	
	
	



Model Evaluation Assignment

Information for Instructors
Model Evaluation Assignment
Overview
This assignment addresses the Pathways outcome: Produce well-reasoned written or oral arguments using evidence to support conclusions. 
In this assignment, students will evaluate one of the course’s scientific models of aging, such as the Free Radical Theory, Telomere Shortening Model, or Caloric Restriction Model. They will analyze evidence, evaluate strengths and limitations, and develop a written argument concluding on the model’s validity and usefulness in explaining biological aging. This assignment builds skills in scientific evaluation, evidence-based reasoning, and academic writing needed for upper-level biology courses.


Information for Students
Model Evaluation Assignment
Overview
For this assignment, you will evaluate a scientific model of aging from our course readings or lectures. You will summarize the model, explain the supporting evidence, analyze its strengths and limitations, and develop a well-reasoned written argument about its validity and usefulness in understanding aging. 

As you work on this assignment you will:
Select one scientific model of aging considered in this course.
Summarize the model, including its key mechanisms.
Explain the evidence supporting the model using class readings or research articles.
Analyze strengths and limitations of the model in explaining biological aging.
Develop a conclusion evaluating the model’s validity and usefulness with supporting evidence.

Assignment Format & Guidelines
Your model evaluation will:
· Be 2–3 pages in length, typed and double-spaced, using 12-point font.
· Include a written summary of the model.
· Include an introduction with a thesis statement.
· Include an analysis of the strengths and limitations of the model.
· Use in-text citations and include a Works Cited page. 
· Use clear scientific writing with complete sentences and proper grammar.




Assessment Criteria
Your model evaluation will be graded on:
· Your summary of the model, including key mechanisms and concepts.
· [bookmark: _Int_m50csp1U]The supporting evidence used and your explanation.  
· [bookmark: _Int_lsbejj7T]Your explanation of the strengths and limitations of the model.
· Your conclusion and supporting evidence.
· Your use of correct citation, correct grammar, punctuation, and formatting.

	Model Evaluation Grading Rubric

	Criteria
	Exceeds Expectations
	Meets Expectations
	Approaches Expectations
	Developing

	Thesis & Introduction (20 points)
	Develops an insightful thesis with a strong introduction framing the evaluation. (18–20 points)
	Develops a clear thesis with an adequate introduction. (14–17 points)
	Thesis requires greater clarity or introduction needs better framing to relate to the thesis. (6–13 points)
	Thesis is not clear or the introduction is minimal or missing. (0–5 points)

	Summary of Model 
(20 points)
	Summarizes the model thoroughly and clearly, including mechanisms. (18–20 points)
	Summarizes the model clearly with general detail. (14–17 points)
	Provides an incomplete summary, missing key details. (6–13 points)
	Provides minimal summary, missing major details.
 (0–5 points)

	Evidence & Explanation (20 points)
	Explains supporting evidence thoroughly with scientific detail. 
(18–20 points)
	Explains supporting evidence clearly with general detail. (14–17 points)
	Explanation of evidence is incomplete, or lacks appropriate detail. (6–13 points)
	Unclear explanation of evidence, without the appropriate level of detail. 
(0–5 points)

	Analysis of Strengths & Limitations 
(20 points)
	Critically analyzes strengths and limitations with sophisticated insight. 
(18–20 points)
	Analyzes strengths and limitations with general insight. 
(14–17 points)
	Provides a limited or analysis with a few inaccuracies
(6–13 points)
	Provides a minimal analysis, with several inaccuracies.
 (0–5 points)

	Conclusion & Evaluation 
(10 points)
	Develops a well-reasoned, evidence-based conclusion evaluating the model. 
(9–10 points)
	Develops a general conclusion with some supporting evidence of the model. 
(6–8 points)
	Conclusion is not welled reasoned or is not supported by evidence.
(3–5 points)
	Conclusion is not complete and not supported with evidence. 
(0–2 points)



Sample Student Submission

Methuselah Mcalarney
Model Evaluation Assignment
Biology of Again
Evaluation of the Free Radical Theory of Aging
Introduction
The Free Radical Theory of Aging (FRTA), proposed by Denham Harman in 1956, revolutionized our understanding of aging by linking oxidative damage from reactive oxygen species (ROS) to the progressive functional decline of cells and tissues. This theory suggests that the very biochemical processes essential for life—particularly aerobic metabolism—generate harmful by-products that gradually deteriorate biological systems. Over nearly seven decades, the FRTA has been central to aging research, inspiring studies on antioxidants, mitochondrial function, and age-related diseases. This paper argues that while the FRTA provides a foundational and mechanistically robust explanation of oxidative stress as a driver of aging, it falls short of explaining the genetic, environmental, and systemic factors that also shape the aging process. A comprehensive evaluation of aging requires integrating the FRTA with newer models, such as the hallmarks of aging, to capture the complexity of biological aging.
Summary of the Model
The FRTA proposes that aging results from the cumulative oxidative damage caused by ROS, which are unstable molecules generated as natural by-products of mitochondrial respiration and environmental exposures (Harman, 1956). ROS such as superoxide anions, hydroxyl radicals, and hydrogen peroxide can damage cellular components including DNA, lipids, and proteins, leading to mutations, lipid peroxidation, and impaired enzymatic activity. This cellular damage, if not adequately repaired by antioxidant defense systems, accumulates over time and compromises cellular homeostasis, resulting in age-related functional decline. The mitochondrial free radical theory, an extension of Harman’s model, emphasizes the role of mitochondria both as the primary source of ROS and as a target of oxidative damage, creating a self-perpetuating cycle of mitochondrial dysfunction and cellular aging.
Evidence & Explanation
Empirical evidence strongly supports the link between oxidative damage and aging. Studies have shown that oxidative damage markers such as 8-oxo-2'-deoxyguanosine (8-oxo-dG) and protein carbonyls increase with age across multiple species (Finkel & Holbrook, 2000). Genetically modified mice that overexpress antioxidant enzymes like superoxide dismutase or catalase show decreased oxidative damage and, in some cases, modest lifespan extension (Perez et al., 2009). Additionally, caloric restriction—one of the most robust lifespan-extending interventions—has been shown to lower mitochondrial ROS production and oxidative stress, indirectly supporting the FRTA framework. Research on age-related diseases further underscores the theory’s relevance, with oxidative stress implicated in neurodegenerative disorders such as Alzheimer’s and Parkinson’s disease.
However, not all findings align perfectly with the FRTA. Antioxidant supplementation, once thought to counteract ROS and extend lifespan, has largely failed to produce consistent benefits in controlled studies and in some cases has increased mortality (Bjelakovic et al., 2007). These findings suggest that ROS may also have beneficial signaling roles in cellular stress responses, indicating that oxidative stress is not purely deleterious but part of a dynamic cellular equilibrium.
Analysis of Strengths & Limitations
A primary strength of the FRTA is its clear mechanistic explanation that links metabolism to molecular damage, bridging biochemical processes and organismal aging. The theory has significantly influenced research into antioxidants, mitochondrial biology, and the molecular pathology of age-related diseases. Furthermore, it offers a testable hypothesis, allowing researchers to manipulate ROS levels and assess their impact on aging.
Yet, the FRTA’s limitations are equally significant. It does not adequately account for genetic factors such as telomere attrition, epigenetic modifications, and nutrient-sensing pathways (e.g., insulin/IGF-1 signaling) that have been shown to regulate aging independently of oxidative stress. Long-lived species like the naked mole rat exhibit high oxidative damage yet maintain remarkable longevity, suggesting that damage resistance and repair mechanisms may play a more critical role than the absolute burden of oxidative lesions. The FRTA also underestimates the complexity of cellular stress responses, particularly the concept of hormesis, where low levels of ROS can activate protective pathways that enhance cellular survival.
Conclusion & Evaluation
The Free Radical Theory of Aging remains a cornerstone of aging biology, providing a compelling biochemical framework that connects oxidative stress to cellular decline. While its explanatory power is supported by decades of research, the FRTA cannot fully account for the interplay of genetic, environmental, and systemic factors that drive aging. Its primary value today lies in its integration with broader models, such as the hallmarks of aging, which recognize oxidative stress as one of several interconnected processes. Consequently, the FRTA is both valid and useful as a partial explanation of aging, but it should be understood as one piece of a multifactorial and dynamic aging landscape.
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