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Students in inquiry-based, general education Earth
Science courses were found to display a wide range of
logical thinking skills that are known indicators of suc-
cess in science courses. The Group Assessment of Log-
ical Thinking instrument that tests six logical opera-
tions was administered on the first day of class and
near the end of the course. Such tests can be used
to assess a student’s overall level of cognitive devel-
opment (concrete, transitional or formal) and specific
logical thinking strengths or weaknesses. Results from
paired pre- and post-course logical thinking tests of 393
students indicated that 25% of the incoming students
were concrete, 30% were transitional and 45% were for-
mal thinkers. Concrete and transitional thinkers were
far more likely to withdraw from or fail the course
when compared to their formal thinking peers (35%,
25% and 10% respectively). Differences in scores be-
tween genders were significant with 210 females testing
at 30% concrete, 35% transitional and 35% formal on
the pretest compared to 183 males who tested 15% con-
crete, 25% transitional and 60% formal. Overall logi-
cal thinking scores of students increased significantly
in every inquiry-based class with lecture-based classes
showing overall lower increases. Post-test data indi-
cated that there were fewer concrete thinkers (16% fe-
male, 7% male), little change in the number of transi-
tional thinkers (30% female, 23% male) and more for-
mal thinkers (54% female, 70% male) toward the end
of the inquiry-based course. Scores on two of the logi-
cal operations, conservation and probability, were suf-
ficient to separate those who received a high grade (A
or B in course) from those were unsuccessful (D, F or
withdrew). Students who score low in conservation op-
erations (n=46) tend to rely on intuition rather than
logic when trying to understand typical Earth System
concepts such as plate tectonics, atmospheric processes
and climate change. Students who score low in proba-
bility skills (n=46) have difficulty distinguishing the
difference between unrelated, but possible, data and
those data that confirm a supposition. Such skills
are necessary to properly apply the scientific method.
By the end of the course, unsuccessful concrete stu-
dents improved conservation reasoning skills to the
same levels of their higher performing concrete peers
on the post-test but remained behind them in prob-
ability skills. Successful transitional thinkers (n=50)
displayed better correlation-reasoning skills than their
lower performing contemporaries (n=51). Correlation
reasoning skills are necessary to understand some of the
many causal relationships routinely developed in the
Earth Sciences (e.g. those associated with plate tec-
tonics and earthquakes or volcanoes; CO2 and global
climate change).
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Contemporary science education research empha-

sizes the importance of considering students pre-
instructional beliefs when designing effective, student-
centered instructional strategies. When scientists teach
about dating the Earth, most often the concepts of ra-
dioactive decay and half-life are presented. However,
our research illustrates that students bring to the class-
room many inaccurate beliefs and reasoning difficulties

on the topics of ionizing radiation, radioactivity, and
radioactive decay that are well-poised to interfere with
students’ understanding of how half-life is used to de-
termine geologic time. In an effort to uncover the range
and frequency of the dominant student beliefs with re-
gard to radioactive phenomena, we performed individ-
ual demonstration interviews and administered open-
response concept tests to students from a wide-range
of science backgrounds. Our results show that students
are often unable to differentiate between the ideas of
irradiation and contamination, and that many of these
students’ reasoning difficulties about radioactive decay
and half-life stem from their inaccurate mental models
regarding the atom.

URL: http://shiraz.as.arizona.edu
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For quite some time now, the repeated call for a
more student-centered approach to teaching due to the
ineffectiveness of lecture has been gaining prominence
in the earth and space science teaching community.
However, our extensive review of the literature sug-
gests that this claim of ineffectiveness of lecture has
not been validated in the context of the conventional
introductory science course for non-science majors. At
the beginning of a large-enrollment introductory as-
tronomy survey course, we administered 68-multiple
choice items as a pretest to 81 students. At the end
of each lecture we administered the specific items re-
lated to that particular day’s lecture a second time
as a posttest. The average score on the 68 items ad-
ministered as a pretest was 30 percent correct and the
posttest average score was 52 percent correct. Al-
though this does represent a statistically significant
gain in scores, we judge this level of success to be in-
sufficient for long term learning achievement. These
results illustrate that instructor-centered strategies are
largely ineffective at promoting meaningful conceptual
gains on traditional earth and space topics presented
to non-science majors. This work was supported by
NSF CCLI #9952232 and NSF Geosciences Education
#9907755.
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This paper summarizes results from three research
studies, which focused on conceptions of lunar con-
cepts. Study 1 focused on the conceptual understand-
ings held by 78 preservice elementary teachers about
the cause of moon phases, before and after instruc-
tion. Participants in the physics groups received in-
struction on moon phases in an inquiry-based physics
course; participants in the methods group received no
instruction on moon phases. The instructive effect of
two different types of preinstruction interviews also
was compared. Results indicated that without the in-
struction, most preservice teachers were likely to hold
alternative conceptions on the cause of moon phases.
Participants who had the instruction were much more
likely to hold a scientific understanding after instruc-
tion. The instruction appeared to be more effective
in promoting a scientific understanding of the cause
of moon phases than instruction previously reported
in the literature. It also appears that using a three-
dimensional model or making two dimensional drawings
during the preinstruction interviews does not have in-
structive value. Study 2 examined preservice teachers’
conceptions of moon phases over an extended period af-
ter instruction. This research, a continuation of work
in Study 1, included longitudinal data from 12 partici-
pants who had received instruction on moon phases in
an inquiry-based physics course. Participants who had
been interviewed before instruction and three weeks af-
ter instruction were given delayed postinterviews six or
thirteen months after instruction. Results indicated a
majority continued to hold a scientific understanding
months after instruction. However, some participants
reverted to alternative conceptions they had shown dur-
ing the preinterview. Study 3 described the conceptual
understandings held by 52 preservice elementary teach-
ers about standards-based lunar concepts for grades K-
4, including the observable shapes of the moon and the
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monthly pattern of observable changes. Results indi-
cated that without instruction, most preservice teach-
ers did not have a scientific understanding of observ-
able moon shapes and patterns of monthly changes in
the shapes. Participants who completed the instruc-
tion were more likely to hold a scientific understanding.
Thus, the instruction appeared to be effective in pro-
moting a scientific understanding of moon shapes and
patterns of change in the shapes
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An understanding of petrified wood (including for-
mation, composition, and properties) requires a broad
and integrated conceptual framework. As a paleonto-
logical topic that addresses both geological and bio-
logical content, petrified wood is an ideal knowledge
probe concept for revealing knowledge gaps and con-
ceptual difficulties that students bring into introduc-
tory geoscience and biology classrooms. Our integrated
geo-bio education research study addressed both (a)
introductory college students’ alternative conceptions
(ACs) about petrified wood and (b) implications for
improving the integration of geological and biological
knowledge. We investigated the ACs of students en-
rolled in a large introductory historical geology course
(n=188) at a research university in Louisiana. Hav-
ing conducted and reviewed alternative conceptions re-
search studies in science education across the past 20
years (Clary & Wandersee, 2003; Wandersee, Mintzes,
& Novak, 1994), we developed and administered a set
of 15 free-response and forced-choice knowledge probes
about petrified wood. Resultant findings indicated that
the phenomenon of petrified wood was typically ad-
dressed several times in our participants’ prior K-12
science lessons. However, these college students’ geo-
logical and biological knowledge of the topic was sys-
temically flawed in four fundamental areas: (a) the ge-
ologic time scale; (b) uniformitarianism; (c) biological
properties and structure of wood; and (d) fossil-rock-
mineral distinction. Our data set advanced the devel-
opment of a typology for the learning problems that
we uncovered for petrified wood. We propose that our
typology serve as a heuristic for anticipating students’
conceptual difficulties for other biogeoscience topics as
well. Our study also documents the need for more geo-
logical and biological knowledge integration by bridging
college science departmental divides.

URL: http://www.EarthScholars.com
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Over 6000 students from more than fifty universities
and colleges nationwide participated in a study aimed
at developing an assessment instrument for entry-level
geoscience courses. Short, open-ended questionnaires
from 1000 students and interviews with 200 students
provided insight into ideas about the Earth held by
entry-level students, and these ideas drove the devel-
opment of test questions and answers. The test was
created in two phases: a small, 29-item test was piloted
in Fall 2002 and evaluated using item response theory
and qualitative validation techniques. Based upon the
success of this initial testing, a second set of 45 ques-
tions was created for piloting in Fall 2003. Our expe-
riences with the Geoscience Concept Test indicate that
1) assessment questions created in direct response to
student interviews are particularly useful in large-scale
testing of student ideas; 2) a variety of qualitative and

Cite abstracts as: Fos. Trans. AGU, 84(46), Fall Meet. Suppl., Abstract ####H#-##, 2003.




F432 2003 Fall Meeting

quantitative measures should be used when creating
assessment instruments to ensure validity of the test
design and application; and 3) many alternative ideas
about the Earth are difficult to change, as evidenced
by very little change between pre- and post-test scores
nationwide.
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We used a 30 item multiple-choice instrument called
the geoscience concept test (GCT) to study learning in
introductory college-level science courses. The GCT
uses common misconceptions as wrong answers, and
allows us to pre- and post-test individual courses to
gauge the effectiveness of instruction. The GCT was
given at the beginning of the semester to 2215 college
students in 42 classes at 32 different institutions in 19
different states (21 public and 6 private four-year in-
stitutions, 4 community colleges, and one tribal col-
lege). The pilot was also given to 1907 students as a
semester-end post-test in 30 different classes. We were
able to match pre- and post-test results for 967 students
through an analysis of volunteered personal and demo-
graphic data. Although statistical analysis shows that
learning occurred in all classes, closer inspection of the
data show that the student population retained a num-
ber of misconceptions. Students retained several incor-
rect ideas relating to geologic time despite instruction.
For example, 71% of post-tested students believe that
the study of fossils, rock layers, or carbon is the most
accurate means for calculating the age of the Barth.
Nearly 25% of students believed that dinosaurs only
existed on BEarth for 500,000 years, and 40% believe di-
nosaurs came into existence about halfway through the
geologic time scale. Many alternative ideas about plate
tectonics and the formation of rocks also existed af-
ter instruction. Nearly half of the post-tested students
(47%) believed that tectonic plates do not extend all
way to the surface of the Earth, and 65% did not be-
lieve that animals could form oceanic rocks. Identifi-
cation of strongly held misconceptions in a post-tested
student population provides instructors with informa-
tion that could impact the way they present material
to their introductory classes.
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Writing activities can improve student understand-
ing of scientific content and processes. We have studied
student writing to identify the challenges that students
face in composing scientific arguments and to clarify
features that constitute quality in scientific writing.
‘We have applied argumentation analysis for the assess-
ment of students’ use of evidence in a general education
oceanography course. Argumentation analysis refers
to the systematic examination of ways that conclu-
sions are supported with evidence. The student writ-
ers were supported by an interactive CD-ROM, »Our
Dynamic Planet,” which provided students with ” point
and click” access to real earth data and allowed them
to solve many problems associated with plate tectonics.

Plate boundary types (using quakes, volcanoes, eleva-
tion profiles, and heat flow) and plate motion can be
determined (seafloor age, island ages/hot spots) with
this technology. First, we discuss the structure of scien-
tific argument and how this structure can be made ac-
cessible to undergraduate students. Second, we present
examples of argumentation analysis applied to student
writing. These examples demonstrate how use of large
scale geological data sets can be used to support stu-
dent writing. Third, we present results from a series
of studies to show ways that students adhere to the
genre conventions of geological writing through use of
theoretical claims, multiple lines of evidence, and cohe-
sive terms. These results, combined with our evidence-
based orientation to instruction, formed the basis for
modifications in the course instruction. These instruc-
tional modifications include providing detailed exam-
ples of data based observations and interpretations,
heuristics for assessing other students’ arguments, and
quick write exercises with similar but simplified writ-
ing tasks. More information about the CD-ROM may
be found at http://oceanography.geol.ucsb.edu/.
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Efforts to promote increasingly student-centered
learning environments in the geosciences have resulted
in a need for new tools for enhancing and assessing
levels of student performance. Over the past several
decades, educators of many disciplines have been re-
searching and promoting the use of scoring rubrics
for both evaluating student work and providing feed-
back based on that work. As part of a research
project on assessment, scoring rubrics were used in
an upper-division undergraduate geography course en-
titled “Mock Environmental Summit.” In this course,
students act as representatives of groups of countries or
non-governmental organizations and research topics re-
lated to the causes and consequences of global climate
change. Based on this research, the students select
topics that they believe to be of key importance and
present oral and written summaries of the information
they have gathered on those topics. The course culmi-
nates with a “summit” and drafting of an international
agreement modeled on the Kyoto Protocol. Due to the
emphasis on writing and presentations during the class,
scoring rubrics were designed to provide guidelines that
students could use for self-assessment when preparing
oral and written reports, to facilitate detailed feedback
from instructors to students, and to serve as a stan-
dard upon which course grades would be based. In this
paper, we present an overview of scoring rubric design,
the way in which our rubrics were presented to and uti-
lized with students, and the impacts of their use on
student performance. We will also comment on the re-
visions that we made to our rubrics based on student
outcomes, and our ideas about other areas of student
performance to which they could be applied.

URL: http://www.crseo.ucsb.edu/esrg/Geogl35_
Sumo03/135.index.htm]l
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The concept mapping technique has been proposed

as a method for examining the evolving nature of stu-
dents’ conceptualizations of scientific concepts, and
promises insight into a dimension of learning differ-
ent from the one accessible through more conventional
classroom testing techniques. The theory behind con-
cept mapping is based on an assumption that knowl-
edge acquisition is accomplished through “linking” of
new information to an existing knowledge framework,
and that meaningful (as opposed to arbitrary or ver-
batim) links allow for deeper understanding and con-
ceptual change. Reflecting this theory, concept maps
are constructed as a network of related concepts con-
nected by labeled links that illustrate the relationship
between the concepts. Two concepts connected by one

such link make up a “proposition”, the basic element
of the concept map structure. In this paper, we exam-
ine the results of a pre- and post-test assessment pro-
gram for an upper-division undergraduate geography
course entitled “Mock Environmental Summit,” which
was part of a research project on assessment. Concept
mapping was identified as a potentially powerful assess-
ment tool for this course, as more conventional tools
such as multiple-choice tests did not seem to provide a
reliable indication of the learning students were experi-
encing as a result of the student-directed research, pre-
sentations, and discussions that make up a substantial
portion of the course. The assessment program began
at the beginning of the course with a one-hour train-
ing session during which students were introduced to
the theory behind concept mapping, provided with in-
structions and guidance for constructing a concept map
using the CMap software developed and maintained by
the Institute for Human and Machine Cognition at the
University of West Florida, and asked to collaboratively
construct a concept map on a topic not related to the
one to be assessed. This training session was followed
by a 45-minute “pre-test” on the topic of global cli-
mate change, for which students were provided with a
list of questions to guide their thoughts during the con-
cept map construction. Following the pre-test, students
were not exposed to further concept mapping until the
end of the course, when they were asked to complete a
“post-test” consisting of exactly the same task. In ad-
dition to a summary of our results, this paper presents
an overview of available digital concept-mapping tools,
proposed scoring techniques, and design principles to
keep in mind when designing a concept-mapping as-
sessment program. We also discuss our experience with
concept map assessment, the insights it provided into
the evolution in student understanding of global cli-
mate change that resulted from the course, and our
ideas about the potential role of concept mapping in an
overall assessment program for interdisciplinary and/or
student-directed curricula.

URL: http://www.crseo.ucsb.edu/esrg/Geogl35_
Sum03/135.index.html
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Constructivist learning theory and inquiry-based
educational practice stress the parallels between learn-
ing and research. Although peer review has long been
a central feature of the working lives of research sci-
entists, it has rarely found its way into the classroom.
Motivated by this thought, an imaginary journal, Re-
views of Atmospheric Science Topics (ROAST), has
been integrated into a graduate-level course in atmo-
spheric thermodynamics. The instructor acts as editor
of ROAST. Students in the class are divided into teams
and assigned topics on which to write survey papers
and give in-class presentations, using the text, the In-
ternet, the library, and other resources. The assigned
topics range over the subject matter of the course. The
submitted survey papers are sent by the ROAST editor
to other members of the class, acting as anonymous re-
viewers. Just as in the case of real research journals,
the editor asks the authors to respond to criticisms of
reviewers and then sends the revised papers back to the
reviewers. Each student is thus a researcher and co-
author of one paper as well as an anonymous reviewer
of several others. ROAST has proven to be not only a
useful means of fostering learning, but also a natural
and effective assessment tool. The peer review mecha-
nism allows the student authors to address the defects
in their papers, and hence in their learning, as pointed
out not by an authority figure or an examination but
by their own peers. As an important side benefit, the
students gain experience with the peer review process
itself and come to appreciate its strengths and weak-
nesses in evaluating scientific papers.
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