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Abstract 
This project sought to evaluate a citizen science project in the classroom via two foci: 1) whether 

the project could benefit students by increasing their science engagement, and 2) whether students 
could generate high-quality data. A total of 116 students in two honors biology and four environmental 
studies classes at a rural high school in the Chesapeake Bay watershed gathered water-quality data 
from a local stream. Water-quality data gathered from the same area by professionals were obtained 
from the local water treatment company via email. The quality of the student data was determined by 
comparing student data to professional data, as well as by eliciting students’ understanding of data quality 
before and after the project via short-answer questions. Students’ emotional and behavioral engagement 
were measured and compared before and after the project using a Likert-type questionnaire, and their 
behavioral engagement was additionally quantified via observation. The results showed that student data 
gathered using high-quality instruments were similar to professional data, according to unpaired t-tests. 
Students’ self-reported engagement did not change, but the students’ observed behavioral engagement 
was significantly higher post-intervention. The similarity between student and professional data and 
the increase in students’ behavioral-science engagement show that citizen science has the potential to 
benefit both students and scientists at the same time, by providing a high-quality dataset while increasing 
student engagement. This project has implications for formal and informal science education providers, 
and those interested in developing citizen science programs for youth and adults.

Citizen science projects have proliferated 
over the last decade, as has research on the process 
and benefits of citizen science (Hovis et al., 2021). 
At the same time, the goal of getting and keeping 
students engaged in science has been consistent 
in science education literature, even as the exact 
definition of student engagement has developed 
over time (Kennedy & Odell, 2014; Sinatra et al., 
2015). The process of citizen science has potential 
benefits for the scientists who use the data, as 
well as the citizens who engage in its collection: 
scientists may gain large, useful datasets, and 
both adult and youth participants may gain 
interest, knowledge, and/or skill in science, 
as will be laid out in more detail later in this 
introduction. Although adults appear to make up 
the majority of citizen-science participants (Jones 
et al., 2018), youth participation in citizen science 
is also present in the research. Past research has 
been done on youth and young-adult educational 
outcomes as the result of citizen science (e.g., 
Vitone et al., 2016) and on the quality of data 
collected by youth citizen-science participants 
(e.g., Castagneyrol et al., 2020), but few studies 
consider data quality alongside educational 
outcomes, such as science engagement. Also, as 

will be discussed, there are various factors that 
can affect whether a citizen science project is 
beneficial for both participants and the scientists 
hoping to use the resulting data (Conrad & 
Hilchey, 2011; Nicholson et. al, 2002).

The purpose of this study was to consider how 
a citizen science project in a classroom setting 
could be beneficial to scientists and students by 
examining the quality of the student-collected 
data produced by the project and impacts on 
student participants’ science engagement. The 
school where the study took place is a high school 
in a rural part of the Chesapeake Bay watershed. 
Past students at the school had done lessons 
involving water-quality tests of a local stream 
that runs through school property, as part of 
larger ecology units. The research team and the 
science teacher who designed the stream-testing 
project saw an opportunity to integrate teaching 
and research in the form of a larger citizen 
science project that would allow the student data 
to potentially be uploaded to FieldScope.org 
(Biological Sciences Curriculum Study, 2018), 
a citizen science database with a collection of 
water-quality data across the Chesapeake Bay 
watershed. In the following sections, we will use 
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past literature to define both data quality and 
student science engagement for the purposes of 
this study.

Citizen Science, Science Education, and Data 
Quality

Citizen science is a process during which 
professional scientists recruit non-scientist 
volunteers to do science alongside them (Bonney 
et al., 2014; Hovis et al., 2021). The characteristics 
of the volunteers engaged in a citizen science 
project vary greatly between, and sometimes 
within, the projects in question. They may or may 
not be trained (Bonney et al., 2014; Kountoupes 
& Oberhauser, 2008; Sheppard & Terveen, 2011); 
they can be adult or youth participants (Bonney 
et al., 2014; Widder et al., 2014; Zoellick et al., 
2012); and the youth participants may do projects 
in an informal science education (ISE) or a formal 
science education (FSE) setting (Bonney et al., 
2014; Zoellick et al., 2012).

Though participants in citizen science 
projects vary—in level of training, age, and other 
demographics—what they have in common is that 
they are volunteers; none are paid for their data 
collection or analyses. They do, however, have the 
potential to benefit from a citizen science project 
in other ways. Participants in citizen science have 
been found to learn from their participation, 
both content knowledge (e.g., facts about birds) 
(Brossard et al., 2005; Evans et al., 2005; Haywood, 
2016; Parrish et al., 2019), and/or knowledge of 
the scientific process (Cronin & Messemer, 2013; 
Hovis et al., 2021). Long-term participation in a 
citizen science project can affect adults’ identity, 
particularly their concept of themselves as 
scientists, as well as their self-worth (He et al., 
2019). In addition, environmentally focused citizen 
science projects have proliferated over the last 
several years (Dickinson et al., 2012; Hovis et al., 
2021), and these types of projects have been shown 
to positively affect participants’ relationships with 
their own small piece of the environment (e.g., their 
backyards) by making them feel more connected 
to or more aware of that personal environment 
(Evans et al., 2005; Haywood, 2016). Sometimes, 
participants’ relationships with the environment 
remain unchanged before and after a citizen 
science project; however, when this is the case, that 
lack of change is likely because their concern for 
the environment is the reason they volunteered 
in the first place (Brossard et al., 2005). Student 
participants in citizen science in both ISE and FSE 
contexts have been found to benefit similarly to 

adults in that they may gain content and/or process 
knowledge or may gain interest in science or their 
environment (Bonney et al., 2014; Cardamone 
& Lobel, 2016; Widder et al., 2014); there is little 
research considering whether students may gain 
content knowledge, process knowledge, and 
interest all from the same project.

The ‘doing science’ aspect of citizen science 
can also happen in several ways, including data 
analysis as well as various types of data collection 
(Hovis et al., 2021; Jones et al., 2018; Tinati et 
al., 2015). The main reason that data-collection 
citizen science is useful for professional scientists 
is that it allows for large amounts of data to be 
gathered in a relatively small period of time and 
over a large geographic area in a way that they 
would not be able to do on their own (Zoellick et 
al., 2012). It also allows scientists to gain access 
to residential land, or land that would otherwise 
not be available for sampling (Cooper et al., 2007). 
And—although not the focus of this study—
citizen science can also be used to analyze very 
large datasets, which professional scientists would 
not be able to process in a timely manner (Bonney 
et al., 2014; Tinati et al., 2015).

Citizen science data collection is not without 
its challenges. Volunteers used for data collection 
in citizen science projects are not always heavily 
trained, if they are trained at all (Bonney et al., 
2014; Kountoupes & Oberhauser, 2008; Sheppard 
& Terveen, 2011). This raises concerns within 
the scientific community as to whether the 
data collected by volunteers are of high quality, 
and therefore whether the data are valid to be 
published in peer-reviewed papers. Studies have 
found different results when looking at the quality 
of data collected by volunteers. For the most 
part, researchers who claim to be evaluating data 
quality do so by comparing data collected by 
volunteers to a reference set of data collected by 
trained professionals (Aceves-Bueno et al., 2017; 
Castagneyrol et al., 2020; Nicholson et al., 2002; 
Parrish et al., 2019). In a quantitative review of 
several papers on citizen science, Aceves-Bueno 
and colleagues (2017) found that only somewhere 
between 51% and 62% of citizen science data were 
statistically similar to professional data, depending 
on the comparison method. Other reviews have 
found that it is possible for volunteers to collect 
quality data, defined again as data similar to data 
collected by professional scientists, except when 
the professionals have equipment that is more 
precise or easier to use (Nicholson et al., 2002). 
Reviews have also found that data quality varies 
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between projects when groups are not trained 
enough, and/or not enough thought is put into 
factors like sample size and consistency (Conrad & 
Hilchey, 2011). A look at individual studies shows 
similar variation as reported in reviews: Cronin and 
Messemer (2013) found that adults participating 
in a citizen science program designed to have a 
strong educational component were able to collect 
a large dataset with good internal validity, while 
Castagneyrol and colleagues (2020) found that 
school students participating in a citizen science 
project on insect predation overestimated the 
predation in comparison to trained professional 
scientists, but not in comparison to professional 
scientists whose area of expertise was outside the 
project in question. Parrish et al. (2019) found 
that adults participating in a seabird-identifying 
citizen science project were likely to become more 
accurate in their predictions as their experience in 
the program continued.

Although data quality is often operationalized 
as similarity to professionally collected data, not 
all authors use the same measure. While Aceves-
Bueno and colleagues (2017) found that only 
51–62% of citizen-collected data were statistically 
similar to professionally collected data, they 
also found that, in the same papers, researchers 
described the quality of data collected by citizens 
positively 73% of the time. Sheppard and Terveen 
(2011) looked at one citizen science program 
involving 35 high schools and found that they were 
well able to balance the goals of data quality and 
education, and that students and teachers were 
all aware of the value of consistency and careful 
sampling, but drew these conclusions entirely 
through interviews, without comparing the high 
schoolers’ data to any other dataset.

Conceptual Framework: Student Engagement in 
Science Education

Research on citizen science often overlaps with 
research on the field of public engagement with 
science (PES). PES has been written about as both 
a practice and a goal; it tends to encompass non-
scientist citizens doing things such as participating 
in informal science education projects, gaining 
interest in science relevant to themselves, and 
having scientific dialogues with other citizens or 
with professional scientists (McCallie et al., 2009; 
Stilgoe et al., 2014). In education research, the term 
‘engagement’ is generally used to mean, not public 
engagement with science, but student engagement 
in science; however, the similarity between the 
terms is not coincidental. Increasing aspects of 

student engagement in science likely enhances 
their future public engagement with science (Lin 
et al., 2012).

The specific definition of student engagement 
has varied in the years it has been studied 
(Appleton et al., 2008; Fredricks et al., 2016; 
Sinatra et al., 2015). Over time, past theorists 
have divided engagement in school into anywhere 
from two to four dimensions: behavioral and 
emotional/affective (Appleton et al., 2008; Marks, 
2000); behavioral, emotional, and cognitive 
(Fredricks et al., 2004); behavioral, emotional, 
cognitive and agentic (Sinatra et al., 2015); or some 
combination of the above with the addition of a 
social dimension (Fredricks et al., 2016). There is 
some overlap in the definitions of the dimensions 
of engagement, especially when considering 
how they may be operationalized and measured 
(Sinatra et al., 2015). For the purposes of this 
study, we focus on behavioral and emotional 
engagement as external and internal markers of 
student engagement in a subject.

Behavioral engagement is evident in student 
behavior; it includes such actions as class 
participation, putting effort into assignments, 
and speaking positively about a class or subject 
(Fredricks et al., 2004; Fredricks et al., 2016; 
Sinatra et al., 2015). Affective, or emotional, 
engagement has to do with students’ interest in a 
class, and their feelings of belonging (Fredricks et 
al., 2004; Fredricks et al., 2016; Sinatra et al., 2015). 
Student engagement has been causally linked to 
achievement in multiple subjects (Appleton et 
al., 2008; Finn, 1993; Newmann, 1992; Sinatra et 
al., 2015): increased science engagement leads to 
increased science achievement (Fredricks et al., 
2016; Grabau & Ma, 2017). Lin et al. (2012) also 
found that interest and emotion (i.e., the affective 
aspects of engagement) as well as interaction with 
science outside of school settings (i.e., one aspect 
of behavioral engagement) correlate positively with 
scientific literacy. Increased science engagement in 
school, Lin et al. (2012) suggest, can lead eventually 
to more scientifically literate adults.

Because of these impacts of increased 
engagement, various studies have considered how 
to increase student engagement in science. Aspects 
of science engagement, including student interest 
in science topics and interaction with the material, 
have been increased in the past through activities 
that are at once challenging and frame students as 
experts in the discipline (Olitsky, 2007). Another 
way that student interest has been increased is via 
relevance interventions, encouraging students to 
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connect what they learn in the classroom to their 
own lives (Hulleman & Harackiewicz, 2009). One 
study of undergraduate students found that their 
interest in science and interest in participating in 
science (two different variables) increased as the 
result of a citizen science project in the classroom 
(Vitone et al., 2016). Citizen science is a potential 
way to challenge grade-school students, frame 
them as experts, and provide an activity with 
relevance to students’ lives, thereby increasing 
students’ science engagement and leading to 
scientifically literate adults.

Research Questions
During this study, we sought to determine 

whether a citizen science project in a high school 
classroom can be beneficial to both scientists and 
students. Specifically, we designed two research 
questions, referred to in the following sections as 
question one (RQ1) and question two (RQ2). We 
further broke down RQ1 into two parts: RQ1a 
focused on the comparison between the student 
and professional data quality, drawing from past 
research on citizen science data quality (Aceves-
Bueno et al., 2017; Castagneyrol et al., 2020; 
Nicholson et al., 2002; Parrish et al., 2019), while 
RQ1b focused on how students express their 
understanding of data quality. We recognized 
that students’ ability to collect quality data may 
be impacted by anything ranging from their 
equipment to their understanding of data quality, 
and wanted to ascertain whether students could 
understand the goal of collecting quality data even 
if other circumstances in this case study prevented 
their data from being similar to professional data. 
Our research questions for the study were:

RQ1: In what ways, if any, can high 
school students be said to collect high-
quality data from a local stream?

RQ1a: How do student-collected 
data compare statistically with data 
collected by professionals?

RQ1b: How do students express an 
understanding of data quality and 
how to assure it?

RQ2: In what ways, if any, does student 
engagement in the science classroom 
differ before and after students gather 
stream-characteristic data from a local 
stream?

Methods
This research project was a mixed methods 

study, which took place in a rural Mid-Atlantic 
high school during the spring semester of the 
2017–2018 school year. Mixed methods were 
chosen because of the aforementioned variety of 
ways to operationalize ‘data quality.’ The school 
where the study took place is one of three public 
high schools in the county and has a reputation 
for being the most rural, surrounded by various 
natural resources for students’ learning.

The school and classes were chosen because 
the first author was serving as an instructor in 
the school at the time. As a master’s student at the 
time, the first author was seeking opportunities 
for a research project. Another instructor at the 
school who was mentoring the first author had 
used lessons on water quality in her environmental 
science classes in the past and offered these lesson 
plans to the first author to adapt and use in this 
research. The lessons involved testing water from 
a local stream that runs through school property, 
behind and downhill from the building.

An additional impetus for testing the water 
quality of this stream was that teachers and 
students at the school had noticed the bank of the 
stream was eroding at an alarming rate. Teachers 
noted that two makeshift bridges that were across 
the stream in spring of 2016 were carried into 
the streambed by flooding by the fall of 2017. As 
part of the lessons leading to this research project, 
students walked around the school grounds and 
noted ditches formed by stormwater runoff, and 
wondered if poor stormwater management played 
a role in the stream erosion. The teacher who 
originally wrote the water-quality lessons was a 
particularly outspoken advocate for the stream 
and considered that any published research on 
the lessons would be a positive contribution to the 
community and environment.

Research Participants
The research took place in six high school 

classes: two honors biology classes, comprising 
49 students, and four environmental science 
classes, comprising 116 students. All but three of 
the honors biology students were ninth graders, 
and 67% of them were female. The environmental 
science classes had students from every grade 
in the school (ninth through twelfth), though a 
majority were eleventh or twelfth graders; a small 
majority of them (54%) were male. Almost all of 
the student participants were White and did not 
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identify as Hispanic, which is representative of the 
racial/ethnic diversity of the school as a whole.

The university’s Institutional Review 
Board approved all study procedures, as did the 
Institutional Review Board of the public school 
system where the research took place. All of the 
high school students participating in the research 
were required to assent and receive parental 
consent to participate in the study. The students 
who received consent and gave assent completed 
pre- and post-surveys before and after the citizen 
science intervention and were observed before and 
after the intervention.

Intervention
The citizen science intervention took place 

over four non-consecutive class periods, broken 
up by a weekend and a day of standardized testing, 
during lessons that align with the Next Generation 
Science Standards (NGSS Lead States, 2013). The 
lessons took place about halfway through the 
spring semester of the school year, meaning that 
students had already experienced slightly over six 
months of instruction in their classes (biology or 
environmental science). In the biology classes, 
units earlier in the year included Science and 
Engineering Practices, Living Systems, Chemistry 
of Living Systems, Matter and Energy in Living 
Systems, Ecosystems: Stability and Change, 
Cells: Stability and Change, and Structure and 
Function of DNA. In the environmental science 
classes, units earlier in the year included Nature 
of Environmental Science, Solving Environmental 
Problems, Ecosystems and Energy, Ecosystems 
and Organisms, Matter Cycles, and Weather 
Patterns. Information about the Chesapeake Bay 
was integrated throughout the course.

For the intervention, each class first had 
a lesson explicitly focusing on background 
information about the Chesapeake Bay and the 
students’ connection to the Chesapeake Bay 
watershed, as well as instruction on ensuring 
data quality. The next sequence of lessons had 
the students practice water-quality tests on tap 
water, take observations of the local stream that 
runs behind the school, and do the same water-
quality tests on water taken from the stream. The 
students were reminded multiple times during 
the lesson sequence that their water-quality data 
would be used beyond their classroom in the first 
author’s research, and potentially uploaded to 
FieldScope.org, a website with an ongoing project 
on Chesapeake Bay watershed data (Biological 
Sciences Curriculum Study, 2018).

Data Collection
RQ1a: Data Comparison Between Students 

and Professionals. We sought to determine 
whether students would be able to collect quality 
data during a citizen science project. We emulated 
other authors in partially operationalizing high-
quality data as data similar to that collected 
by professionals (Aceves-Bueno et al., 2017; 
Castagneyrol et al., 2020; Nicholson et al., 2002; 
Parrish et al., 2019). The stream surveyed during the 
citizen science intervention runs through school 
property, and there is also a wastewater treatment 
plant on school property, but run by the local water 
commission. At the beginning of March 2018, the 
students collected water-quality data from a part of 
the stream downstream of the wastewater treatment 
plant; the students tested the temperature, 
conductivity, nitrates, turbidity, dissolved oxygen, 
and pH of the water. Professionals from the local 
water commission tested the effluent from that 
plant; the first author was able to obtain their data 
from the month of February for comparison with 
student data. Professionals recorded the biological 
oxygen demand, total suspended solids, ammonia, 
dissolved oxygen, and pH of the water. Because the 
only variables in common were dissolved oxygen 
and pH, these were the variables we compared.

RQ1b: Student Understanding of Data 
Quality. We recognized that students may be able 
to collect data similar to professional data, but may 
be kept from doing so by a variety of factors, such 
as equipment quality (Nicholson et al., 2002). To 
determine student understanding of data quality, 
we also included two open-ended questions in 
both the pre- and post-intervention surveys, 
asking students to define data quality in their own 
words, and to explain how best to assure quality 
data when performing any science experiment.

RQ2: Student Science Engagement. We also 
sought to determine whether a citizen science 
project would impact student engagement in 
science. In order to quantify student engagement, 
we used a version of the Engagement versus 
Disaffection with Learning student self-report 
questionnaire (Skinner et al., 2009), adapted 
to measure student engagement in the selected 
science classes. This questionnaire quantifies 
both the behavioral and emotional aspects of 
engagement, and is appropriate for assessing 
engagement in a specific class, rather than in 
school in general, and can be used with elementary, 
middle, and high school students (Fredricks et al., 
2011). The questionnaire consists of 25 statements 
designed to measure either a students’ engagement 
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(positively coded) or disaffection (negatively 
coded) within a class. Students record their 
agreement with each item on a four-point Likert-
type scale, from 1 (strongly agree) to 4 (strongly 
disagree). Example items include “When I’m in my 
Biology class, I listen very carefully” (behavioral 
engagement), and, “When we work on something 
in Environmental Studies, I feel discouraged” 
(emotional disaffection). The Cronbach’s alpha 
scores for the behavioral engagement (10 items) 
and emotional engagement (15 items) subscales, 
calculated separately pre- and post-intervention, 
range from 0.81 to 0.87.

In an additional quantification of behavioral 
engagement, the Student Record of Behavior 
(StRoBe; Marchant, 1989) was used to measure 
students’ behavioral engagement through pre- and 
post-intervention observation. The first author 
chose a day before and after the intervention when 
she observed every student during a note-taking 
activity. To do this, she looked at one student and 
followed the steps of the StRoBe to code them as 
either Verbal (V) or Behavioral (B), Appropriate 
(A), Inappropriate (I), or Undecided (U); i.e., a 
silent, on-task student would be coded BA. She 
then moved on to the next student in the row, 
recorded a code for them, and continued. After 
coding the last student in the room, she looked 
again at the first student, and continued this until 
she had twelve observations for each student.

A summary of the data sources used can be 
found in Table 1.

Data Analysis
In order to answer RQ1a and determine 

the quality of the student data, we compared the 
student and professional pH and dissolved oxygen 
data using F-tests for equality of variance, and 
unpaired t-tests to compare the means. The t-tests 
were two-tailed, with an alpha level of 0.05. To 
answer RQ1b, we qualitatively analyzed students’ 
answers to the short-answer questions before and 
after the intervention using a content analysis. The 

first author first read through the student responses 
and found emerging themes in response to each 
question, as described in Cresswell (2012); she 
then re-read the responses and coded each short 
response as aligning with one or more themes. 
The second author then reviewed the first author’s 
coding independently, and we discussed any 
difference of opinion until we reached consensus.

To answer RQ2, we compared students’ 
engagement before and after the intervention by 
comparing students’ pre- and post-intervention 
responses to the modified Engagement vs. 
Disaffection with Learning questionnaire 
using paired t-tests. The t-tests were again two-
tailed, with an alpha level of 0.05. We tested the 
normality of the data and deemed it appropriate 
to meet the assumptions of a t-test. Although the 
data resulting from the Likert-type questionnaire 
are ordinal rather than continuous, parametric 
vs. non-parametric tests have been found to 
have equivalent power when comparing Likert-
type responses, particularly when the datasets 
are similar in size (de Winter & Dodou, 2010). 
To further compare the students’ behavioral 
engagement before and after the intervention, we 
compared the first author’s counts of students’ 
total appropriate behaviors (either BA or VA) pre- 
and post-intervention, and the total number of 
inappropriate behaviors (either BI or VI) pre- and 
post-intervention using paired t-tests.

Results
RQ1a: Data Comparison Between Students and 
Professionals

One purpose of this research project was to 
determine whether students would be capable 
of collecting high-quality data (i.e., data that 
could be used by professional scientists) during 
a citizen science project. Although both students 
and professionals associated with the wastewater 
treatment plant collected various kinds of water 
quality data, the only variables collected by both 
groups were dissolved oxygen and pH. Working 
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Research Question Data Source 1 Data Source 2
RQ1: Data quality RQ1a: Student and local water 

commission water-quality data
RQ1b: Open-ended questions 
about data quality on pre and 
post survey 

RQ2: Student 
engagement

Pre and post student self-report 
Likert-type questionnaire 

Pre and post teacher behavioral 
observations: StRoBe

Table 1. Data Sources Used to Answer Research Questions 1 and 2



in groups, students collected dissolved oxygen 
data using a chemical test, and pH data using 
both a chemical test and probeware. According 
to the facility superintendent of the wastewater 
treatment plant, professionals collected pH and 
dissolved oxygen data using probeware. We 
tested the normality of the data and deemed it 
appropriate for parametric tests. We compared 
the student data to professional data using F-tests 
for equality of variance. The dissolved oxygen 
data were heteroscedastic, while the pH data were 
homoscedastic; the results of the F-tests are in 
Table 2. Because the dissolved oxygen data were 
heteroscedastic, we used a Welch’s unpaired t-test 
to compare the student and professional dissolved 
oxygen, because this test does not require equality 
of variances. We used unpaired t-tests which 
require homoscedasticity to compare the student 
and professional pH. The student dissolved oxygen 
data (M = 10, SD = 4) were not significantly 
different from the professional dissolved oxygen 
data (M = 9.5, SD = 0.6), t(34) = 1.17, p = 0.25. 
The student pH data gathered using a chemical 
test (M = 6.9, SD = 0.4) were significantly different 
from the professional pH data (M = 7.6, SD = 0.3), 
t(35) = -3.99, p = 0.003, with a large effect size as 
measured by Cohen’s d, d = 1.9. In contrast, the 
student pH data gathered with a probe (M = 7.1, 
SD = 0.7) were not significantly different from the 
professional pH data, t(7) = -1.54, p = 0.17.

RQ1b: Student Understanding of Data Quality
We also sought to answer RQ1 by analyzing 

student responses to the two free-response 
questions on the pre- and post-intervention 
survey using content analysis. We received 27 pre-
intervention short-answer responses, and 24 post-
intervention short-answer responses. Twenty-one 
of the responses for both pre and post were written 

by honors biology students; the remainder were 
written by environmental studies students.

The first author coded the responses to the 
short-answer questions, looking for themes in the 
responses, as described in Creswell (2012). The 
second author then reviewed the first author’s codes 
independently, and we discussed any differences in 
coding until we reached consensus. Four different 
themes arose in response to each question; the 
themes are described and the frequencies recorded 
in Table 3.

Almost every answer fell under one of the 
themes; some answers fit in multiple themes, as 
when a student wrote, “Retake the sample as well 
as compare with others” on the post-survey, in 
response to Question 2. The first author coded this 
as both “Multiple tests” and “Work with others.” 
All of the themes appeared both before and after 
the intervention. 

In response to Question 1, students who 
defined data quality as “quality of data” on the 
pre-intervention survey were likely to change 
the answer or add information on the post-
intervention survey. Students who mentioned 
accuracy as a factor in data quality on the pre-
intervention survey were likely to mention it again, 
but more students used the concept on the post-
intervention survey. After the intervention, slightly 
fewer students defined data quality using the vague 
words “good” or “well.”

Students who wrote about multiple tests in 
response to Question 2 on the pre-intervention 
survey were likely to include that strategy again on 
the post-intervention survey, but the percentage 
of students who mentioned it increased. The 
percentage of students who included working with 
others in some way as a strategy increased greatly 
on the post-intervention survey.
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Variable Student Professional p
N s2 N s2

Dissolved oxygen 31 15.63 5 0.37 0.002*
pH (chemical) 32 0.14 5 0.09 0.78
pH (probe) 4 0.43 5 0.09 0.17

Note. Professional pH data were collected with probeware, and compared to both student 
pH data quantified chemically, in the row “pH (chemical),” and student data collected with 
probeware, in the row “pH (probe).”

* Indicates significance

Table 2. F-Tests Comparing the Variances (s2) of Student and Professional Data



RQ2: Student Science Engagement
We compared student engagement before 

and after the citizen science project in order to 
note any effect of the intervention on students’ 
science engagement. Twenty-nine students 
completed a modified Engagement vs. Disaffection 
with Learning questionnaire (Skinner et al., 
2009) before and after the intervention. Of these 
students, 21 were biology students, and eight were 
environmental studies students. We compared 
the pre- and post-intervention responses on 
emotional and behavioral engagement using 
paired, two-sample t-tests. The students’ emotional 

engagement was not significantly different after the 
intervention, t(29) = -0.07, p = 0.95; neither was 
their behavioral engagement, t(29) = 1.01, p = 0.32. 
Their pre- and post-intervention engagement is 
compared in Table 4.

Students’ behavioral engagement was also 
quantified before and after the intervention using 
the StRoBe observation tool (Marchant, 1989). We 
compared each student’s number of appropriate 
behaviors and inappropriate behaviors before and 
after the intervention using paired, two-sample 
paired t-tests, as well as confirming that the 
assumption of normality was met. The students 
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Question/Theme Sample Quote % pre % post
Question 1: Define “data quality” in 
your own terms.

Quality of data “The quality of the data you get 
from doing an experiment.” 37 20

Reliability “How reliable and how credible 
your data is.” 15 16

Accuracy “The data that you collect is 
correct.” 44 68

Good data “Data quality is how good the 
data is.” 22 16

Question 2: Explain how you would 
make sure you are collecting quality 
data during any science experiment.

Multiple tests “Collect data more than one time 
to make sure it’s more accurate.” 56 72

Work with others

“Double or triple check your 
work, corroborate with others 
doing the same project, if it 
doesn’t seem right, then do it 
again.”

7 24

Follow directions “Make sure you are following all 
procedures very closely.” 19 20

Control variables “Make sure you are only testing 
one variable.” 15 8

Table 3. Themes in Response to Short-Answer Questions on the Pre- and Post-Intervention Survey

Engagement N Pre-Intervention Post-Intervention p
M Mdn SD M Mdn SD

Emotional 29 3.0 2.9 0.4 3.0 3.0 0.4 0.9481
Behavioral 29 3.1 3.0 0.4 3.0 3.0 0.5 0.3221

Table 4. Paired, Two-Sample t-Tests Comparing the Self-Reported Engagement of Students Pre- and 
Post-Intervention



demonstrated higher numbers of appropriate 
behaviors after the intervention, and the difference 
was significant, t(115) = -3.53, p < 0.001. The 
paired t-test also suggested a significant difference 
between the number of inappropriate behaviors 
before and after the intervention, t(115) = 3.23, p = 
0.001. The effect size for both of these differences, 
as measured by Cohen’s d, was relatively small, with 
d = 0.33 for appropriate behaviors, and d = 0.34 
for inappropriate behaviors. The mean number of 
inappropriate behaviors was relatively low before 
and after the intervention, and the standard 
deviation was high. The pre- and post-intervention 
observed behaviors are compared in Table 5.

Discussion
Citizen science provides potential benefits 

to both scientists and non-scientist participants 
involved in a project. Benefits to scientists 
include, potentially, a large set of data to 
manipulate (Zoellick et al., 2012), and benefits to 
participants have included increases in interest 
in and/or understanding about various scientific 
topics (Bonney et al., 2014; Cardamone & Lobel, 
2016; Widder et al., 2014). The purpose of this 
project was to explore how a citizen science 
project done in a high school classroom could 
benefit scientists by producing high-quality data, 
as well as student participants by increasing 
students’ science engagement.

Quality Student-Collected Data, with Caveats
This study shows that when “quality data” 

is defined as comparable to data collected by 
professionals, as it is by several other researchers 
looking at citizen-collected datasets (Aceves-Bueno 
et al., 2017; Castagneyrol et al., 2020; Parrish et al., 
2019; Nicholson et al., 2002), then it is possible for 
students to collect high-quality data. Students in 
this project collected dissolved oxygen and some 
pH data that were not significantly different from 
professional data. This does not mean that all data 
collected by students will be of high quality, and 
there are a variety of factors affecting the quality of 

student data. Aceves-Bueno et al. (2017) found that 
two citizen science project variables that correlate 
with higher-quality data are additional training and 
large group sizes; Nicholson et al. (2002) indicated 
that one strength of citizen science programs is in 
the number of sites that they can monitor. Similarly, 
the large number of dissolved oxygen (DO) tests 
done by the students, as compared to the five done 
by the professionals, allowed the students to have 
a DO mean similar to the professional scientists’, 
despite the students’ larger variance (Table 2). In 
contrast to this strength of citizen science projects, 
Nicholson et al. (2002) named more sophisticated 
equipment as a strength of professional scientists, 
and in this study, the precision of the equipment 
played a role in the quality of the student pH tests. 
The chemical tests that students used to complete 
the assignment only allow users to record a pH of 6, 
6.5, or 7, whereas the probes display a pH with up 
to two decimal places. This is most likely why the 
student pH data recorded using the chemical tests 
were significantly different from the professional 
pH data, but the student pH data recorded using 
the probes were not.

Comparability of student data to professional 
data, therefore, is affected by factors such as 
sample size and equipment, as well as training 
(Castagneyrol et al., 2020) and student 
understanding of data quality (Sheppard & 
Terveen, 2011). The short-answer questions on 
the pre- and post-intervention questionnaire 
were designed to determine whether student 
understanding of data quality existed, in the case 
that the sample size or equipment precision were 
not enough to allow student data to be compared 
to professional. Student understanding of how to 
describe data quality as a concept increased some, 
as more students took to describing the accuracy or 
reliability of data, rather than how “good” the data 
were. Students who took the survey already had a 
good foundation on ways to ensure data quality, 
but they wrote more about working with other 
students and about performing multiple tests after 
the intervention. The understanding of multiple 
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Behavior N Pre-test Post-test p
M SD M SD

Appropriate 116 9.11 2.68 9.96 2.38 >0.001*
Inappropriate 116 1.34 1.99 0.76 1.42 0.001*

Table 5. Paired, Two-Sample t-Tests Comparing the Observed Behaviors of Students Pre- and 
Post-Intervention



tests and controlling variables that existed before 
the intervention may be related to the fact that the 
majority of the students who answered the short-
answer questions were biology students, who had 
already had some lessons on experimental design 
at the beginning of the school year.

Stagnant Emotional Engagement, Increased 
Behavioral Engagement

Past studies on citizen science have shown 
youth participants to gain interest, which is a 
dimension of engagement, in science and/or their 
own environment (Bonney et al., 2014; Cardamone 
& Lobel, 2016; Widder et al., 2014). Past studies 
on student engagement have found that relevance 
(Hulleman & Harackiewicz, 2009) and challenging 
activities that nonetheless allow students agency 
(Olitsky, 2007) increase science engagement. 
These findings would suggest that a citizen science 
project in the classroom would have the potential 
to increase student engagement in science. 
Despite this, there was no difference in student 
self-reported engagement, either emotional or 
behavioral, before and after the intervention. There 
were, however, changes in the observed behavioral 
engagement, with the number of appropriate 
behaviors observed increasing and the number of 
inappropriate behaviors decreasing.

There are multiple potential reasons for 
this less-than-expected effect on engagement. 
Both the emotional and behavioral self-reported 
engagement were high before and after the 
intervention, falling around a 3 on a four-point 
scale (Table 4). This could be because, although 
the survey was anonymous, students felt that they 
should score themselves as highly engaged on a 
survey being given by their teacher. Or, it could be 
that the students who took the survey were actually 
very engaged in class both before and after the 
intervention. Because of an unexpected disruptive 
event in the school system that happened after the 
interventions and observations were complete, 
but before the post-intervention surveys had all 
been sent out, fewer students responded to the 
post-intervention surveys than participated in the 
rest of the project; the students who did respond 
were mostly students in the honors biology classes, 
which means that they were already tracked based 
on their achievement in science, and generally 
demonstrated higher engagement than their peers 
in the environmental science classes. 

Interestingly, this lack of reported change in 
student emotional engagement, which fails to align 
with past research on citizen science showing an 

increase in participant interest in science, highlights 
the observed change in behavioral engagement—a 
variable less often studied in papers focused on 
citizen science. In contrast to the self-reported 
behavioral engagement, observation of the 
students’ behavior did show a change before and 
after the intervention. Their number of appropriate 
behaviors, out of twelve per observation, increased 
after the intervention, and the difference was 
significant. Because the first author was able to 
observe all her students, including in the more 
diverse environmental studies classes, it is likely 
that these observations are of a real increase in 
behavioral engagement from students who started 
out as less engaged in their science classes.

Limitations
This study has some legitimate and 

interesting findings, but they are not without 
limitation. Though student and professional data 
were collected in a similar timeframe, and there 
were variables that were comparable, there were 
variables collected by the professionals and not 
by the students, and vice versa. Also, because 
students and professionals were not working 
side-by-side on the exact same date, there may 
have been differences caused by temperature or 
weather in the true pH and true dissolved oxygen 
levels of the stream (Dodson, 2005). Variations in 
method used by students vs. professionals could 
also have led to differences in the datasets, as 
seen in the difference between student pH data 
collected using different tools. More coordination 
between student and professional data collection 
would allow a more stringent comparison when 
considering data quality.

With respect to results on student 
engagement, events in the county meant that 
fewer students than would have been ideal were 
able to respond to the post-intervention survey, 
limiting those responses to mainly those from 
honors biology students, though all the students 
participated in gathering water-quality data and 
in the pre- and post-intervention observations. 
The population of students who participated 
in the study was limited in a different way by 
the location of the school where the study took 
place. The students in question were mostly 
White students, and the high school where they 
completed the intervention is in a very rural area, 
where many of the students spend much of their 
free time outdoors. It is likely that the outdoor 
aspect of the study increased its relevance for 
some students, and increased relevance has been 
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shown to at least increase emotional engagement 
in the past (Hulleman & Harackiewicz, 2009). 
Whether a similar intervention would be as 
directly relevant for students in a more urban 
setting is worth exploring.

Implications
The limitations and findings of this study lead 

directly to implications for scientists, researchers 
concerned with citizen science, and educators in ISE 
and FSE settings. The first and simplest implication 
is that it is possible to gain both quality data and 
increased student engagement from a citizen 
science project in a classroom. Considerations 
must be taken with this conclusion. In the case of 
this project, we have operationalized “data quality” 
as data similar to that collected by professional 
scientists. Future citizen science researchers and 
program creators have multiple options regarding 
future consideration of data quality. The first would 
be to hold firmly to that operationalization of data 
quality, and to do more stringent and purposeful 
work in order to compare student/participant data 
to professional data, including planning ahead 
of time to ensure the similarity of the variables 
collected by scientists and citizens. The second 
would be to reconsider the definition of data 
quality. Aceves-Bueno et al. (2017) point out that 
scientists can have different standards for data 
quality depending on the specific study purpose; 
in this case, students found, on average, the same 
numbers for dissolved oxygen as professionals did, 
but with a much higher variance, which might be 
acceptable in a citizen science study intended to 
compare several streams, but not in one intended 
to record small variations in one stream over time. 
Wildschut (2017) goes further in an essay calling 
for the need for a new prevalence and value given 
to citizen science; she points out that not only does 
the meaning of data quality depend on what the 
data are to be used for, but data are only useful at 
all when accessible to those who need them, and 
citizen science is traditionally more available than 
professionally published data. Educators and/or 
program developers as well as researchers must 
consider carefully what they mean when they 
consider whether citizens are able to collect high-
quality data.

In this study, students were more easily able 
to collect high-quality pH data—i.e., data similar 
to that collected by professionals—when they used 
tools similar to those used by the professional 
scientists. This finding has implications not only for 
future citizen science project coordinators focused 

on usable datasets, but on student outcomes 
as well. Using real, local datasets and complex 
authentic technology has been found to positively 
impact students’ interest in and knowledge about 
local watershed issues (Marcum-Dietrich et al., 
2021), and student technology usage in a science, 
technology, engineering, and mathematics 
(STEM) setting is related to their engagement in 
STEM (Kareem et al., 2022). If the use of more 
sophisticated technology has the potential to lead 
to higher-quality data and support student science 
engagement, these goals are not necessarily in 
conflict, but can be mutually supported during an 
educational citizen science project. 

Even without access to sophisticated 
technology, it is worth designing a citizen science 
project in an educational setting if it will lead to 
student engagement. Engaging students in science 
in order to potentially lead them to competitive 
science or technology careers has been more and 
more touted in the literature of the last few decades 
(Kennedy & Odell, 2014). However, even students 
who will not grow up and go on to science careers 
can benefit from becoming engaged with science 
as a subject and process. Adults engaged in citizen 
science report more knowledge of science processes 
and are more likely to work to bring others into 
contact with science, in comparison to peers who 
are science hobbyists (e.g., birdwatchers) but not 
citizen scientists (Jones et al., 2018). And as we 
wrote in the introduction, student engagement in 
the science classroom has already been tentatively 
linked to future adult PES (Lin et al., 2012). In 
order to assist with the goal of PES for students 
both in and beyond the classroom, future research 
considering citizen science in an FSE setting must 
continue to consider multiple domains of student 
engagement—behavioral and emotional, as well as 
cognitive, social, etc. (Fredricks et al., 2016)—not 
only repeating the measures used in this study, but 
doing qualitative work to learn why engagement 
does or does not change as the result of a citizen 
science project. Also of interest are the long-term 
effects of a citizen science project; if students do 
become more engaged, or interested in, science, or 
if their connection to nature or content knowledge 
is changed (Evans et al., 2005; Haywood, 2016), 
then do these results truly last? Can citizen science 
projects with youth lead to adults who are publicly 
engaged with science?

Conclusion
Citizen science is a practice that offers many 

potential benefits to both scientists and the citizens 
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who participate in it. This research highlights 
some of those benefits, as well as some of the 
factors that impact the effectiveness of any one 
citizen science project. In this study, students 
understood how to ensure data quality, based on 
experience and direct instruction, but were limited 
in the quality of the data they collected based on 
factors such as equipment. While students’ self-
reported engagement in science stayed constant, 
their observed behavioral engagement increased, 
a finding counter to research suggesting increased 
self-reported interest as the result of citizen science 
(Bonney et al., 2014; Cardamone & Lobel, 2016; 
Vitone et al., 2016; Widder et al., 2014). These 
findings offer guidance to scientists and educators 
looking to develop future citizen science projects 
for an FSE setting. The need for scientific literacy 
in the general populace continues to increase in 
the public consciousness; citizen science projects 
done with youth have the potential to lead to a new 
generation of scientifically literate citizens. Citizen 
science can provide useful data for scientists, 
increase the engagement of student participants, 
and eventually lead to more adults publicly engaged 
with science, and a brighter future for us all.

References
Aceves-Bueno, E., Adeleye, A.S., Feraud, 

M., Huang, Y., Tao, M., Yang, Y., & Anderson, S. 
E. (2017). The accuracy of citizen science data: A 
quantitative review. The Bulletin of the Ecological 
Society of America, 98(4), 278–290. https://doi.
org/10.1002/bes2.1336

Appleton, J.J., Christenson, S.L., & Furlong, 
M.J. (2008). Student engagement with school: 
Critical conceptual and methodological issues 
of the construct. Psychology in the Schools, 45(5), 
369–386. https://doi.org/10.1002/pits.20303

Biological Sciences Curriculum Study. (2018). 
Student-gathered Chesapeake Bay watershed data. 
[Unpublished raw data.]

Bonney, R., Phillips, T.B., Enck, J., Shirk, 
J., & Trautmann, N. (2014). Citizen science and 
youth education. Committee on Successful Out-
of-School STEM Learning, National Research 
Council Board on Education. Retrieved March 
13, 2024, from https://sites.nationalacademies.
org/cs/groups/dbassesite/documents/webpage/
dbasse_089993.pdf

Brossard, D., Lewenstein, B., & Bonney, R. 
(2005). Scientific knowledge and attitude change: 
The impact of a citizen science project. International 
Journal of Science Education, 27(9), 1099–1121. 
https://doi.org/10.1080/09500690500069483

Cardamone, C., & Lobel, L. (2016). Using 
citizen science to engage introductory students: 
From streams to the solar system. Journal of 
Microbiology & Biology Education, 17(1), 117–119. 
https://doi.org/10.1128/jmbe.v17i1.1082

Castagneyrol, B., Valdés-Correcher, E., Bourdin, 
A., Barbaro, L., Bouriaud, O., Branco, M., Centenaro, 
G., Csóka, G., Duduman, M.H., Dulaurent, A.M., 
Eötvös, C.B., Faticov, M., Ferrante, M., Fürjes-Mikó, 
Á., Galmán, A., Gossner, M.M., Harvey, D., Howe, 
A.G., Kaennel-Dobbertin, M., … Tack, A.J.M. (2020). 
Can school children support ecological research? 
Lessons from the Oak Bodyguard citizen science 
project. Citizen Science: Theory and Practice, 5(1). 
https://doi.org/10.5334/cstp.267

Conrad, C.C., & Hilchey, K.G. (2011). A 
review of citizen science and community-based 
environmental monitoring: Issues and opportunities. 
Environmental monitoring and assessment, 176(1), 
273–291. https://doi.org/10.1007/s10661-010-1582-5

Cooper, C., Dickinson, J., Phillips, T., & Bonney, 
R. (2007). Citizen science as a tool for conservation 
in residential ecosystems. Ecology and Society, 12(2). 
https://www.jstor.org/stable/26267884

Creswell, J.W. (2012). Educational research: 
Planning, conducting, and evaluating quantitative 
and qualitative research (4th ed.). Pearson.

Cronin, D.P., & Messemer, J.E. (2013). Elevating 
adult civic science literacy through a renewed citizen 
science paradigm. Adult Learning, 24(4), 143–150. 
https://doi.org/10.1177/1045159513499550

de Winter, J.C.F., & Dodou, D. (2010). Five-
point Likert items: t test versus Mann-Whitney-
Wilcoxon. Practical Assessment, Research, and 
Evaluation, 15(11), 1–12. https://doi.org/10.7275/
bj1p-ts64

Dickinson, J.L., Shirk, J., Bonter, D., Bonney, 
R., Crain, R.L., Martin, J., Phillips, T., & Purcell, K. 
(2012). The current state of citizen science as a tool 
for ecological research and public engagement. 
Frontiers in Ecology and the Environment, 10(6), 
291–297. https://doi.org/10.1890/110236

Dodson, S.I. (2005). Introduction to limnology. 
McGraw Hill.

Evans, C., Abrams, E., Reitsma, R., Roux, 
K., Salmonsen, L., & Marra, P.P. (2005). The 
Neighborhood Nestwatch Program: Participant 
outcomes of a citizen‐science ecological research 
project. Conservation Biology, 19(3), 589–594. 
https://doi.org/10.1111/j.1523-1739.2005.00s01.x

Finn, J.D. (1993). School engagement & 
students at risk. National Center for Education 
Statistics. Retrieved March 16, 2024, from https://
nces.ed.gov/pubs93/93470a.pdf

JCES Vol 16, No. 2 —JOURNAL OF COMMUNITY ENGAGEMENT AND SCHOLARSHIP—Page 12

https://doi.org/10.1002/bes2.1336
https://doi.org/10.1002/bes2.1336
https://doi.org/10.1002/pits.20303
https://sites.nationalacademies.org/cs/groups/dbassesite/documents/webpage/dbasse_089993.pdf
https://sites.nationalacademies.org/cs/groups/dbassesite/documents/webpage/dbasse_089993.pdf
https://sites.nationalacademies.org/cs/groups/dbassesite/documents/webpage/dbasse_089993.pdf
https://doi.org/10.1080/09500690500069483
https://doi.org/10.1128/jmbe.v17i1.1082
https://doi.org/10.5334/cstp.267
https://doi.org/10.1007/s10661-010-1582-5
https://www.jstor.org/stable/26267884
https://doi.org/10.1177/1045159513499550
https://doi.org/10.7275/bj1p-ts64
https://doi.org/10.7275/bj1p-ts64
https://doi.org/10.1890/110236
https://doi.org/10.1111/j.1523-1739.2005.00s01.x
https://nces.ed.gov/pubs93/93470a.pdf
https://nces.ed.gov/pubs93/93470a.pdf


Fredricks, J.A., Blumenfeld, P.C., & Paris, 
A.H. (2004). School engagement: Potential of 
the concept, state of the evidence. Review of 
Educational Research, 74(1), 59–109. https://doi.
org/10.3102/00346543074001059

Fredricks, J., McColskey, W., Meli, J., Mordica, 
J., Montrosse, B., & Mooney, K. (2011). Measuring 
student engagement in upper elementary through 
high school: A description of 21 instruments. Issues 
& Answers, REL 2011(No. 098). U.S. Department of 
Education, Institute of Education Sciences, National 
Center for Education Evaluation and Regional 
Assistance, Regional Educational Laboratory 
Southeast. Retrieved March 16, 2024, from https://
files.eric.ed.gov/fulltext/ED514996.pdf

Fredricks, J.A., Wang, M.T., Linn, J.S., Hofkens, 
T.L., Sung, H., Parr, A., & Allerton, J. (2016). Using 
qualitative methods to develop a survey measure 
of math and science engagement. Learning and 
Instruction, 43, 5–15. https://doi.org/10.1016/j.
learninstruc.2016.01.009

Grabau, L.J., & Ma, X. (2017). Science 
engagement and science achievement in the 
context of science instruction: A multilevel analysis 
of U.S. students and schools. International Journal 
of Science Education, 39(8), 1045–1068. https://doi.
org/10.1080/09500693.2017.1313468

Haywood, B.K. (2016). Beyond data points 
and research contributions: The personal meaning 
and value associated with public participation in 
scientific research. International Journal of Science 
Education, Part B: Communication and Public 
Engagement, 6(3), 239–262. https://doi.org/10.108
0/21548455.2015.1043659

He, Y., Parrish, J.K., Rowe, S., & Jones, T. (2019). 
Evolving interest and sense of self in an environmental 
citizen science program. Ecology and Society, 24(2). 
https://doi.org/10.5751/ES-10956-240233

Hovis, M., Cubbage, F., Katti, M., & McGinley, 
K. (2021). Participant and socio-ecological 
outcomes of the Hofmann Open-Water Laboratory 
(HOWL) citizen science project. Journal of 
Community Engagement and Scholarship, 13(2). 
https://doi.org/10.54656/VWWS6121

Hulleman, C.S., & Harackiewicz, J.M. (2009). 
Promoting interest and performance in high 
school science classes. Science, 326(5958), 1410–
1412. https://doi.org/10.1126/science.1177067 

Jones, M.G., Childers, G., Andre, T., Corin, E.N., 
& Hite, R. (2018). Citizen scientists and non-citizen 
scientist hobbyists: Motivation, benefits, and influences. 
International Journal of Science Education, Part B: 
Communication and Public Engagement, 8(4), 287–306. 
https://doi.org/10.1080/21548455.2018.1475780

Kareem, J., Thomas, R.S., & Nandini, V.S. (2022). 
A conceptual model of teaching efficacy and beliefs, 
teaching outcome expectancy, student technology 
use, student engagement, and 21st-century learning 
attitudes: A STEM education study. Interdisciplinary 
Journal of Environmental and Science Education, 
18(4), e2282. https://doi.org/10.21601/ijese/12025

Kennedy, T.J., & Odell, M.R.L. (2014). 
Engaging students in STEM education. Science 
Education International, 25(3), 246–258. Retrieved 
March 16, 2024, from https://files.eric.ed.gov/
fulltext/EJ1044508.pdf

Kountoupes, D.L., & Oberhauser, K.S. (2008). 
Citizen science and youth audiences: Educational 
outcomes of the Monarch Larva Monitoring Project. 
Journal of Community Engagement and Scholarship, 
1(1), 10–20. https://doi.org/10.54656/CGNR5551

Lin, H.S., Hong, Z.R., & Huang, T.C. (2012). The 
role of emotional factors in building public scientific 
literacy and engagement with science. International 
Journal of Science Education, 34(1), 25–42. https://
doi.org/10.1080/09500693.2010.551430

McCallie, E., Bell, L., Lohwater, T., Falk, J. 
H., Lehr, J.L., Lewenstein, B.V., Needham, C., & 
Wiehe, B. (2009). Many experts, many audiences: 
Public engagement with science and informal science 
education, a CAISE inquiry group report. Center 
for Advancement of Informal Science Education 
(CAISE). Retrieved March 16, 2024, from https://
digitalcommons.calpoly.edu/cgi/viewcontent.
cgi?article=1011&context=eth_fac

Marchant, G.J. (1989). StRoBe: A classroom-
on-task measure [Conference paper]. The Annual 
Meeting of the Mid-Western Educational Research 
Association, Chicago, IL. Retrieved March 16, 
2024, from https://eric.ed.gov/?id=ED312308.

Marks, H.M. (2000). Student engagement in 
instructional activity: Patterns in the elementary, 
middle, and high school years. American 
Educational Research Journal, 37(1), 153–184. 
https://doi.org/10.3102/00028312037001153

Marcum-Dietrich, N., Kerlin, S., Hendrix, 
A., Sorhagen, N., Staudt, C., & Krauss, Z. (2021). 
Model my watershed: An investigation into the role 
of big data, technology, and models in promoting 
student interest in watershed action. The Journal of 
Environmental Education, 52(6), 384–397. https://
doi.org/10.1080/00958964.2021.1979451

Newmann, F.M. (Ed.) (1992). Student 
engagement and achievement in American 
secondary schools. U.S. Department of Education, 
Office of Educational Research and Improvement, 
Teachers College Press. Retrieved March 16, 2024, 
from https://eric.ed.gov/?id=ED371047

JCES Vol 16, No. 2 —JOURNAL OF COMMUNITY ENGAGEMENT AND SCHOLARSHIP—Page 13

https://doi.org/10.3102/00346543074001059
https://doi.org/10.3102/00346543074001059
https://files.eric.ed.gov/fulltext/ED514996.pdf
https://files.eric.ed.gov/fulltext/ED514996.pdf
https://doi.org/10.1016/j.learninstruc.2016.01.009
https://doi.org/10.1016/j.learninstruc.2016.01.009
https://doi.org/10.1080/09500693.2017.1313468
https://doi.org/10.1080/09500693.2017.1313468
https://doi.org/10.1080/21548455.2015.1043659
https://doi.org/10.1080/21548455.2015.1043659
https://doi.org/10.5751/ES-10956-240233
https://doi.org/10.54656/VWWS6121
https://doi.org/10.1126/science.1177067
https://doi.org/10.1080/21548455.2018.1475780
https://doi.org/10.21601/ijese/12025
https://files.eric.ed.gov/fulltext/EJ1044508.pdf
https://files.eric.ed.gov/fulltext/EJ1044508.pdf
https://doi.org/10.54656/CGNR5551
https://doi.org/10.1080/09500693.2010.551430
https://doi.org/10.1080/09500693.2010.551430
https://digitalcommons.calpoly.edu/cgi/viewcontent.cgi?article=1011&context=eth_fac
https://digitalcommons.calpoly.edu/cgi/viewcontent.cgi?article=1011&context=eth_fac
https://digitalcommons.calpoly.edu/cgi/viewcontent.cgi?article=1011&context=eth_fac
https://eric.ed.gov/?id=ED312308
https://doi.org/10.3102/00028312037001153
https://doi.org/10.1080/00958964.2021.1979451
https://doi.org/10.1080/00958964.2021.1979451
https://eric.ed.gov/?id=ED371047


NGSS Lead States. (2013). Next generation 
science standards: For states, by states. The National 
Academies Press. Retrieved on March 21, 2024, 
from https://www.nextgenscience.org/

Nicholson, E., Ryan, J., & Hodgkins, D. 
(2002). Community data: Where does the value 
lie? Assessing confidence limits of community 
collected water quality data. Water Science 
& Technology, 45(11), 193–200. https://doi.
org/10.2166/wst.2002.0395

Olitsky, S. (2007). Promoting student 
engagement in science: Interaction rituals and 
the pursuit of a community of practice. Journal of 
Research in Science Teaching, 44(1), 33–56. https://
doi.org/10.1002/tea.20128

Parrish, J.K., Jones, T., Burgess, H.K., He, 
Y., Fortson, L., & Cavalier, D. (2019). Hoping for 
optimality or designing for inclusion: Persistence, 
learning, and the social network of citizen science. 
Proceedings of the National Academy of Sciences, 
116(6), 1894–1901. https://doi.org/10.1073/
pnas.1807186115

Sheppard, S.A., & Terveen, L. (2011). Quality 
is a verb: The operationalization of data quality 
in a citizen science community. In WikiSym ’11: 
Proceedings of the 7th International Symposium on 
Wikis and Open Collaboration (pp. 29–38). https://
doi.org/10.1145/2038558.2038565

Sinatra, G.M., Heddy, B.C., & Lombardi, D. 
(2015). The challenges of defining and measuring 
student engagement in science. Educational 
Psychologist, 50(1), 1–13. https://doi.org/10.1080/
00461520.2014.1002924

Skinner, E.A., Kindermann, T.A., & Furrer, 
C.J. (2009). A motivational perspective on 
engagement and disaffection: Conceptualization 
and assessment of children’s behavioral and 
emotional participation in academic activities 
in the classroom. Educational and Psychological 
Measurement, 69(3), 493–525. https://doi.
org/10.1177/0013164408323233

Stilgoe, J., Lock, S.J., & Wilsdon, J. (2014). 
Why should we promote public engagement with 
science? Public Understanding of Science, 23(1), 
4–15. https://doi.org/10.1177/0963662513518154

Tinati, R., Van Kleek, M., Simperl, E., Luczak-
Rösch, M., Simpson, R., & Shadbolt, N. (2015, 
April). Designing for citizen data analysis: A cross-
sectional case study of a multi-domain citizen 
science platform. In CHI ’15: Proceedings of the 
33rd Annual ACM Conference on Human Factors 
in Computing Systems (pp. 4069–4078). https://doi.
org/10.1145/2702123.2702420

Vitone, T., Stofer, K., Steininger, M.S., Hulcr, 
J., Dunn, R., & Lucky, A. (2016). School of ants 
goes to college: Integrating citizen science into the 
general education classroom increases engagement 
with science. Journal of Science Communication, 
15(01), A03. https://doi.org/10.22323/2.15010203

Widder, E., Falls, B., Rohm, R., & Lloyd, C. 
(2014). Save the water babies: High school students 
as citizen scientists. Current: The Journal of Marine 
Education, 29(1). Retrieved on March 21, 2024, 
from  https://current-journal.com/20/volume/29/
issue/1 

Wildschut, D. (2017). The need for citizen 
science in the transition to a sustainable peer-
to-peer-society. Futures, 91, 46–52. https://doi.
org/10.1016/j.futures.2016.11.010

Zoellick, B., Nelson, S. J., & Schauffler, M. 
(2012). Participatory science and education: 
bringing both views into focus. Frontiers in Ecology 
and the Environment, 10(6), 310–313. https://doi.
org/10.1890/110277

Data Accessibility
The participants in this study did not give 

written consent for their data to be shared publicly, 
so the data are not publicly available.

Competing Interests
The authors have no competing interests to 

declare.

Author Contributions
The authors confirm contribution to the paper 

as follows: study conception and design, data 
collection: EB. Analysis and interpretation, draft 
manuscript conceptualization and preparation: 
EB, H-LL. Both authors reviewed the results and 
approved the final version of this manuscript.

Acknowledgements
We thank Ms. Amanda Myatt for her 

mentorship in the classroom and Dr. Angela 
Johnson for her encouragement and academic 
support for this project from inception through its 
first polished draft.

About the Authors
Elizabeth Brown is a doctoral student in science 

education at George Mason University. Hung-Ling 
Liu is an associate professor in the School of Sport, 
Recreation, and Tourism Management at George 
Mason University.

JCES Vol 16, No. 2 —JOURNAL OF COMMUNITY ENGAGEMENT AND SCHOLARSHIP—Page 14

https://www.nextgenscience.org/
https://doi.org/10.2166/wst.2002.0395
https://doi.org/10.2166/wst.2002.0395
https://doi.org/10.1002/tea.20128
https://doi.org/10.1002/tea.20128
https://doi.org/10.1073/pnas.1807186115
https://doi.org/10.1073/pnas.1807186115
https://doi.org/10.1145/2038558.2038565
https://doi.org/10.1145/2038558.2038565
https://doi.org/10.1080/00461520.2014.1002924
https://doi.org/10.1080/00461520.2014.1002924
https://doi.org/10.1177/0013164408323233
https://doi.org/10.1177/0013164408323233
https://doi.org/10.1177/0963662513518154
https://doi.org/10.1145/2702123.2702420
https://doi.org/10.1145/2702123.2702420
https://doi.org/10.22323/2.15010203
https://current-journal.com/20/volume/29/issue/1
https://current-journal.com/20/volume/29/issue/1
https://doi.org/10.1016/j.futures.2016.11.010
https://doi.org/10.1016/j.futures.2016.11.010
https://doi.org/10.1890/110277
https://doi.org/10.1890/110277

