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Abstract

In our standards-driven classrooms, teachers are searching for science re-
sources to help them develop positive learning environments and meet dis-
trict, state, and national standards. Guidelines are provided for creating a
project-based learning unit. An inquiry into frogs is used as an example to
develop a unit that can be implemented in a third-grade classroom. These
guidelines provide a valuable resource for teachers in developing safe, engag-
ing, project-based unit plans.
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1. Introduction

Why should teachers use PBL to teach science? Balemen and Keskin [1] found
that “students receiving PBL education performed 86.6% better than those re-
ceiving education with traditional methods”. Students are motivated as they use
PBL to address real world science problems [2] [3] [4]. PBL allows students to
become immersed in inquiry while they explore relevant questions of interest
in-depth [5]. In addition, student curiosity and wonderment are encouraged [6].
Bell [7] and Chu, Chow, Tse, and Kuhlthau [8] emphasized the importance of
student collaboration throughout inquiry-based learning projects. When stu-
dents are actively involved in the learning process, science becomes meaningful
and relevant [5]. Tuttle, Obringer, Czajkowski, and Czerniak [9] found that stu-
dents become motivated to learn and are encouraged to express their curiosity
while engaged in PBL. Finally, teachers also benefit from implementing PBL in
their classrooms. They increase their knowledge in science and technology and

develop a more positive attitude toward these subjects [2].
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As state and national science standards change, elementary teachers seek out
resources to help them meet standards and develop safe, positive learning envi-
ronments. Project-based learning is a teaching methodology that allows teachers
and students to become actively engaged in science learning and address stan-
dards. Krajcik and Czerniak [3] define project-based learning (PBL) as “an ap-
proach to teaching science that focuses on children investigating questions and
problems that they find meaningful and engaging, and that spark wonderment
and curiosity about the world”. Hasni et al [2] reviewed 48 articles from
peer-reviewed journals written on the topic of project methods in science and
technology published between 2000 and 2014. According to Hasni et al [2], five
primary features include 1) problem/question, 2) investigations/designing activi-
ties, 3) collaboration including the community, 4) technology, and 5) final
projects.

PBL is not a new concept. The history of using the project method of teaching
has been traced to such well-known educators as John Dewey and William Kil-
patrick [10]. PBL is rooted in constructivism, a philosophy that focuses on stu-
dent learning. Students make their own meaning of novel information by con-
necting to previous knowledge while simultaneously reflecting upon past and
present experiences [11].

PBL differs from other teaching strategies in a number of ways. First, students
have responsibilities that are quite different from the teacher’s responsibilities.
Second, student curiosity drives the learning process as they collaborate with
teachers to inquire, explore, research, and create. As students ask questions, a
driving question emerges that will help drive the project. Krajcik and Czerniak
[3] explain that a driving question is an important and meaningful question and
one that can be safely explored and interpreted. Third, the traditional teaching
model of requiring students to passively receive and recite factual information is
no longer sufficient in today’s technological era. PBL invites students to solve
highly complex, relevant problems that require both a fundamental and 21%
century set of skills. Fourth, the central mission of PBL is to develop students
into lifelong, successful learners who freely inquire about their world. As teach-
ers use PBL, science no longer remains confined within the four walls of the
classroom, but reaches beyond and allows students to take control in their pur-
suit of knowledge [3].

Teachers are challenged to find a balance between innovative teaching and
addressing curriculum standards [12]. By using PBL, this balance is achievable.
The National Research Council of the National Academy of Sciences developed
and released A Framework for K-12 Science Education in 2011 [13]. The
Framework is the basis for the Next Generation Science Standards (NGSS) that
outlines knowledge all K-12 students should know in the science discipline. The
three dimensions of science learning include disciplinary core ideas (DClIs),
cross-cutting concepts (CCCs), and science and engineering practices (SEPs)

which, in combination, form performance expectations or learning goals. It is
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understood that students and teachers have great flexibility on how to achieve
those performance expectations [14].

Traditional teaching methods dictate role-specific responsibilities for both
students and teachers. PBL intentionally blurs these lines, with responsibility
split between the teacher and the learner(s). Through collaboration, the teacher
creates a work environment where students are “free to develop their own area
of interest and determine a way to learn what they want to know” [15].

Typically, teachers provide safety information, support, supervision, and en-
couragement for students as they develop knowledge and skills. A variety of in-
structional strategies are used in PBL including direct, indirect, experiential, and
independent study [3]. Students learn by “doing science”, which includes inves-
tigating, experiment under adult supervision, problem solving, collaborating and
communicating with peers, and sharing their new knowledge [12]. As the need
arises, teachers use a variety of teaching strategies and differentiated learning
opportunities throughout the PBL unit. For example, if students need to use a
microscope, the teacher will teach microscopy skills at that time. The scalability
of this methodology allows teachers to adjust the length of the unit according to
time constraints, topics of inquiry, and subject matter. PBL naturally lends itself
to numerous opportunities for authentic assessment, both formative and sum-
mative, because students participate in the development of the unit and decide
their final cumulative project. It is imperative that students receive feedback
from their teacher throughout the PBL unit process [4].

Student curiosity is encouraged in PBL as they ask questions, explore, develop
a project, and share their findings with an audience. Throughout the unit, data is
collected and analyzed. Students interpret results and engage in debates/arguments
based upon evidence and interpretations [16]. Scientific literacy evolves as stu-
dents investigate real-life global issues and develop critical thinking, problem

solving, and decision-making skills [3].

2. Methods

Developing a PBL Unit: A teacher wants to create a project-based science unit
for students in a third-grade class. Where does the teacher begin? In the United
States, teachers begin developing their science units by addressing state and/or
national science standards. In a project based learning unit, a driving question
helps students focus as they investigate a science topic. Driving questions often
arise through student curiosity as they play, read books, or while taking nature
walks. It is important for students to develop a final product that they can show
and discuss in a final presentation. For this reason, students brainstorm and
agree upon a final product. Instead of the teacher telling students what they need
to learn, students decide what they want to learn and how to divide learning
tasks. Students understand they must have evidence of their findings. This often
involves providing citations and documentation from their research and science

activities. Students learn to think and behave like scientists when they construct
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an argument with evidence. Teachers understand that interesting science activi-
ties often keep students engaged in learning and encourage students to think
critically as they are immersed in their science projects. It is of utmost impor-
tance for the teacher to establish and maintain a safe learning environment for
all students. Therefore, teachers must closely supervise students during the
learning process. In addition, teachers in the United States are required to pro-
vide evidence that students are learning. For this reason, pretests, posttests,
checklists, and an evaluation of the final product provide evidence of student
learning. To mainstream unit plans the teacher navigates state and/or national
science standards to identify where math, social studies, and language arts stan-
dards can be integrated. Finally, throughout the unit, students create and devel-
op their final product, which is then presented and celebrated.

We follow and modify a ten-step process for planning a project as outlined by
Krajcik and Czerniak [3]. This process includes the following: 1) Begin with
Science Standards; 2) Develop a Driving Question; 3) Brainstorm Final Product;
4) Learning Strategies; 5) Constructing an Argument with Evidence; 6) Design-
ing Projects; 7) Science Safety; 8) Assessment; 9) Integration; 10) End Product.

Begin with Science Standards: How does a third-grade teacher determine
which science topics are to be taught during the school year (scope) and the se-
quence? PBL units begin with backward design [17] by identifying learning out-
comes (performance expectations). The teacher relies upon district, state, and
national science standards to identify learning outcomes. In science classrooms,
children often study animals. Since frogs are found all over the world, except
Antarctica, they provide an excellent model system for studying animals. If the
teacher and students choose “frogs” as their animal of interest, the following
NGSS will be a good place to begin: 3-LS4-3 Interdependent Relationships in
Ecosystems: Environmental Impacts on Organisms;

https://www.nextgenscience.org/topic-arrangement/3interdependent-relationshi

ps-ecosystems-environmental-impacts-organisms.

“Students who demonstrate understanding can: Construct an argument
with evidence that in a particular habitat some organisms can survive well,

some survive less well, and some cannot survive at all”.

Since the NGSS are three-dimensional, Science and Engineering Practices,
Disciplinary Core Ideas, and Crosscutting Concepts are identified as follows for
this standard:

“Science and Engineering Practices: Engaging in Argument from Evidence:
Construct an argument with evidence”.

“Disciplinary Core Ideas: LS4.C: Adaptation: For any particular environ-
ment, some kinds of organisms survive well, some survive less well, and

some cannot survive at all”.

“Crosscutting Concepts: Cause and Effect: Cause and effect relationships are

routinely identified and used to explain change”.
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Develop a Driving Question: It is important for the teacher to talk with stu-
dents and listen carefully to their interests and thought-provoking questions. For
example, if children are playing on the playground and hear frogs calling, a stu-
dent might ask the following question: “What kinds of frogs live around here?”.
This question becomes the “driving question” under the overarching topic of
Interdependent Relationships in Ecosystems, 3-LS4-3.

https://www.nextgenscience.org/topic-arrangement/3interdependent-relationshi

ps-ecosystems-environmental-impacts-organisms.

Brainstorm Final Product: For example, the teacher might ask the students if
they are interested in studying frogs within their local community. If so, the first
task is for students to select a final product that will serve as the summative as-
sessment piece. Classmates discuss possible final products and decide they would
like to write a book about frogs. Additionally, they want to present their book to
students in the second-grade class. They intend to invite the school principal and
the local conservation agent who occasionally presents lessons to their class.

Learning Strategies: The next step is for the teacher and students to discuss
how they would like to approach this learning task. They decide they need to
find out what kinds of frogs live in their community by listening for frog calls
during different times of the day and evening. The class decides to contact the
local zoo and find out if a citizen science program on frogs exists. A local con-
servation agent will be invited to talk with the class about frogs and how to iden-
tify and classify frogs. Depending upon the different types of local frogs, the class
will divide into groups. Each group will study one type of frog in depth. In order
to provide structure to the book, the teacher offers to guide the students in de-
veloping a template so that each group will search for the same information on
each of their frog species. The template will address such questions as “Where
does the frog live? What does the frog eat? How large is the frog?”. As students
research background information, students will become curious and ask their
own questions. These questions will be written in their science notebooks and
addressed in their book. Students might discover that frogs serve as the canaries
in the coal mine and ask what this means. They can then do research and dis-
cover that frogs are highly susceptible to water pollution. It is important for stu-
dents to cite references. What is the source of their information? Is this a reliable
resource? The teacher can help students learn how to cite references. This in-
formation becomes part of constructing an argument and providing evidence
that supports their statements. It is important to highlight that this is a routine
activity for scientists and engineers (NGSS 3-D SEPS). Each group will become
an “expert” on their frog and will present information on that frog to their au-
dience.

Constructing an Argument with Evidence: Keeping in mind the driving
question, NGSS 3.LS4-3, and overarching topic, students will “construct an ar-
gument with evidence that in a particular habitat some organisms can survive

well, some survive less well, and some cannot survive at all”.
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https://www.nextgenscience.org/topic-arrangement/3interdependent-relationshi

ps-ecosystems-environmental-impacts-organisms. This standard, NGSS 3-1LS4-3,

can be addressed by discussing tadpoles, frogs, and crickets in aquatic ecosys-
tems. All frogs must return to water to reproduce. Tadpoles survive well because
they are adapted to live in the water. They have gills. Adult frogs survive less well
because they have lungs. Crickets do not survive at all because they are not aqua-
tic organisms. This information will be added to the frog book. This argument
illustrates the NGSS Disciplinary Core Ideas (DCls) for Adaptation (LS4.C).

Designing Projects: The teacher ensures that student interests, learning ac-
tivities, and research align with the topic and final product to spark curiosity and
excitement. The teacher can introduce models, which can be made using mod-
eling clay to explain and predict. For example, students could create a frog from
modeling clay that resembles one found in their local community. Students can
then predict what might happen if the frog had an additional leg. Why did a fifth
leg grow on the frog? Students can explore the cause of multiple limb growth
and possible effects of water pollution and microorganisms on frog develop-
ment. By doing so, NGSS Crosscutting Concepts for Cause and Effect have been
adequately emphasized as well as enhancing critical thinking skills.

Science Safety: It is the teacher’s responsibility to carefully examine every ac-
tivity and project for safety issues [18]. If live frogs are brought into the class-
room, they can pose a safety concern. All amphibians may carry Salmonella, a
bacterium that can be transmitted either by direct contact (by touching the frog)
or indirect contact (by touching the water in which the frog lives). It is also im-
portant for students to wash their hands thoroughly with soap and water upon
completion of all science activities [19].

Assessment: Assessment is a critical piece of PBL [3]. The teacher and stu-
dents can work together to develop authentic assessment pieces that provide
clear expectations. What do emerging, basic, and proficient mean as students
complete lesson plans, do research, and develop a book on frogs? What will be
expected during the frog book presentation? Checklists including skill develop-
ment can be developed for formative assessment. A scoring guide may provide
important information for summative assessment covering the final product (the
book) and the presentation to the second-grade class and invited guests from the
community.

Integration: Additional standards can be addressed when developing lesson-
plans for this PBL unit on frogs. For example, since students are studying frog
size, mathematics standards can be addressed in the lesson plan. Students can
compare the size of local frogs with the size of common objects found in their
homes or the classroom. Once students understand the length of their frogs, they
can determine which common object comes closest to the frog’s actual size. If
students are studying a small frog, such as a spring peeper (Pseudacris crucifer)
measuring 25 to 38 mm in length, they may compare its length to that of an al-

mond. If the frog is much larger, such as a bullfrog (Lithobates catesbeianus)
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measuring 9 to 15 cm in length, students may compare its size to an extra-large
onion. A similar activity may be used to demonstrate mass. When students
compare and contrast, they develop mathematical skills through measuring with
a ruler and using a balance. They gain knowledge of the disciplinary core ideas,
and build literacy skills through writing new information into their science
notebooks and adding entries into their final book project.

End Product: Once the book has been completed, it is necessary to practice
prior to giving the presentation. Of course, arrangements were made in the be-
ginning stages and invitations were sent to guests. Students are to be well prac-
ticed and prepared with making their presentations and excited about sharing
their findings. Upon completion of the presentation, students need to celebrate
their success and reflect upon what worked, what did not work, and how the
process can be improved. Finally, by participating in PBL, students realize the

processes used by real scientists and engineers.

3. Conclusions

Teachers often get comfortable with one type of teaching methodology and are
reluctant to change. Dole, Bloom, and Kowalske [20] found that students were
able to direct their own learning within a few days of using the PBL approach. In
addition, inquiry-based learning provides numerous opportunities for differen-
tiated instruction [7] [21], which is very important in the 21* century classroom.
Science education is for all students, not simply those who intend to become
scientists [16]. It is imperative for all students to gain foundational knowledge in
science in order to make well-educated decisions within their homes and com-
munities. As students work collaboratively to create projects, they develop prob-
lem solving and time management skills [22], science and technology skills and
positive attitudes as well as interest in science and technology [2]. PBL allows
students to assume responsibility in the learning process as they develop both
academic and social skills [4].

The teacher may initially feel uncomfortable using PBL, especially releasing
control and allowing students to determine the direction of their own learning
[20]. In addition, teachers especially in elementary schools often “lack relevant
disciplinary and pedagogical expertise—and associated confidence—for teaching
and learning in these subjects” (ie. science and/or technology) [23]. The teacher
may not have a textbook that provides content and ideas for activities. There-
fore, it is the teacher’s responsibility to develop clearly defined lesson plans and
guide students through the PBL process. By using the guidelines described with-
in this article, teachers will be able to create and implement their own PBL units,
learn more about science and technology, and gain more confidence in their
knowledge and abilities to serve as a science education leader in their own class-
rooms.

Why should teachers use PBL to teach science? Students perform better in

science [1], are motivated to address real world science issues [2] [3] [4], become
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immersed in inquiry [5], and their curiosity and wonderment are encouraged

[6]. Science becomes meaningful and relevant as students engage in PBL [5]. Fi-

nally, students become motivated to learn [9].
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