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Engineering FOR Animals:
Pet Enrichment Design Challenge

Grades: 6-12

Type of Lesson
Adapted for delivery in distance learning settings or self-guided instruction. 

Time
This is a mini-unit, designed for students to spend 20-40 minutes a day for a week.

Suggested Sequence
· Day 1: Introduction
· What is enrichment?
· Customizing enrichment for different animals
· SPIDER Enrichment design process
· Day 2: Pet Observation
· Summary of your pet’s profile
· Pre-enrichment pet observation
· Day 3: Planning your pet enrichment
· Setting goals
· Planning and design
· Day 4: Building your enrichment 
· Day 5: Giving it to your pet and analyzing results
· Post-enrichment pet observation
· Analyze results
· Draw conclusions	

Overview
We spend time walking our pets, playing games with them, and providing them with fun treats.  Why are these activities important and how can we be intentional with these interactions to ensure our pet’s needs are being met? Students will explore how zookeepers and enrichment coordinators set behavior goals and tailor enrichments to meet the needs of each of the animals they care for in order to stimulate natural behaviors and improve animal welfare.  Modeled after the SPIDER enrichment framework used in zoos, students will develop a data-based enrichment plan to drive the design of a new enrichment for his/her pet that will be tested and evaluated for success.

Objectives
· Students will recognize the importance of enrichment for all types of animals and how an animal’s natural history, adaptations, and individual needs must be considered when choosing proper enrichment.
· Students will identify that constraints like safety, materials, and durability affect the design and potential use of enrichment with an animal.
· Students will develop an enrichment plan for their pet modeled after the SPIDER enrichment framework used in Zoos in order to design and test a new enrichment to meet a behavior goal.
· Students will collect and analyze behavior data results of their pet before and after the introduction of a newly designed enrichment to evaluate its success.

Materials Needed
	All Students

	· Minnesota Zoo Video: Animal Enrichment
· Pencil
· Craft materials to build a 3D prototype of the enrichment design solution (Ex: string, cardboard, tape, paper, craft newspaper, sticks, shoebox, etc.)
· Engineering FOR Animals Activity Resources:  
· Pet Enrichment Plan
· Pet Behavior Observation Sheet
· What is Enrichment?
· A pet subject to observe  (see alternative pet subjects below)




Alternative Pet Subjects
For students that may not have a pet to observe in their home, this activity can be completed using some of the suggested options below.
· Identify an animal that visits your backyard frequently that you can study and design enrichment for (bird, rabbit, squirrel, ants) 
· Teachers can provide video or live stream their own pet for students to observe 
· Note: Students utilizing this option will need to work with the teacher to collaborate on an enrichment that can be created with the teacher and tested with the pet.




Procedure
Introduction
1. Whether we take our pets for a walk, train them to sit, or throw a ball for them to chase, each of these activities brings our pets joy. Why do these activities mean so much to our pets and how can we be intentional when thinking about how our pets spend their time?

What is Enrichment? 
1. While many people consider their pets to be family members, we ultimately must remember that they are animals that have individual and species-specific needs that must be considered when we plan activities and interactions with them. One way to learn more about how animal needs can be taken into consideration is to learn from zoo animal experts. While caring for a wide variety of animals, zoos are challenged to provide high-quality animal care to each individual.  How do they do this and how can we apply this to how we care for our own pets?
2. Have students view the video Minnesota Zoo Video: Animal Enrichment.
3. Lead students through a discussion of the video or have them answer the following questions individually on the provided graphic organizer. 
· What did you observe? 
· What behaviors did you see each animal display? How did each animal’s behavior change once it interacted with the object? 
· Why were the objects different for each animal?  Why do you think these items were given to each animal? 
· If we were to swap the objects for different animals, how do you think that would change the behavior we observed?  
· What might prevent us from swapping the Fennec fox’s enrichment with the tiger?
4. The items that you saw the animals interacting with are called enrichments. Enrichment is anything that is provided to help improve the well-being of an animal by providing choices, mental challenges, or activities that are well suited to the type of animal. 

Customizing Enrichment for Different Animals
1. Since many animals are brought to zoos as orphans and would not survive if released back into their natural habitats, zoos work hard to provide a wide variety of enrichments that allow them to practice behaviors that they would be using if they were in the wild. This contributes to their overall welfare by keeping them moving and curious by interacting with fun items that engage their instincts and senses. 
2. Have students reference the Engineering FOR Animals Activity Resources: What is Enrichment? document. Zoos provide enrichments to animals in many forms including:
· Exhibit Design: Providing various exhibit ‘furniture’ or structures to encourage climbing, swinging, etc.
· Novelty: Items provided that are not natural, more seen as ‘toys’ with a purpose
· Dietary: Enrichment items that provide food or treats
· Sound: Playing sounds of predator, prey, or noises from the natural habitat
· Scent: Placing scents or different textures/scents for the animal to explore
· Social: How animals are grouped within exhibits (multi-species, same species)
· Training: Providing mental challenges through training for a specific behavior (for animal health)
3. Each animal you observed in the video was given a different enrichment.  Why do you think this is?
4. The enrichments you observed were carefully chosen and evaluated by Zoo staff before they were given to each animal. An enrichment given to a tiger is going to be very different than an enrichment used with a penguin.  This is due to each animal’s adaptations, natural behaviors, and individual needs. Ignoring these differences when choosing an enrichment for a specific animal might cause safety risks, increase undesirable behaviors, or cause frustration and stress for an animal.
5. Take time to think about the enrichments that you provide your own pet.  Would you offer the same enrichments a dog uses to a pet snake?  Why or why not?

SPIDER Enrichment Process
1. [image: Image result for the spider framework]Finding the perfect enrichments for all zoo animals is a tough job.  Because animals are unable to verbally communicate whether they like the enrichment or not, we must watch their behavior and collect data to see how it changes their activity levels.
2. To help each one of Minnesota Zoo’s animals get the enrichment care they need, zookeepers and an enrichment specialist work together to set goals and enrichment plans that lead to developing new enrichments to try with the animals. Often times they must come up with a unique and new enrichment design in order to encourage or discourage specific behaviors.
3. When looking to choose the perfect enrichment to meet a behavior goal for an animal, enrichment coordinators use the SPIDER process. They must research the animal’s natural behaviors, plan how an enrichment might look and be used, design and build the enrichment, and test the enrichment in order to evaluate its success through collecting behavior and observation data. Once the success of the enrichment is determined, the enrichment may be improved through modification or redesign.

Pre-Enrichment Behavior Observation
1. It is now your turn to apply what you have learned about how zoos develop and evaluate enrichments for the animals they care for.  You will be using the Zoo’s SPIDER Enrichment process to identify a behavior that you want to encourage or discourage with your pet through the introduction of enrichment. 
2. Using the Engineering FOR Animals Activity Resources: Pet Enrichment Plan sheet, have students describe their pet as an individual and list their preferences and needs that must be incorporated into enrichment planning.
3. To get a better sense of how the pet spends its time, students will be gathering behavior data, or an activity budget, for their pet to give insight as to what might be a good behavior goal to set. To do this, have students observe their pet’s behavior in a commonly used room inside the house.  Ensure that there are minimal enrichment opportunities by removing any toys, treats, or fun distractions, such as a family member walking into the room, during this time.  
4. Using the Pet Enrichment Behavior Observation Sheet: Pre-Enrichment Observation, students will observe their pets every 30 seconds for 10 minutes.  Every 30 seconds, students should mark which behavior they observe at that very moment.  Once the 10 minutes is over, students should then calculate the percentage of time spent on each behavior and summarize their results.


Planning and Building Your Pet Enrichment
1. Based on the pre-enrichment observation data, students should now choose a behavior goal they want to set for their pets that can be achieved through enrichment.  For example, if the pet’s activity budget showed 80% of its time was spent resting, a good goal would be to encourage behavior that is more active.  
2. Using this goal to drive their design, students should now plan and build an enrichment using household materials that are safe for their pets.

Conclusion
1. Now it is time to test the enrichment! Before the enrichment is introduced to the pet, the enrichment will need to be set up according to the instructions laid out in the pet enrichment plan. The enrichment should be set up in the same room where pre-enrichment behavior data was collected while continuing to ensure that there are no other enrichments or distractions present.
2. Students should use the Pet Enrichment Behavior Observation Sheet: Post-Enrichment Observation to collect behavior data for their pets every 30 seconds for 10 minutes. Once ready to record, allow the pet to enter the room to explore the new enrichment.
3. Once the observation wraps up, analyze the results to determine how successful the enrichment design was in achieving the enrichment goal set for the pet.  
4. How did your enrichment perform? While enrichment coordinators at zoos spend a lot of time planning the perfect enrichment, they often learn that their enrichment plan did not meet the goal.  Rather, the data that was collected provided new information about the animal that they were unaware of. For example, you may learn that your pet does not like a certain scent that you used in your enrichment that led to them refusing to interact with it.  

5. Using this information can easily lead to a successful enrichment with minor modifications.  This is why ‘R’ (readjust) in SPIDER is so important!  What new information did you learn about your pet and what changes can be made to improve your results to better meet your goal next time?  
6. Whether an animal lives in a zoo, in the wild, or lives in your home as a pet, enrichment is important to maintaining its mental and physical health and providing opportunities for animals to engage in behaviors that align with their species.  Each animal’s needs as an individual and according to its species is important to consider when finding the best way to encourage natural behaviors.  Using the Zoo’s SPIDER enrichment planning process can help us better understand our pet’s needs and provide them with fun and stimulating enrichment while incorporating safe materials that best match their instincts and abilities.  

Extensions
To extend learning, have students find an animal to observe through a live webcam provided through a zoo and design enrichment for the animal using the SPIDER process.  Students can spend time learning about the animal as an individual through the Zoo’s website and through collecting observation data to see how the animal spends its time. Animal care manuals provided by AZA (https://www.aza.org/animal-care-manuals) are a great resource to reference when doing research to determine what considerations need to be made when providing enrichment for a species.  

Lesson Resources
· Minnesota Zoo: Care and Enrichment                                                                                  http://mnzoo.org/animals/care-enrichment/ 
· Disney's Animals, Science and Environment Animal Enrichment Program – SPIDER Framework http://www.animalenrichment.org/spider







APPENDIX A: Science Standards Connections

Minnesota State Science Standards
	6th Grade
	7th Grade
	8th Grade
	9th – 12th Grade

	6.1.2.1.2 Recognize that there is no perfect design and that new technologies have consequences that may increase some risks and decrease others. For example: Seat belts and airbags.

6.1.2.1.3 Describe the trade-offs in using manufactured products in terms of features, performance, durability and cost.

6.1.2.2.1 Apply and document an engineering design process that includes identifying criteria and constraints, making representations, testing and evaluation, and refining the design as needed to construct a product or system to solve a problem. For example: Investigate how energy changes from one form to another by designing and constructing a simple roller coaster for a marble.


	7.1.1.2.3 Generate a scientific conclusion from an investigation,
clearly distinguishing between results (evidence) and
conclusions (explanation).

7.1.3.4.2 Determine and use appropriate safety procedures, tools, measurements, graphs and mathematical analyses to describe and investigate natural and designed systems in a life science context. 

7.4.3.2.3 Recognize that variation exists in every population and describe how a variation can help or hinder an organism’s ability to survive. 
	8.1.1.2.1 Use logical reasoning and imagination to develop
descriptions, explanations, predictions and models
based on evidence.

8.1.3.3.1 Explain how scientific laws and engineering principles, as well as economic, political, social, and ethical expectations, must be taken into account in designing engineering solutions or conducting scientific investigations.


	9.1.2.1.2 Recognize that risk analysis is used to determine the potential positive and negative consequences of using a new technology or design, including the evaluation of causes and effects of failures. For example: Risks and benefits associated with using lithium batteries.

9.1.2.1.3 Explain and give examples of how, in the design of a device, engineers consider how it is to be manufactured, operated, maintained, replaced and disposed of.

9.1.2.2.1 Identify a problem and the associated constraints on possible design solutions. For example: Constraints can include time, money, scientific knowledge and available technology.

9.1.3.3.1 "Describe how values and constraints affect science and engineering. For example: Economic, environmental, social, political, ethical, health, safety, and sustainability issues.

9.1.3.3.2 Communicate, justify, and defend the procedures and results of a scientific inquiry or engineering design project using verbal, graphic, quantitative, virtual, or written means.


Next Generation Science Standards
	Middle School
	High School

	MS-LS4-4
Construct an explanation based on evidence that describes how genetic variations of traits in a population increase some individuals’ probability of surviving and reproducing in a specific environment.

MS-ETS1-1
Define the criteria and constraints of a design problem with sufficient precision to ensure a successful solution, taking into account relevant scientific principles and potential impacts on people and the natural environment that may limit possible solutions.

MS-ETS1-2 
Evaluate competing design solutions using a systematic process to determine how well they meet the criteria and constraints of the problem.

	HS-ETS1-3 
Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost, safety, reliability, and aesthetics as well as possible social, cultural, and environmental impacts.
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