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What is BUMP Science?

How does BUMP Science work?

Complex systems are made up of different individual agents that interact between themselves and the environment to
produce a given phenomena. Emergent phenomena are the result of the collective interactive behavior of individual
agents, such as cars in traffic jams, molecules in chemical reactions, and different organisms in population genetics.
Research has shown that students’ have difficulties understanding how individual agents make up complex systems
in science phenomena (e.g., Wilensky & Resnick, 1999).
In this poster, we will describe the inception of the development of BUMP Science, a mobile device application in
which students participate as individual agents to simulate the collective behavior of an emergent phenomenon.
Today’s wireless and mobile technologies allows for devices to communicate with each other through gestures,
physical interaction, and client-server communication. Using the framework of embodied cognition (e.g., Antle, 2011),
we hypothesize that learners’ combination of physical hand-body interaction with the devices and supporting
collaborative dialogue can better scaffold understanding of emergent phenomenon.
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1. Each client logs into the server
and runs BUMP Science through
their Internet browser

3. Local dedicated server transmits
information back and forth between
the devices.

2. When the devices physically
interact, information is transmitted
to a local server

4. Emergent phenomena can be
scaffolded into easier steps
for
understanding
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Research Design and Evaluation

Embodied Cognition:

Exploratory study

•
•
•

Physical bodies are central to shaping human interactions and experience in the
world and resulting understanding of the world (Johnson, 1987).
Learning through hands on manipulation of physical objects (Brostermann, 1997;
Montessori, 1966)
Gestures serves as both communication and thinking processes (Ainsle, 2011;
Goldin-Meadow, 2005)

•
•

Participatory Simulations (PS):
•
•
•

PS allow students to act as agents in simulations in which overall patterns
emerge from decisions and information exchanges (Wilensky & Stroup, 1999)
Learning from PS is based on the idea that students’ “rich conceptual resources
for reasoning about and thoughtfully acting in playful spaces, and thus can more
easily become highly engaged in the subject matter.” (Roschelle, 2003, p. 264)
Hands-on action on physical computational objects shown to help make abstract
concepts more accessible to learners (Resnick, 2006)

Research Questions
1.

2.
3.

Recruit sample of middle school students
Randomly assigned to experience a lesson on solutes and solvents
• Didactic Lesson: a teacher lecture and textbook reading
• Embodied Lesson: a collaborative experience with BUMP Science

Evaluation
•
•
•
•

Pre-test and post-test: Ask students to explain and draw chemical
reactions that involve water and various solutes
Coding Scheme: Code student responses for fidelity, complexity, and
completeness
Goal is to uncover any differences in students’ reasoning about chemical
reaction
Exit Interviews: Examine students’ experiences, engagement, enjoyment,
and challenges in the two learning conditions

Implications and Possible Usages

How do middle school students reason about emergent phenomena – such as
the chemical reactions between solutes and solvents – when learning in different
learning environments?
a) Didactic – textbook reading and lecture
b) Embodied – using BUMP Science
Are there differences in students’ engagement with didactic vs. embodied
learning experiences?
Are there differences in students’ abilities to explain the emergent phenomena?

Mobile to Desktop

Mobile and social technologies can be leveraged to help potentially improve:
• Students’ experiences with STEM learning (i.e. collaborative, engaging,
embodied)
• Lower the barriers to entry to Participatory Simulations (i.e. do not require
programming skills)
• Uses of BUMP Science idea can be extended to many STEM areas that
involve individual agents and emergent phenomena
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