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Understanding
Phylogenetic
Trees through
POGIL: A
Guide to Active
Learning in
Evolution

Phylogenetic trees are
fundamental tools in
evolutionary biology,
mapping the
relationships among
species, genes, or
other taxa based on
shared ancestry. For
students and
educators, grasping
the construction and
interpretation of these
trees can be

challenging. That is
where the
Phylogenetic Trees
POGIL approach
comes into play.
POGIL—Process
Oriented Guided
Inquiry
Learning—transforms
passive lectures into
dynamic, student-
centered exploration.
This article provides a
comprehensive
overview of
phylogenetic trees,
explains how POGIL
activities facilitate
deeper understanding,
and offers practical
insights for using these
resources effectively.
Whether you are a
teacher designing a
lesson or a learner
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seeking to master
evolutionary concepts,
this guide will
illuminate the power of
inquiry-based learning

with phylogenetic
trees.

What Are
Phylogenetic
Trees?
Phylogenetic trees,
also known as
cladograms or
phylogenies, are
branching diagrams
that depict the

evolutionary history
and relationships
among different
organisms or groups.
Each branch point, or
node, represents a
common ancestor, and
the lengths of branches
may indicate time or
genetic change. These
trees help scientists

answer questions
about how species are
related, when they
diverged, and how
traits evolved.

Key components of a
phylogenetic tree
include:

e Root: The
common
ancestor of all
taxa in the tree.

e Nodes: Points
where lineages
split,
representing
speciation
events.

e Branches: Lines
connecting
nodes, showing
the path of
descent.

e Taxa: The
organisms or
groups at the
tips (leaves) of
the tree.

e Clades: A group
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for PHyRISeAeic
ancestor and all
its descendants
(monophyletic
group).

Understanding these
elements is critical for
interpreting
evolutionary data.
However, many biology
students struggle with
the abstract nature of
tree thinking.
Traditional teaching
methods often rely on
memorization or static
diagrams, which fail to
develop analytical
skills. This is where
Phylogenetic Trees
POGIL activities offer a
transformative
solution.

What Is POGIL
and Why Use It

POGIL is a research-
based instructional
strategy where
students work in small
groups on guided
inquiry activities.
Instead of listening to a
lecture, they answer
gquestions, analyze
models (like
phylogenetic trees),
and build their own
understanding. The
teacher acts as a
facilitator, not a sage
on the stage.

The Phylogenetic
Trees POGIL activity
typically presents a
series of
models—simplified
trees, character
matrices, or DNA
sequence
alignments—accompan
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ied by critical thinking
guestions. Students
must collaborate,
discuss, and justify
their answers. This
process reinforces key
concepts such as
common ancestry,
synapomorphies, and
parsimony.

Why does POGIL work
SO well for
phylogenetic trees?

e Active
engagement:
Students
manipulate data,
draw trees, and
test hypotheses.

e Peer learning:
Explaining
reasoning to
others solidifies
understanding.

e Scaffolded
difficulty:
Activities start
simple and build
to complex

analyses.

* Immediate
feedback:
Discussion
exposes
misconceptions
early.

Inquiry-based learning
aligns with how
scientists actually
work: they ask
questions, gather
evidence, and revise
ideas. By wusing
Phylogenetic Trees
POGIL materials,
educators can help
students learn not just
the content, but the
process of science.

Core Concepts
Addressed in
Phylogenetic
Trees POGIL
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A well-designed
Phylogenetic Trees
POGIL module
typically covers several
essential topics. Let's
explore each one and
see how guided inquiry
brings them to life.

Reading and
Interpreting
Phylogenies

Students are often
confused by the
orientation of
trees—whether the
order of tips matters or
what the branch
lengths signify. A
POGIL activity might
present two different
representations of the
same tree (e.g.,
rotated branches) and
ask: "Are these trees
the same? How can

you tell?" Through
discussion, learners
discover that only the
branching pattern
(topology) matters, not
the order of tips on the

page.

They also practice

identifying sister
groups, the most
recent common

ancestor, and which
taxa are more closely
related. For example,
given a tree of
mammals, students
might be asked: "Are
humans more closely
related to chimpanzees
or to kangaroos?" The
guided questions push
them to trace paths
back to the most
recent common node.

Building Trees
from Character
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Data

One of the most
powerful parts of a
Phylogenetic Trees
POGIL activity is
constructing trees
using morphological or
molecular characters.
Students receive a
matrix of species and
traits (e.qg.,
presence/absence of
feathers, hair, amniotic
egg) and must infer
relationships. They
learn to distinguish
ancestral characters
(plesiomorphies) from
derived characters
(apomorphies) and to
use shared derived
characters

(synapomorphies) to
define clades.

For instance, a classic

exercise involves
vertebrates: fish,
amphibians, reptiles,

birds, and mammals.
Students group them
based on traits like
four limbs, amniotic
egg, and fur. They
discover that birds and
reptiles share more
derived traits than
either does with
mammals,
contradicting common
misconceptions. By
doing this themselves,
the <concept of
parsimony (simplest
explanation) becomes
intuitive.

Parsimony and
Tree Selection

When multiple trees
are possible, how do
scientists choose the
best one? The principle
of parsimony (Occam's
razor) states that the
tree requiring the
fewest evolutionary
changes is preferred. A
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Phylogenetic Trees
POGIL activity might
present two alternative
trees for the same data
set and ask students to
count the number of
character changes for
each. They then decide
which tree is more
parsimonious. This
hands-on calculation

develops a deep
appreciation for the
logic behind

phylogenetic inference.

Students also explore
limitations of
parsimony, such as
when convergent
evolution produces
similar traits in
unrelated lineages
(homoplasy). The
guided inquiry format
encourages them to
identify such cases and
discuss how additional
data (e.g., DNA
sequences) can resolve

conflicts.

Molecular
Phylogenetics:
Reading DNA
Trees

Modern phylogenetics
often wuses DNA
sequence data. A
Phylogenetic Trees
POGIL module may
include a simplified
exercise with
nucleotide sequences
(e.g., for a gene like
cytochrome c).
Students align
sequences by eye or
use a provided
alignment, then count
differences and group
similar sequences.
Even without
computers, they can
construct a rough
neighbor-joining tree.
This demystifies
molecular

phylogenetics and
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shows that the
underlying logic is the

same as for
morphological data.
Questions might

include: "Which species
have the most similar
DNA? Do these
groupings match what
you expected from
anatomy? Why might
there be a conflict?"
Such discussions
prepare students for
more advanced topics
like maximum
likelihood and Bayesian
inference.

Practical Tips
for
Implementing
Phylogenetic
Trees POGIL in

the Classroom

For educators ready to
adopt this approach,
here are actionable
strategies to maximize
success.

Before the
Activity: Pre-
Assessment and
Group Formation

Briefly gauge students'
existing knowledge of
evolution and tree
reading. Use a quick
poll or short written
response. Then assign
groups of 3-4 students
with diverse abilities.
The POGIL model works
best when each
member has a role
(e.qg., manager,
recorder, presenter,
reflector). Explain that
the goal S
collaboration, not
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competition.

During the
Activity:
Facilitation and
Questioning
Distribute the

Phylogenetic Trees
POGIL worksheet and
allow groups to work at
their own pace.
Circulate and listen.
Instead of giving
answers, ask probing
guestions: "What
evidence supports that
grouping?" "Can you
find a different tree
that also fits the data?"
Resist the urge to

correct errors
immediately; let
students discover

inconsistencies
through their own
reasoning.

If a group finishes
early, challenge them

with a "stretch"
guestion—perhaps
adding a new species
to the matrix or asking
for a written
explanation of their
tree choice. Keep the
classroom atmosphere
supportive and curious.

After the Activity:
Whole-Class
Discussion and
Assessment

Bring the «class
together to share
results. Display
different groups' trees
on the board or via
document camera.
Discuss variations and
why some are more
supported than others.
Use this as a teachable
moment to reinforce
that scientific
conclusions are
tentative and based on
evidence.
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Assess understanding
not by a multiple-
choice test but by a
follow-up assignment:
e.g., give students a
new dataset (maybe a
small set of imaginary
organisms) and ask
them to construct a
tree and justify their
choices in writing.
Alternatively, have
them write a short
essay explaining the
reasoning behind a
published tree (like the
tree of life).

Common
Misconceptions
Addressed by
Phylogenetic
Trees POGIL

Many students—and
even some
adults—hold incorrect
ideas about evolution

and trees. POGIL
activities are
particularly effective at
confronting these
misconceptions head-
on.

1. "Humans
evolved from
chimpanzees."
A proper tree
shows that
humans and
chimpanzees
share a common
ancestor, but
each lineage
evolved
separately. The
POGIL activity
forces students
to see that
extant species
are never
ancestors of
other modern
species.

2. "Evolution is a
ladder from
simple to
complex."”
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Phylogenetic
trees show
branching, not a
linear
progression.
Students learn
that all living
species are
equally
"evolved."

3. "Birds are not
reptiles.” Using
derived
characters,
students
discover that
birds are nested
within the
reptilian clade
(they are
dinosaurs). This
often surprises
them and leads
to deeper
discussion about
taxonomic
classification.

4. "A tree with
more branches
must be more

correct."”
Through parsing
data and
counting
changes,
students realize
that simpler
trees are often
more probable,
which contradicts
the intuitive bias
toward
complexity.

By working through
these misconceptions
collaboratively,
students retain
corrected knowledge
longer than if they
simply heard a lecture
correction.

Benefits Beyond
the Content

Using Phylogenetic
Trees POGIL activities
has benefits that
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extend beyond
understanding
evolution. Students
develop crucial skills:

e Critical
thinking:
Evaluating
evidence and
alternative
hypotheses.

e Communication
: Explaining
reasoning clearly
to peers.

e Teamwork:
Negotiating and
building
consensus.

e Self-
assessment:
Monitoring their
own
understanding.

These skills are
transferable to any
STEM field. Moreover,
the inquiry model
mirrors the way
scientists genuinely

work, which can inspire
students to pursue
careers in biology,
bioinformatics, or
medicine.

Adapting
Phylogenetic
Trees POGIL
for Different

While many POGIL
activities are designed
for college introductory
biology, they can be
adapted for high school
or even advanced
placement courses. For
younger students,
simplify the character
matrix (use 5-6 species
and 4-5 traits) and
reduce the number of
questions. Focus on
the visual
interpretation of trees
rather than character
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Suftiile POGIL

For upper-level or
graduate courses, add
complexity: include
homoplasy, introduce
molecular data, or ask
students to construct
trees using free
software like MEGA or
Phylo.io. The POGIL
framework remains the
same—student-driven
inquiry with guided

questions—but the
depth increases.
Online or hybrid

settings also work: use
breakout rooms in
video conferencing for
group work, and share
digital worksheets via a
learning management
system. The key is to
maintain the
interactive, discussion-
based core of POGIL.

Activity Flow:
"Who Is
Related to

Here is a brief outline
of a typical
Phylogenetic Trees
POGIL session that
covers the basics in
about 50 minutes.

1. Model 1: A
simple tree of
five mammals
(e.g., human,
chimpanzee,
gorilla,
orangutan, and
mouse).
Students answer:
Which two are
most closely
related? What is
the common
ancestor of
humans and
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chimpanzees?
Where would you
place a new
species (e.qg.,
baboon) based
on the branching
pattern?

. Model 2:
Character
matrix for the
same species.
Traits include
presence of tail,
fur, opposable

thumb, etc.
Students
construct a tree
by hand and
compare it to
Model 1. They
discuss any
differences.

. Model 3: Two

alternative
trees for
fictional
organisms.
Students



