
Elizabeth Ayers, MS RDMS RVT

Designing Inclusive, Place-Based STEM Activities 
with Technology: Enhancing Science Literacy 

Through the 4E’s of Cognition



Agenda

• Mentimeter
• Universal Design for Learning
• 4E’s of  Cognition
• Seek by iNaturalist app
• Q/A 
• Play time!



Liz who?• Seattle native
• RIT/NTID instructor + sonographer 

/clinical instructor + mentor + advocate 
+ more!

• Research interests: science/health 
literacy + UDL + increasing DHH 
representation in healthcare



Mentimeter

• www.menti.com

• Code 2245 2772
• Cool app to engage 

students!

http://www.mentimeter.com/


Mentimeter practice
1) Which state do you live in?

2) What topic(s) do you teach?

3) What type of  setting do you 
teach/work in? 









Mentimeter
• In one or few words, 
what is your memory 
of  STEM instruction 
as a student? 

• either K-12 or 
postsecondary







Problem: Literacy disparity
• Science literacy disparity between 

DHH and hearing peers (Smith & Samar, 
2016)

• Textbook content is primarily 
expository

• Unnatural form of  thinking & discourse 
(Martin & Miller, 1988) 

• Biology textbooks contain 45-50% 
more new words than foreign 
language books! (Thonney, 2016) 

Presenter Notes
Presentation Notes
Smith, S. R., & Samar, V. J. (2016). Dimensions of deaf/hard-of-hearing and hearing adolescents’ health literacy and health knowledge. Journal of health communication, 21(sup2), 141-154.Martin, K., & Miller, E. (1988). Storytelling and science. Language Arts, 65(3), 255-259.Thonney, T. (2016). Analyzing the vocabulary demands of introductory college textbooks. The American Biology Teacher, 78(5), 389-395.



“Sage on the Stage” approach

• STEM tends to be lecture 
dominant, instructor-centered

• Easiest form of  instruction, but 
… how effective is it? 

Presenter Notes
Presentation Notes
https://partiallyexaminedlife.com/2013/03/25/education-philosophy-becomes-practice/



Student brains as vats to be filled 

“At School” by Jean Marc Côté (1900)

Presenter Notes
Presentation Notes
https://rarehistoricalphotos.com/french-postcards-futuristic-world-year-2000/https://slideplayer.com/slide/6673962/23/images/4/Cognitive+Memorizing+facts+Experiential+Doing+and+experiencing.jpg



Learning Modes
• Mentimeter: what is your 

best mode for learning new 
information? 

• Visual (graphics)
• Aural
• Printed text
• Kinesthetic (movement)
• Gestural
• Spatial
• Other?

Presenter Notes
Presentation Notes
http://ktripp-techtalk4teachers.blogspot.com/2010/11/cognitive-tools-to-enhance-learning.html





• In addition to multiple learning modes:
• Sociocultural considerations

Refugees/immigrants → English Language 
Learners (ELL)

Refugees/immigrants + DHH → ELL + ASL 
(depends)

• Varying literacy levels

• DHH communication preferences
ASL, oral, SimCom/SEE, Cued speech, etc.

• Intersectional identities

How incorporate multiple modes 
+ teach content?

Presenter Notes
Presentation Notes
https://communitycrossroadsnh.org/universal-design-a-classroom-that-benefits-all/



Multiple learning modes → UDL!

Presenter Notes
Presentation Notes
CAST (2020). Key questions to consider when planning lessons. Wakefield, MA. (Reprinted from Universal design for learning: theory and practice, by Meyer, A., Rose, D.H., & Gordon, D., 2014). http://www.cast.org/products-services/resources/2020/udl-guidelines-key-questions-planning-lessonsMultimodal hexagon examples: https://www.janbasktraining.com/blog/multimodal-learning/Multimodal New London Group chart: https://multimodalpedagogy.wordpress.com/paper-6/new-london-group-five-modes/



UDL + Multimodal → Multiliteracy!

Presenter Notes
Presentation Notes
Linguistic diversity: Source 1 Ryan (2013); 2 Paradis, J., Genesee, F., & Crago, M. (2011). https://www.virtuallabschool.org/focused-topics/supporting-language-diversity-direct-care/lesson-1Far side cartoon image from cartoonstock.com



Multimodal + Multiliteracy = 
Linguistic diversity!

Presenter Notes
Presentation Notes
https://slideplayer.com/slide/4761884/https://multiliteracyrevolution.wordpress.com/category/what-is-multiliteracy/



Now let’s shift gears …

•Mentimeter: 
What are the 

4E’s of  
cognition? 





Cognition
Cartesian model: 

mind separate from body
Embodied: 

mind connected with body

Presenter Notes
Presentation Notes
https://en.wikipedia.org/wiki/Embodied_cognition



4E’s of Cognition

©EWA



Embodied Cognition

• Mind + body + environment = 
perception-action feedback

Presenter Notes
Presentation Notes
Embodiment image top RT: Hummels, C., & Van Dijk, J. (2015, January). Seven principles to design for embodied sensemaking. In Proceedings of the ninth international conference on tangible, embedded, and embodied interaction (pp. 21-28).Perception action loop image: Castilho, V., Henriques, D., Correia, W., de Melo Souza, L., & de Barros Melo, S. (2020). Embodied Cognition and Tactile Interaction: A Review on How Multi-sensorimotor Experiences Assisted by 3D Printing Can Shape the General Perception of Daily Activities. In Design, User Experience, and Usability. Interaction Design: 9th International Conference, DUXU 2020, Held as Part of the 22nd HCI International Conference, HCII 2020, Copenhagen, Denmark, July 19–24, 2020, Proceedings, Part I 22 (pp. 324-338). Springer International Publishing.Children in active learning image: https://blog.kinems.com/embodied-learning-merging-established-pedagogy-with-modern-natural-user-interaction-technology/



Enactive Cognition

• Powder-asaurus or Stuck-
asaurus? 

• https://youtu.be/x3Pkadgw0aQ?
si=q-5bo2f8QhqWNElT 

• Active vs. passive learning: Is 
it possible to learn how to ride 
a bike (or snowboard) from 
instruction manuals/videos 
only?

Presenter Notes
Presentation Notes
https://youtu.be/x3Pkadgw0aQ?si=q-5bo2f8QhqWNElT Snowboarding trio: https://www.youtube.com/watch?v=peVmRbfPm7Y 

https://youtu.be/x3Pkadgw0aQ?si=q-5bo2f8QhqWNElT
https://youtu.be/x3Pkadgw0aQ?si=q-5bo2f8QhqWNElT


Embedded Cognition

• Cognition influenced by 
environment 

• Tools reduce cognitive load
• Calculator for long division 

problems

• Environment shapes planning
• Grocery store: map shopping path 

based on store layout



Extended Cognition
• “Where does the mind 

stop and the rest of  the 
world begin?” 

• Clark & Chalmers (1998)

• Coupled system 
between mind and tool

• Calendar for important 
dates

• Address book
• Your smartphone!

Presenter Notes
Presentation Notes
Clark, A., & Chalmers, D. (1998). The extended mind. Analysis, 58(1), 7-19.Image from https://modelthinkers.com/mental-model/extended-mind-thesis



• Mentimeter: 
Can you think 

of  other 
examples of  

extended 
cognition?

Presenter Notes
Presentation Notes
Cookbooks, dictionaries, habit-tracking apps, navigation tools, note-taking apps (OneNote), learning management platforms (Canvas, Blackboard), collaboration tools (Google Docs, Microsoft Teams) 



Presenter Notes
Presentation Notes
Cookbooks, dictionaries, habit-tracking apps, navigation tools, note-taking apps (OneNote), learning management platforms (Canvas, Blackboard), collaboration tools (Google Docs, Microsoft Teams) 



In a nutshell… 4E cognition

Presenter Notes
Presentation Notes
https://www.linkedin.com/pulse/thinking-your-head-iain-kerr/



Seek by iNaturalist app
• Citizen science = community + scientists 

• eBird – 5 million observations by community members 
monthly! 

• Advantages:
• Identity → enhance knowledge, strengthen 

connection to community, self-efficacy 
(Smith et al., 2021)

• Literacy → barriers removed by non-text, 
accessible interfaces (Bonney et al., 2014)

• Community service + instruction = service 
learning → positive effects on identity & 
sense of  belonging (Osborne et al., 1998)

Golden plover chick
Arctic tundra

Presenter Notes
Presentation Notes
Smith, H., Allf, B., Larson, L., Futch, S., Lundgren, L., Pacifici, L., & Cooper, C. (2021). Leveraging Citizen Science in a College Classroom to Build Interest and Efficacy for Science and the Environment. Citizen Science: Theory and Practice, 6(1). Bonney, R., Shirk, J. L., Phillips, T. B., Wiggins, A., Ballard, H. L., Miller-Rushing, A. J., & Parrish, J. K. (2014). Next steps for citizen science. Science, 343(6178), 1436-1437.Osborne, R. E., Hammerich, S., & Hensley, C. (1998). Student effects of service-learning: Tracking change across a semester. Michigan journal of community service learning, 5, 5-13.



Advantages of using Seek app 
technology in pedagogy

• Any level/rigor K-12 and 
beyond

• Any modality: online vs in-
person, asynchronous vs 
synchronous

• Evidence-based, customizable 

• Learner-technology interaction 
→ culturally and contextually 
relevant

Engagement

Representation

Action & 
Expression





How structure lesson? 
Provide step-by-step 
instructions in multiple modes

• Text, image, and signed forms 
• Scaffolding! 

Lesson activity
• Part 1: capture species 

observations in natural 
environment with Seek app

• bioliteracy = image + text

• Part 2: reflective expression in 
science framework



4E Cognition through 
Seek by iNaturalist

©EWA



Student quotes: emotive cognition

I feel motivated to find more new plants and animals. It is like collecting 
Pokémon characters.
After learning the species name of my plants and animals using the Seek 
app, I felt intrigued as I want to keep learning. It made me more aware of 
the environment surrounding me.
During the search for plants and animals I felt like a park ranger explorer. 
Identifying things and learning about plants was cool. I also felt alittle 
crazy, because here I am getting all the angles to try to identify a species 
and people are watching me thinking what is she doing. Overall, it was a 
cool experience to be on the hunt for living things.



Student quotes continued
The Seek app made me more interested in exploring natural environment. I intend to keep 
using the app beyond the semester because the app’s ability to identify species and 
provide detailed information about them is amazing and it added an educational and 
engaging aspect to my outdoor experience.
I am a nature fan, but I never took interest in learning names of the different plants. I 
learned better and I found that there were many different species for seagull which was 
very interesting.
I feel more enlightened to learn new scientific terminology about the different taxonomic 
classification names for identifying organisms.

I felt adventurous for the very first time. It’s like having a nature expert in your pocket!

I introduced my parents and sister to this app. Them also being nature freaks, they 
immediately installed the app on their phones. They scan any new species they come 
across daily.



Summary

We discussed:
• Universal Design for Learning
• 4E’s of  cognition in pedagogy
• Seek by iNaturalist app
• TWO technology platforms 

demonstrated!
• Mentimeter
• Seek by iNaturalist

Ayers, E. (2024). Walking in an Environmental Scientist’s Footprints: 4E Cognition Through 
the Seek by iNaturalist Citizen Science Application. Journal of College Science Teaching, 1-8.

Presenter Notes
Presentation Notes
http://outdoorplaybook.ca/learn/education-research/



Thank you!

• Questions?

• Playtime! 
1) Download Seek app on 
your smartphone
2) Use the Seek app to 
identify these plants!
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