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Introduction

Understanding the evolutionary relationships among organisms is a cornerstone of modern biology. Phylogenetic
trees—visual representations of these relationships—offer students a tangible way to grasp concepts such as
common ancestry, divergence, and speciation. However, many educators struggle to make these abstract ideas
accessible and engaging. Process Oriented Guided Inquiry Learning (POGIL) provides a structured, student-
centered framework that can transform the way phylogenetic trees are taught. This article explores the intersection
of phylogenetic trees and POGIL, offering practical strategies, lesson designs, and resources to help instructors
create dynamic, inquiry-based learning experiences.

What Are Phylogenetic Trees?

Phylogenetic trees, often called evolutionary trees or cladograms, depict the relationships among species or other
taxonomic units based on shared characteristics or genetic data. Each branching point, or node, represents a
common ancestor, while the length of branches can convey information about genetic distance or time elapsed.

¢ Cladograms focus on branching patterns without indicating evolutionary time.
* Phylograms incorporate branch lengths proportional to evolutionary change.
¢ Chronograms display time-calibrated relationships, allowing estimates of divergence times.

The Science Behind Phylogenetic Trees

Constructing a phylogenetic tree involves several key steps:

1. Data Collection — Gathering morphological, biochemical, or genomic information.

2. Character Coding — Assigning discrete states to traits for comparison.

3. Tree Building Algorithms — Applying methods such as Maximum Parsimony, Maximum Likelihood, or
Bayesian Inference.

4. Tree Evaluation — Assessing support through bootstrap values, posterior probabilities, or other statistical
measures.

5. Interpretation — Drawing biological conclusions about evolutionary history.

Why Teaching Phylogenetic Trees Matters

Phylogenetic trees are more than academic diagrams; they are tools that:

¢ Help students conceptualize the dynamic nature of life.

« lllustrate how genetic data informs taxonomic classification.

e Encourage critical thinking about data quality and methodological choices.

« Provide a framework for understanding disease evolution, conservation biology, and biodiversity.

Introduction to POGIL

Process Oriented Guided Inquiry Learning (POGIL) is an instructional model that emphasizes active learning
through structured group activities. Key features include:



Student-Centered — Learners take responsibility for their own understanding.

Guided Inquiry — Activities are scaffolded to lead students from questions to conclusions.

¢ Process Focus — Emphasis on how knowledge is constructed, not just what is learned.

¢ Collaborative Learning — Small groups promote discussion, peer teaching, and accountability.

How POGIL Enhances Learning of Phylogenetic Trees

When applied to phylogenetics, POGIL can:

« Demystify complex analytical steps by breaking them into manageable tasks.

e Encourage students to critically evaluate data quality and methodological assumptions.

* Promote deeper retention through active engagement and peer explanation.

« Integrate technology, such as interactive tree-building software, within a guided framework.

Key Pedagogical Benefits
* Conceptual Understanding — Students actively construct the reasoning behind tree topologies.
¢ Metacognition — Reflection prompts help learners assess their own reasoning processes.
» Skill Development — Students practice data analysis, statistical reasoning, and scientific communication.
* Inclusivity — Group dynamics can support diverse learning styles and backgrounds.

Designing POGIL Activities for Phylogenetic Trees

Creating an effective POGIL session involves careful planning of objectives, content, and facilitation strategies.
Below is a framework for designing a 90 minute activity that guides students from raw data to a fully interpreted
phylogenetic tree.

Step 1. Define Clear Learning Objectives

Objectives should align with both content mastery and process skills. Example objectives:

« ldentify and code morphological characters for a set of organisms.

e Construct a preliminary tree using parsimony criteria.

< Evaluate alternative tree topologies and justify the chosen solution.

* Communicate findings through a written summary and oral presentation.

Step 2: Prepare the Materials

e Character Matrix — Provide a table of species and character states.

e Data Sets — Offer DNA or protein sequences for students to analyze.

¢ Software Guides — Include tutorials for tools like PAUP*, MEGA, or iTOL.

* Assessment Rubrics — Create criteria for evaluating analysis, reasoning, and communication.

Step 3: Structure the Activity into Phases

POGIL activities typically follow a 5 phase structure: Introduction, Exploration, Explanation, Elaboration, and
Evaluation. For phylogenetic trees, the phases can be adapted as follows:

Introduction (5—10 min) — Brief overview of phylogenetics and the activity’s purpose.
Exploration (20—-25 min) — Students work in groups to code characters and generate initial trees.
Explanation (15-20 min) — Groups share findings, discuss discrepancies, and refine their trees.

4. Elaboration (20—25 min) — Students apply statistical methods to test tree robustness and prepare a
presentation.

5. Evaluation (10-15 min) — Peer review and instructor feedback on analysis and communication.
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Step 4: Incorporate Reflective Prompts
Reflection questions help students internalize the process:
¢ What criteria did you use to code the characters, and why?
* How did the choice of algorithm influence your tree topology?

¢ Which branches received the strongest support, and what does that imply?
« What alternative hypotheses could be considered?

Step by Step Guide to a POGIL Session on Phylogenetic Trees

Below is a detailed walkthrough for a 90 minute session, suitable for upper level undergraduate biology courses.

Pre Class Preparation
Before class, distribute the following:
e Character matrix sheet.
e Link to a sequence alignment file.

¢ Instructions for a free tree building tool.
e Sample rubric for assessment.

1.Warm Up (5 min)

Pose a thought provoking question®lf you could travel back in time, what would be the most surprising evolutionary
relationship you might discover?” Allow a few volunteers to share, setting the stage for inquiry.

2. Exploration (25 min)
Students form groups of 4-5. Each group receives a different subset of organisms. Tasks:
¢ Code morphological characters into a binary or multistate matrix.

¢ Use a simple parsimony algorithm (e.g., in PAUP* or an online tool) to generate an initial tree.
* Document assumptions and decisions in a shared Google Sheet.

3. Explanation (20 min)

Groups reconvene in a larger discussion. Each group presents:

e Their coded matrix.
e The resulting tree and any unexpected relationships.
» Rationale behind key decisions.

Facilitator encourages cross group comparison, highlighting common pitfalls such as homoplasy or missing data.

4. Elaboration (25 min)

Building on the initial trees, groups refine their analyses:

¢ Run a bootstrap analysis to assess branch support.
¢ Explore alternative tree-building methods (Maximum Likelihood, Bayesian).
* Prepare a short poster or slide deck summarizing their findings.

5. Evaluation (15 min)

Peer review: each group critiques another group’s poster using the rubric. Instructor provides final feedback,
emphasizing both content accuracy and communication effectiveness.

Assessment and Feedback



Effective assessment in a POGIL context balances process and product. Consider the following strategies:

* Formative Assessment — Quick polls during the session to gauge understanding.

¢ Summative Assessment — Rubric based evaluation of the final poster and written summary.

* Self Assessment — Reflection journals where students record what they learned and challenges faced.
¢ Peer Assessment — Structured feedback forms that focus on clarity, evidence, and reasoning.

Common Challenges and Solutions

* Limited Technical Skills

Solution: Offer a pre class tutorial video and in class “tech check” sessions.
e Solution: Break the activity into smaller modules or extend over two class periods.
¢ Solution: Use rotating roles (data collector, analyst, presenter, scribe) to ensure participation.

e Solution: Provide clear guidelines for handling missing data and discuss the impact on tree topology.

Resources and Tools

Below is a curated list of resources that support POGIL based phylogenetic instruction.

* Software

MEGA — User friendly interface for sequence alignment and tree construction.
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* sims 3 trophy guide and roadmap
URL: http://arnpagency.com/sims-3-trophy-guide-and-roadmap.pdf

« the elf on the shelf story online
URL: http://arnpagency.com/the-elf-on-the-shelf-story-online.pdf

* biological classification poqil

URL: http://arnpagency.com/biological-classification-pogil.pdf

¢ kubota 3 cylinder diesel engine manual

URL: http://arnpagency.com/kubota-3-cylinder-diesel-engine-manual.pdf
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