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ABSTRACT

Many K-12 educators never experience active learning
processes in their science courses that are part of their
formal teacher preparation program because of the
prevalence of the didactic teaching approach
(lecture-read-answer) used in undergraduate science
classrooms. From an educational perspective there are
substantial benefits to experiencing the process of science
through active learning strategies. A 16-week, one
semester course entitled, “Earth Systems Science for
Educators” has been designed at the University of
Nebraska-Lincoln to use an active learning approach to
improve student knowledge of basic Earth science
concepts. To evaluate the extent to which their knowledge
has improved, we developed a fairly simple assessment
instrument, which consists of 38 statements in which the
student responds true-false-“I do not know.” Based on
pre- and post-course assessments of 108 elementary and
middle-level education majors who took the class in 5
different semesters from 1998 to 2000, there was an
average increase in their content knowledge of 30 percent.

Keywords: Geoscience education; undergraduate edu-
cation; testing and evaluation; Geoscience -
teaching and curriculum

INTRODUCTION

One of the greatest challenges to implementing reform
based on the National Science Education Standards (NRC,

1996) is to increase the extent to which K-12 students ex-
perience science as process. Unfortunately, many K-12
educators never experience the process during their for-
mal teacher preparation program (NSF97-171) because
of the well documented prevalence of the didactic teach-
ing approach (lecture-read-answer) used in undergrad-
uate science classrooms (Fones et al. 1999; Wagner 1993;
Renner and Marek 1988; Stallings et al. 1981). In addition
to its prevalence, this approach also contributes to the
general tendency for education majors to dislike science,
which, in turn, leads to future teachers who generally
lack enthusiasm for the subject.

It is well documented that the attitudes future teach-
ers have for science can be improved if they experience
science using active learning strategies that include a

hands-on, inquiry-oriented approach (Fones et al., 1999;
Beiswenger et al., 1998; Martin et al., 1992; Stallings et
al., 1981). Using this approach has the additional benefit
of providing teachers with first-hand experience with
the process of science. Thus increasing the probability
that they will use active learning strategies in their class-
rooms because one is likely to teach as one is taught. Al-
though there are substantial benefits to experiencing the
process of science from an educational perspective, it
also needs to be demonstrated from a scientific perspec-
tive that our future teachers are gaining content knowl-
edge using this approach.

The purpose of this paper is threefold. First, we pro-
vide an overview of a 16-week, one semester, Earth Sys-
tems Science course offered by the School of Natural
Resource Sciences at the University of Nebraska-Lincoln
(UNL). Second, we present a pre- and post-test knowl-
edge assessment to document changes in content knowl-
edge and provide results obtained from108 students
over five semesters from the spring 1998 to spring 2000.
Thirdly, we provide a qualitative assessment of the stu-
dent’s attitudes toward the class and what we have
learned over the last three years from our students.

COURSE DESCRIPTION

Earth Systems Science for Educators is designed to fulfill
the science requirements for students enrolled in
Teachers College. Enrollment is limited to 24 students.
We assume this is the last earth science class the student
will take. Earth science has an exceptionally broad
scope. Because these are future educators, we focus on
fundamental earth science concepts related to eight gen-
eral content areas, which are consistent with those out-
lined in both the National and Nebraska K-12 science
education standards. We emphasize that the Earth is a
system in which “everything is connected to everything
else.” Using an Earth systems science focus provides a
framework to help connect earth science phenomena
back to the student’s world. This helps make science rel-
evant from both personal and social perspectives. We
challenge the students to understand and apply basic
earth science concepts to their “real world.”

The students meet twice a week for a total of 4.5
hours. The content information is primarily presented
through the use of both hands-on and minds-on ap-
proaches, including inquiry-based activities. These ap-
proaches provide students the opportunity to become
actively involved in their learning and to improve their
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science process skills. To further develop or enhance the
students conceptual understanding of science as pro-
cess, they participate in two collaborative projects in
which they collect and interpret data. The first project re-
quires the students to collect weather data. During the
first week of class, students learn to use basic weather in-
struments that include: a maximum and minimum ther-
mometer, a barometer, a sling psychrometer, a rain
gauge, and an anemometer. Each member of the four
person team collects data for seven days at their place of
residence and a daily surface weather map from the
Weather Channel website. The second project has stu-
dents obtain daily stream flow data from the U.S. Geo-
logical Survey’s real-time surface water data website for
specific sites along a major Nebraska River. Each team is
assigned a location for which they collect data for one
week. In both projects, students plot data on graphs,
summarize data in tables, explain how instrument loca-
tion may influence their data, use their knowledge of at-
mospheric and hydrologic processes to develop
explanations for their data, and present their findings to
the class.

Knowledge Assessment - Documenting student
learning has become increasingly important as academic
departments undergo periodic internal and external
reviews. One method of documentation is to use a pre-

and post-course assessment. In addition, to
documenting what the students learn, the assessment
can provide the instructor with information about the
knowledge, and potential misconceptions, with which
the students enter the class. The assessment is also a tool
for identifying aspects of the course that can be
improved.

Our pre- and post-course assessment instrument
consists of 38 statements that focus on content knowl-
edge (Figure 1). We used the content requirements out-
lined in the National Science Education Standards
(NRC, 1996) and the Earth Science Content Guidelines
(AGI, 1991), as well as drawing from an evaluation of
misconceptions in the earth sciences (Philips, 1991). Our
assessment utilizes a true-false-“I do not know” format.
The “I do not know” category is incorporated to mini-
mize guessing. Some of the questions can be better writ-
ten, but to compare data over several years, we have not
modified the questionnaire. The relationship between
Earth science topics and assessment questions is pro-
vided in Table 1.

Figure 2 provides a summary of the pre- and
post-assessments given to 108 students from the Spring
1998 to Spring 2000 semesters. Students included sopho-
mores to seniors. The average score for the pre-course
assessment was 21 ± 5.1 (1�) and the range was 5 to 31.
(Table 2). The average score of the post-course assess-
ment was 30 ± 3.4 (1�) and the range was 16 to 36. The
average number of correct answers increased by 30 per-
cent between the pre-and post-test. An analysis of vari-
ance using a simple F-test indicates the results from the
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Earth Science Topics Related Assessment
Questions

Earth Systems 14, 18

Earth in the Solar System 1, 3, 4, 5, 6, 9, 11

Earth in 3-Dimensions
(maps)

23, 35

Energy and Matter in the
Earth System

10, 13

Earth’s Weather and
Climate

8, 37

Earth’s Dynamic Water
System

20, 21, 28, 29, 33

Earth Resources: Rocks and
Minerals

16, 17, 19, 27, 36, 38

Dynamic Earth 7, 25, 30

The Earth in 4-dimensions:
Earth History

2, 12, 22, 25, 32, 34

General 24, 26, 31

Table 1. Topics covered in Earth System Sciences for

Educators and related knowledge assess-

ment questions.

Class

Pre-Course Post Course

Average
Score

Std. Dev.
Average

Score
Std. Dev

1998

Spring 20 6.3 26 3.9

Fall 23 3.8 31 4.0

1999

Spring 20 5.7 31 3.6

Fall 21 3.5 30 2.2

2000

Spring 22 5.6 30 2.6

Average 21 3.1 30 3.4

Table 2. Summary of the average and standard

deviation (Std. Dev.) values for the pre- and

post-course knowledge assessment for Earth

System Science for Educators class.
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Instructions: Circle T if the statement is true, F if the statement is false, and I if you do not know the answer.
Please do not guess.

1. T F I Planet earth is only one part of the solar system.
2. T F I Planet earth is 4.6 billion years old.
3. T F I A planet’s characteristics are controlled by its size and distance from the sun.
4. T F I Circular features on the moon and other planets were created by volcanoes.
5. T F I Night and day are caused by the sun moving around the earth.
6. T F I The Moon goes around the earth in a single day.
7. T F I If we do not consider the oceans, the Earth is a solid sphere.
8. T F I Energy from the Sun controls the weather.
9. T F I Impact craters are found on all planets except the earth.
10. T F I Without the ability of energy to change forms, the earth would be a dead planet.
11. T F I The Universe consists of only the Sun and planets in our solar system.
12. T F I The Earth’s surface has been the same since the beginning of time.
13. T F I All radioactivity is derived from human activity.
14. T F I A system has characteristic properties, structure and composition.
15. T F I Nebraska was once covered by vast inland seas.
16. T F I The primary source for natural resources are rocks and minerals.
17. T F I Minerals are composed of rocks.
18. T F I Energy and/or matter both need to enter and leave a system for it to function.
19. T F I Minerals have characteristic composition, structure and naturally occur.
20. T F I The water and rock cycles are related.
21. T F I Once water has accumulated in the ocean, it remains there.
22. T F I Dinosaurs and humans lived on the earth at the same time.
23. T F I To best represent an area, all available information should be compiled on one map.
24. T F I All data collected by scientists is accurate and precise.
25. T F I Earth’s natural processes may take from fractions of a second to billions of years.
26. T F I Gravity acts the same on all objects no matter what their composition.
27. T F I Soils are deposited as natural rock layers
28. T F I Groundwater typically occurs as underground rivers and lakes.
29. T F I After water percolates into the groundwater system it does not move.
30. T F I The process by which mountains form and earthquakes occur are caused by the

same internal process within the earth.
31. T F I We know all we need to know about the earth to make appropriate and informed

decisions about environmental issues.
32. T F I Past environmental conditions on Earth can be interpreted from fossils.
33. T F I The physical and chemical characteristics of the groundwater are not affected

by the rocks and other geologic materials within which it occurs.
34. T F I The activity of water, wind and ice have all shaped Nebraska’s landscape.
35. T F I To determine the distance between points on a map, you need to know

the scale of the map.
36. T F I Igneous, metamorphic and sedimentary are the major classes of rocks.
37. T F I The chemical composition of the earth’s atmosphere does not change.
38. T F I Sedimentary rocks are derived from previously existing rocks.

Figure 1. Knowledge assessment of earth systems science for educators.
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pre- and post-knowledge assessment for the individual
semesters and all semesters combined are statistically
different (p = 0.05). In the spring semester of 1999, 14 of
24 students had pre-course scores less than 20 having an
average of 16. The post-course scores of these 14 stu-
dents increased by an average of 15 points to 31. These
data indicate that the student knowledge of Earth sci-
ence concepts improved.

Responses for the individual questions from the pre-
and post assessment as they relate to the specific earth
science topics are compared in Figures 3a through e. The
average score of the pre-course assessment indicates that
students understood 55 percent of the concepts as they
entered the class. However, responses to individual
questions indicates that students understood some top-
ics better than others. For example, over 90 percent of the
students knew that: the scale of a map is used to deter-
mine the distance between two points (#35); the Earth’s
surface has changed since the beginning of time (#12);
not all data collected by scientists is accurate and precise
(#24); and the activity of water, wind, and ice have
shaped Nebraska’s landscape (#34).

In a state that has a significant agricultural economy
in which water and soil are important, it was interesting
to note that only 13 percent of the students knew that
ground water does not typically occur as underground
rivers and lakes (#28) and that only 15 percent under-
stood that soils were not deposited as rock layers (#27).
Although students generally recognized that Ne-
braska’s landscape has changed over time, only 35 per-
cent knew that it once was covered by inland seas (#15).
The topic about which students were least knowledge-
able was rocks and minerals. Specifically, they had trou-
ble distinguishing between rocks and minerals (#17) and
did not know that sedimentary rocks are derived from

Figure 2. Comparison of pre- and post-course knowl-

edge assessment results. Number of stu-

dents sampled was 108.

Figure 3a - e. Comparison of pre- and post-course

knowledge assessment by Earth sci-

ence topics. See Table 1.
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existing rocks. Only 65 percent of the students recog-
nized that the major rock types are igneous, metamor-
phic, and sedimentary. In the context of understanding
the importance of rocks and minerals, only 59 percent
recognized their importance as natural resources.

Results from the post-course assessment indicated
the average score improved from 55 to nearly 80 per-
cent. There was at least a 25 percent improvement in the
score for 42 percent of the questions. On the pre-test 24
percent of the questions were correctly answered 80 per-
cent of the time. Whereas on the post-test, 63 percent of
the questions were answered correctly 80 percent of the
time. There was improvement on each question with the
exception of number 1, the recognition that the Earth is
only one part of the solar system. By the end of the
course, the following are examples of improvement on
individual questions: 56 more students (52 percent) rec-
ognized that ground water did not typically occur as un-
derground rivers and lakes (#28); 44 percent more
students recognized that sedimentary rocks are derived
from previously existing rocks (#38); nearly 80 percent
of the students learned that inland seas once covered Ne-
braska (#15); and there was a 55 percent increase in the
number of students who learned rocks are composed of
minerals (#17).

Qualitative Attitude Assessment - Individual discus-
sions with students and responses to formative assess-
ment questions during each semester suggest that
although students were not very enthusiastic about sci-
ence coming into the class, their attitude toward science
was more favorable upon completion of the class. For ex-
ample, several students stated that prior to this class
they would not have placed much emphasis on teaching
science. However, by the end of the class, they had a
better understanding of the nature of science and would

incorporate it into their future classroom activities. Some
representative student comments include:

“As far as content - wow! I’ve really learned a
lot this semester. The material is new to me and I
feel confident I could teach it to students in the
future”

“The information that we are going over is pre-
sented in a way that I can usually relate to and
understand.”

“I didn’t expect to do so many experiments
and projects, which I find very interesting. I
have learned a lot of new information and am
planning on using it in my classroom.”

“I do think these activities are good, it helps us
see things through the eyes of the younger stu-
dents and will aid us when we end up planning
our own science classes.”

“I learned a lot not only about geology, but edu-
cation and instruction as well - very worth-
while.”

Course/Instructor Evaluations - Using the standard-
ized UNL course evaluation instruments, students were
asked to evaluate the course at the end of each of the five
semesters. The evaluation instrument consisted of 21
items that employed a four item Lickert scale consisting
of agree strongly (4 points), agree moderately (3 points),
disagree moderately (2 points) and disagree strongly.
Because the evaluation form changed after the first two
semesters, the most recent data from 69 students who
participated in the class during the 1998-1999 academic
year and Fall 1999 are summarized in Table 3.

Overall, the students gave this course a high ap-
proval rating as indicated by an average score of 3.5 for
the assessment items, “Overall, the course was good”
and “I think the course was taught well.” The students
generally thought it was a worthwhile course (3.5) and
that they would take another course taught this way
(3.64). Although the majority strongly agreed that they
would want to take another course taught this way,
these same students also moderately agreed (2.96) that
they learned more when other teaching methods are
used. This contrast is somewhat surprising if we con-
sider that research indicates that the majority of people
learn better when they are physically and mentally en-
gaged in activities that are designed to develop process
skills than they do in a classroom environment in which
“teaching by telling” is the dominant teaching style
(Bransford et al, 1999). Our sample population consists
of students who, for the most part, have not only done
well in the latter classroom environment, but enjoyed it

Subscale
Average Score

(Out of 4.00)
Number of
Questions

General Student
Attitude

3.50 4

Teaching
Methods

3.37 4

Course Content 3.17 4

Student Interest
in Class

3.83 4

Instructor 3.59 5

Total 3.29 21

Table 3. Summary of course/instructor evaluations

during 1998-1999 and fall 1999 classes.



enough to want to become an educator. We suggest that
the results are not surprising because although the stu-
dents enjoy the class, their exposure to this potentially
new classroom environment has been relatively limited
and not enough to convince them that they may actually
learn better in it.

INSTRUCTOR’S SELF ASSESSMENT

Based on six semesters of interaction with students hav-
ing a wide range of backgrounds, we have learned that
elementary and middle-level education majors:

�can improve their content knowledge.

� can develop the skills to participate in a scien-
tific investigation if given the opportunity and
an environment where the use of these skills is
allowed to develop

� are capable of collecting data and evaluating its
quality.

� can develop their own research questions. Yet,
this is difficult and frustrating for most of them
because they have had limited experience in
the art of developing addressable questions.

� struggle to use data and information to address
research questions. Most of them have never
had to develop a solution to a question for
which there was not a pre-existing or expected
answer.

In our role as instructors, but more importantly, as scien-
tists, we have learned:

� to use a variety of approaches to engage the
student. There are many different learning
styles

� instructors must take some responsibility for
the extent to which students learn. Sometimes it
is clearly the students lack of effort. In other
cases, instructors may need to use alternative
strategies to communicate the concept.

� instructions and procedures need to be
explicit.

� to be flexible and open to students suggestions
for improving the class.

� students cannot know how to do something if
they have no prior experience. We should not
assume students know how to do something.
We must ask first.

� students need an opportunity to be engaged in
the processes of scientific inquiry if their
perception of science is to change.

CONCLUSIONS

Based on the interaction with 108 students over five se-
mesters, the educational approach used in this class pro-
vided pre-service elementary and middle-level
education majors to improve their content knowledge
on average by 30 percent. Although this assessment was
designed specifically for the topics covered in this class
and for Nebraska, it provides a model that others may
follow. It typically takes students less than ten minutes
to complete and less than a half hour to score
twenty-four tests. Because of accreditation require-
ments, academic departments in higher education insti-
tutions are increasingly being asked to formalize their
assessment process for student learning. This is a fairly
simple instrument, but it does document that students
are learning basic Earth science content.

Although this instrument documents an apparent
improvement in content knowledge, there are a variety
of questions that remain. For example, to what extent do
the students need to experience this type of classroom
environment for them to employ these approaches in
their own classroom? We also need to investigate the ex-
tent to which this type of class fosters learning with un-
derstanding and the ability of the student to apply their
knowledge to new situations. We also need to compare
short- and long-term student learning and retention in
this class to other Earth Science classes, which are taught
with more traditional approaches.
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The greatest obstacle to new learning often is not the student’s lack of prior
knowledge, but, rather, the existence of prior knowledge. Most college

teachers know from experience that it’s much harder for students to unlearn
incorrect or incomplete knowledge than to master new knowledge in an

unfamiliar field.
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