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LESSONS LEARNED FROM
INTERDISCIPLINARY
ACTIVITIES THAT CONNECT
CHEMISTRY AND BIOLOGY

The ability to link disparate concepts across disciplines underpins
many scientific breakthroughs. However, most students struggle

to develop the skills they need to apply knowledge from one STEM
subject to explain phenomena in another. Dr Sonia Underwood of
Florida International University (FIU) and her colleagues at both FIU
and Michigan State University (MSU) have developed assessments
aligned with ‘three-dimensional learning’, which support students in
connecting core concepts across fields. Their research using a series
of new educational activities highlights the promises and challenges

in helping students develop an interdisciplinary mindset.

Three-dimensional Learning

Many students going through basic
science classes hope to churn them
out to advance toward their chosen
specialty. Sometimes, Biology 101 can
feel like a chore to a budding physicist
and Chemistry 101 can feel pointless to
someone hoping to become a medical
doctor.

However, the ability to apply knowledge
across disciplines, and in new
situations, is critical for developing a
strong and innovative community of
STEM professionals. These skills also
contribute to the development of a
scientifically literate society that should
be informed, curious, and supportive

of science, regardless of their chosen
professions.

Cultivating learning environments

that support these goals has proven

to be challenging, particularly in

higher education where faculty and
classes are separated into specific
departments by discipline. Additionally,
many introductory courses focus on

rote memorisation or developing skills
that are only relevant to one isolated
field. These course structures can be
an obstacle for students when they
attempt to understand how disparate
fields relate to one another.

Dr Sonia Underwood of Florida
International University specialises in
making chemistry more accessible and
improving students’ ability to apply
chemistry concepts to other STEM
fields. Since earning her PhD, she has
focused on assessing and implementing
changes to curricula that help students
integrate knowledge across different
disciplines. Recently, Dr Underwood
and her colleagues developed a series
of activities that prompt students to
connect core chemistry and biology
knowledge to explain biological
phenomena.

The team of researchers used the
‘Framework for K-12 Science Education’
from the National Research Council

in the United States, which focuses

on the ‘three dimensions’ of science
learning. The first dimension is scientific
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practices, which describes what
students are able to do with their new
knowledge. The second dimension,
called crosscutting concepts, includes
the tools, lenses and bridges that help
students explain disciplinary ideas. The
third dimension is core ideas, which
describes the fundamental concepts in
each discipline, or the knowledge that
teachers want students to learn.

The integration of these three domains
is known as ‘three-dimensional
learning’ This work is among the

first to create interdisciplinary three-
dimensional activities for the post-
secondary learning environment.




Interdisciplinary Activities for Science Students

Overall, the researchers wanted to understand how students
use their chemistry knowledge to explain biological
phenomena. The research team thus developed several
activities that gave students the opportunity to integrate
concepts across two common undergraduate STEM courses:
general chemistry and introductory cell and molecular biology.
In creating, implementing, and evaluating four selected
activities that prompt students to connect chemical concepts
to biological phenomena, the researchers assessed the degree
to which students could make interdisciplinary connections.

In the first activity, students were asked to use core principles
of energy in bond breaking and forming to explain how the
hydrolysis of adenosine triphosphate (ATP) powers a molecular
motor in a virus. The two-page activity offers various prompts
for students to connect ideas about how energy released

from reactions involving ATP can be used to fuel biological
processes.

In the second activity, students explained the real-world
problems behind ocean acidification, as FIU is known for

its environmental research into local aquatic concerns.
Specifically, this activity asked students to explain these
phenomena with core chemistry concepts, predicting how an
increase in atmospheric carbon dioxide leads to more acidic
oceans and less available carbonate for crustaceans to build
their shells.

The third activity asked students to use their understanding
of molecular interactions to explain the differences in boiling
points between different substances, and similarly why
temperature affects the stability of DNA.

The last activity focused on osmosis. Here, students were
asked to use entropy, a core chemistry concept that describes
molecular disorder, to explain how water passes through cell
membranes.

The researchers partnered with instructors to present these
activities to undergraduate students in general chemistry
and biology courses at both FIU and MSU. Based on the

research conducted with these activities, the team was able
to evaluate the degree to which students successfully made
cross-discipline connections, as well as identify important
patterns that educators should consider before planning and
implementing similar activities.

Commonalities and Student Feedback

In general, the results from implementing these activities
support the idea that students can use chemical concepts to
describe simple, isolated systems. However, most students had
difficulty connecting the core chemistry ideas conceptually to
the specific biological processes in question.

Despite these difficulties, in response to prompts soliciting
feedback as well as follow-up interviews, many students
reported an appreciation for the activities that challenged them
to apply core concepts from one field to another. Additionally,
students expressed an interest in more activities that relate
real-world problems, such as climate change, to both
disciplines.

In general, students and educators understand that if we
hope to solve climate change and other real-world scientific
challenges, today’s STEM students must be given explicit
opportunities and time to develop the mental muscle to draw
upon chemistry and biology concepts when solving new
problems in either field.

Based on the four activities, the research team identified three
important factors that influenced student responses.

Scaffolding Matters

First, the team realised that students do not often receive
activities designed to integrate their knowledge across

fields. Therefore, they decided to ask students to provide an
explanation about a biology phenomenon immediately before
they asked them to connect it with chemistry core concepts
within the same activity. This strategy, called ‘scaffolding),
involves supporting students as they complete a task before
they attempt to do it alone.

When comparing student responses before and after the
scaffolding within the same activity, the researchers found
that scaffolding greatly improved students’ explanations of
biological phenomena. ‘Scaffolding students’ chemistry ideas
was very important and essential to support themin the
application of the same ideas to less familiar phenomena,
explains Dr Underwood.

Course Background Matters
Second, the researchers sought to understand how the

students’ prior studies influenced their ability to use chemistry
concepts to explain biological phenomena specifically relating
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to DNA stability and osmosis across cell membranes. About half
of the students completed the DNA and osmosis coursework
within their general biology course - some of whom had
previously taken the general chemistry course, and some of
whom had not. Meanwhile, the other students covered this
content within their general chemistry course - some of whom
had previously studied general biology, and others who had
not.

The research team observed that students who completed
the DNA and osmosis activities within their general chemistry
course showed a similar level of ability when completing the
activity, regardless of whether they had previously studied
biology. On the other hand, the team noticed major differences
in students who completed the activities during their biology
course, depending on whether they had previously studied
chemistry. These results suggest that students with different
levels of prior chemistry knowledge did not experience the
activity in the same way, because some did not have the
appropriate background knowledge.

Timing Matters

Lastly, the researchers investigated whether there is an optimal
time to administer activities to students. They found that the
timing of when an activity is presented to students can impact
their responses.

For example, the DNA activity was administered at three
different times: when the students initially learned the related
course content about intermolecular forces; after the students
were examined on this content; and a semester later. The team
found that the student responses were most sophisticated after
they were examined on the content within the same semester
of learning the material.

The students who completed the activity while they were
still learning the ideas of intermolecular forces experienced

challenges, as their understanding was still unclear. When
students were assessed a semester later, additional issues
arose, as students began to draw on unrelated knowledge
that was not applicable to the problem at hand. Thus, the
researchers concluded that timing the activities in such a way
that they align with coursework completion will greatly affect
students’ success.

The Team’s Recommendation

In general, the researchers recommend that educators
integrate interdisciplinary three-dimensional learning
activities throughout the course, so that students have ample
opportunities to practice these skills.

In addition, students want and need opportunities to
investigate real-world situations that are relevant to their
course and connect knowledge across disciplines. ‘If we
want our students to be able to use and apply their relevant
knowledge, they need to be provided with the opportunities
to recognise how and when to connect their ideas in different
situations,’ says Dr Underwood.

Lastly, students want to better understand why they are taking
a particular course and how it connects to their other courses.
Forinstance, they might wish to know that physics can help
them to understand why things happen at the molecular

level within chemistry, and how chemistry can help them
understand why biological phenomena occur.

Widespread Adoption of 3D Learning

The team’s research highlights the ongoing need to design
interdisciplinary activities and curricula that incorporate the
three dimensions of learning. Because the researchers used
multiple activities and implementations, they could evaluate
how scaffolding, course background, and activity timing
influenced the students’ experiences.

The research team stresses that if we are to make the most of
the activities, we must carefully create and time them in such a
way that all students engage in three-dimensional activities at
the optimal time, with similar levels of course background and
support.

Overall, three-dimensional learning represents a step forward
toward improving scientific literacy across the student body
and general population. However, ensuring that all students
have equal opportunities to engage and benefit from these
activities remains a challenge. To address this gap, the team
hopes to implement these activities with a variety of student
groups across various STEM fields, to gain more nuanced
insights about how they can help cultivate the scientific
innovators of tomorrow.
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