abilities.  

 

Figure 12. Student test scores on the post-assessment, (N=34). 

The majority of the post test scores showed improvement in percentage points anywhere 

from 3.7% to 55.6%. Three students showed 0% improvement and two students showed negative 

improvement percentages and normalized gains. The lowest percentage on the pre test was 

24.1% and the highest was 88.9%. The lowest percentage on the post test was 42.6% and the 

highest was a perfect 100% (Figures 13 & 14).  The class average normalized gain was 41.2%. 
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Figure 13. Student pre and post assessment scores with improvement markers, (N=34). 
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Figure 14. Normalized gains for student pre and post tests, (N=34). 

The post test was given to assess if student skills changed throughout the school year and 

specifically after working with the data set compiled during the class citizen science project. The 

test questions were similar to the pre test, but not the exact same throughout. This was done to 

avoid students relying on memorizing the original questions. The majority of students did much 

better this time around on creating graphs on the data provided in the second section. The 

majority of points were lost in the first section where students forgot how to or miscalculated the 

median and mode numbers and in the final section where they were asked to describe what 

citizen science was, who can participate and why it is useful. The citizen science project that the 

students focused on primarily had them interacting with collecting and analyzing data. We 

covered the meaning behind citizen science and who can help out once or twice throughout the 

year, but it was not the focus like the data skills were. If students were participating in a current 

research project with a practicing scientist, it may have sunk in more.  
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The results from the data literacy post test showed improvement in skills to better match 

the student confidence levels from the beginning of the year. There is still a gap for many 

students, but there was improvement in all but four of the student scores, one of which stayed at 

the same score in the proficient category while another stayed in the emerging category. Two 

other students showed negative change which can be attributed to lack of interest and investment 

throughout the project, in their class grades and school in general. A two tailed T-test was 

conducted to determine the significance of the change in student scores. The data did not meet a 

perfect bell curve shape when used to create a histogram, however the calculated p value was 

0.0000001884. This would indicate that the change in test scores was statistically significant. It 

should also be noted that this project was completed after the 2019/2020 school year that ended 

up being half completely virtual, and then the 2020/2021 school year which was a mix of virtual, 

hybrid and in person where student skills in all subjects and content areas for most students 

declined. This project could show the improvement in students as they bounced back from the 

previous difficult years.  

Out of the 34 students surveyed, the pre to post test scores increased, on average, 18%. 

Some scores showed improvements upwards of 26 percentage points to zero percentage points. 

The pre and post surveys indicated on average a 0.2 point increase in the data literacy category, 

0.3 point increase for science activities, and 0.1 point increase for citizen science (Table 4). All 

of these data indicators, while some were small, represent a growth in student achievement or 

student confidence levels.  

  



42 
 
Table 4. Mean improvement changes for each quantitative data indicator, (N=34).    

Indicator Mean Improvement Change 

Pre/Post Tests 18.0% 
Survey Data Literacy 0.2 
Survey Science Activities 0.3 
Survey Citizen Science 0.1 

 

Overall, the results displayed student improvements in the categories examined (Table 4). 

The pre test scores showed low student skills with the majority being in the lowest category 

while at the same time, students rated themselves relatively high on the pre survey. Post test 

scores were significantly higher for most students and showed improvement in all but four 

students, two of which stayed the same while two others did worse on the post test. The post 

survey showed student perceived confidence increased the most in the science activity category, 

however the citizen science category levels did not change and the data literacy skills section 

only increase by one.  

Results and Discussion: Teacher Observations and Exit Interviews 

Qualitative data was collected in the form of teacher observations throughout the project as well 

as student exit interviews conducted at random. Teacher observations recorded during the first 

stages of the project (October) when students were introduced to the iNaturalist app. Many of the 

students required prompting on how to complete the project but they all enjoyed being outdoors 

during the class time. One student was invested enough to walk deep into the woods behind the 

school and into a stream. During the second outing in March, students welcomed the change of 

pace and went right to work when we went outside. They were excited to break the 300 

observation mark and specific students fought to have the bragging rights of most species 

observed on the biodiversity project page. During the spring observations we found some deer 
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bones which excited the students. When students were shown the data set, they were expected to 

analyze (Appendix E), many of them expressed feelings of anxiety and felt overwhelmed. After 

being guided on how to clean the data, students visibly showed more confidence, and some 

admitted to enjoying working with the functions in the spreadsheet. Some students even 

remarked that working with the functions in the spreadsheet was enjoyable and they felt 

satisfaction seeing the results at the end.  

 The exit interviews gave insight into how students viewed science and data before and 

after the project. After being asked if they could explain what data literacy was before the project 

and afterwards, a student said “Before I didn’t know mean, median, and mode. One thing I 

learned afterwards was what all the graphs mean” (The student is referring to pie graphs vs line 

graphs vs bar graphs etc.). When another student was asked if their confidence level changed and 

how so, the student remarked, “Yes, caused by the activity we did with the spreadsheet. It helped 

me be more technical with things like that. My confidence level definitely increased. Out of ten, 

my confidence increased plus four. I was sitting at a 50% and it increased about 25%.” When a 

third student was asked how their current opinion of science changed compared to their original 

opinion, another student said, “Just made me love it more. It’s been a confidence booster since 

I’m doing really well in this class. It’s been great for my self-esteem.” The students interviewed 

had positive things to say about the project in general. 
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CHAPTER FIVE 

CLAIM, EVIDENCE, AND REASONING 

Claims from the Study 

 Several claims can be made at the conclusion of this action research study. The first claim 

that can be made is that hands-on experience with data is beneficial for student data skills. This 

helps to answer the primary research question of how will participating in citizen science 

projects affect student data literacy skills and data-confidence. Schultheis and Kjelvik (2020) 

promoted the idea of using “messy and authentic data” in classes to give students the strongest 

learning experience possible to improve data skills. Throughout this experiment, students were 

exposed to the novel concept of citizen science projects where they collected, cleaned, organized, 

and then interpreted their own data. Through this process, student data scores improved by 

anywhere from 3.7% to 55.6% (Figure 13 and 14) and the overall mean improvement was 18% 

points (Table 4). One student obtained a 100% on the post test. This also corresponds to 

Langager’s (2019) study which found that a student data and data analysis skills improved by 

36%. 

 Improving student data literacy skills is deemed important by many teachers and the 

NGSS standards (NRC, 2013, p. 278). During the exit interviews, students showed 

understanding that having the skills and knowledge to manipulate data and know how to use it 

would be important things to know for their future educational pursuits or career paths. Several 

students remarked that fields such as retail, finance, accounting, and business among others 

required knowledge of data literacy skills. This aligned with Simmons (2021) ideas that data 

analysis should and would be a cross-curricular concept.  
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Students were able to learn or improve these skills through small class discussions and 

practice about our data as we progressed through the year as well as our final activity where 

students took their data and cleaned, organized and interpreted it. Students could have also been 

working on these skills in other classes outside of their environmental science class. It should be 

noted that four of the 34 students showed a decline in skills by earning lower scores or the exact 

same score as the pre test. This could have been from lack of intrinsic motivation due to it being 

the end of the school year.  

A secondary claim that also helps to answer the main focus question is student 

perceptions of their data skills increased after working with the raw data they obtained during the 

project. During the exit interviews, all six students interviewed said that their views of their data 

skills changed for the better after the completion of the project. They were less intimidated by 

working with large amounts of data. Some students talked about confidence in creating graphs 

where others said their confidence in interpreting graphs increased. The pre and post surveys also 

showed a single student increase in low to high confidence ratings between the pre and post 

survey in the data category.  

 Schultheis and Kjelvik (2020) wrote about the importance of using scaffolding methods 

when working with student data literacy skills. Through the course of the year, student 

participants were exposed to basic skills such as calculating mean, median, and mode as well as 

how to collect data before having practice using their graph building and interpretation skills 

which was scaffolded upon during the final data cleaning, organizing and analyzing activity. By 

the end of the project, most students were able to meet the four themes deemed applicable for 

this program from “Why Data Literacy Matters” written by Kristin Fontichiaro and Jo Angela 
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Oehrli (2016). The themes were statistical literacy, visualizing data, using data in argument, and 

big data and citizen science.  

 Data from the pre and post surveys showed that the confidence in skill jumped from 23 to 

24 students showing confidence in their data skills (Figure 8). That was not as many as was 

hoped for, however through teacher observations most students were manipulating the data with 

ease. When taking a step back to look at the data as a whole, 24 students out of 34 felt confident 

in their data skills which is almost three quarters of the sample. The data section of the post 

survey also had the highest overall average of 3.5 out of five (Table 3).  

 A third claim that can be made is that through the process of making observations and 

uploading them to the citizen science project database, students’ self confidence in their ability to 

perform science activities increased. This helped to answer the second sub question of how will 

working through a citizen science project increase student engagement and enthusiasm towards 

science This was evident through the pre and post survey differences in the science activities 

category. Prior to the project, 22 students felt confident in their ability to perform science tasks 

versus the 29 students who felt confident in the category after the project (Figure 8).  

 Students became familiar with the National Geographic Society’s (2021) iNaturalist 

citizen science observation platform through the data collection phase. During the duration of the 

project, students achieved Nugent’s main goal of citizen science which was to “Engage learners 

in science while immersing them in science content and scientific practices” (Nugent et al., 2015, 

p. 35). Through the increase in confidence shown by the pre/post surveys, students increased 

their science and environmental literacy through participating in citizen science projects as 

suggested by Mitchell (2017). By looking at the observations on the iNaturalist project page, the 

quality of the observations improved as the students became more comfortable with the program 
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and confident in the observation collecting skills (National Geographic Society, 2021). 131 of 

the 563 observations made on the project were considered research grade photos.  

 A fourth and final claim that can be made from this project is that if high school students 

are not intrinsically motivated to better themselves and their skills, student participation lacks. At 

the beginning of the project, 47 students were enrolled in the program. The majority of the pre 

tests were completed in class, but a few of the pre surveys were not completed thoroughly or 

correctly. This caused participants to be removed from the experimental group. Similarly, 

throughout the project, certain students repeatedly failed to take observations while the whole 

class participated. At the conclusion of the project, several more students failed to complete the 

post test and/or post survey, even when prompted with Dunkin’ Munchkins. These students were 

removed from the experimental group resulting in a final group number of 34. Students who 

failed to complete the post test and survey most likely had low intrinsic motivation to complete 

it, or were absent for several days. 

 Claims that were expected to be made but failed to come to fruition were claims around 

student knowledge of data literacy importance. This corresponded to the first sub question, how 

will participating in citizen science projects help students become aware of the importance of 

data literacy skills outside of school? Most students admitted to knowing that data literacy was 

important prior to the completion of the project and they were knowledgeable about fields that 

require data literacy. It was also expected that students would gain knowledge about the concept 

of citizen science projects through completing the project, however during the post test and exit 

interviews, students were unable to give accurate descriptions of citizen science, who can 

participate, and why it is important. This could have been from the experiment’s dedication to 
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data skills causing citizen science discussions to become part of the background instead of the 

focus of the project.  

 Looking back on the research done prior to the project as well as the results obtained, it is 

safe to say that hands on experience collecting, cleaning, organizing and interpreting data where 

students have been the driving force is a successful way to increase student data literacy skills. 

Using the “messy and authentic” data promoted by Schultheis and Kjelvik (2020) did give 

students the strongest learning experience. After the students overcame the initial anxiety of 

seeing a massive data set (Appendix E), they were able to rely on the scaffolding also promoted 

by Schultheis and Kjelvik (2020) to achieve the end result of improving data literacy skills. As 

stated previously, the pre and post tests showed an average improvement of 18 percentage points 

on the students’ tests (Table 4). After the post test, 21 out of the 34 students fell into the 

excellent, above proficient, and proficient categories (Figure 12) whereas the pre test showed 

that only 10 fell into the categories of above proficient and proficient while zero students were 

considered to be in the excellent category (Figure 10).  

 Throughout the project, students also learned why data literacy matters and its 

interdisciplinary nature as stated by Simmons (2021) and shown in the University of Edinburgh’s 

(2022) resource library. During the post interviews, many students made comments similar to, “I 

thought science was just nature and not all the numbers and technical stuff. When I think about 

it, it makes sense. How does someone in a lab get all their data?” or relating to the diversity of 

classes such as economics, history, finance, marketing, etc. in which that data literacy would be 

useful to know. Their confidence was also shown to increase through the pre and post surveys 

showing an average increase of 0.2 in scores (Table 4). While this was a small average increase, 
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it is important to note that the actual post survey mean was 3.5, the highest out of all the 

categories (Table 3).  

 At the conclusion of the project, students had participated in a citizen science project. 

Through doing this, they contributed to the greater community of science while opening their 

eyes to science and environmental literacy which was one of the main goals of citizen science as 

described by Mitchell (2017). Student achievement and environmental awareness  increased 

through the hands on, outdoor learning experience as stated by Tierney (2019). The suggestions 

of Harris and Ballard (2018) created a successful environment for students to complete the 

project while learning and improving skills and confidence along the way. The student reported 

confidence in citizen science activities increased, on average, 0.1 points (Table 4). This low 

result could have been due to the fact that we did not outright discuss citizen science as a concept 

as much as we focused on data literacy. This would be something to change for future years.  

Value of the Study and Consideration for Future Research 

 The goal of this study was to determine if implementing a citizen science project into a 

high school science classroom where students would have the opportunity to collect, clean, 

organize, and interpret real world data, would have an effect on their data literacy skills and self 

confidence in data skills and affinity for science. Looking back on the project results and data, it 

was evident that a focus on data in the classroom through real data examples and use had a 

beneficial effect on student skills. If the project included more information and exposure to the 

purpose of citizen science through perhaps reading articles, talking with real scientists, or 

learning about other local citizen science projects, students may have learned more about the 

details of citizen science projects.  
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 There was definite value found in having students work with a real and “messy” data set. 

It gave them the opportunity to overcome the anxiety of working with raw data and the 

confidence to analyze and interpret graphs. Future research could continue to assess the benefits 

of including authentic data work in science classrooms. An interdisciplinary approach to 

assessing overall data literacy outside of a science classroom could be a topic of future research. 

It would be interesting to see if students could make a conscious choice and take data skills 

obtained in a science setting and apply them to a math class setting or a finance setting. 

Similarly, it would be interesting to monitor student achievement through the four years of high 

school if students were introduced to data skills through an intense project in the early days of 

their high school career.  

 Future researchers considering completing a similar project should consider a few things 

when working with this population of individuals with this type of material. It should be noted 

that researchers working with high school students at the end of the year should expect student 

investment to drop significantly in the early spring through the end of the school year. A form of 

internal investment is needed from the students to buy-in to bettering their skills in order for the 

project to be successful. The self-investment level could definitely change based on student age 

and academic level (honors, general education, or classified learning disability) or due to general 

student investment in school as a whole.  

 Future researchers should also consider the length of the project for students as well if 

considering a similar experiment. It was found that students were more responsive to the project 

and activities earlier in the school year and closer to the start date. Participation and 

responsiveness lessened over the school year.  

Impact of Action Research on the Author 
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 The process of action research has been eye opening in many ways for me. As a 

relatively new teacher who has never taught a full year of in-person school until three years after 

beginning, the whole process was challenging, yet rewarding. I began the process by 

collaborating with my colleagues to identify a problem that we were all experiencing with our 

science students: data literacy skills. This was extremely important since we were coming off of 

a two year learning black hole where students lost a lot of valuable educational time. I was able 

to implement a large scale project for my students across three classes that linked up with my 

class curriculum throughout the year. I also saw students enjoying field work during their 

observations as well as watching them gain real data skills that they can use outside of the 

classroom. The most impactful part of the AR experience was being a model for my students. At 

each step of the way, I talked with my students about the process. It gave them a real, outside the 

classroom, example of researchers using the scientific method to complete research to answer a 

question and improve outcomes. Some students even regularly checked on my progress and 

showed investment in the outcome for me, even if the page length scared them a little. The 

experiences I have had during this action research project have inspired me to continue looking 

deeper into hands on project that will improve my students’ data skills for their future use in and 

outside of the classroom setting.  



52 
 

 

REFERENCES CITED 

  



53 
 
Anderson, P. (2019). NGSS – next generation science standards. Bozeman Science. 

https://bozemanscience.com/next-generation-science-standards.  

Audubon, Bird Studies Canada, Cornell Ornithology Lab. (2022) Great backyard bird count. 
https://www.birdcount.org/  

Bonney, R., Cooper, C., Dickinson, J., Kelling, S., Phillips, T., Rosenberg, K. V., & Shirk, J. 
(2009). Citizen science: A developing tool for expanding science knowledge and 
scientific literacy. Bioscience, 59(11), 977-984. 
http://dx.doi.org/10.1525/bio.2009.59.11.9 

Bradt, S., (2022). Cyanobacteria monitoring collaborative. https://cyanos.org/#intouch 

Erwin, R. (2015). Data Literacy: Real-world learning through problem-solving with data sets. 
American Secondary Education, 43(2), 18-26. https://www.jstor.org/stable/43694208  

Fontichiaro, K., & Oehrli, J. A. (2016). Why data literacy matters. Knowledge quest, 44(5), 21-
27. https://eric.ed.gov/?id=EJ1099487  

Harris, E. & Ballard, H. (2018). Real science the palm of your hand: A framework for designing 
and facilitating citizen science in the classroom. Science and Children. 55(8), 31-37. 
http://dx.doi.org/10.2505/4/sc18_055_08_31 

Harris, C., Berkowitz, A. R. & Alvarado, A. (2012). Data explorations in ecology: Salt pollution 
as a case study for teaching data literacy. The American Biology Teacher, 74(7), 479-484. 
http://dx.doi.org/10.1525/abt.2012.74.7.9 

Hogenboom, K., Phillips, C. M. H., & Hensley, M. K. (2011). Show me the data! Partnering with 
instructors to teach data literacy. 
https://www.ala.org/acrl/sites/ala.org.acrl/files/content/conferences/confsandpreconfs/nati
onal/2011/papers/show_me_the_data.pdf  

Jordan, R., Brooks, W., Howe, D. & Ehrenfeld, J. (2012). Evaluating the performance of 
volunteers in mapping invasive plants in public conversation lands. Environmental 
Management, 49(2), 425-34. https://doi.org/10.1007/s00267-011-9789-y 

Langager, P. M. (2019). Implementing a citizen science project in a 9-12 high school science 
classroom. [Master’s thesis, Montana State University]. Theses and Dissertations at 
Montana State Universty (MSU). 
https://scholarworks.montana.edu/xmlui/handle/1/15674  

Mahardika, I. K., Sudarti, Supeno, & Suryadi. (2021, March). Data literacy of high school 
students on physics learning. In Journal of Physics: Conference Series, 1839(1), 012025. 
http://dx.doi.org/10.1088/1742-6596/1839/1/012025 

McAndrews, S.D, & Francis, G. (2020). Citizen science in a high school science classroom 
[Master’s thesis, Montana State University]. Theses and Dissertations at Montana State 
University (MSU). https://scholarworks.montana.edu/xmlui/handle/1/15681 

http://dx.doi.org/10.1525/bio.2009.59.11.9
https://cyanos.org/#intouch
http://dx.doi.org/10.1525/abt.2012.74.7.9
http://dx.doi.org/10.1088/1742-6596/1839/1/012025
https://scholarworks.montana.edu/xmlui/handle/1/15681


54 
 
Mitchell, N., Triska, M., Liberatore, A., Ashcroft, L., Weatherill, R., & Longnecker, N. (2017). 

Benefits and challenges of incorporating citizen science into university education. PloS 
One, 12(11). http://dx.doi.org/10.1371/journal.pone.0186285 

National Geographic Society. (2021). BioBlitz and iNaturalist. 
https://www.nationalgeographic.org/projects/bioblitz/?edit_off=true  

National Research Council. (2012). A framework for K-12 science education: Practices, 
crosscutting concepts, and core ideas. The National Academy Press 

NGSS Lead States. (2013). Next generation science standards: For states, by states. The 
National Academy Press 

NJ School Performance Report. (2019). 2018-2019 Middletown high school south (25-3160-053) 
Performance Report. NJ Department of Education. 
navilp7rg08njprsharest.blob.core.windows.net/perf-reports-ct/_historical/School-
Summary/2018-2019/25-3160-053.pdf  

Nugent, J. (2017). Navigate classroom citizen science throughout the school year with Journey 
North. Science Scope, 41(1), 10. https://www.nsta.org/science-scope/science-scope-
september-2017/citizen-science-navigate-classroom-citizen-science  

Nugent, J., Cook, L., Bell, M., & Smith, W. (2015). 21st-century citizen science. The Science 
Teacher (National Science Teachers Association), 82(8), 34. 
http://dx.doi.org/10.2505/4/tst15_082_08_34 

Peter, M., Diekotter, T., Kremer, K., & Hoffler, T., (2021). Citizen science project 
characteristics: Connection to participants’ gains in knowledge and skills. Plos One. 
https://doi.org/10.1371 

Ruiz-Mallén, I., Riboli-Sasco, L., Ribrault, C., Heras, M., Laguna, D., & Perié, L. (2016). 
Citizen science: Toward transformative learning. Science Communication, 38(4), 523-
534. http://dx.doi.org/10.1177/1075547016642241 

Schaefer, T., Kieslinger, B., Brandt, M., & van den Bogaert, V. (2021). Evaluation in citizen 
science: The art of tracing a moving target. The Science of Citizen Science. 
https://doi.org/10.1007/978-3-030-58278-4_25 

Schultheis, E. H., & Kjelvik, M. K. (2020). Using messy, authentic data to promote data literacy 
& reveal the nature of science. The American Biology Teacher, 82(7), 439-446. 
http://dx.doi.org/10.1525/abt.2020.82.7.439 

Shah, H. R., & Martinez, L. R., (2016). Current approaches in implementing citizen science in 
the classroom. Journal of Microbiology & Biology Education, 17(1), 17-22. 
http://dx.doi.org/10.1128/jmbe.v17i1.1032 

Simmons, B. (2021, March 15). Teaching data literacy skills. EVERFI. https://everfi.com/blog/k-
12/teaching-data-literacy-skills/.  

http://dx.doi.org/10.1371/journal.pone.0186285
https://everfi.com/blog/k-12/teaching-data-literacy-skills/
https://everfi.com/blog/k-12/teaching-data-literacy-skills/


55 
 
Tierney, S. M., (2019). Outdoor education and citizen science in a high school freshwater 

ecology science classroom. [Master’s thesis, Montana State University]. These and 
Dissertations at Montana State University (MSU). 
https://scholarworks.montana.edu/xmlui/handle/1/15703 

Trautmann, N. M., Shirk, J. L., & Krasny, M. E., (2017). Who poses the question? Using citizen 
science to help K–12 teachers meet the mandate for inquiry in citizen science. University 
Press Scholarship Online;179-190. https://10.7591/cornell/9780801449116.003.0013 

Van Haeften, S., Milic, A., Addison‐Smith, B., Butcher, C., & Davies, J. M. (2020). Grass 
gazers: Using citizen science as a tool to facilitate practical and online science learning 
for secondary school students during the COVID‐19 lockdown. Ecology and evolution. 
http://dx.doi.org/10.1002/ece3.6948 

Udell, M. (2017). Cleaning up big, messy data. Cornell Research.  

University of Edinburgh. (2022.). Data education resources. Data Education in Schools. 
https://dataschools.education/data-education-resources/   

U.S Census Bureau (2019). Middletown Township, Monmouth county, New Jersey quick facts. 
Census.gov  

Zalles, D. R. (2006). Designs for assessing foundational data literacy. Center for Technology in 
Learning SRI International. 
https://serc.carleton.edu/files/NAGTWorkshops/assess/ZallesEssay3.pdf  

6 biggest companies in Middletwon, NJ. Zippia. (2022). https://www.zippia.com/company/best-
biggest-companies-in-middletown-nj/   



56 
 

 
 

APPENDICES 

  



57 
 

 
 

APPENDIX A 

IRB APPROVAL FORM 

  



58 
 

 

  



59 
 

 

  



60 
 
  

 

APPENDIX B 

PRE TEST DOCUMENT 

  



61 
 

 



62 
 



63 
 

 



64 
 

  



65 
 
 

  



66 
 



67 
 

  



68 
 
 

APPENDIX C 

POST TEST DOCUMENT 



69 
 

 

  



70 
 

  



71 
 

  



72 
 



73 
 



74 
 



75 
 

 

 



76 
 

APPENDIX D 

PRE/POST CORNELL ORNATHOLOGY SURVEY 

  



77 
 

Pre/Post-Survey 

Participation in this research is voluntary and participation or non-participation will not affect 

a student’s grades or class standing in any way. 

Please indicate how much you DISAGREE  or AGREE with each of the following statements 
by circling the number in the appropriate column. Please respond as you really feel, rather than 
how you think “most people” feel.  
 
 

Strongly 
Disagree 

Disagree Neutral Agree Strongly 
Agree 

1. I think I’m pretty good at 
understanding data topics.  

1 2 3 4 5 

2. It takes me a long time to 
understand new data related topics.  

1 2 3 4 5 

3. I feel confident in my ability 
to explain data related topics to 
others.  

1 2 3 4 5 

4. Compared to other people 
my age, I think I can quickly 
understand new data related topics.  

1 2 3 4 5 

5. It is fun to work with data. 1 2 3 4 5 

6. I have confidence in my data 
literacy skills (graphing, interpreting 
graphs, analyzing data) 

1 2 3 4 5 

 
Strongly 
Disagree 

Disagree Neutral Agree Strongly 
Agree 

These statements are about how you feel about learning and understanding science topics 

7. I think I’m pretty good at 
understanding science topics.  

1 2 3 4 5 

8. Compared to other people 
my age, I think I can quickly 
understand new science topics.  

1 2 3 4 5 

9. It takes me a long time to 
understand new science topics.  

1 2 3 4 5 
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10. I feel confident in my ability 
to explain science topics to others.  

1 2 3 4 5 

These statements are about how you feel about doing scientific activities 

11. I think I’m pretty good at 
following instructions for scientific 
activities.  

1 2 3 4 5 

12. Compared to other people 
my age, I think I can do scientific 
activities pretty well.  

1 2 3 4 5 

13. It takes me a long time to 
understand how to do scientific 
activities.  

1 2 3 4 5 

14. I feel confident about my 
ability to explain how to do 
scientific activities to others.  

1 2 3 4 5 

These statements are about how you feel about doing citizen science activities.  

15. I think I’m pretty good at 
following instructions for citizens 
science activities.  

1 2 3 4 5 

16. Compared to other people 
my age, I think I can do Citizen 
Science activities pretty well.  

1 2 3 4 5 

17. It takes me a long time to 
understand how to do Citizen 
Science activities.  

1 2 3 4 5 

18. I feel confident about my 
ability to explain how to do Citizen 
Science activities to others.  

1 2 3 4 5 

In general, why do you choose to learn and understand science topics?  

19. Because I like learning about 
science topics.  

1 2 3 4 5 

20. For the recognition or respect 
I'll get from others.  

1 2 3 4 5 
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21. Because I'm required to 
understand science topics. 

1 2 3 4 5 

22.  Because people I look up to 
think it's good to learn about science 
topics.  

1 2 3 4 5 

23. Because understanding 
science will help me achieve things 
that are important to me. 

1 2 3 4 5 

24. Because it's fun to learn 
about science topics. 

1 2 3 4 5 

25.  Because I want others to 
think I'm good at understanding 
science topics. 

1 2 3 4 5 

26. Because I believe understanding 
science topics will help me in 
some way. 

1 2 3 4 5 

In general, why do you engage in scientific activities.  

27. Because scientific activities are 
fun to do. 

1 2 3 4 5 

28.  For the recognition or respect 
I'll get from others. 

1 2 3 4 5 

29.  Because I'm required to do 
scientific activities. 

1 2 3 4 5 

30.  Because people I look up to 
think it's good to engage in 
scientific activities. 

1 2 3 4 5 

31.  Because scientific activities will 
help me achieve things that are 
important to me. 

1 2 3 4 5 

32.  Because I enjoy doing scientific 
activities. 

1 2 3 4 5 

33.  Because I want others to think 
I'm good at doing scientific 
activities. 

1 2 3 4 5 
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34.  Because I believe  that doing 
scientific activities will help me 
in some way. 

1 2 3 4 5 

Please indicate how much you DISAGREE  or AGREE with each of the following statements 
by circling the number in the appropriate column. Please respond as you really feel, rather than 
how you think “most people” feel.  

Choose one answer in each row Disagree 
Strongly 

Disagree a 
Little 

Unsure Agree 
a little 

Agree 
Strongly 

35. It is fun to do science activities 1 2 3 4 5 

36. It’s fun to collect samples from 
the outdoors.  

1 2 3 4 5 

37. I like to hear about new 
discoveries in science. 

1 2 3 4 5 

38. I want to understand how 
phenomenon in nature work.  

1 2 3 4 5 

39. I like to identify how parts of 
nature work.  

1 2 3 4 5 

40. I like to observe birds, 
butterflies, bugs, streams, trees 
or other things in nature.  

1 2 3 4 5 

41. I enjoy watching nature shows 
(Planet Earth, Blue Planet, etc.) 

1 2 3 4 5 

42. I enjoy reading about science.  1 2 3 4 5 

43. I like talking about science 
topics with others.  

1 2 3 4 5 

44. Science is one of my favorite 
topics.  

1 2 3 4 5 
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APPENDIX F 

EXIT INTERVIEW QUESTIONS 
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Interview Questions:  
1. Before you started this project, did you know what data literacy or citizen science were?  
2. After this project, can you explain what data literacy and citizen science are? 
3. At the beginning of this school year, what was your level of confidence in your data skills? 

A. Have you felt your confidence level change?  
B. How so? 
C. What caused this change? 

4. Outside of the math classroom, can you think of any other examples of where data skills would be 
important? 

A. Any possible careers/jobs in particular? 
5. What was your opinion about science before this project?  

A. How does that opinion compare to your current opinion? 
6. At the beginning of the school year, were you considering any jobs/careers that focused on STEM/ data 
analysis? 

A. Any current considerations or interests? 
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