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Abstract: 
This exercise develops critical thinking and reading comprehension in an undergraduate ecology course. Students read and discuss an ecologically-based fictional narrative A Natural Process that promotes a critical analysis of the societal context of decision-making and interpretation of observations. The exercise aligns with Vision and Change’s Core Competency #5 Ability to Communicate and Collaborate with other Disciplines and #6 Ability to Understand the Relationship between Science and Society, and the human-environment interactions dimension of the 4DEE Framework. In A Natural Process, a boulder descends from an uphill construction site and obliterates a newly built home. The three-person construction team debate whether nature or humanity is to blame for the destruction. Students must critically evaluate and justify their subjective view of which character is “right” concerning who, if anyone, bears responsibility for the home’s destruction.  

A more advanced take of the story is as an allegory for global climate change. One character makes a conceptual mental model that correctly predicted their actions would cause harm. A second character refutes the validity of the model by focusing on the very specific prediction that was not correct. This dynamic is an allegory for the relationship between climate modelers and their detractors.  The third character, the crew leader, is more complex and open to interpretation. She appears to be knowledgeable of their role in the disaster but still denies responsibility.  A list of suggested readings is supplied that can help inform students on the scientific, social, and philosophical issues raised in the story.  

Learning objectives:
1. To critically analyze diverse perspectives on responsibility for a human-environmental interaction. 
2. To justify one’s own perspective using text-dependent evidence. 
3. To appreciate the societal dimensions in the study and application of ecology.  

Timeframe: 
The exercise can be completed in one 50-minute class meeting or completely online. The instructor preparation is only the time needed to read and think about the 1000-word story and, if desired, select which of the suggested readings to assign for the exercise.  

List of materials:
1. The story A Natural Process.

2. The assignment and associated questions. 

3. The means for either an online or in-class discussion.  
4. A list of suggested readings
Procedure and general instructions (for instructor). REQUIRED.
Written assignment

The assignment can be easily adapted to fit one’s own teaching style and needs. I suggest using the assignment at the beginning of the course to establish the importance of critical thinking and reading comprehension in the science classroom in both normative and positive contexts. Using this assignment at the beginning of the course also prevents students from trying to shoehorn learned ecological content into their interpretation of the story. This assignment is not about ecological content, but about discovering, defending, and evaluating perspectives. I post the story and assignment in a classroom management system (e.g., Blackboard, Canvas).  I do not give much detail on my expectations for the assignment because the intent of the assignment is for students to bring their own personal worldview to bear on the story. I do not want to bias their perspectives with my own.  

The assignment has three parts: 1) read the story, 2) answer several short answer questions about the characters and their individual motivations, and 3) participate in either an online or in-person discussion.  The intent of the discussion is for students to critically consider their own personal beliefs in the light of perspectives offered by their peers and experts in the field. An annotated list of peer-reviewed resources is given in the “Suggested Readings” section that can enrich the discussion. Instructors may, of course, use resources of their own choosing.  Instructors may pick one or more citations from the list to combine with the exercise or assign different readings to different groups of students for a second round of perspectives.  In total, this exercise provides a relatable and interesting platform for discussing science and its social context.  

The story is a work of flash fiction, meaning it is quite short (less than 1000 words).  Through the short answer questions, students demonstrate that they have read the story, thought about it, and can use text-dependent evidence to support their answer.  The questions are as follows: 
1. What is the central conflict in this story? Defend your answer using evidence from the text.
2. What is Steve’s perspective on this conflict? Defend your answer using evidence from the text.

3. What is Mark’s perspective on this conflict? Defend your answer using evidence from the text.

4. What is Becky’s perspective on this conflict? Defend your answer using evidence from the text.

5. What is your perspective on this conflict? Explain your viewpoint. 

6. Why do you think I assigned this story? How is it relevant to ecology? 

I recommend giving students full credit for each question if the answer demonstrates that the student clearly read the story and justified their answer. Reasonable answers are as follows:

1. What is the central conflict in this story? Defend your answer using evidence from the text.

The central conflict is who, if anyone, is responsible for the boulder that destroyed a house.   Evidence for this answer is that all the interactions between the characters are focused on whether humans or nature are to blame.  The characters do nothing to help the situation, they just argue about who is responsible. 

2. What is Steve’s perspective on this conflict? Defend your answer using direct evidence from the text.
Steve appears most concerned and convinced that they, especially Mark, are responsible for the damage. He appears to have the most scientific perspective. His prediction about what would happen if they disturbed the boulder was correct in that a house was damaged.   
Evidence:  
“I told you this would happen. Didn’t I say we had to be careful around that outcrop?”   
 “Would you talk some sense into him? Whether my prediction was 100% accurate or not is irrelevant. I said we had to be careful not to disturb the soil underlying that precariously perched rock, but Mark dug at it anyway, and that boulder came loose.”
3. What is Mark’s perspective on this conflict? Defend your answer using evidence from the text.
Mark worked to deflect any blame away from himself and instead focused attention on the part of Steve’s predication that was not correct. Namely, a different house was damaged. He appears uninterested in trying to address the conflict.  He just doesn’t want to be blamed. He twists the evidence to serve his own purpose, going so far to portray Steve as being the uncompassionate one.  

Evidence: 
“Relax Steve,” said Mark, as he calmly surveyed the damage. “You warned us the boulder would hit that house if it came loose.” Mark pointed to the neighboring structure, a newly built, unoccupied dwelling completely unharmed from the boulder’s rapid descent down the hill. “And as you can see, it’s fine. No damage at all.” He jabbed Steve in the ribs. “So, you’re wrong!”
“Whoever owns this ruined home is sure to care a lot. Show a little compassion!”

4. What is Becky’s perspective on this conflict? Defend your answer using evidence from the text.
Becky is the most complex character. She appears knowledgeable about geology but appears to misuse this knowledge to justify their lack of responsibility for causing the damage. She seems to be trying to convince herself that they aren’t to blame but then undermines her own opinion in the final paragraph. I think she knows her crew is responsible for the damage but doesn’t want to admit it, perhaps out of pride or legal culpability. 
Evidence:
Granite speaks of permanence, of resolve, of the stubborn refusal to change, but she knew too that this was an illusion. Rock does move and with it, mountains crumble. The mighty laid low, as it always has been and always will be. Rocks fall, gravity does the work.

Becky, resigned to her decision, shook her head. “Hell Steve, erosion happens. It’s a natural process. Ask any geologist. Don’t go blaming Mark for it.”

“Yep,” she said to herself. “Nature is ruthless, but we’re even worse.” She pulled out her cell phone and punched in a few numbers. “Hey Jim, yeah it’s me. There’s been an incident at the Shady Acres site.”

5. What is your perspective on this conflict. Explain your viewpoint. 

Here is where the assignment gets interesting. I wrote the story thinking that it was obvious that Steve’s perspective is correct. To me, it is obvious that the crew’s activity caused the boulder to tumble and wreck the house. Students, however, have expressed every conceivable perspective, even ones that are self-contradictory. A lot more students that I expected agree with Becky and Mark that humans are not at fault.  The justification usually follows Becky’s argument that erosion happens without human intervention. Students also agree with Becky because she is the leader and the students respect the authority figure. I also suspect students agree with Becky because I made her the main character and they expect the main character to be the voice for my viewpoint. I purposely subverted this expectation to promote critical thinking and not just accept what the authority figure states.   
Other perspectives include ones that invoke intentionality. The crew did not intend to damage the house; therefore, they are not to blame. This argument is a great opening for a discussion on intentionality and responsibility; two items that are important in the human-environment interactions aspect of ecology but are rarely discussed in a science classroom. 
Other students are convinced by Mark’s argument that Steve predicted the wrong house would be damaged instead of focusing on the fact that a house was damaged.  This perspective is a great opening for a class discussion on modeling and the value and limitations of predications.  At this point in the course, this discussion is a qualitative treatment and is not concerned with quantitative assessments of the model. This can be a segue to talk about more important models such as climate and epidemiological ones.   Only one student in over a hundred who have read the story realized that I wrote it as an allegory for climate change. He wasn’t the strongest academic student, but he had a lot of life experience and common sense.  Given the current pandemic, the story could also be interpreted as an allegory for predications concerning the spread and impact of COVID-19.  Seeing the story as an allegory is not essential but the resulting discussion about models is important.   

6. Why do you think I assigned this story? How is it relevant to ecology? 

There is no one correct answer to the question. I include it to encourage critical thinking and evaluation.  Some students try to answer it using ecological concepts such as disturbances and deforestation. Others view it as commentary on the exploitation of nature by humans. My intent was to write a story that encourages students to think about a plausible scenario and wrestle with the central issues of ecology – interactions, connections, and consequences.  
In my 18 years of teaching ecology, I have found that most students want and expect a “right” answer to a question. They see science as the way to get at the one correct answer.  This exercise refutes that perspective. It provides the students the opportunity to explore varying viewpoints and have a deeper understanding of relationships. In this way it addresses Vision and Change’s Core Competency #5 Ability to Communicate and Collaborate with other Disciplines and #6 Ability to Understand the Relationship between Science and Society, and the human-environment interactions dimension of the 4DEE Framework
Discussion (in-class or online):
The answers to the students written questions should provide a lot of fodder for discussion, as mentioned above. Other potential discussion topics are as follows:
1. Time scales: Geologic versus Ecological.  How is time scale important? 
2. What is natural? How is that word used in the context of this story and in other context? Are humans natural? 
3. What are anthropogenic effects on the environment? Are they always good or bad? How does one make that judgement? 
4. What are the roles of models in science? Many, if not most, undergraduate students have little understanding of how modeling contributes to scientific advancement. They have been trained to think about experimentation, and perhaps observations studies. This is a good opportunity discuss the role of models and predictions. 

5. Who has responsibility for an undesirable outcome?
Suggested readings:

This seemingly simple story and exercise incorporates a lot of complex elements that can be explored in much more detail if it suits the learning objectives of the specific course. I have supplied below an annotated list of suggested reading, organized by broad topic.  

On the topic of nature and perception of natural:

Kirchhoff, T. 2019. Abandoning the Concept of Cultural Ecosystem Services, or Against Natural–Scientific Imperialism. BioScience. 69(3):220-227. doi:10.1093/biosci/biz007    A current criticism of the ecosystem services concept in relation to cultural services. 
Maurer, M. and Bogner, F.X. 2020.  First steps towards sustainability? University freshmen perceptions on nature versus environment. PLoS ONE. 15(6):1-16. doi:10.1371/journal.pone.0234560    A recent assessment of college students perceptions on the environment and how teaching methods affected it.  
Passmore, J. 1975. Attitudes to Nature. In. R.S. Peters, ed. Nature and Conduct. Macmillian Press:London. 251-264.  A classic philosophical treatment of the meaning of nature and how humans relate to it. 
On the topic of intentionality of actions and resulting perception of consequence:

Nadelhoffer, T. 2004. On Praise, Side Effects, and Folk Ascriptions of Intentionality. Journal of Theoretical and Philosophical Psychology. 24(2):196-213.     An interesting discussion on our perceptions of intentional and unintentional actions.  

Supran, G. and Oreskes, N. 2017. Assessing ExxonMobil’s climate change communications (1977-2014).  Environmental Research Letters. 12:084019. https://iopscience.iop.org/article/10.1088/1748-9326/aa815f    An evaluation of the intentionality of how ExxonMobil communicated about climate change. 
On the topic of global climate change:

Gustafson, A., Ballew, M.T., Goldberg, M.H., Cutler, M.J., Rosenthal, S.A., and Leiserowitz, A.  2020. Personal Stories Can Shift Climate Change Beliefs and Risk Perceptions: The Mediating Role of Emotion, Communication Reports, DOI: 10.1080/08934215.2020.1799049.       As the title suggests, this paper examines how a personal connection to environmental destruction (climate change) can change perceptions. 

Leiserowitz, A., Maibach, E., Rosenthal, S., Kotcher, J., Bergquist, P., Ballew, M., Goldberg, M., Gustafson, A., & Wang, X. 2020. Climate Change in the American Mind: April 2020. Yale University and George Mason University. New Haven, CT: Yale Program on Climate Change Communication.     The most current report on the attitudes of people in the U.S.A. regarding climate change. 
Neukom, R., Steiger, N., Gómez-Navarro, J.J. et al. 2019. No evidence for globally coherent warm and cold periods over the preindustrial Common Era. Nature 571: 550–554. https://doi.org/10.1038/s41586-019-1401-2    A recent assessment of the role of humanity in global warming. 
On modeling:
Hausfather, Z., Drake, H. F., Abbott, T., and Schmidt, G. A. 2020. Evaluating the performance of past climate model projections. Geophysical Research Letters, 47, e2019GL085378. https://doi.org/10.1029/2019GL085378     A recent article evaluating climate models. 
Thomson-Jones, M. 2012. Modeling without Mathematics. Philosophy of Science. 79(5):761-772. doi:10.1086/667876    An argument to re-evaluate how one approaches models in scientific inquiry by broadening the scope of what constitutes a model. 
On the topic of teaching critical thinking skills:

Fazey, I. 2010. Resilience and Higher Order Thinking. Ecology & Society. 15(3):1–22. https://doi.org/10.5751/ES-03434-150309    A consideration of how personal epistemological beliefs (PEBs) influence one’s understanding of complex social-ecological systems. 

Ong T., Normand, M.P., and Schenk, M.J. 2018. Using equivalence‐based instruction to teach college students to identify logical fallacies. Behavioral Interventions. 33(2):122-135. doi:10.1002/bin.1512        This article presents an evaluation of a technique to teach critical thinking in college students. 

Stover, S. and Mabry, M. 2020. Evaluating Information: The Impact of Major, Class Standing, and Experience With Primary Literature. Journal of College Science Teaching. 49(3):16-21. doi:10.2505/4/jcst20_049_03_16      A recent study analyzing the ability of undergraduate students to evaluate information sources. 
On the topic of anthropogenic effects on the environment:
Ruddiman W.F., Ellis, E.C., Kaplan, J.O., Fuller, D.Q. 2015. Defining the epoch we live in. Science. 348(6230):38-39. doi:10.1126/science.aaa7297
Ellis, E.C. Ecology in an anthropogenic biosphere. 2015. Ecological Monographs. 85(3):287-331. doi:10.1890/14-2274.1
Story:
A Natural Process
David R. Bowne, Ph.D.
Becky mindfully avoided the splintered wood, shattered glass, and mangled mass of aluminum siding strewn around her. She looked back at the ragged hole through which she had entered the house. Moments ago, a sliding glass door had stood in its place. Moments ago, this building was ready for its first owners. Now, a granite boulder extended halfway through the house, its surface covered with fragments of the wall that had once separated the kitchen and living room. Becky removed some of the drywall and blew away fine particles from the boulder’s surface as she examined the new, hard reality. She noticed a seam of mica bisecting the boulder, causing it to shimmer in the light. Under other circumstances, Becky would have appreciated the beauty of this effect. Of course, under other circumstances, the boulder would have stayed at the top of the ridge, where it belonged.

“Oh man!” Her colleague’s voice disrupted her thoughts as he reached her side. His whole body, from his gangling legs to his right eyelid, twitched. He turned from the wreckage to address the third member of the construction crew, just arrived at the damaged house. “I told you this would happen. Didn’t I say we had to be careful around that outcrop?”

“Relax Steve,” said Mark, as he calmly surveyed the damage. “You warned us the boulder would hit that house if it came loose.” Mark pointed to the neighboring structure, a newly built, unoccupied dwelling completely unharmed from the boulder’s rapid descent down the hill. “And as you can see, it’s fine. No damage at all.” He jabbed Steve in the ribs. “So, you’re wrong!”

Steve stopped twitching, whether as a response to Mark’s words or to his growing acclimation with the situation, Becky couldn’t tell. He turned to Mark and said, “You can’t be serious!”

Mark gave his trademarked smirk, the one that Becky would ordinarily love to smack off his face, but obviously, today was no ordinary day. “Of course, I’m serious. You said that house would be hit, but this one was.” He paused to pick up the remains of a splintered cabinet. “You were wrong. Man up and admit it.”

All the color drained from Steve’s face. He pointed to the mass of granite. “There’s a boulder in the living room.”

“Yep,” said Mark. “But you predicted it would be in that living room.” He again pointed to the neighboring house. “So, you’re wrong.” He seemed to take delight in repeating himself. 

Steve’s face not only regained color, but turned a deep red. “Who cares which house I said…”

“Well they do,” Mark said. He gestured towards the rock taking up residence. “Whoever owns this ruined home is sure to care a lot. Show a little compassion!”

“But…” Steve stopped in obvious frustration. He turned to Becky. “Would you talk some sense into him? Whether my prediction was 100% accurate or not is irrelevant. I said we had to be careful not to disturb the soil underlying that precariously perched rock, but Mark dug at it anyway, and that boulder came loose.”

“Hey, don’t blame this on me,” said Mark.

Becky looked up the hill to where the boulder had resided for unknown eons. A massive divot of exposed earth clearly was evident near the lip of the ridge on which Mark had parked the excavator. Even at this distance, she could also see the deep furrows in the downhill soil where Mark’s metal beast had clawed. It was a precarious spot, one requiring care and finesse to handle safely. She glanced once more at the hunk of granite. It was millions of years old, born of heat and nourished in the cooling embrace of the Earth’s crust. Granite speaks of permanence, of resolve, of the stubborn refusal to change, but she knew too that this was an illusion. Rock does move and with it, mountains crumble. The mighty laid low, as it always has been and always will be. Rocks fall, gravity does the work.

Becky, resigned to her decision, shook her head. “Hell Steve, erosion happens. It’s a natural process. Ask any geologist. Don’t go blaming Mark for it.”

Steve stood dumbfounded as he absorbed her words. Mark’s smirk grew into a huge grin. Becky took advantage of the momentary pause in conversation to hike back up the slope, following the path the boulder had taken as it careened down the hill. The route was obvious. The unleashed energy of the 20- ton mass ripped the soft soil to create a depression a blind man could follow. Becky took care to avoid the woody debris strewn across the field like fallen soldiers. Fortunately, there was relatively little to avoid. Becky and her team had already cleared the slope of most vegetation. They had been perfectly efficient in their improvement of the land, of getting it ready for the next phase of construction for the residential development. The few remaining bushes and shrubs had bent and snapped under the igneous onslaught, but they did nothing significant to alter the rock’s trajectory. Once it started down the hill, there was no stopping it until the ground leveled off. That and the house; she shouldn’t forget the house. The walking got easier once the incline tapered off near their parked machines. Becky moved to the opposite side of the excavator and surveyed the area, noting how much rock they still had to remove before the land would be ready for construction. She paused to stare down the hill at the empty house with the unintended granite renovation. 

“Yep,” she said to herself. “Nature is ruthless, but we’re even worse.” She pulled out her cell phone and punched in a few numbers. “Hey Jim, yeah it’s me. There’s been an incident at the Shady Acres site.”

Procedure and general instructions (for students).
The procedure and general instructions for the students will depend on how the individual instructor chooses to use the exercise. The instructions I have used in the past are as follows:
Student Learning Outcomes:

1. To critically analyze diverse perspectives on responsibility for a human-environmental interaction. 
2. To justify one’s own perspective using text-dependent evidence. 
3. To appreciate the societal dimensions in the study and application of ecology.  
Please read A Natural Process and thoughtfully answer the following questions. I expect each answer to be several sentences, not including your text-dependent evidence. You should also be prepared to discuss the story and your answers during class the day after the assignment is due. 
1. What is the central conflict in this story? Defend your answer using evidence from the text.

2. What is Steve’s perspective on this conflict? Defend your answer using evidence from the text.

3. What is Mark’s perspective on this conflict? Defend your answer using evidence from the text.

4. What is Becky’s perspective on this conflict? Defend your answer using evidence from the text.

5. What is your perspective on this conflict. Explain your viewpoint. 

6. Why do you think I assigned this story? How is it relevant to ecology? 


OPTIONAL SECTIONS (other sections you can add if applicable)
Suggestions and materials for assessing student learning
Here are suggestions on how to assess student learning objectives in relation to Vision and Change and the 4DEE Framework. 

Vision and Change’s Core Competency 

#5 Ability to Communicate and Collaborate with other Disciplines


The use of a fictional narrative in a science classroom automatically falls within the “other Discipline” category. Students can be asked to assess if and how their learning was affected by their reading of fiction. Did fiction allow a deeper or different exploration of the topic? Does fiction facilitate discussion? Does a danger exist in using fiction to explore scientific topics? Should scientists learn to communicate in different styles? What would be the advantage of these different communication styles? How can interdisciplinary collaboration be mutually beneficial? 
 #6 Ability to Understand the Relationship between Science and Society

This assignment is designed to have students grapple with the relationship between science and society. Their understanding can be assessed by the short answer questions related to character perspectives and their own personal viewpoint. Students can also be asked what scientific information is needed to better evaluate responsibility, which is more of a societal construct.  

4DEE Framework

Human-environment Interactions Dimension 


This dimension is very similar to the Vision and Change Core Competency #6. In this assignment, the relationship between science and society is one of the human-environment interactions. Students can be asked about direct and indirect interactions and intentional and unintentional ones. 
