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Abstract: The lack of readily available sources of potable water is major problem in many parts of
the world. This project engaged high school (HS) students in authentic and meaningful science
and engineering activities to teach them about the lack and poor quality of potable water in many
regions and how they can be addressed through the use of point of use (POU) treatments, such as
biosand filters (BSFs). The HS students’ activities paralleled those of USF students, including research
question development and BSF design, construction, operation, and monitoring. An ethnographic
approach was utilized by incorporating participant observation, collection and review of artifacts,
and interviews. It was found that the project’s focus on the need to provide potable water in the
developing world provided authenticity and meaningfulness to the HS students, which encouraged
their participation in activities and the learning of science and engineering practices. The HS
students reported an awareness of the differences between this project and their regular science
classes. The project had a positive impact on their perceptions of themselves as scientists and their
interest in STEM careers. The HS students’ results were useful to the university-based research. In
addition, the USF students gained teaching experience while investigating research questions in a
low-stakes environment.

Keywords: science research; engineering research; science education; science and engineering
practices; biosand filters

1. Introduction

Middle and high school science curricula in the United States (US) and elsewhere often
include topics related to the availability and quality of water for human use. In addition,
numerous projects have been funded to develop new curricular materials and for the study
of a variety of methods to engage students in learning about water issues [1-3]. A challenge
to educating young people about water issues is that much of school science has been
described as abstract, difficult to learn, and unrelated to application in daily lives [4-8]. For
example, when water-related subjects are integrated into the science curricula, learners are
often detached from the real environment due to the lack of field experiences, limited or no
connection with real-world problems, and lack of incorporation of science and engineering
practice into school activities [9-15].

In our study we engaged HS students in authentic science and engineering activities
that permitted them to learn scientific principles while participating in research in a
manner that was similar to how scientists and engineers conduct research [16-18]. When
students engage in practice-based authentic scientific research and engineering research,
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they construct research questions, plan studies, make observations, and draw conclusions
based on evidence and interpret research reports [19].

A growing body of evidence has shown that engaging students in authentic science
and engineering experiences has a variety of positive outcomes; this includes enhancing
their motivation for STEM disciplines, increasing the understanding of science content,
improving confidence and self-esteem in the ability to become scientists, and developing
critical thinking skills [20-24]. In environmental education, the engagement of students in
authentic science has been performed through citizen science approaches [25,26], summer
internships [27-29], afterschool programs [30], and classroom-based experiences [31-33].
Our project is most similar to the approach used by Chapman and Feldman [31], in which
students and their teacher were mentored by a university faculty member and doctoral
student in performing research on algae growth for biofuel production. The approach
used in the current study builds on their work by rendering the partnership between the
university and school more collaborative in nature. We discuss this in more detail below.

In this paper, we report on our study where we engaged high school (HS) students
in authentic and meaningful science and engineering activities in order to teach them
about the lack and poor quality of potable water in many regions and how they can be
addressed through the use of point of use (POU) treatments, such as biosand filters (BSFs).
In doing so, we provided the HS students with the opportunity to learn practices used in
science and engineering [19]. A novel aspect of our study was that the HS students and
their teacher engaged in these activities in collaboration with engineering research being
performed at the University of South Florida (USF). An important aspect of this was that
the university and HS projects overlapped, with each group learning from the experiences
of the other group.

For this paper, our overarching educational research question was, “How does in-
volvement in a science and engineering project that focuses on providing potable water
in developing countries, in collaboration with a local university, affect HS students?” We
looked at this research focus with the following sub-questions:

e  How did the BSF project’s focus on the need to provide potable water in the developing
world affect its authenticity and meaningfulness to the HS students?

e How did the authenticity and meaningfulness of the HS activities affect the students’
learning of science and engineering practices?

e  How did their participation affect their attitude toward science, including participating
in science, their interest in science-related careers, and their identities as scientists?

2. Background

In this section we lay out our theoretical framework, which combines the ideas of
authenticity and meaningfulness of science activities and water literacy with learning
how to conduct science. The final section provides some background on the focus of the
university-based research on the use of BSFs as a POU water treatment. We begin with a
look at what we mean by authentic science.

2.1. Authentic and Meaningful Science in Schools

One of our goals in this project was to engage the HS students in authentic and
meaningful science and engineering activities. Brown, Collins, and Duguid [34] describe
authentic activities as the “ordinary practices of the culture” by which “meanings and
purposes are socially constructed through negotiations among present and past members”
(p. 34). Similarly, Braund and Reiss [35] argued “authentic school science should provide ex-
periences that are more in line with the sorts of activities that scientists and technologists do
in the real world of science and that such experiences should include student-directed tasks
and more open-ended enquiries” (1375-1376). In the US, the science education community
has adopted the language of science and engineering practices to describe what it is that
scientists and engineers undertake. A Framework for K-12 Science Education [19] argues that
students should not only learn the content of science but also the practices of science and
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of potable water in many regions of the world. The latter could fall under the rubric
of “water literacy”, which includes hydrosocial knowledge related to water scarcity and
human health and welfare; local knowledge related to the water sources available in the
developing world; and functional knowledge about water systems [3]. Carroll and Hamann
suggested three areas of focus for the improvement of water literacy. First, they suggest
a focus on removing or alleviating misconceptions and misunderstanding about water.
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Second, they call for an emphasis on place-based learning to increase local knowledge and
to connect better with the behavioral and affective domains. Finally, they note the need
for both hydrosocial and functional knowledge because, “the future of water management
and water justice needs citizens and leaders who firmly understand the numerous and
complicated connections between water resources, human activities, and culture” [3].

A review of the prior literature showed that most studies used traditional materials
or methods [9,14] and spanned all grade levels from preschool to HS. For the most part
they found that students gained knowledge and understanding about water issues and
improved their attitudes toward water conservation. However, it was also reported that
the gain in knowledge and understanding did not necessarily result in the adoption of
pro-environmental behaviors. This lack of connection between knowledge and action has
been frequently documented in the literature (see, for example [39]).

The remainder of the intervention studies used materials and/or methods that were
innovative. Innovative examples include those described as inquiry-oriented, e.g., [10,40];
a science, technology, and society approach implemented [41]; the use of cartoons to
raise awareness of water issues among grade 4 children [42]; and a study by Davis and
Schaeffer [43] to critically engage Black children in socio-scientific explorations of water
and water access in relation to the water crisis in Flint, MI in the US. In general, these
more innovative interventions resulted in the students gaining a sense of agency to affect
changes in their own, their family’s, and their community’s behaviors.

We performed a search and review of the literature using ERIC and Google Scholar
for intervention studies that attempted to address the shortcomings in students” water
knowledge. We searched for those that incorporated water related material into existing
science and/or social studies curricula. Most of the intervention studies we found used
somewhat traditional materials or methods. These included studies performed in Aus-
tralia [44], China [15], Jordan [13], Morocco, Thailand [45], Canada [14], and the US [46] and
spanned all grade levels from preschool to HS. For the most part, they found that students
gained knowledge and understanding about water issues and improved their attitudes
toward water conservation. However, it was also reported that the gain in knowledge
and understanding did not necessarily result in the adoption of pro-environmental behav-
iors [47,48]. This lack of connection between knowledge and action has been frequently
documented in the literature (see, for example, Kollmuss and Agyeman [39]).

The remainder of the intervention studies used materials and /or methods that were
innovative. Examples include those described as inquiry-oriented, e.g., Condon and
Wichowsky [10] and Halsey Randall [49] conducted in the US and Coban et al. [40] in
Turkey; a science, technology, and society (STS) approach implemented in Finland by
Havu-Nuutinen et al. [41]; the use of cartoons in Oman to raise awareness of water issues
among grade 4 children [42]; and a study by Davis and Schaeffer [43] to critically engage
Black children in socio-scientific explorations of water and water access in relation to the
water crisis in Flint, M1, in the US. In general, these more innovative interventions resulted
in the students gaining a sense of agency to affect changes in their own, their family’s, and
their community’s behaviors.

One of the things that these studies had in common was that, to a large extent, they
were place-based [50,51]. That is, they were concerned with water issues local to the schools.
This is different from our study, in which the BSF activities were connected to potable
water issues that were geographically far removed from the students in sub-Saharan Africa.
However, as we show below, some of the students did have experience with issues related
to potable water. Our study also differed from those reported above in that the HS students
engaged in science and engineering activities that were closely related to research being
performed by the research group at USF.

2.3. Learning to Do Science

For students to engage in authentic science and engineering practices, they must gain
the knowledge and skills needed to engage in the practices. In order to understand how
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this happens we use a model of how students learn to conduct science by participating
in research groups [52,53]. This model was developed by examining the methods in
which undergraduate and graduate students learn how to conduct research when they
were engaged in a study on the natural remediation of acid mine drainage [54,55]. When
students participated in research groups, they participated as apprentices [52,53,56-58].
As apprentices, the students are legitimate participants in the research groups [59] and
learn by action, by interacting with peers and mentors, and by using the tools required
for research in their field. As students engage in authentic and legitimate practices over
time, they develop the methodological and intellectual proficiency needed to become
knowledge producers [52]. As Lave and Wenger (1991) demonstrated, as the proficiencies
of apprentices—the students—grow, their participation became less peripheral and more
integral to the functioning of the group and therefore more authentic to the practices
of scientists.

Implementing this model in high schools is different from implementing the model at
universities. First, if the experience for the HS students is built into a regular course in which
they are enrolled, as is our project, they do not have the opportunity to be immersed in the
work of a research group as university students are immersed. Therefore, while the HS
students experience could be categorized as authentic, it would not have the immersion in
active research groups that results in the legitimate peripheral participation as apprentices
that the university students experience. Secondly, in university-based research, the students
who have the opportunity to participate in research groups are typically highly motivated
to do so [60]. At the HS level, the students often need to be convinced that performing the
extra work required to participate authentically in science activities is worth performing.
According to Burgin [38], this would require the research project to be meaningful to the
students, to use practices similar to those used by scientists, and to produce results that
are significant to others. One method to make this happen is by creating partnerships
between schools and universities through real-world problems (e.g., lack of potable water),
the engagement of the students in science and engineering practices [19], and with the
student-developed products (i.e., the results of their investigations) being beneficial beyond
the school walls, and in our case, to the university-based research group, which has its
goal to improve the water treatment technology that could be used by many communities
around the world. As a result, the students’ learning would be authentic since they engage
in educational activities they find relevant and meaningful [37,38,61,62].

2.4. The Need for Point of Use Water Treatment

The university-based research program in our project focused on the problem of
providing safe, efficient, and low-cost POU water treatment. The lack of potable water
is a significant global challenge. More than 800 million people worldwide lack basic
drinking water services [63] and UNICEEF [64] reported that in 2017, 435 million people
used unimproved drinking water sources, such as unprotected wells or springs. In ad-
dition, 144 million people collected drinking water from rivers, lakes, or other surface
waters that may be unsafe. Consumption of contaminated drinking water can cause wa-
terborne diseases, such as Hepatitis A, Giardiasis, and Cholera. Unsafe drinking water
services disproportionately affect people living in developing countries. Each year, nearly
300,000 children under the age of five die due to diarrheal diseases, which are preventable
through proper water and sanitation infrastructure and education. In working with the HS
students, we began by providing them with an overview of this worldwide hydrosocial
problem (see Table 1). As we show later in this paper, this issue was sufficient for rendering
the research meaningful to the HS students.

In regions where a centralized water treatment is not available, POU water treatment—
i.e., treatment at the location where water is consumed, such as at home or school—is a
viable option. The POU treatment being studied at the University are BSFs, which are
widely used in developing countries. BSFs are typically a concrete or plastic container
with sand and gravel media (CAWST, Calgary, AB T2H 2L8, Canada, 2012). An important
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aspect of BSFs is the elevated outlet pipe that maintains about 5 cm of water above the
sand surface and keeps the sand saturated. The moist condition promotes the growth of
a beneficial biolayer at the top part of the sand bed called the “schmutzdecke”. As the
biolayer grows, it improves the quality of the treated water by trapping particles (measured
as turbidity), pathogens (measured as fecal indicator bacteria (FIB)), and organic matter
(measured as UV254 absorbance) [65,66]. Organic matter is biodegraded by microbes,
particles are removed by being trapped in the pore spaces and attached to the filter media,
and pathogens are removed through adsorption, predation, competition and natural die-off
in the schmutzdecke and the sand bed below it [67]. BSFs must also be properly operated
and maintained and, therefore, users require functional knowledge for them to work

effectively [68].

Table 1. Scaffolding activities and their relationships with science and engineering practices.

Focus of Activity

Scaffolding Activities

Data Collected

Building of Expertise

Background Knowledge
of Water Issues and BSFs

Defining Problems and
Designing Solutions

Asking Questions

Planning and Carrying
Out Investigations

Analyzing and
Interpreting Data

Communicating
Information

Introduction to the worldwide
problem of lack of potable water and
how BSFs can be used to address
this problem.

Students engaged in creating an
affordable and user-friendly design of
BSF that maximizes performance and
removes multiple contaminants.
USF team and Mr. Munro reviewed
the students” designs.
Students constructed the BSFs.

Presentation that guided students
through the question
generation process.

Students engaging in the whiteboards
activity to develop research questions
USF team and Mr. Munro’s reviewed
review of students’” questions.

Students designed their experiments
based on their research questions.
Students collected data for
their experiments.
Students analyzed their data and
compared the results against
the control.

Students wrote their final reports to
answer their research questions.

Students presented and shared their
designs and final reports with others.

Student interviews and
classroom observations.

Students’ sketches of their
BSF design and their final
reports, interviews, and
classroom observations.

Whiteboards and
classroom observations.

Students’ BSF data and
final reports and
classroom observations.

Students’ BSF data and
final reports and
classroom observations.

Students’ sketches, final
reports, and interviews.

Learning of Science and
systems, hydrosocial, local,
and functional knowledge of
water issues.

Students were able to translate
their understanding of the
BSF mechanisms to design

and build the two-bucket
design for their experiments.

Students” knowledge of
concepts and practices of BSFs
was reinforced.

With the support of the USF
team and Mr. Munro, they
were able to identify key
variables that can impact
BSF performance.

Students combined theoretical
concepts and physical models
to test their hypotheses.

Students were able to collect
evidence and explain the
results and make conclusions
based on data.

Ability to explain to others
what was conducted in the
project and why.

Although BSFs are effective at removing pathogens that cause many waterborne
diseases, their ability to remove harmful inorganic compounds, such as nitrate, arsenic,
and fluoride, is limited [69]. Where water sources contain both pathogens and dissolved
inorganic contaminants, conventional BSFs require modification in order to effectively
produce safe drinking water.

In this section we describe the project that we implemented at a local HS, give a brief
overview of the water research project concurrently performed at USF with the HS project,
and the methods used for the educational research.
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3. Context and Participants

This study took place at a southeastern US high school in which 83% of the students
qualified for free or reduced lunch. The school was recommended to the USF team by the
district’s director of STEM education based on two factors: first, the school was part of a
STEM education innovation hub; and second, Mr. Munro (pseudonym) was recognized
as a highly skilled teacher open to innovating in his classroom. Mr. Munro taught six
sections of a science elective each day, with a total of approximately 110 grade 11 and
12 students. All of his classes participated in the project. The University’s Institutional
Review Board (IRB) and the school district’s office approved this study. All participants
provided their consent to participate. We used pseudonyms throughout this paper for the
teacher and HS students. The USF team consisted of three faculty members: one Science
Education professor (Feldman), one Global Sustainability professor (Ghebremichael), and
one Environmental Engineering professor (Ergas). The graduate student team consisted
of one education doctoral student (Alsultan), three environmental engineering graduate
students (Henderson, Rice, and Yang), and one environmental engineering undergraduate
student (Kahler).

3.1. School-Based Activities

The design of the school-based activities was based on results from Feldman’s program
of study on how people learn to perform research [31,52,53,70,71]. He developed a model
of collaboration between university researchers, school teachers and students engaging in
parallel research projects. In this model of collaboration, the teachers and students engage
in research activities that extend the university faculty member’s research group into the
school setting. In the project reported here, we used this collaborative approach to engage
both HS students and university students in water and sanitation engineering research.
The university students engaged in research on the development of a two-stage BSF design
that can remove both particulate and dissolved contaminants. The HS students engaged in
authentic science and engineering activities that paralleled those of the university students.
In this manner, the HS students’ participation was similar but not the same as university
students in their research groups. Therefore, while the HS students’ engaged in science
and engineering activities, they did not have the university students’ rigorous experience
as apprentices in legitimate peripheral participation.

The science and engineering activities were structured so that the students were
engaged in the practices of science and engineering [19]. Since Mr. Munro was not
familiar with the use of BSFs or the research methods that were being used to study
the BSFs, much of the instruction of the students was performed by the university team.
During initial visits, students were introduced to issues related to global water supply and
quality, the project goals, and their roles in the project. The university team developed an
introductory PowerPoint that provided background information about issues related to
lack of potable water, waterborne diseases, and methods to purify water; and a booklet
about the construction and use of BSFs. Later on, the university team visits focused on
building the BSFs, the development of research questions, study design, data collection
and analysis, and report writing (note: all materials developed for this intervention are
available on the project website: [https://www.usf.edu/nsf-ires/research/supplementary-
materials-for-maccan-project.aspx] (accessed on 11 August 2020). The activities and their
relationship with the science and engineering practices are summarized in Table 1. The
university team regularly reminded the HS students that they were engaging in research
activities similar to those conducted at the university and that the results from the HS
students’ research could be useful for university-based research. They were also reminded
that their work could potentially help people who lack a ready source of potable water.

Concurrently with the school-based activities, two environmental engineering gradu-
ate students (Rice and Yang) engaged in research on BSF’s under the direction of Ergas and
Ghebremichael. Their methods and results are reported in Rice’s thesis [72].
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Their research goals were to design a two-stage BSF from low cost and locally available
materials; compare the performance of the two-stage BSF with a conventional BSF system;
and to investigate the potential to use the two-stage BSF design to remove sediments,
pathogens, and dissolved inorganic contaminants. We describe the manner in which the
school-based and university-based activities related to one another below.

3.2. Data Collection and Analysis

To answer the educational research questions, we used an ethnographic approach [73,74]
in which USF team members were participant observers. We also collected a variety of data
including exit interviews of a subset of the HS students, observations of their engagement
in science and engineering practices, and artifacts they produced.

Observations of the students” engagement in the project were made two to three times
per week during Spring 2019. Observations occurred when the University team members
visited the school to help the students engage in activities. The observations provided
an in-depth look at the classroom learning environment, which allowed for a detailed
understanding of students’ experiences during the project, including the level of student
engagement and performance; their implementation of science and engineering practices;
and their interactions with the university team, their peers, and Mr. Munro. Sketches of
student BSF designs and explanations (see Figure 3 for an example); photos of student
whiteboards used for the development of their research questions (see Figure 5 for an
example); BSF data collected by students; and student final reports were also analyzed.

Exit interviews were performed with HS students at the end of their involvement in
the project. The interview questions were designed to uncover the HS students’ beliefs
about the goals of the project and its importance; their perceptions of what science is and
who scientists are; the similarity and differences between this project and their regular
school science classes; their attitudes toward science, including their capacity to undertake
scientific research; and their interest in STEM careers. The interview also asked about their
feelings toward being part of a group that working to enhance the daily life of communities
in developing countries that lack potable water; and how it affected their perceptions of
the importance of clean water in those countries. In addition, we asked whether they had
made changes in their daily use of water. We concluded the interview by asking what the
most important things they learned from the project is and if they had anything else to
add. The questions also asked about their knowledge of water supply and quality issues.
Fifteen student volunteers were interviewed. They were from the six class sections and
varied by gender, ethnicity, and grade level (11th or 12th).

We recorded the student interviews, transcribed and coded them using preconceived
categories derived from the literature on water education, science education, and learn-
ing to perform science, as well as science and engineering practices as described in the
framework [19]. Emergent categories were derived inductively from the data by using the
methods for the development of the grounded theory [75]. We began with open coding
to identify themes and patterns and then we used axial coding to group and label the
themes and patterns into categories and concepts [76]. They then conferred with one
another to compare, contrast, and to come to a consensus about the use of the categories.
This process was performed by several members of the USF team who were trained in
qualitative research methods. It is important for us to make clear that the team members
who conducted the analysis were also instrumental in implementing the project in the
school. Therefore, they may have had an implicit bias toward looking for evidence that
demonstrated the success of the project. Multiple reviews of the data and the findings by
multiple team members helped to soften any bias effects.

We analyzed the student artifacts by reading and reviewing them as they were col-
lected and through writing analytic memos. In addition, we developed a rubric to analyze
the illustrations and descriptions in the students’ BSF designs. For the illustrations, we
looked at clarity, details, and included components; and for the descriptions we looked
for clarity, details, quality of explanation, and creativity of their designs. We coded their
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final reports in a similar manner to how we coded the interviews. We began with the same
codes we used for the interviews and allowed for emergent categories. Observations were
discussed at weekly meetings of the USF team and through writing analytic memos. After
analyzing all our data, we triangulated our results using the interviews, artifact review,
and observations.

4. Results

The purpose of this study was to examine how involvement in an authentic science
and engineering project in collaboration with a local university that focuses on research for
providing potable water in developing countries affects HS students. In this section we
report on our findings for each of our sub-questions.

4.1. How Did the BSF Project’s Focus on the Need to Provide Potable Water in the Developing
World Affect Its Authenticity and Meaningfulness to the HS Students?

Over the course of the semester, we introduced the HS students to issues such as access
to clean water for people in developing countries and how BSFs can help address them. We
then challenged the HS students to design a method to use two standard five-gallon plastic
buckets as the body of a BSF and instructed them on how to develop researchable questions
and the methods needed to measure the quality and quantity of water that passes through
the BSFs. They then proceeded to run the BSFs by charging them daily and collected data
for six weeks on a weekly basis. At the end of that time period, they analyzed their data and
presented their results in a report. These correspond to the practices Burgin [38] identified
as being necessary for school-based inquiry to be authentic.

An important part of this project was its focus on the real-world problem of providing
a low-cost means for people in the developing world to have a POU method for producing
potable water. This focus provided the HS students the opportunity to learn hydrosocial
knowledge related to water scarcity and human health and welfare; local knowledge related
to the water sources available in the developing world; and functional knowledge of how
BSFs can be used to make water potable [3]. During our first visits to the science classes,
we presented the information to the HS students in two formats. One was a PowerPoint
presentation about water sources, water scarcity, water quality issues, water treatment in
our region, POU water treatment, and BSFs. The PowerPoint included a brief video “Water
Walk” that showed a young girl in Africa walking four miles each way to fetch water from
a muddy stream [77]. The other format was a booklet produced by a USF student (Alsultan)
that included information about BSFs and how they treat water; and about water supply
issues including the health effects of contaminated water.

In our interviews with the HS students, we asked them what the purpose of the
BSF project was, whether they felt it was important, and how they felt about being part
of a project working to enhance the daily lives of people in developing countries. They
responded in a manner that indicated being a part of a project with real-world implications
led them to feel mature, responsible, and felt that they were able to create changes in the
world. For example, Alejandro stated the following:

There was a level of maturity, um, some kind of level of discipline when it came to this
project specifically just because we’re actually doing something serious here. We're
working on something that could change the lives of potentially millions of people . . .

He further emphasized how participating in this project increased his awareness of
the quality of life and social justice:

We’re living here in America and we have water, we have food, we have electricity, we
have pretty much any kind of commodity that people in other countries don’t have. I think
it’s, it’s a huge disadvantage, um, for anyone else. And really, we should try to support
anyone else who doesn’t have commodities. And specifically, for this project, we're really
trying to get them to have clean water, which is why we re making these biosand filters
samples here.
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Carla told us of how cooperating with scientists to solve a real-world problem helped
in developing her higher thinking skills:

We could help USF find a way to get people who all around the world who don’t have
water like purified water, get purified water . .. And it actually helped me to like, think
more and go like outside the box because you had to think about daily things you use in
order to create the biosand filter, which is really nice.

In a final example, Luna told us:

Well when you guys came, you showed us a video of this little girl going uphill and like
we as Americans, we don’t think of what people have to go through and other countries to
struggle to go get water. A little girl going up a hill so far just to get a drop of dirty. Who
knows what’s in that water to get some water supply that hurts? So us doing the biosand
filter we like, we feel like we’re helping . .. I feel special ... I feel more empowered! Oh,
I'm doing something good for people in Africa and all those countries that don’t have like
third world countries that don’t have the water supplies that we have here”.

These students’ statements and those of others emphasized the importance they saw of
working in a real world problem, how their participation heightened their social awareness,
and their global civic responsibility [78]. In addition, according to Burgin [38], authenticity
is increased when the results of the scientific activities are significant to others. In addition,
we observe how the structure of the school-based project being similar to and overlap-
ping with the university-based project helps to place the former on Berland et al.’s [37]
continuum as a meaningful engagement in the scientific practices in the classroom.

4.2. How Did the Authenticity and Meaningfulness of the HS Activities Affect the Students’
Learning of Science and Engineering Practices?

We now look at the manner in which HS students engaged in science and engineering
activities as part of the BSF project. This section is arranged by the science and engineering
practices in which the HS students engaged in [19].

4.2.1. Defining Problems and Designing Solutions

We structured the project so that the HS students would progress through a series of
guided activities related to the research being conducted at the university (see Table 1).
After providing the HS students with background information on BSF’s and their use, we
challenged them to come up with a design for a two-stage BSF that they would compare
with a conventional single-stage BSF manufactured by Hydraid, Inc. According to the
framework [19], this design problem fits under the heading of engineering rather than
science. The framework notes that defining problems occurs in consultation with “clients”.
The USF team acted as the clients for the HS students because they were told that the
design that they would come up with would make use of the university-based research
project. Before starting the designing, they were provided with information about the
parts of a BSF and were shown one Hydraid BSE. A design competition was held among
Mr. Munro’s six classes to develop an alternative design to the Hydraid BSF. The goal
was to create a more affordable and user-friendly design that maximizes performance and
the ability to remove multiple contaminants. The HS students worked in small groups or
individually to come up with their possible solutions to the problem. The students laid
out their solutions in diagrams and associated descriptions. Most of the designs focused
on the requirement to somehow stack the two buckets in a manner that allows water to
flow from the top bucket to the bottom one without leakage. Others provided more detail
including diffusers and media (see Figure 2). Notably missing was the requirement for the
outlet tube to be placed above the biolayer. The USF team reviewed all the designs and
provided the students with feedback, which was used to finalize the design.
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The resulting design met the required specifications for a BSF and were constructed
by the HS students from two five-gallon plastic buckets (Figure 3). They used hand and
power tools to construct the two-bucket BSFs and leak-tested their design to determine if
new seals and caulking were needed. Therefore, with guidance from the USF team and
Mr. Munro, the HS students collaboratively designed and constructed a solution to the
problem of constructing two-stage BSFs from five-gallon buckets.

As we noted above, the graduate students (Rice and Yang) worked with the HS
students on all aspects of the school-based project during the same period of time where
they were conducting their university-based research. Rice and Yang's first objective was
similar to the HS students’ design problem: to design a two-stage BSF from low cost
and locally available materials. They began their design process with the HS students’
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Rice and Yang—because they used the HS students’ BSF as a basis for the university de-
sign. The HS students were made aware of this by the formal presentations of the USF
team as well as through informal conversations between the two groups. In addition, the
design process used by the HS students could be seen as an example of engagement in
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Yang—because they used the HS students’ BSF as a basis for the university design. The
HS students were made aware of this by the formal presentations of the USF team as
well as through informal conversations between the two groups. In addition, the design
process used by the HS students could be seen as an example of engagement in engineering
practices in the classroom, which increased its meaningfulness to them [37].

4.2.2. Asking Questions

The HS students were then guided in the development of their research questions,
which corresponds to the practice Asking Questions. This was performed by providing
them with the structure of a question “How does A affect B of C”, where A is the indepen-
dent variable, B is the dependent variable, and C is the subject of the experiment. They were
also provided with possible independent variables: cleaning frequency, charge volume,
pause periods, design of the BSF (Hydraid or two-stage), and substrate (corn syrup) addi-
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and dependent variables and the subject of the experiment. Furthermore, both sets of
variables were measurable using the materials available in the school or on loan from USF:

How does the cleaning frequency of the BSF affect the quality of the filtered water?
How does the charging volume affect the quality of the filtered water?

How does the type of BSF affect the quality of the filtered water?

How does the addition of corn syrup affect the quality of the filtered water?

What are the best methods to operate the BSF to produce the highest quality of water
with the least amount of maintenance?

The HS students’ research questions were similar to Rice and Yang’s. Their overall
research questions were the same: whether it is possible to design a low cost two-stage
BSF to produce high quality drinking water. More specifically, both groups compared
the performance of the BSFs to commercial designs and investigated the potential of
their designs to remove particulate and dissolved matter. That said, the HS students
were looking at dissolved nitrate and nitrite, while the USF students were investigating
fluoride removal.

These similarities can be observed in the HS students’ response to our interview
question about the purpose of their research. Some examples include Marco, “[The goal of
the research was] finding out how effective the biosand filter is in filtered water, taking out
the nitrates and how effectively it cleans dirty water”; Manny, “The purpose of doing this
is [was to see] how it works and see the consequences of pros and cons of it and how to
improve it”; and Alberto, “I think the goal is to find a better way to clean the water”. We
found similar responses in the final reports. As in the interviews, the HS students referred
to the need for potable water. In addition, they included the specific research questions
that guided their groups’ part of the overall project.

The students’ responses could be observed as the result of their engagement in the
practice of Asking Questions in a manner that promotes the rote learning of skills. For
it to go beyond that, Berland et al. (2016) argue that practices of science need to be both
meaningful to the classroom community and meaningful to the scientific community. We
see evidence of the responses in which they noted their work was meaningful to them
because the project had real-world implications for people in other countries and, for some,
their experience with their families in their home countries. Examples of these types of
responses can be found in Sections 4.1 and 4.2.2.

4.2.3. Planning and Carrying out Investigations and Analyzing and Interpreting Data

After the research questions were identified, the USF team developed a comparison
matrix so that for each research question there were two BSFs that only differed by one
independent variable (see Table 2).

Table 2. Experimental design for to ensure that two BSFs only differed by the one independent variable of the research

question.

HS Student Research Question

BSF Comparison

#1: How does the cleaning frequency of the BSF
affect the quality of the filtered water?

#2a: How does the charging volume affect the
quality of the filtered water in the Hydraid design?
#2b: How does the charging volume affect the
quality of the filtered water in the 2- Bucket design?
#3: How does the type of BSF affect the quality of the
filtered water?

#4: How does the addition of corn syrup affect the
quality of the filtered water?

#5: What are the best methods to operate the BSF to
produce the highest quality of water with the least
amount of maintenance?

Hydraid BSF #1: Clean BSF twice per week.
Hydraid BSF #2: Clean BSF when clogged.
Hydraid BSF #2: Charging volume 4 gallons.
Hydraid BSF #3: Charging volume 2 gallons.
2-Bucket design BSF #1 Charging volume 4 gallons.
2-Bucket design BSF #3 Charging volume 2 gallons.
Hydraid BSF #2 (note: all other independent
2-Bucket design BSF #1 variables the same for both BSFs)
2-Bucket design BSF #2: Corn syrup added to BSF
2-Bucket design BSF #1: No corn syrup added to BSF

All BSFs
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Most of the planning for the research was performed with each whole class under the
direction of the university team and Mr. Munro. Each section of the science course was
responsible for the operation of one BSF and for collecting and analyzing the data from it.
The HS students were taught to use the same analytical methods with the same instruments
as the university students used for measuring turbidity, pH, and flow rate. That the
practices used by HS students were identical to those used for the university-based research
added to the authenticity of the research to the students [38] and its characterization of
meaningful engagement in scientific practices in the classroom [37].

In addition to turbidity, pH, and flow rate, the HS students measured nitrate, nitrite,
ammonia, and temperature of the influent and effluent water. The nitrate, nitrite, and
ammonia were measured using commercially available test kits for aquaria. These tests
were conducted because the water source was the freshwater aquaria that the students
set up for their science class. The idea was that if these levels were reduced enough, the
water could be put back into the tanks. For some of the BSFs it was and the water was
reused. This added to the authenticity of the research because the water was from and for
the aquaria they were maintaining, which made the investigation more meaningful to the
students [38]. In addition, the introductory materials described how nitrate is a dissolved
inorganic compound that is the most common groundwater contaminant worldwide and
causes methemoglobinemia (blue baby syndrome). This may also have added to the
meaningfulness of the nitrate measurement.

The HS students engaged in practices that were connected to both the university-
based research (developing low-cost methods to provide high quality drinking water)
and their school science activity (the maintenance of the aquaria). As a result, they were
engaged in practices that were meaningful to both the scientific and classroom communities,
which places the meaningfulness of the BSF research project between the extremes in
Berland et al.’s [37] continuum.

The data from the interviews of the HS students, their final reports, and our obser-
vations provide overwhelming evidence that the HS students carried out investigations
using the methods noted above. For example, Dante told us the following:

Well, we put water from our fish tanks into the biosand filter, measured the flow rate,
temperature, the nitrates and ammonium, on the other side of the biosand filter. And over
time we measured how clean the water got, and the smell of the room and, you know,
things were happening . ..

Other examples include, “I also helped in testing these biosand filters, testing for
ammonia, pH, dissolved oxygen, temperature, etc. Um, you know, to determine whether
the water’s safe to drink or not” (Alejandro); and, “I participated in pretty much every
aspect, like the building aspect, the designing aspect and the like weekly testing” (Daniela).
Lucia described her work in the project in this manner, “I just tested out the difference
between the tank, aquarium water, and the water in the biosand filter”. The USF team
observed the students engaged in taking samples and making measurements during our
visits to the school. The report template that Mr. Munro provided to the HS students asked
them to describe their research activities. While the descriptions tended to be rather terse,
they all included aspects of how they carried out their investigations.

The HS students entered their data into a Google sheet that was accessible to all the
students, Mr. Munro, and the USF team. At the end of the testing period, the USF team
helped the HS students graph their data. The report template asked them to use their data
and graphs to answer their research questions. While we observed the students engaged in
these activities, they said little in the interviews about analyzing or interpreting their data.
For example, one student shared, “Well, we found out that over time the water we put in
the nitrates, we get lower, the floor rate slow. Like at the beginning, it was faster than right
now, like the flow rate stays a little trickle” (Dante).

Similarly, in their reports, they presented the results of their analysis, but not the
analysis itself. For example, Alejandro wrote the:
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We were testing nitrate and we wanted it to be low. Our results were good, and the level
of nitrates was lower than [class] Period 4. We were also testing turbidity. We wanted
turbidity to be low. Our results were worse than Period 4 because their biolayer was
thicker, therefore the water had more time to filter.

Darius wrote the following:

Today I will compare and contrast how the charging volume affects the quality of the
filtered water in the Hydraid design, 2 gallons vs. 4 gallon [charging volume]. And what
are the best ways to operate the BSF to produce the highest quality water with the least
amount of maintenance. I believe that our 2 gallon [charging volume] Hydraid filter is
more efficient compared to the 4 gallon charge.

As we noted in Section 4.2.1, what we report here could be evidence of the students
simply going through the data collection and analysis process in the same mechanical
manner that they would in typical school science activities. However, as with the stage of
asking of questions, the students’” engagement in Planning and Carrying Out Investigations
and Analyzing and Interpreting Data can be interpreted to have authenticity for the
students. As Burgin [38] argued, the participation is more authentic if results are significant
to others; if the project is meaningful to the students; and if the practices involved are
likely to be used in professional science. In Section 4.2.1 we showed how the students
observed the BSF project as significant to others as well as meaningful to themselves. We
now provide evidence that the HS students observed what they were doing as similar to
the practices used by scientists and engineers.

In our interviews we asked the HS students in what fashion this project was similar to
or different from what you think scientists conduct in their daily work and in what fashion
was it similar to or different from what they have performed in their regular science classes.
Our analysis of the interviews indicated that they were aware of the major differences
between this BSF project and their science experiences in schools. The differences noted
by the students included: in their projects they worked in groups over a long time period
(almost all of the spring semester); the results were not known ahead of time; they had
the opportunity to use their creativity; they conducted more analysis of data to draw
conclusions; and that the scientists (USF team) were in their school. For example, Daniela
shared, “It [the project] was more organized and more structured, and we were very
consistent with it”. Alejandro told us the following:

This is [the project] a lot more inclusive and a lot more interactive than, um, a lot of
many other things that I've ever done in science. Usually, I'm sitting in class, um, you
know, staring at a Whiteboard, um, uh, looking at problems or, you know, just listening
to lectures. But this is really something different. This is, um, you know, actual scientific
research and working with the university. Um, it’s very interactive . .. It really opens up
a different view for science, um, that it wouldn’t have opened up before. Um, generally
actually experiencing, um, what some real research is like in, in a college-level, uh, is
definitely different from your reqular chemistry class or biology class that you, that you
might take at a high school.

In his statement, he argued that this project differs from a regular science class because
he played an active role as a researcher while cooperating with the USF team.

Similarly, Martina said the following, “Usually in schools you don’t get to do projects
from an engineering view, like testing wise”. She went on to state how this was different
from simply knowing the answers to exam questions. She acknowledged the importance
of unknown results in the belief of her ability to conduct science and engineering and
becoming a scientist through participating in this project.

Some students noted that they felt more like scientists than when doing regular school
science activities because they were using practices similar to those used by scientists. For
example, Alberto told us the following, “We had to keep experimenting with making sure
that we had the correct amount of water, the correct amount of sand, rocks, and enough to
make sure that whenever we did it, it actually worked correctly”. Mila stated the following,
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“I gave ideas of the design, how we can build it. We were like testing to see if the water
was good and like if it actually likes, um, help the fishes. And we were testing it for like
weeks!” Darius summarized his participation in the following:

“So we found different ways to create a filter that was efficient enough then we saw how it
worked and how different from the water in the tank, how over time it collected ammonia
and stuff and how the filter would actually clean that water and get rid of all that stuff
that’s not purified”.

The HS students” awareness of the relationship between what they performed in
the project and scientists” work was also reinforced by the presence of the USF team of
researchers in the school. From the very beginning of the project, the USF team emphasized
that the HS students would be engaged in research that was similar to the research they
were conducting at the university. The HS students interacted on almost a weekly basis
with the graduate students (Rice and Yang), whose thesis and dissertation work focused on
the use of BSFs (co-authors of this paper and whose research is summarized in Section 3.2).
Rice and Yang instructed the HS students in the methods of sampling and measuring the
quality of the BSF influent and effluent. In addition, the HS students were aware that a
modification of their two-bucket design was being used by the graduate students’ research.
In summary, the HS students” awareness of how their engagement in the project was similar
to the practices of scientists; the graduate students who they came to know; and that the
research was different from school science activities support that they had meaningful
engagement in scientific practices in their classroom [37]. Mila expressed it the following:

I feel awesome. I'm like, wow, I've never experienced this before. So, when you guys came,
I'was like, I didn’t know like universities can do that. It’s like professors could gather
together and say, okay, how can we help? Like these people who are suffering, like they
can’t afford this stuff. So, like I thought it was awesome. I'm glad that you guys came
to us.

4.2.4. Communicating Information

The fourth science practice highlighted by Burgin in his framework is Communicating
Information. Our original plan was for the HS students to make oral presentations of their
results to an audience that included their peers, the USF team, their teacher and other
teachers, and possibly others. We believe this would have added to the authenticity of the
project [38] by having the students involved in the practice of scientific communication
and as a method for acknowledging the significance of their work to others. It may also
have made it more meaningful to them since they experienced the interest of others in
their work. However, this did not occur because of the vagaries of the school calendar. As
a result, the only formal communication of information was by the reports, which were
read by Mr. Munro and the USF team. Unfortunately, the final reports were written in
a manner that Berland et al. [37] would categorize as those that are meaningful to the
classroom, i.e., school science. We discuss this further in Section 5. The students were also
asked to make oral and written presentations about their progress throughout the research
process. This included presentations of their research questions using the whiteboards,
their sketches and explanations of their designs for the BSF (see Figure 2), and oral updates
of their data collection process. Although these types of communication are often part of
school science, the authentic nature of the scientific activities [38] places them somewhat
toward the middle of Berland et al.’s [37] continuum.

As it turned out, the students did engage in communications with those outside of
the classroom and scientific communities. We learned through our interviews with the HS
students that it was not uncommon for them to talk with their families about the project.
Darius told us about speaking with his mother about the project:

I told my mom about it and she thought it was very interesting and told her about how it
works in what we’re actually doing with, with the biosand filter and what the ultimate
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goal is, bringing it to other places and making water available. I also told my sister about
it as well.

Similarly, Luna described her talk with her father:

[1 told my father] we had papers about biosand filters and I showed him the papers and
then we looked up a video of like people building like filters and he was like this is this,
this is that. And it was nice.

Martina had conversations with her friends and her mother:

I've talked to my friends ... [and] I've talked to my mom about this project. They really
like it because they, they understand my, my, my, my perspective and my passion of
helping other people and seeing other people struggle. So like they’ll listen to me and
they’re like, whoa, that’s our really nice, uh, project.

In another example, Carla shared her concern about the water they used in her home:

I have changed like different water that we drink. You know, I've done research on how

. what’s better water to drink? ... There are some that are not really filtered all the
way. So I've told my mom like, you know, no, we shouldn’t get that water. We should
get this.

In this manner, the HS students demonstrated that the hydrosocial knowledge they
gained about water was shared with others.

4.2.5. Summary

In this section, we addressed our second sub-question by examining the methods by
which the HS students engaged in science and engineering activities that correspond to
some of the practices in the framework [19]. We have shown that for all except Commu-
nicating Information, the HS students experienced them authentically [38] and meaning-
fully [37]. In addition, they were able to explore water knowledge that was hydrosocial,
local, and functional [3]. However, we are also interested in how their engagement in these
activities related to their learning of conduct in science and engineering.

According to Feldman et al.’s [52,53] model of learning to do research, when students
participate in research groups, they progress on a continuum from novice researchers to
proficient technicians to knowledge producers. This development occurs as the students
gain methodological and intellectual proficiency. The HS students in this project began
as entry level novice researchers. As we demonstrated above, during the project they
engaged authentically and meaningfully in science and engineering activities [37,38]. In
this manner, they learned how to ask questions and define problems and how to carry out
their investigations and analyze their data. According to Feldman et al., [52] this suggests
that the HS students were gaining methodological proficiency. Intellectual proficiency
is associated with other science and engineering practices [19], including interpreting
data; engaging in argument from evidence; evaluating and obtaining and communicating
information; and the use of mathematical rather than physical models. Although the first
three of these were built into the structure of the project, they did not fully occur because
the implementation of the project took longer than expected and these activities bumped
up against the end of the academic year. As a result, there was not enough time for the HS
students to begin to develop intellectual proficiency. This is consistent with the experiences
of novices in short term research experiences [52]. It is also possible that because the HS
students were not immersed in a research group as university student apprentices would
be, it impeded their development as researchers. The HS students” development along the
research continuum may be best summed up by this quote from Lucia:

I feel it was like someway similar to what scientists would do, but I kind of feel like it's
also a bit different because, well, you know, it’s like kind of like taking baby steps. So to
start off some something simple and then you know, move on to the next challenge.
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4.3. Other Effects on the HS Students

We used the opportunity to interview the HS students to explore other possible effects
on them in their participation in the BSF project. We asked how it affected their interest in
science and in STEM careers and how it affected their identities as scientists.

4.3.1. Attitudes toward Science and STEM Careers

We found evidence from our analysis of the HS students interviews that they had an
increased interest in science and science-related careers including engineering, medicine,
and public health. In this section we provide several exemplars that demonstrated this.
First, Lucia shared how engagement in these activities changed her thoughts about science
and increased her interest in a STEM career:

I'm more of a kind of artistic kind of person and I would like to improve on art rather than
just science but [after the project] I mean a kind of mixture of wanting to be an artist and
wanting to be a scientist. Cause you know, being a scientist means like you're helping
people and give life to the community, you know, experimenting with a couple of things,
but being an artist means you're expressing yourself; you're helping yourself.

In the same fashion, Alberto’s statement reflected on the impact of these activities on
his desire to become a scientist:

To be honest, I really haven’t been thinking much of what I should do in the future ... I
was always interested in science, but I never got further into it. But now, I think that it
would be cool if I did [become a scientist] because then I'd be able to help more people

Other students told us about how their participation in the project enhanced their
interest in STEM careers. For example, Mila told us how the project supported her passion
to study public health:

I was really excited about it because it is part of like public health, and that is what I want
to major in. So like if the water quality isn’t good then you will get sick from bacteria or
viruses. They would help like affect a lot of poor people in Africa, who can’t afford like a
filter and they get sick and they die. So it’s really connected to public health!

In these excerpts it can be observed that the students related their increased interest to
their interest in helping people. As we noted in the introduction to this paper, a challenge in
educating young people about water issues is the nature of school science being unrelated
to daily lives and having limited or no connection with real world problems. For most
of the HS students we worked with, the lack of potable water was most likely not an
issue in their daily lives (see Section 4.2.4 for exceptions to this); however, the challenge of
providing people in other parts of the world with potable water resonated with them (see
Section 4.2.1 for more evidence of this concern). This suggests that because the HS students
knew that the BSF project was significant to others, it increased its authenticity [38] and
meaningfulness [37] to each of them, which appears to have carried over to an increased
interest in science and STEM careers.

4.3.2. Perceptions of Themselves as Scientists

In Section 4.2.2 we presented evidence that the HS students saw the BSF project
as being different from school science. We also found evidence in our data that the HS
students’ engagement in the BSF project positively impacted their sense of scientific identity.
In our observations and our informal conversations with the students, they appeared to
take on a sense of not only performing science but also of seeing themselves as scientists.
This was evident in their responses to our interview question about whether they were
being a scientist when they were working on this project. Overall their answers reflected
recognition of themselves and by others as scientists, which are two components of science
identity according to Carlone and Johnson [79]. For example, Alberto told us how he saw
his participation in the project engaged him to the point of feeling like a scientist:
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Yes, yes. I, actually, I did think of myself as a scientist during this. Um, usually I think
of myself as a student when I'm in a science class, but, um, I think this project really
engages us so much that we become, the scientists at this point.

Other students provided more details as to why they saw themselves as scientists. For
example, Mila told us the following:

Yeah! I was like testing the water quality, and I was like using machines that, uh,
scientists will use that I've like never like seen before. And I was actually like, um, like
researching about like the water and like how would you like benefits and like, like looking
for everything. Like something that I will not do like in it every day and something that
scientist is doing. So, I think I was the kind of scientist in this project.

In the same manner, Jeb said:

If you took all these chemical measurements from the biosand filters and you did it
consistently every week, and you cared about how they’re operating, then I think to
a degree you'd be more of a legitimate scientist than someone who is just asking for a
grade. Right!

Luna also offered details of how her engagement in science practices was similar to
those of scientists, “We were like scientists because we had to learn like pH levels ... what
is in the water before we purify it. Like what damages the water and all those sorts of
things”. She continued by providing details of the procedures they performed and how it
related to scientist’s work. Similarly, Darius described what he was doing compared to the
work of scientists” work in the following manner:

I believe so, yes . .. 1 was able to analyze what I saw and then create observations and go
off from that and make it better. Scientists they research to find better ways to do things.
Thus, in this project, we researched to find better ways to get cleaner water to places
where we could not get clean water or afford to bring ... They get hands-on, and they
are actually in it. They understand what is happening, and they are finding better ways
to fix that. So they’re doing this thing and then they’re finding better ways to do that.

These responses point to the importance of the students” knowledge and demonstrated
that they were engaged in scientific practices similar to the methods scientists use. Darius
added the importance of having a goal that is significant to others. Their engagement in
these types of practices made the project more authentic [38] and meaningful to them, which
gave them the sense that their participation was more similar to those of the community of
scientists than that of school science [37]. Carla summed it up in this manner, “Yeah! We
told each other we were like scientists ... you know, it feels good to be able to do this with
the classroom and stuff. I haven’t experienced it; I never thought I would be able to do it”.

4.4. Additional Results

In this last part of the results section, we report on two additional results, which were
not directly related to our research questions.

4.4.1. Attitudes toward Conserving Water

One unexpected finding was that engagement in the project led the students to be
more conservative in their use of water at home. Although our study was not designed
to raise the students” water usage awareness, it was contextualized through the focus
on the shortage of potable water in arid countries. However, in the interviews the HS
students told us methods that they were utilizing in reducing their water usage as a result
of participating in the project. For example, Mila emphasized the importance of changing
her daily habit of consuming water in following manner:

It actually made me think how we have the benefit of having water a lot of water and we
wasted so much like in the shower we take so much time sometimes and we don’t realize
every minute that we waste water thousands of people could be drinking it, you know?
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So like it made me realize the way how we clean and how we use water, you made me
appreciate water more.

In the same manner, Luna reported, “The biosand filter [project] made me more aware
of how much water we waste and how America just wasted so much water. So much clean
water that in other countries they don’t have!”

There is the possibility that the authenticity and meaningfulness of the BSF project to
the students led them to also question their own water use. We also wonder if this may
have been due to the students in some manner empathizing with the young girl in Water
Walk. This could be a question to consider in further research.

4.4.2. Experiences in Their Home Countries or Those of Their Families

Another unexpected finding was that some of the HS students had personal experi-
ences with the lack of potable water because of (1) where they lived before immigrating to
the US or (2) from visits to relatives who were still living in those countries. For example,
Marco told us of his visit to his grandfather’s farm in Cuba, where he helped to build a
cistern to collect rainwater and Manny referred to his experience living in Cuba:

I remembered when I left there like, um, my mom had to get the water from the tap and
boil it. But sometimes you only get the, like..um.. the country gives you the gas like once
a month and if you spend the gas in boiling, what are you going to cook with? So you
have to have a balance, and sometimes it doesn’t work ... And when you see like here in
the United States, how much water is wasted and then having the opportunity to create a
biosand filter that can help them is awesome.

Marcella shared her experiences when she lived in Colombia:

I feel the first time I heard of [this project], I was so happy because when I'm back in my
country I see people in the north are struggling to get clean water and kids dying because
they, they, they don’t have access to clean water, which is like such a, it’s just a basic need
that we all have and it’s so easy for us to get it. But for other people it’s not that easy. So,
I feel like this is like a really important achievement.

She continued:

Sometimes 1 take really long showers here. In Colombia I would take like really quick
showers so the like the water bill won't come like so, so expensive. My mom is like,
“remember what you use to do in Colombia?"” It’s just sometimes you like remember where
you come from and then you go back to who you truly are.

This finding underscores the differences between the students’ lives and those of the
USF team because this should not have been unexpected given the home backgrounds of the
students. As a result, what could have been a strong connection of the project to students’
lives was overlooked by the USF team. The importance of connecting to students” home
cultures has been explored extensively in the science education literature (see for example,
the work of Barton and her colleagues [80-82]). It also suggests that when we consider the
meaningfulness of engagement in scientific practices [37], it is important to consider the
students’ home communities, as well as the classroom and scientific communities.

5. Discussion

In this study we investigated the manner in which the participation in a research
project with a focus on providing potable water in developing countries affected HS
students. We found that the focus provided authenticity and meaningfulness to the stu-
dents [37,38]. While it was clear from our interviews that they recognized the significance
of their work for those who do not have ready sources of potable water, there is also
the possibility that it was more meaningful to them on Burgin’s framework as a result
of what could be called an altruistic stance toward their research on the BSFs. Almost
all the students we interviewed and almost all the final reports demonstrated the good
feelings that they had about conducting this work that could be beneficial to people in need
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around the world. That is, the project may have been more meaningful to the HS students
because they came to empathize or care for others. This affective aspect of authenticity
and meaningfulness does show up in the literature. For example, both Burgin [38] and
Kapon et al. [83] refer to Buxton’s concept of youth-centered authenticity in which, “au-
thenticity begins with the premise that learning is authentic when it takes as its starting
point the interests, perspectives, desires, and needs of the students” [61]. Kapon et al.
also relates authenticity to the personal relevance of the activities to the students, which
includes their “sense of benefit, value, and meaningfulness, as well as agency and users
and generators of what is learned” [83]. However, while these perspectives focus on either
how the students see the activities as being useful or meaningful to themselves or to others,
they do not explore the influence that the students” empathy or caring for others may have
on how authentic or meaningful the activities are to the students themselves. We suggest
that as further research is performed on students’ participation in research activities, it may
be important to consider factors such as their feelings of empathy or caring for others.

In our second sub-question, we asked about the relationship between the activities’
authenticity and meaningfulness to the HS students and their learning of science and
engineering practices. As we noted above, these activities allowed the HS students to
explore the hydrosocial, local, and functional knowledge [3] of water supply issues and
methods to address them using POU water treatment technology. This was possible
because of the collaboration of the university-based research group with Mr. Munro
and his students. The university-based research added to all of Burgin’s dimensions of
authenticity [38] and placed the activities in the region of meaningful engagement in
scientific practices in classrooms of Berland et al.’s continuum [37]. As a result, the HS
students found the experience to be very different from their regular science instruction,
felt special and privileged to have the USF team in their school working with them, and
were deeply drawn to the issue of lack of potable water in much of the world.

We also found that the authenticity and meaningfulness of the activities led the
students to become more interested in science and STEM careers, and helped them to take
on the identity as scientists. As our data indicates, these changes in attitudes had a strong
connection to the real-world requirement for developing POU water treatment and the
students” knowledge that they were contributing to finding a solution.

It appears that the authenticity and meaningfulness of the project to the HS students
are related to our two unexpected findings. One was that even though there was no
explicit instruction about the need to conserve water, the students determined that it was
important for them to do so and gave us specific examples of the methods they were going
use to realize water conservation. The other was that because many of the HS students
were either new to the US or traveled to their family’s home countries, they had personal
experience with issues related to the scarcity of potable water. This type of knowledge
is often referred to as “funds of knowledge”. The term funds of knowledge refers to
“historically accumulated and culturally developed bodies of knowledge and skills essential
for household or individual functioning and well-being” [84]. It has been demonstrated
that teaching that draws upon students’ funds of knowledge can result in increased student
involvement in lessons and improved learning [82,85,86]. In retrospect, we believe that our
project could have made good use of the HS students’ funds of knowledge related to water
scarcity issues.

This project could not have happened without the help of Mr. Munro. He opened his
classroom to us and encouraged his students to be active participants. Because the source of
the water for the BSFs were the aquaria used for the science lessons, he had already taught
the students about the nitrogen cycle and the need to keep nitrate, nitrite, and ammonia
under control. He had also taught them how to perform the tests for these contaminants,
which we adapted for the BSF research. In looking back at the project, we realize that while
Mr. Munro was welcoming to us, we did not include him in our work as much as we ought
to have. Our focus on the HS students blinded us to the need to welcome Mr. Munro into
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our research group so that he could share ownership of the project with us. We believe that
this resulted in Mr. Munro stepping back when we worked with the students.

One aspect of Mr. Munro’s stepping back was that he participated on the sidelines
in the research activities in his classes. This was partly due to our not making sure that
he saw himself as part of our research group. As a result, when he did provide help with
the project, it was more similar to “school science” rather than authentic research. A case
in point was the students’ research reports. Mr. Munro developed the template for the
reports and ran the class sessions when the students prepared them. Although we found
the reports useful for uncovering the HS students” knowledge, skills, and beliefs about
engaging in water research, it appears that they treated the template as if it was a worksheet.
In the US, students have been enculturated to respond to worksheets by basically filling in
the spaces between the questions and when every space has text in it, they have completed
the worksheet [87]. This has been described as a “done is good” mindset. Not making
sure Mr. Munro felt that he was a full participant in our research group was a serious
short-coming in our design, which we plan to change in future iterations of the project or
similar ones. Clearly, this is an important lesson for all future projects in which university
research teams partner with teachers and their students to promote authentic school-based
scientific research.

Another important caveat about this project and one that may have been related to
Mr. Munro not feeling or being a part of the group is that it was very time-intensive for the
USF team. In addition to the time elapsed in performing the educational research, there was
the time spent in developing the curriculum material. Furthermore, the graduate students
and professors spent a considerable amount of time in the school to teach the students
about water issues, BSFs, and research methods. The USF team also taught the students
how to build and operate the BSFs and some of the measurement methods. Because the
project included all of Mr. Munro’s six daily classes, the USF team needed to be at the
school from the opening bell until the end of the day. Clearly this is not a sustainable model.
One method to render it more sustainable is to work with teachers to improve their abilities
in engaging in the practices of science and engineering so that they can serve as research
team leaders at the school sites. For the 2019-2020 academic year, we modified the model of
interaction with the schools so that the USF team worked directly with teachers from three
high schools and one middle school to support the implementation of the project either
as an afterschool activity or as part of the regular classes. The teachers would then teach
the students much of the material about BSFs and research methods and engage in the
authentic activities along with them. Our intent was to study whether this model would
work and what factors affect its success. However, the implementation of this model was
truncated by the shift to remote emergency teaching because of the COVID-19 pandemic.
The USF team looks forward to continuing studying this model when schools re-open.
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