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ABSTRACT: Secondary schools in Maine and New Hampshire have been involved in a citizen science program called
“All About Arsenic” aimed at addressing arsenic contamination of well water, one of the most pressing public health issues 
in both states. Nearly half of the population of Maine and New Hampshire derive their drinking water from private wells 
which often have arsenic levels above the EPA limit of 10 ppb. Arsenic exposure can cause cancer, adverse cardiovascular 
effects, and other health problems. Addressing this issue in schools provides context and motivation for students to engage 
in scientific inquiry and acquire data literacy skills. This project involves students collecting well water samples for arsenic 
analysis, entering their data into an online citizen science data portal, Anecdata, and using Tuva online software tools to vi-
sualize and interpret their data. Students present their data at public meetings to inform community members of their findings 
with the goal of moving “data to action”. The COVID-19 pandemic presented multiple challenges for teachers engaging 
their students in this citizen science project. We adapted our program and implemented a series of interventions aimed at 
supporting teachers in their continued efforts to engage their students the “All About Arsenic” project.

INTRODUCTION
MDI Biological Laboratory and Dartmouth College, 

in collaboration with multiple partners in Maine and New 
Hampshire, were finishing up year two of “Data to Action: 
A secondary school-based citizen science project to address 
arsenic contamination of well water,” a National Institute 
of General Medical Sciences (NIGMS) Science Education 
Partnership Award (SEPA) project, when the COVID-19 
pandemic forced schools to close in March 2020. Our lead-
ership team needed to quickly re-think how our project 
would culminate for the school year, pivot to online training 
for teachers to prepare them for the upcoming 2020-2021 
school year, and work with teachers to address their varying 
needs as schools moved to online or a mixture of in-person 
and online instruction. We retained our overall goal to cre-
ate a national active learning model of Science, Technology, 
Engineering and Math (STEM) education that engages stu-
dents as citizen scientists and provides them with the tools, 
skills and support to make sense of data so that their project 
results can inform actions at the local, regional, and even 
national levels. We adapted our program in a myriad of ways 

while continuing to focus on data literacy for students. Data 
literacy is essential for deriving meaning from the results of 
scientific inquiry; even before the pandemic, grappling with 
data was challenging and often a barrier to full engagement 
of students in inquiry-based learning. For our project, which 
we call “All About Arsenic”, maintaining a focus on data 
literacy is central to realizing the proposed outcomes for the 
project, which include positive long-term health impacts on 
the students and their communities.

BACKGROUND
The rationale for the “All About Arsenic” project is 

grounded in facts about arsenic contamination of well water 
in Maine and New Hampshire. Approximately half of the 
residents in these states depend on private wells for their 
water at home (New Hampshire Department of Health and 
Human Services and Nielson et al., 2010), and the number 
of people who are dependent on well water in rural areas is 
growing (Johnson et al., 2019) Often groundwater reserves 
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in these areas are contaminated with arsenic, in many cases 
far exceeding the EPA drinking water standard of 10 ppb, 
making exposure to arsenic an important public health issue 
in both states. Arsenic comes from geogenic sources; expo-
sure may be compounded by proximity to Superfund or oth-
er contaminated sites and/or agricultural areas with histori-
cal application of arsenical pesticides that can leach arsenic 
into the groundwater (Hughes et al., 2011). The underlying 
geology and agricultural history in New England provide 
context for Maine and New Hampshire students to engage 
in scientific inquiry and motivation for them to construct 
knowledge and meaning through the process of discovery. 
The following information is highly relevant for students in-
volved in the project: 

•	 Maine and New Hampshire have among the highest per 
capita reliance on private wells for drinking water in the 
U.S. at 56% and 40% respectively. 

•	 This represents approximately 725,000 individuals on 
private well water in Maine and 536,000 in New Hamp-
shire. 

•	 Private domestic wells are largely unregulated, and the 
burden is solely on homeowners to test their well water 
and mitigate any health hazards. 

•	 Commercial or state lab water testing is not commonly 
utilized by private well users in either Maine or New 
Hampshire and standard water quality assays in Maine 
do not test for arsenic. The vast majority of well owners 
are not aware of the arsenic problem or the level of arse-
nic in their water. 

These facts are especially problematic since numerous 
studies associate exposure to inorganic arsenic with negative 
health effects. Long term exposure to water with arsenic can 
cause numerous severe health problems, including: cancer 
of the bladder, lung, liver, prostate, and skin; diabetes; heart 
disease: reproductive and developmental problems; cardio-
vascular, pulmonary, immunological, neurological, repro-
ductive, and endocrine problems (Naujokas et al., 2013; 
Carlin et al., 2016). Arsenic exposure of fetuses and babies 
dramatically increases the risk of cancer and other diseases 
in adulthood (Farzan et al., 2013). Exposure has been asso-
ciated with adverse birth outcomes, such as reduced birth 
weight, in New Hampshire (Shi et al., 2015). Exposure to 
even low levels of arsenic have been shown to result in low-
er IQ in children in Maine (Wasserman et al., 2014). Blad-
der cancer rates in New Hampshire, Maine, and Vermont are 
20% higher than in the US overall (Baris et al., 2016). 

This information strikes home for students in Maine and 
New Hampshire and provides motivation for students par-
ticipating in our school-based citizen science project to fully 
engage in the scientific inquiry process. Studies show that 

when data have immediate relevance for students, they are 
more likely to expand their scientific inquiry skills (Erwin, 
2015) retain what they have learned, and apply it in new 
settings (Hasni et al., 2016). Data relevance contributes to 
data literacy and successful inquiry-based learning (Gebre, 
2018). Not surprisingly, engaging students in data collec-
tion projects that matter to their communities increases their 
interest and motivation to learn (Ramirez-Andreotta et al., 
2015). Motivation is one of several identified success factors 
for citizen science projects in water quality monitoring (San 
Llorente Capdevila et al., 2020). Another citizen science 
project involving undergraduate students in testing drinking 
water during the pandemic, found the quality of student-col-
lected data can meet quality control standards, even when 
students are from different academic backgrounds and pri-
marily working in remote environments (D’Alessio et al., 
2021).  

PROJECT OVERVIEW
The “All About Arsenic” project has a series of steps that 

begins with teacher training, partnering teachers with sci-
entists who can assist them with their projects, followed by 
introduction of students to the arsenic issue and engagement 
of students as citizen scientists in collecting well water sam-
ples for arsenic analysis (Figure 1). The culminating activity 

Figure 1. “All About Arsenic” project workflow that is embed-
ded in teacher curriculum.
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for the project involves outreach by teachers and students 
to their communities, sharing their findings and providing 
resources for mitigating arsenic in wells. Annually, project 
coordinators follow up with evaluation in the form of a year-
end survey and analysis of required case reports of teacher 
activities to inform project improvement. Project evaluators 
conduct annual interviews with teachers to assess progress 
toward project goals. 

Each teacher involved in the project embeds this citizen 
science initiative into their curriculum in different ways. 
Some are chemistry teachers who teach about arsenic in well 
water in the context of learning about elements and the pe-
riodic table. Others are biology teachers who engage their 
students in watershed monitoring. Teachers initiate these 
projects at different times of year depending on the other 
aspects of their curriculum. 

We were faced with several challenges in the spring of 
2020 when schools closed due to the COVID-19 pandemic. 
At that time, we had 14 schools in Maine and New Hampshire 
involved in the project. In the face of disruption of regular 
school life, as teachers and students moved to online teaching 
and learning, we wondered if the “All About Arsenic” project 
was going to retain relevance for students. Would the long-
term health impacts of arsenic exposure be overshadowed 
by the immediate potential health impacts of COVID-19? 
Would teachers be able to coordinate distribution of test kits 
and collection of well water samples from students given 
the constraints of remote teaching? Would students be able 
to grapple with data without in person support from their 
teachers?

COVID-19 ADAPTATIONS
Our strategy was first to help teachers finish out the cur-

rent school year, and second to work with teachers to plan 
new approaches to the project in the following school year. 
This required adding new project elements, adapting exist-
ing elements, and providing interventions where necessary. 
In spring 2020, we contacted and interviewed participating 
teachers who had not yet completed their projects to deter-
mine their immediate needs. We offered solutions to help 
each teacher achieve their end of the school year goals as 
outlined below. In summer 2020, we moved our annual 
training for teachers and scientist partners online with a fo-
cus on how to initiate projects in the upcoming school year. 
We created a curriculum development module to help teach-
ers articulate goals and plan activities that could be initiated 
remotely or in-person. For the 2020-2021 school year, we in-
troduced weekly office hours with teachers so that we could 
continue to discuss ways to adapt the program as new con-
cerns arose. As part of program evaluation, we conducted 
focus groups with teachers and scientist partners rather than 
individual interviews, out of respect for time constraints and 

because of the perceived need to provide opportunities for 
teachers and partners to connect. We worked collaboratively 
with teachers to develop alternatives to public meetings for 
community outreach. These adaptations, described below, 
have helped teachers motivate students, keep them engaged 
in their science education, and facilitated outreach to com-
munities despite the challenges of distanced teaching and 
learning during a global pandemic. 

First Steps when Schools Closed. Our first objective was 
to contact each of twelve teachers who had not already com-
pleted their project for the 2019-2020 school year to have 
a conversation about where they were in the workflow and 
what we could do to help them wrap up their projects for the 
school year. Common themes running throughout these con-
versations included: reduced access to classroom resources, 
cancellation of planned activities, concerns about how to 
accomplish planned and required tasks with reduced time 
with students, and a potential lack of focus by both students 
and communities on any non-COVID-19 topics and health 
concerns. Fortunately, most teachers had already engaged 
their students in collecting well water and had received their 
well water test results, with two teachers fully completing 
the project during the fall 2019 semester. What remained for 
the others was the required community outreach piece. In 
the past, most teachers and students hosted in-person com-
munity meetings or outreach efforts in their communities. 
Scheduled outreach activities, for example, with the Pelham, 
New Hampshire select board or the Hinsdale, New Hamp-
shire school board, were cancelled due to the pandemic. As 
in-person outreach efforts were now impossible, teachers 
were challenged to re-think how to engage their students in 
activities supporting the project’s “data to action” goals. We 
helped teachers in the following ways: 

•	 We provided a list of alternative outreach options that 
teachers could employ in place of community meet-
ings. These included producing outreach materials to be 
shared via school newsletters or websites. 

•	 For teachers who did not have time to help students pre-
pare and distribute materials, we prepared materials for 
them for distribution to communities by teachers and/or 
students (Figure 2).

•	 We offered to be the audience for student outreach ef-
forts. We attended two virtual presentations by students 
on their classroom projects in spring 2020. 

With support from the project coordinators, all participat-
ing teachers who had not yet completed the project (as out-
lined in Figure 1) at the switch to remote learning in March 
2020, were able to complete their projects with modified 
community outreach and engagement activities by the end of 
the 2020 school year. In fact, one teacher even commented 
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that she was “amazed at the projects students came up with” 
during virtual classrooms, and indicated that the resources 
provided as part of the “All About Arsenic” project kept her 
students engaged.

Despite the relative success of the program’s immediate 
response to COVID-19 induced changes in classroom envi-
ronments and schedules, we knew that larger programmatic 
shifts were also needed to continue supporting teachers in the 
participation and completion of project activities throughout 
the following 2020-2021 school year. Given the uncertainty 
of what school would look like the next year, we utilized 
feedback from participating teachers during spring 2020 to 
focus our efforts on four main areas: preparation for the up-
coming year through a transition to online training; main-
taining “face-to-face” online connections between teachers, 
scientist partners, and program coordinators; bolstering ac-
cessible lessons to facilitate use of online data exploration 
tools; and continuing to expand and support alternatives to 
public meetings for the required community outreach. 

Transition to Online Teacher and Scientist Partner 
Training. Each year, teachers participate in our week-
long workshop, the DataLit Institute. During the institute, 
we update teachers on the current state of understanding 
of arsenic impacts on human health, share the findings of 
collaborating researchers who are studying well water and 
arsenic, introduce new resources we have developed, and 
provide opportunities to learn about hands-on activities for 
classrooms. The DataLit Institute also provides opportunities 
for teachers to meet with each other, talk about curriculum, 
exchange ideas, and build collaborations, including with 
their scientist partners. Transitioning these activities to an 
online environment presented challenges that we were able 
to address by drawing on the expertise of multiple project 
partners, re-thinking priorities, developing tools to guide 

teachers through activities, providing time for teachers to 
work in small breakout groups, and working with teachers 
to plan for varying remote teaching and learning scenarios 
in the upcoming school year. A major change from previous 
iterations of the DataLit Institute was the incorporation of 
dedicated time to design and discuss their curriculum plans 
(Figure 3). The 2020 DataLit Institute had sixteen teacher 
participants, four of whom were new to the program. They 
were joined by twelve scientist partners, five of whom were 
also new to the program. Even in a pandemic year, we had 
new interest in the project with additional teachers and 
scientist partners willing to get involved. 

One of the tools that we implemented was an individu-
al curriculum development planning process in the form of 
an Excel workbook. Our tool was adapted from one used 
in training sessions for Entering Research, a customizable 
curriculum for undergraduate and graduate research training 
(Branchaw et al, 2020). This individual curriculum devel-
opment planning process uses an Understanding by Design 
(UbD) framework to guide development of curricula (Wig-
gins and McTighe, 2005). The UbD framework is particu-
larly relevant for developing citizen science initiatives in 
classrooms because it has the aim of focusing curriculum 
and teaching on the development of student understanding 
and ability to apply what they learn in new contexts. In this 
framework, the learning objectives are defined first, then 
learning activities are selected to support achievement of the 
learning objectives, and finally, assessment strategies are de-
fined to measure progress. The workbook that we designed 
consisted of multiple worksheets, each dedicated to a differ-
ent step in the curriculum development process. 

Step 1: Identification and Prioritization of Student Learn-
ing Objectives
Step 2: Implementation Planning: Identification of Oppor-
tunities and Challenges

Figure 2. Example of outreach materials we prepared for 
teachers who needed support with community outreach in 2020. 
We used this template to display data relevant to their state and 
school community. We inserted classroom data into a compar-
ison table and included a state map with approximate locations 
of tested wells above and below the New Hampshire maximum 
contaminant level of 5 ppb.

Figure 3. The 2020 DataLit Institute was held online in a 
virtual format. The 5-day schedule facilitated whole and small 
group work in breakout sessions. Lectures by experts provided 
opportunity for in depth content for teachers. Teachers built out 
their curriculum in evening homework assignments that were 
discussed in breakout groups the following day.
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These office hours also allowed us to remotely introduce 
new project partners and provide demonstrations of some of 
the tools (e.g. Data Literacy Modules, Civic Action Toolkit) 
discussed further below. 

One challenge of the office hour format was that not all 
teachers could attend all sessions. While recordings were ac-
cessible after the fact, the valued virtual interaction was lost. 
Nonetheless, of fourteen teachers who participated in our 
annual end-of-school year survey in April 2021, over half 
reported that the office hour sessions were somewhat to very 
helpful. From this, we conclude that these sessions are worth 
continuing post-pandemic to maintain connections between 
project coordinators, teachers, and scientist partners beyond 
the annual DataLit Institute.

In addition, our external evaluators took advantage of the 
dedicated time for office hours to host two end-of-school 
year focus sessions, to garner feedback for evaluation and 
grant reporting. The end-of-year focus sessions with the 
teachers explored the following questions:

1.	 What project-related activities did you use in your cur-
riculum to help students strengthen data literacy? What 
were your greatest frustrations and successes?

2.	 What project-related activities did you use to improve 
public health awareness and action about arsenic in 
drinking water? What were your greatest frustrations 
and successes?

3.	 What modifications did you have to make to your proj-
ect-related activities due to the pandemic? How did it 
turn out? What lessons were learned? What things will 
you continue to do moving forward?

4.	 What are your reflections on the how the “All About 
Arsenic” project fit into your classroom curriculum this 
year? 

What emerged in discussion of these questions during the 
focus sessions was the frustration of teachers trying to im-
plement this project, as well as anything else during the pan-

Step 3: Learning Activities Aligned with Prioritized 
Student Learning Objectives
Step 4: Assessment Tools Aligned with Prioritized Student 
Learning Objectives
Step 5: Synthesis Grid for Steps 1-4
Step 6: Implementation Timeline (Schedule)
Step 7: Case Study Development

The steps were combined in a synthesis grid and teachers 
then put their project activities on a timeline. Written case 
study reports are a requirement for teachers at the culmina-
tion of each school year. We added a worksheet with a case 
study template for teachers to begin planning their case stud-
ies in advance and to support their case study development 
during the school year. Teachers were asked to develop one 
step in their individual curriculum plan each night during the 
DataLit Institute. The workbooks were kept in a shared fold-
er on a Google Drive to enable viewing by all participants 
and DataLit Institute facilitators.

In the end of the school year survey, when asked which 
adaptations of the program were helpful, one teacher report-
ed: “This school year was extremely busy so having a curric-
ulum already made was so helpful! I would constantly look 
back to see what I could incorporate and when to do it.”

One additional outcome following discussion during the 
DataLit Institute was teachers’ increased commitment to col-
lect samples during the fall, even if their students would not 
be working with the data until the spring term. Of the sixteen 
participating schools, most submitted their samples in the 
fall, and all had collected and submitted water samples for 
analysis by the end of the 2020-2021 school year.

Introduction of Thematic Office Hours to Revisit Topics 
and Reinforce Learning. Feedback during and following 
the online DataLit Institute indicated an overwhelming pos-
itive response to the breakout groups allowing teachers and 
their scientist partners to talk to each other and share what 
has worked and did not work well in their respective class-
rooms. In the post-workshop survey, new teachers reported 
that working with experienced teachers who had participat-
ed in the project for multiple years was helpful. To main-
tain and promote this positive interaction in an online for-
mat, we instituted “office hours” hosted via Zoom. Over the 
course of the 2020-2021 school year, we hosted 12 sessions 
with themes ranging from how to use new/updated online 
resources to general discussions of expanded outreach op-
tions (Figure 4). Office hours featured a short presentation 
or demonstration by program coordinators, teachers, or sci-
entist partners followed by time for participants to engage 
in discussion about the focus topic, or bring up challenges 
or successes they were currently experiencing in the project 
and receive real time feedback and support from the group. 

Figure 4. Office hour topics color coded by theme.
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demic. As one teacher put it, “For me, everything was hard 
this year. I only see my students in person once a week.”  
Another said, “I am literally this week catching my breath 
from this entire year. Since the beginning of the year, it has 
just been really difficult, trying to figure out all the technol-
ogy of how to even survive as a teacher.”

Almost all the teachers spoke about the ways that the 
disruption and uncertainty caused by the pandemic made it 
difficult to manage the scheduling required to do the analysis 
of the well water data once it was available. This was even 
more challenging in the many schools that decided to com-
press what had been full year classes into a single semester. 
“During the first semester, my chemistry and my outdoor 
science students sampled their wells, but we got our results 
back just before Christmas. And then we went remote right 
after Christmas and then the semester was over.”

For teachers with many students learning remotely, 
the logistics of getting sample collection containers out to 
households, and getting samples back was difficult. “The 
paperwork on the samples was problematic. Last year, we 
took a day for students to enter all their sample information 
[into the citizen science website, Anecdata.org] at school. 
This time it was a nightmare because there were students 
who had missed [entering] information [from home].”

Despite these types of challenges, teachers reported that 
the program was essential to finding success in their class-
rooms during this pandemic year. One teacher stated: “Stu-
dents have gone through the process of writing a method and 
doing some research…. So, you know, it’s valuable.”  An-
other said, “The Arsenic project is great, and it’s looped me 
into my data, but I’m trying to get it to fit in with everything 
else. And what was fascinating this year was I didn’t give a 
final exam for this course. What I did was I took all the stuff 
that we’ve been doing through the year’s data analysis and 
combined it into a climate activity that they had to do, but I 
threw in the Tuva [data literacy software] with it. And it was 
a lot of [information and skills] they had learned from the 
arsenic data analysis that we were using with other [units 
of study]. So, I was really pleased with how this project had 
tied into my whole curriculum that way.”

A few teachers decided to focus even more on the project 
this year than in the past. “In the middle school curriculum, 
it fits really nicely. I’ve actually spent more time this year 
than I have in the past with this. I gave up another unit to 
do this project because we’re doing an introduction to 
chemistry. We’re talking about periodic tables, so the kids 
did a lot of research on that. And this year I just had them 
research the elements that we’d be finding in our well water 
results. I liked it a lot. It worked out for me as a middle 
school teacher.”

Development of Data Literacy Modules. An integral as-
pect of the All About Arsenic project is the use of Tuva, an 

online graphing and data literacy software, to explore the 
growing well water data set, learn how to make graphs, 
examine relationships, and communicate findings. When 
schools switched to distance learning in spring 2020, one 
teacher expressed that they could not utilize this tool with 
their students without being able to work with them in-per-
son. Teachers who had used it previously said they felt it 
was extremely beneficial for their students, yet post-work-
shop survey results from the summer 2020 DataLit Institute 
indicated that there was not enough time to explore all the 
various capabilities of Tuva within the format of the online 
workshop. 

Therefore, later in the summer of 2020, program coordi-
nators worked with a data literacy consultant from Tuva and 
a participating middle school teacher to develop new Data 
Literacy Modules to help provide a scaffold for learning and 
support teachers in helping their students develop data lit-
eracy skills. The effect of this added support was evident in 
teacher’s descriptions of their data literacy activities during 
the evaluation focus sessions described above. Although in 
previous years we have noted that teacher’s lack of familiar-
ity and comfort in working with and teaching about data is 
sometimes an impediment to their helping students devel-
oping data literacy skills, we noted that there were changes 
in teachers who have been with the program for more than 
one year. This is consistent with research studies that suggest 
that the process of acquiring basic data literacy pedagogical 
content knowledge extends over a number of years (Ben-Zvi 
and Garfield, 2004; Zieffler and Fry, 2015).

To enable teachers and students in using Tuva in both 
classroom and distance learning settings, we designed five 
Data Literacy Modules, online lessons with instructional 
videos all centered around existing data sets in Tuva. These 
lessons were designed to help students explore the basic 
functionality of Tuva, ask meaningful questions, choose 
graphs that help them answer their questions, and deal with 
data variability with some basic statistical analyses:

Lesson 1: Asking questions and choosing graph types
Lesson 2: Simplifying data to focus on a specific question
Lesson 3: Making comparisons between datasets 
Lesson 4: Exploring ways to visualize data to tell data sup-
ported stories
Lesson 5: How sure can you be? Using basic statistics to 
support conclusions

Over 70% (13/14) teachers who responded to the end-
of-year survey found the data literacy modules and videos 
somewhat to very helpful. Written comments from teachers 
indicated that Tuva was an extremely helpful platform during 
distance learning, but did not elucidate the extent to which 
teachers integrated these new data modules into their curric-
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ula. When asked what data literacy tools and supports were 
most effective, teachers offered the following comments: 

•	 “The website and archives of past materials are very 
helpful. Also, Tuva is great.”

•	 “The instruction videos and modules.”
•	 “The students have loved using Tuva in terms of creat-

ing their own graphs for our area.”
•	 “Tuva and the ‘All About Arsenic’ web site have been 

most helpful.”

Introduction of StoryMap as a Curriculum and Outreach 
Support. The ArcGIS StoryMap is a new, interactive online 
tool that has multiple applications in teacher training (Lee, 
2020), education (Dickinson and Telford, 2020), and public 
outreach (Malkowski and Klenke 2020). As GIS technology 
has become a huge part of the daily experience of people us-
ing smart phones, navigation software, and viewing satellite 
imagery through software such as Google Earth, it seemed 
like both a timely and accessible way to build spatial data 
visualization and interpretation skill-building into curricular 
resources for middle school, high school, and college level 
students. StoryMaps are designed to be self-guided, provid-
ing a way for users to interact with spatial data on their own, 
so it can serve as a homework assignment, in class activity, 
or even be featured as part of a lecture. We envisioned our 
teachers using it as both a resource for themselves to build 
their own content knowledge and spatial skills and also to 
use as a tool to enhance their curricular offerings. In addi-
tion, there are emerging examples of StoryMaps being used 
as public engagement tools where they can serve as online 
digital storytelling platforms centered on sharing datasets in 
a narrative framework (Howland and Liss, 2020). Therefore, 
we saw development of a StoryMap for the “All About Ar-
senic” project as a way to support teacher and student efforts 
to share information with their communities.

We had developed the first iteration of the “All About 
Arsenic” StoryMap before the pandemic started. It featured 
only a map with many different interactive layers and some 
information about the geologic history of the Mount Desert 
Island, ME region. We focused on this first because there 
was very little geoscience built into the “All About Arse-
nic” project at the start, as the focus was mainly on raising 
awareness of arsenic as a public health issue and building 
data literacy. GIS techniques that enable layering of different 
spatial datasets enables practice with spatial and temporal 
data visualization and literacy. So, through this initial effort, 
we hoped to both provide geoscience content connected to 
the broader “All About Arsenic” project, but also to provide 
a platform for additional data literacy practice.

The initial feedback from teachers (first in breakout 
groups during the 2020 DataLit Institute and then in the fol-

low-up office hours during the school year) indicated their 
interest in our:

1.	 building out the StoryMap to include data layers and 
site-based content from Maine and New Hampshire

2.	 adding more content information beyond the geologic 
history—to include hydrology and policy information as 
well.

3.	 including information for how to use the StoryMap and 
how it is connected to the “All About Arsenic” project.

We addressed teacher feedback by expanding the Story-
Map content and functionality during the 2020-2021 school 
year. We also made the StoryMap easily accessible on the 
project website (“All About Arsenic”, 2021). We expanded 
the StoryMap to include a “Generalized Geology of New 
England” section to address #1 above, and are currently 
working to expand the New Hampshire-specific material. 
We added hydrology and policy content that continues to be 
updated to address #2. The hydrology content will connect to 
a dataset featuring regional USGS streamgage and ground-
water well data for teachers to use with their students to dis-
cuss the water cycle, seasonality of groundwater changes, 
and other related topics. The policy content will provide a 
historical timeline connected to our new “Data to Action” 
toolkit (described below), enabling teachers to engage their 
students in civic action around the topic of drinking water 
quality. To address #3, we added a welcome page that fea-
tures some information about the history of the “All About 
Arsenic” project and provided links to the project website.

We decided to make specific examples of how the teach-
ers could use the spatial data and other information on the 
StoryMap with their students. We have begun to make exam-
ple lessons that are ready to go. Teachers can assign them as 
homework or use them in their classroom as a group activity 
or discussion. So far, we have produced two examples: Ex-
ample 1 focuses on the spatial distribution of contaminants 
in drinking water and testing behavior; example 2 focuses on 
the connection between geologic and human processes and 
drinking water quality. In both examples, students are asked 
questions and then guided through how to use the maps and 
other visualizations (graphs, figures, etc.) to generate ideas 
or answers to the questions. Both examples end with synthe-
sizing questions and opportunities for further study. 

We plan to add at least two more example activities, one 
on the hydrology and one on the policy content. One issue 
is that some of the maps take a while to load on different 
browsers. Given the different connectivity/accessibility 
of the students, we are working with a GIS technician to 
simplify the maps dataset to enable faster loading.  

Over 50% (8/14) teachers who responded to the end-of-
year survey found the StoryMap somewhat to very helpful. 
However, 36% (5/14) responded “not applicable”, indicating 
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they did not use the StoryMap in their curriculum. We antic-
ipate that new features, improved map loading speed, and 
associated curriculum will make the StoryMap more useful 
and widely adopted as a project support tool.

Community Outreach Adaptations. During the pandemic, 
one of the largest challenges for teachers was how to 
engage their students in the required community outreach. 
Therefore, project coordinators expanded their focus this 
year from strengthening teacher data literacy skills to 
supporting other aspects of their curriculum, such as science 
communication and translating “data to action”. Community 
outreach adaptations took multiple forms and encouraged 
engagement and communication not just with students’ local 
geographic community, but with the broader “All About 
Arsenic” community, and aimed to facilitate the translation 
of outreach and communication skills beyond arsenic. Our 
hope is that students will be able to utilize aspects of the 
data interpretation, communication, presentation, and civic 
action learned during community outreach regarding well 
water contamination beyond the science classroom. For 
example, the “Data to Action” toolkit can be utilized for any 
topic a student is passionate about, regardless of whether it 
involves environmental science or public health. Similarly, 
the ability to discuss the interpretation of patterns and 
numbers is applicable outside of a school assignment.  

Mini-symposia. At the 2020 DataLit Institute, teachers dis-
cussed the idea of sharing information between schools. Be-
cause students were meeting virtually with their teachers, 
the opportunity for multiple schools to meet and exchange 
information was possible. We supported teachers and stu-
dents in the development of mini-symposia between schools 
to encourage information exchange and data dissemination. 
A science communication graduate student from the Univer-
sity of Maine hosted two office hour sessions on developing 
online symposia and communicating with general audiences 
to help teachers and students prepare. Two mini-symposia 
took place during the 2020-2021 school year, one between 
Bow and Kearsarge high schools in New Hampshire and an-
other between Conners Emerson and Mt. Desert Elementary 
middle schools in Maine. The end-of-year survey was imple-
mented before these events took place, but teachers reported 
that planning for the mini-symposia by engaging in conver-
sations about science communication for general audiences 
was helpful.

“Data to Action” Toolkit. Also, at the 2020 DataLit Institute, 
teachers indicated an interest in engaging their students in 
advocacy work as a way to disseminate information about 
their project and effect change in their communities. After 
the training, we conducted a survey to assess teacher interest 
in development of a toolkit, how they would want to im-

plement the toolkit (on their own or with in-classroom sup-
port), and when they would like to get started. Ten teachers 
responded to the survey, eight indicated interest in pursuing 
this mode of outreach with their students, and we followed 
up with each of them during the school year. We worked 
with a community group focused on removing toxic con-
taminants from the environment called Defend Our Health 
and a College of the Atlantic undergraduate to develop a 
“Data to Action” toolkit on our “All About Arsenic” website 
(https://www.allaboutarsenic.org/data-to-action-toolkit/). It 
provides resources, templates, and links to information on: 

•	 How to talk about science with anyone
•	 Who are your legislators?
•	 How to know what to say when you write to your leg-

islators
•	 How to know what to say when you call your legislators
•	 How to submit an Op-Ed
•	 How to write a letter to the editor
•	 How to get organized to take action 
•	 How to take action

Teachers and their scientist partners were introduced to 
the toolkit in one of the scheduled office hour sessions. Then 
later, teachers and scientist partners learned about proposed 
legislation in Maine in a follow-up office hour session. L.D. 
1570, “An Act To Protect Drinking Water for Maine Res-
idents”, is a bill that requires landlords to test well water 
for arsenic and other contaminants and disclose the results 
to prospective and current tenants, requires that the state 
provide free well water testing to low-income families, and 
lowers the maximum contaminant level (MCL) for arsenic 
in drinking water. 

Teachers were offered the opportunity for virtual class-
room visits with a representative of Defend Our Health and a 
College of the Atlantic undergraduate to learn the history of 
arsenic contamination of well water and efforts to mitigate ef-
fects on public health (Figure 5), principles of advocacy and 
direct action organizing, and to gain more information about 
L.D. 1570. Three teachers invited these representatives to 
visit their classrooms; during the visit, students learned the 
difference between advocating for something on behalf of 
others, like legislation, and direct action organizing, which, 
in terms of this project, would involve getting others to test 
their wells for arsenic or to advocate for legislation. These 
classroom sessions included an activity where students were 
asked to write down three to five main talking points that 
they would like to share with other people who don’t know 
anything about arsenic. These three teachers found the class-
room visits helpful. In follow-up emails, they expressed ap-
preciation, praised the organization of the presentation, and 
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reported that students were excited to support L.D. 1570 
based on their own data.

Five teachers provided opportunity for their students 
to share their insights and opinions with legislators. Two 
schools sent written testimony to the Maine Health and Hu-
man Services Committee that was considering the bill; stu-
dents from another school made a recording to share with 
committee members and legislators; and other teachers pro-
vided their students with opportunities to write letters to the 
editor of their local newspapers. One teacher met virtually 
with the local deputy code enforcement officer to discuss 
student participation in a town-wide effort to get all wells 
tested and is planning to engage students in direct action in 
fall 2021.

Nearly all (13/14) teachers responding to the end of year 
survey found the introduction to advocacy principles and the 
“Data to Action” toolkit on the “All About Arsenic” website 
to be somewhat to very helpful in engaging their students in 
these civic action types of outreach activities.  

Scientist Partner Involvement. During the pandemic, re-
lationships between scientist partners and teachers took 
new forms. Unlike prior years when scientist partners and 
in some cases, their undergraduate students could visit the 
teacher’s classroom to give a talk, support data analysis, 
have their undergraduates share their experiences and sci-
entific projects, or support the planning process for outreach 

such as the community meeting, those types of in-person in-
teractions were not possible in the 2020-2021 school year. In 
addition, both scientist partners and teachers were stretched 
for time to plan ways to adapt or modify outreach efforts. 
However, some unique opportunities presented themselves 
and teachers and scientist partners took advantage of these 
opportunities to share their findings with wider audiences.

Two teacher-scientist partner teams (Kearsarge High 
School and Colby Sawyer College in New Hampshire and 
Waterville High School and University of Maine at Augusta) 
co-presented their projects in a special session on arsenic 
in well water at the Maine Sustainability and Water Con-
ference (MSWC) in March 2021. Preparation for the con-
ference provided an important focus for their collaboration 
this year and sparked conversation among one pair where 
there previously had not been communication. We think of 
the presentations as boundary objects, or objects that sit at 
the boundary of two or more unique groups and which the 
groups collaboratively develop (Cash et al., 2003). Boundary 
objects facilitate knowledge sharing and improve communi-
cation (McGreavy et al., 2013). The MSWC presentations as 
boundary objects helped support and strengthen teacher-sci-
entist partner team collaborations, partly by providing those 
groups with a shared purpose and partly by encouraging 
communication that strengthened their shared understanding 
of their work.

In another example, a scientist partner at Keene State Col-

Figure 5. Timeline of arsenic related events in both Maine and New Hampshire. Creation of a “Data to Action” toolkit to support 
teacher and student work in advocacy and direct action in response to proposed legislation in Maine were key project events during the 
COVID-19 pandemic. 
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lege invited students from her partner school to participate in 
a panel discussion at the Keene State Academic Excellence 
conference. Students from Bow High School presented work 
they had done on bioassays to an audience that included the 
Keene State College campus community and invited friends 
and family.

Other Outreach Adaptations. In previous years, poster ses-
sions at science fairs and public meetings were the prima-
ry community outreach activities, all aimed at sharing well 
water data and increasing awareness of arsenic as a public 
health issue. The pandemic was one factor that pushed some 
teachers toward new ways of thinking about how to translate 
“data to action.” Some of the additional outreach activities 
by teachers and students during the COVID-19 pandemic 
include: 

•	 Collecting additional samples from well owners in their 
community as an outreach component of their classroom 
curriculum.

•	 Contacting a local pediatrician to share information 
about the neurological impact on children exposed to 
arsenic in well water, providing test kits for distribution 
by the pediatrician to new parents and producing 
outreach materials to share with parents when well water 
test results came in. 

•	 Analyzing multiple years of data with students to look 
at trends and reporting the information to their Board of 
Selectmen.

OVERALL OUTCOMES
Despite the pandemic, sixteen teachers worked with sci-

entist-partners and engaged a total of 948 students in the 
“All About Arsenic” citizen science project during the 2020-
2021 school year. They were able to collect a total of 518 
water samples bringing the total dataset for the SEPA project 
to 1,893 samples (Figure 6). Schools were able to collect 
similar numbers of samples during the pandemic as they did 
in previous years. In Maine, there were 34 households with 
well water exceeding 5 ppb arsenic and in New Hampshire, 
there were 48 households with well water exceeding 5 ppb 
arsenic. All of the well owners were notified and provided 
with resources to address the elevated levels of arsenic in 
their well water. Because teachers persisted and students 
were engaged, a total of 82 families may be spared the health 
consequences of long term exposure to arsenic in their well 
water. 

At the same time, teachers and students had opportunities 
to engage more deeply with the well water dataset, given the 
added supports for data exploration implemented this school 
year. Teachers and students had opportunities to communi-

cate with broad audiences even though they could not be 
together with community members in person. Relationships 
between teachers and scientist partners were deepened by 
combining their training at the DataLit Institute, introducing 
office hours for everyone, and providing unique opportuni-
ties to work together (such as the Maine Water and Sustain-
ability Conference). 

Most, if not all, of the COVID-19 adaptations and 
interventions were project improvements and will be 
maintained after the pandemic is over. Now that we are all 
adept at using conferencing software, we will meet more 
often outside of the DataLit Institute. Office hours will 
become a consistent and integral part of the project, allowing 
teachers and scientist partners from across two states to 
regularly meet and exchange information and learn new 
things together and from each other. 

Evaluative Survey Results. The year-end evaluation 
survey with questions specific to COVID-19 adaptations 
of the “All About Arsenic” project helped to provide an 
overall picture of what strategies most helped teachers 
during the 2020-2021 school year. When asked explicitly 

Figure 6. Map of well water sample locations demonstrates the 
scope of the sampling effort by schools during the COVID-19 
pandemic.
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how helpful each of the COVID-19 adaptations were, most 
of the responses were positive (Figure 7). The adaptations 
that seemed the most helpful to the most teachers include 
the curriculum development process created for the DataLit 
Institute in 2020, the “Data to Action” toolkit that helped 
teachers involve their students in civic action, the addition 
of thematic office hours during the school year, and the new 
data literacy lessons for scaffolding student learning. These 
are all strategies that we will continue to implement and 
tools we will continue to use post-pandemic. Where large 
numbers of teachers indicated “not applicable”, such as 
office hours and mini-symposia planning, for example, we 
see the need to provide flexible and/or multiple offerings to 
accommodate teacher schedules and interests. In terms of 
the StoryMap, we see a need for more specific instruction 
on how to use the StoryMap and integrate its capabilities 
and resources into classroom curricula, a process we have 
already begun to implement as discussed above. 

Another series of questions on the end of year survey dealt 
with teacher impressions of student aspirations and attitudes 
toward science (Figure 8). They were asked to assess the 
degree to which they agreed with six different statements 
on a Likert scale ranging from strongly agree to strongly 
disagree on a 5 point scale. We asked the same series of 
questions toward the end of the 2019-2020 school year as 
we did at the end of the 2020-2021 school year. There was a 
slight drop in the weighted average across questions, except 
in response to the statement about students disliking science. 
That response had an increased weighted average, which is 
consistent with the other responses in that it indicates that 
students’ interest in science decreased during the pandemic. 

It is not possible to draw firm conclusions since these 
responses represent the feedback of 9 teachers in 2020 and 
14 teachers in 2021 and not all the same teachers may have 
participated in the surveys. Also, the teachers were not 
reporting on the same students in the two years. However, 
these responses suggest that, in an environment of remote 
learning during a pandemic, students’ engagement with 
science diminished to some extent. We do not see this as a 
reflection of the program, but because of students not being 
able to engage directly, hands-on, with science. We will see 
whether that turns around during the next school year. We 
find it encouraging that student aspirations and attitudes 
about science did not plummet during the pandemic. One 
might have anticipated a larger drop in aspirations and 
change in attitude in such a challenging pandemic year, 
with disruption of school schedules and worry about health 
and well-being, but all responses remained on the positive 
side of neutral, in particular with regard to engagement of 
students in classroom activities.

DISCUSSION
There were multiple lessons learned when implementing 

a school-based citizen science project during a pandemic. 
We recognized from conversations with teachers early in the 
pandemic that we would need a variety of approaches to help 
teachers and students achieve project goals. There was no 
one overarching solution to the challenges posed by working 
with students in a remote environment during a world-wide 
crisis that had negative impacts on public health, local and 
regional economies, family food and housing security, and 
more. It was fortunate that we had the DataLit Institute on 
the calendar for June of 2020. By transitioning to a virtual 
training experience, we were able to shore up teacher and 
scientist partner relationships and provide opportunities 
for teachers to brainstorm and work together on solutions. 

Figure 7. Proportion of teachers responding to the question 
“How helpful were the following adaptations or interventions for 
the “All About Arsenic” program?” There were 14 respondents in 
total.

Figure 8. Teacher perception of student aspirations and attitudes 
at the start and the end of the COVID-19 pandemic. A higher 
number indicates a more positive response (i.e. 5=strongly agree).
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During the institute, teachers came up with some great ideas. 
These included meeting more often with project coordinators 
and scientist partners than they had in the past, to carry the 
experience of working together forward into the next school 
year. They knew that they would be challenged to share their 
results with communities just as they had been in the spring 
of 2020. They suggested getting their students together 
to share findings among schools in the format of “mini-
symposia”. Teachers knew that strengthening relationships in 
the “All About Arsenic” community would help to lessen the 
isolating effects of working remotely during a pandemic. All 
of these activities and efforts have set the stage for moving 
forward with this project. Every adaptation or intervention 
in the program will be maintained even as schools begin to 
open up and we transition back to in-person learning in our 
schools. 

Remaining Challenges and Next Steps. The “All About 
Arsenic” program provides many different options for teach-
ers and it can be challenging for them to decide what to pri-
oritize and to avoid becoming overwhelmed. There are many 
ways the data can be utilized, and the complexity of the well 
water dataset increases with each passing year. Time man-
agement, whether in remote, hybrid, or in-person learning 
environments, is a continuing challenge in this project, and 
some teachers have expressed the worry that they are not 
meeting programmatic goals by not exploring every option 
or resource available to them. We note from teachers’ quar-
terly reports that, even in a non-pandemic year, they are not 
always able to implement everything they plan at the start 
of the school year. Some of our project adaptations not only 
helped teachers to successfully engage their students in the 
“All About Arsenic” project during the pandemic, but will 
help to address these challenges in the future. In particular: 
1. The independent curriculum planning tool will be mod-
ified to help teachers target those aspects of the programs 
that most meet their curriculum needs and goals. 2. We will 
continue to refine the data literacy modules to help teachers 
focus on essential skills. 3. We have begun to break down 
the well water dataset into smaller manageable pieces for 
teachers so that they do not need to take it all on at once. 
The pandemic has taught us to slow down and do what is 
possible, focusing on what is most important. The improved 
relationships among teachers and between teachers and their 
scientist partners, made possible through more frequent on-
line meetings, is a valuable outcome that should help teach-
ers meet challenges now and in the future. 
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