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What are our research questions?
Students make a different set of assumptions about the nature of the
complex causal dynamics and systemic structure than ecosystems
scientists do when reasoning about ecosystems dynamics (e.g.
Grotzer & Basca, 2003; Grotzer et al., 2013; Grotzer & Solis, 2015;
Hmelo-Silver, Pfeffer, & Malhotra, 2003). EcoMUVE (Metcalf et al,
2011) was designed to simulate ecosystems patterns and structural
causalities.
RQ1: What reasoning tendencies were revealed in students’ initial
explanations?
RQ2: Did students using the EcoMUVE and comparison curricula
demonstrate gains in the proportion of complex causal
responses?
RQ3: What was the effect of the use of the EcoMUVE on gains in
complex causal responses, controlling for student and teacherlevel fixed effects?
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Where was the study conducted?
• 4 urban and suburban schools in New England
• ~60% Caucasian, 15% Black/African American, 15%
Latino, 5% Asian
• All schools had sufficient technology resources to
support the study
– i.e. relatively affluent (FRPL ~25%)
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Whom did we include in our study?
• Target Population
– Middle School (grade 7&8) science students

• Sample
– 5 Teachers included, students could opt-out
– 263 Middle School students who were clustered in the
5 teachers
– 142 Female, 121 Male

• Statistical Power Analysis
– Given the sample size and number of clusters, we had
a power of .80 to detect an effect size of 0.40 standard
deviation units at a Type I error rate of .05.
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What procedures did we employ?
• Block Cluster Randomized Experiment
– Classes (two per teacher) randomly assigned to the
treatment (n=10) or control (n=10) conditions
– Students in the treatment used EcoMUVE pond
curriculum
– Students in the control used comparison curriculum

• Causal, Attitude, and Content Knowledge
assessments prior to and after the intervention
(before students or teachers knew the assignment).
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What procedures did we employ?
• EcoMUVE Pond
– Two week experience
– Complex ecosystem
mystery
– Students took on roles and
worked in teams

• Comparison
– Two week
– Co-taught with researcher
– Environmental Detectives
(GEMS Series – Lawrence
Hall of Science)
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What are our measures?
•

Outcome Variables
– Gain in the proportion of nonobvious responses
– Gain in the proportion of spatially
distant responses
– Gain in the proportion of
attentionally distant responses

•

Question Predictor
– EcoMUVE (1=yes, 0=no)

•

Covariates
– Pre proportion of non-obvious,
spatially/attentionally distant
responses
– Pre Content Knowledge
– Female (1=yes, 0=no)
– Vector of Teacher Fixed Effects
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What data analyses did we conduct?
• Multi-level and fixed-effects models
– Checked for linearity
– Usual residual assumptions

• RQ2:
e.g., NOPR.GAINij = β0 + εij
β0 = π00 + ξ0j

• RQ3:
e.g., NOPR.GAINij = α + β1Ecoij + δij+ ωτj + εij
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RQ1: Trends in initial responses
• Low proportion of
complex initial responses
were in the expected
direction of novice type
responses.

• Gains in proportion of
complex responses
supports prior work
(Grotzer et al., 2013).
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RQ2: Both groups showed gains

10

RQ3: Comparison showed more gains
in attentional distance
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What are possible threats to validity?
• Internal Validity
– Roles may have been related to student gains
– Researchers tracked fidelity of implementation

• External Validity
– Teachers self-selected
– Low FRPL
– High technology infrastructure
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What are the take-aways?
• Both conditions revealed the initial assumptions that
were consistent with the trends seen in the literature.
• Both conditions made significant gains.
• Comparison condition performed as well on nonobvious and spatial distance and better on action at
an attentional distance.
– Students navigate through the MUVE with ease.
– Students don’t experience distance in the same way in
the MUVE.
– MORE RESEARCH

13

Acknowledgements
We would like to express our appreciation to the teachers and students
who allowed us to collect data on their reasoning patterns. Thank you to
David Jeong and Saida Lynneth Solis for assistance coding data.
Our deep appreciation goes to Dr. Kathleen Weathers at the Cary Institute
for Ecosystems Studies for her many contributions to the thinking behind
this work.
This work is supported by the Institute of Education Sciences, U.S.
Department of Education, Grant No. R305A080514 to Chris Dede and Tina
Grotzer. All opinions, findings, conclusions or recommendations expressed
here are those of the authors and do not necessarily reflect the views of
the Institute for Education Sciences.

14

Bibliography
•

•

•

•

•

Grotzer, T.A., & Basca, B.B. (2003). Helping students to grasp the
underlying causal structures when learning about ecosystems: How
does it impact understanding? Journal of Biological Education, 38(1)1629.
Grotzer, T.A. & Solis, S.L. (2015). Action at an attentional distance: A
study of children’s reasoning about causes and effects involving spatial
and attentional discontinuity. Journal for Research in Science Teaching,
52(7) 1003-1030.
Grotzer, T.A., Kamarainen, A., Tutwiler, M.S, Metcalf, S, & Dede, C.
(2013) Learning to reason about ecosystems dynamics over time: The
challenges of an event-based causal focus. BioScience. 63(4):288-296.
Hmelo-Silver, C.E., Pfeffer, M.G., & Malhotra, B.A. (2003, April). Fish
swim and rocks sit: Understanding structures, behaviors, and functions
in a complex system. Paper presented at the American Educational
Research Association Annual Meeting, Chicago, IL.
Metcalf, S., Kamarainen, A., Tutwiler, M.S., Grotzer, T., Dede, C.
(2011). Ecosystem Science Learning via Multi-User Virtual
Environment. International Journal of Gaming and Computer-Mediated
Simulations. (3)1, 86-90.
15

Thank you!

Questions?
tina_grotzer@harvard.edu
michael_tutwiler@mail.harvard.edu
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