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Abstract: As a research I institution, Texas A&M’s Mission includes "providing the highest quality undergraduate and
graduate programs", which "is inseparable from its mission of developing new understandings through research and
creativity".  This is a lofty goal that is not always achieved.  A major initiative at TAMU is to embed inquiry experiences
in all undergraduate courses, one of the best pedagogical practices to support the development of critical thinking skills
and competencies in science learners including problem-solving, knowledge transfer, and decision making.
Information technologies are often a central component of inquiry-based learning environments because these tools
support student manipulation of data, the development and testing of conceptual models based on available evidence,
and exposure to authentic, complex and ill-constrained problems.  We are supporting this initiative through our
participation in CIRTL (cirtl.net), an NSF-sponsored consortium of research institutions that seeks to develop a national
STEM graduate student through faculty with the capability and commitment to implement and improve effective
teaching and learning practices for all students.

This talk will discuss current efforts to develop and implement effective learning environments for the environmental
geosciences programs at TAMU designed around inquiry-based (experiential) learning.  I will discuss the complex
nature and design of inquiry activities for geological and environmental sciences using the concept of “an
environmental problem space”.  A problem space is defined as “a cohesive suite of rules, policies, practices,
conventions, standards, concepts, etc. that govern the conceptual domain where a particular problem needs to be
solved”.

Finally, I will argue that authentic inquiry may serve as a boundary object to support structured synergy between
research and teaching, serving to reduce the major dichotomy in faculty work. Boundary Objects (BO) serve as an
interface between different groups in a community of practice.  Boundary objects are flexible enough to adapt to local
needs and have different distinct identities in different communities, but at the same time robust enough to maintain a
common identity across the boundaries to be a place for shared work.
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Nature of the DisciplinesNature of the Disciplines

Geosciences and Environmental EngineeringGeosciences and Environmental Engineering

Pasteur’s Quadrant

Stokes, 1997. Pasteur’s Quadrant: Basic
Science and Technological Innovation

 Engineered versus naturalEngineered versus natural
systemssystems

 The goals of Eng areThe goals of Eng are
driven by social issues anddriven by social issues and
problemsproblems

 GeosciencesGeosciences  includesincludes
historical inquiryhistorical inquiry

 Eng inquiry includesEng inquiry includes
designdesign

 Both require certificationBoth require certification

Geo

Eng
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Learning GoalsLearning Goals

EnvironmentalEnvironmental
LiteracyLiteracy
AgencyAgency

Professional/CareerProfessional/Career
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Learning IssuesLearning Issues

Knowledge transferKnowledge transfer

Problem focusedProblem focused
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Student LearningStudent Learning

Knowledge TransferKnowledge Transfer

 Knowledge thresholdKnowledge threshold
 Learning with understandingLearning with understanding
 Knowledge taught in a varietyKnowledge taught in a variety

of contextsof contexts
 Deliberate practice focused onDeliberate practice focused on

meaningful questionsmeaningful questions
((metacognitive metacognitive skills)skills)

Anderson et al., 1996. Situated learning
and education. Ed. Researcher 25(4):5-11

Knowledge transfer requires:
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Student LearningStudent Learning

Scientific Inquiry as AnchorScientific Inquiry as Anchor

Learning activities focused on authentic inquiry/design act as anchors
in interdisciplinary programs (Cognition and Technology Group at
Vanderbilt)

CENTER FOR SCIENCE EDUCATION
EDUCATION DEVELOPMENT CENTER, INC., NEWTON, MA
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Student LearningStudent Learning

Engineering Design as AnchorEngineering Design as Anchor

Learning activities focused on authentic inquiry/design act as anchors
in interdisciplinary programs (Cognition and Technology Group at
Vanderbilt)
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Student LearningStudent Learning

Implementing Authentic InquiryImplementing Authentic Inquiry

South Platte Watershed Management Project

Implementing authentic inquiry requires development of instructionalImplementing authentic inquiry requires development of instructional
materials, learning activities, and assessment tools.materials, learning activities, and assessment tools.

Simulated ResearchSimulated Research
TasksTasks

“In this lab, you are to act as if you
are an environmental consultant
bidding and completing a project
report for the federal government.
We will assume that the data on
the server or USGS web sites is the
data you have collected during
your study. In this project, you are
to write a proposal and a research
report on a question of your
choice concerning water quality in
the South Platte River.”

Sell, Herbert, and Stussey. 2006, J.
Geosci. Ed 54: 396-407
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Student LearningStudent Learning

Implementing Authentic InquiryImplementing Authentic Inquiry

Physical Models of Wetland
Sediments

Implementing authentic inquiry requires development of instructionalImplementing authentic inquiry requires development of instructional
materials, learning activities, and assessment tools.materials, learning activities, and assessment tools.

 Experiments with physicalExperiments with physical
modelsmodels

 Experiments with computerExperiments with computer
simulationssimulations

 Analysis of complex data setsAnalysis of complex data sets
 Evidence evaluationEvidence evaluation
 Verbal design / thoughtVerbal design / thought

experimentsexperiments

Simulated Research TasksSimulated Research Tasks

Sell, Herbert, and Stussey. 2006, J.
Geosci. Ed 54: 396-407
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Implementing Inquiry/Design-Based ProgramsImplementing Inquiry/Design-Based Programs

Inquiry/Design as Boundary ObjectInquiry/Design as Boundary Object

 Scientific models & data setsScientific models & data sets
 Explicit description of cognitiveExplicit description of cognitive

and and metacognitive metacognitive skillsskills
 New information technologies,New information technologies,

research equipment, or toolsresearch equipment, or tools
 Support communities of learningSupport communities of learning

as content specialists.as content specialists.

Scientific researchScientific research  can becan be  transferred totransferred to
the classroom throughthe classroom through authentic inquiry: authentic inquiry:

Science, 10 January 2003Science, 10 January 2003

Teaching through inquiry as a
boundary object between research
and teaching.
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Implementing Inquiry/Design-Based ProgramsImplementing Inquiry/Design-Based Programs

Myth of the Teacher-ScholarMyth of the Teacher-Scholar

Fairweather, J.S. 2002. J. Higher Education 73(1): 26-48
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Final ThoughtsFinal Thoughts

Sandra Metoyer, a biology teacher prepares a geospatial database ofSandra Metoyer, a biology teacher prepares a geospatial database of
coastal ecosystems during the ITS Summer Institutecoastal ecosystems during the ITS Summer Institute

Information Technology in Science, Center for Learning & TeachingInformation Technology in Science, Center for Learning & Teaching
(http://its.tamu.edu)(http://its.tamu.edu)

 Inquiry/Design as anchor in interdisciplinary programsInquiry/Design as anchor in interdisciplinary programs

 Inquiry/Design as boundary object integrating researchInquiry/Design as boundary object integrating research
and teaching (achieve the teacher-scholar ideal)and teaching (achieve the teacher-scholar ideal)

 Hiring patterns leading to mission separation inHiring patterns leading to mission separation in
research universities and undergraduate institutions?research universities and undergraduate institutions?


