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ABSTRACT 

The field trip experience has been around for the better part of two centuries 
(Emmons, 1836; Falcon-Lang, 2009; Hopkins, 1835a, b; Perry 1899). However, with 
fast-paced technological lifestyles, a shift to teach toward high-stakes testing, and 
transportation budget cuts, field trip experiences have been pushed increasingly to the 
outskirts when it comes to modern education. The purpose of this research is to assess the 
effects of geology field experiences on student learning in a high school geology 
classroom. A sub-question concentrated on student attitudes and engagement toward 
studying science. Seventeen public high school students ranging from sophomores to 
seniors completed the study in a single classroom. The students studied four different 
geologic sites specific to Indiana. Study sites included a meteor impact site as a non-
treatment study and a glacial geology site as a treatment study. Students then studied a 
second non-treatment site identified as an ancient seafloor environment, and a treatment 
site focused on karst topography. A variety of data collection tools assessed students both 
quantitatively and qualitatively. Students completed pre and post-surveys, comprehension 
pre and post-tests, site-specific notes and drawings, as well as interviews. Teacher 
recorded observations and a reflective journal were kept to monitor students and their 
behavior throughout the study. During the non-treatment period students were told to take 
notes and draw field sketches based on a specific site in the classroom. During a 
treatment period students took a field trip to complete notes and field drawings at a 
specific geologic field site. It is important to note that this study was interrupted during 
the COVID-19 pandemic outbreak and so one non-treatment and one treatment site had 
to be completed as part of e-learning. I filmed one treatment site to generate a virtual 
field experience. Student results indicated an overall positive impact toward studying 
geology via field experiences. Although it was interesting that more students were 
engaged in the classroom rather than in the field, students displayed positive gains for 
both treatment units. Students surveyed and interviewed displayed an overall better 
attitude and appreciation toward studying science.  
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INTRODUCTION AND BACKGROUND 

Context of the Study 

I teach at Kokomo High School in Kokomo, Indiana. Kokomo is located 50 miles 

north of Indianapolis and known as the City of Firsts. It has earned the name due to a wide 

variety of innovative discoveries throughout the city’s history. The largest employers for the 

area include the automotive and manufacturing industries. The population of the city has 

been on a steady decline since the turn of the century, much like other automobile industrial 

cities across the United States. During the 2019-2020 school year Kokomo High School 

grades 9-12 enrollment was 1,772 students (IDOE: Compass, 2020). Kokomo High School is 

identified as a Title I school and has a free and reduced lunch at 50.3%. The high school is 

divided into three separate academic academies: International Baccalaureate, STEM, and K-

Tech. I teach across all three academies based on my content areas of science. I have eight 

International Baccalaureate students, three STEM students, and six K-Tech students. 

Kokomo High School has a 64.6% white, 16.7% black, 9.3% multiracial, 6.9% Hispanic, 

2.1% Asian, and 0.4% American Indian student population (IDOE: Compass, 2020).  

I have taught at Kokomo High School for eight years and completed student teaching 

at the high school as well. My current coarse load includes Earth science, advanced 

placement (AP) environmental science, and astronomy during the fall semester. During the 

spring semester, I teach Earth science, AP environmental science, meteorology, and physical 

geology. Students earning a core-forty diploma or academic honors diploma in the state of 

Indiana are required to have three years of science or six credits of science. Students 

complete two credits of biology, two credits of physical science, and two science elective 
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credits. I currently teach elective science courses and find that most students want to be in 

my classes based on course preference. Kokomo High School currently has nine science 

teachers and many courses and programs available to students. I have a good relationship 

with my students, so it was challenging to select one content area. I chose to select my 

physical geology course for this study. Physical geology counts as one elective credit because 

it is only offered as a one-semester course. Once I have completed the Master of Science in 

Science Education (MSSE) program, I will have the credentials to teach dual-credit geology; 

students will be able to receive credit through both Kokomo High School and Indiana 

University.  

My first period physical geology class has seventeen total students. Seven of these 

students are male and ten are female. The population includes nine white students, five Asian 

students, and three Hispanic students. It is also important to note that four students are 

international students from China and one international student is from Vietnam. Physical 

geology is a general science elective course for sophomores, juniors and seniors. There is one 

sophomore, eight juniors, and eight seniors. Students currently enter the course with a variety 

of different backgrounds in science. Some students have completed an AP science course, 

while others are seeking a rigorous elective science credit, and others simply need an 

additional credit to fill their senior schedule. 

I chose my physical geology course for several reasons. First, this course is typically 

one small section of predominantly college-bound seniors who typically have a genuine 

interest in learning science. Additionally, I have a strong passion for physical geology and 

would like to continue to seek better ways to improve my students’ understanding and 

engagement of the material. Students in the course have rarely experienced any prior 
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fieldwork related laboratory exercises. It is my hope to have students gain knowledge in both 

the classroom as well as the field. Many field experiences have been limited or scaled back 

due to budget cuts and a shortage of certified bus drivers (McCoy, 2018). I would also like to 

provide administrators at the local and state level with a supported claim as to how students’ 

benefit from field experiences.  

While brainstorming capstone topic ideas, I began to think about my own personal 

philosophy of education. I referenced the Teaching Goals Inventory (TGI) where I 

highlighted the most essential goals I try to achieve within my classroom. I would like for 

students to apply principles and generalizations already learned to solve new problems and 

analyze new situations. Students must also be able to draw reasonable inferences from 

observations and use this knowledge to think holistically while using various materials, tools, 

and/or technology centered on a concept to develop one’s ability to think. All students will 

have the opportunity to build their self-confidence, which can provide the basic foundation 

for a lifelong love of learning (Angelo & Cross, 1993).  

Through personal experience, I have always believed that field experiences encourage 

improved science understanding. While working in the field, students must often rely on 

others and work in a team. When students work as a team, they strive toward building 

collaboration, communication, critical thinking, and creativity skills. Additionally, I find that 

many of my students are not only disconnected from nature but from their peers. Sure, I can 

lecture and share my field experiences with geology students each day, but it is not the same 

as giving students the opportunity to get out and up chatting with their classmates about their 

own experiences. There is something very satisfying about sharing personal experiences with 

others; perhaps it goes back to the earliest human oral tradition of storytelling. Teenagers 
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need to be exposed and engrossed in nature; they also need to learn to work as a team with 

their peers. These experiences are not just critical for their development but also for the 

protection of our environment and the Earth. Finally, I am curious as to how much 

knowledge students absorb while studying concepts within the field versus studying concepts 

in a classroom. 

I believe that students who take responsibility for their own geologic education while 

immersed within nature will fill most of their content knowledge gaps on their own. Students 

need background information, but once they have the adequate means to succeed, they just 

need to apply what they have already learned. Physical geology provides an excellent 

opportunity to bridge these learning gaps through field experience.  

I am naturally a reflective individual, so I began to read, research, and discuss my 

topic idea with family, friends, peers, colleagues, professors, administrators, and both current 

and former students. Many of the discussions centered on the MSSE graduate program and 

the reason I sought out the program in the first place, a strong connection between research 

and field experience. Seeking out the program and the content field courses support my 

educational philosophy and drive me toward my focus question. 

Focus Questions 

My focus question was, How does geology field experience impact student 

understanding within a high school physical geology classroom?  

My sub-question included the following:  

1. How do geology field experiences impact students’ engagement and attitudes about 
    
how science is studied? 
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CONCEPTUAL FRAMEWORK 

Introduction to Fieldwork 

The first documented field trip was conducted by Williams College in Massachusetts to 

study the Bay of Fundy in 1835 (Emmons, 1836; Falcon-Lang, 2009; Hopkins, 1835a, b; 

Perry 1899). The field trip originated as a close link to a series of religious revivals that took 

place at the college in the early 1830’s (Perry, 1899). The field trip had become common 

practice by the turn of the twentieth-century. Fast-forward to the late twentieth-century and 

there was a shift from the curiosity of the natural world to one involving mass technology. In 

fact, there has never been another time in history where children have been so disconnected 

from nature. Louv (2005) proposed the term ‘nature deficit-disorder’ in Last Child in the 

Woods: Saving our Children from Nature-Deficit Disorder, stressing that modern children 

are experiencing a lack of time and experience in nature. Nonscientists often assume that 

everything in nature has already been observed and discovered. However, scientists know 

from curiosity and observation in the natural world that there is much more to learn and 

discover. It is the very objects and phenomena from nature that can awaken inquiry and 

encourage active learning (McComas, 2008).  

It has been found that students who are introduced to field trips will become actively 

engaged while seeking out their own self-discovery and understanding of their natural world 

(Streule & Craig, 2016). Geology field trips can be relatively short or can run for extended 

periods; it depends largely on the resources and time available. Extended field experience 

naturally results in significant improvements in geoscience concepts and higher-order 

thinking than campus-based courses (Elkins & Elkins, 2007).  
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Field experiences provide opportunities for students to expand knowledge beyond the 

classroom. Each field experience should include a checklist that educators fulfill. The 

checklist includes guidelines for before, during, and after the trip. During the pre-trip stage, it 

is important to gather as much information as possible about the chosen site, identify small 

groups, create a student-centered orientation, and have students create a voice within their 

assessment. Brainstorming and linking what they are currently learning to a potential field 

study site can help create excitement and interest within the topic. During the trip, students 

should be split into small groups with one chaperone per group, allow time for open 

exploration, short breaks, content-focused, and assure each student has a notebook to record 

their questions and ideas. Completing comprehensive and legible notes are critical skills to 

possess within geology fieldwork. The skill is often overlooked, but one of great importance 

as it serves as a fundamental skill to any field study (Dohaney, Brogt, & Kennedy, 2015) 

During the post-trip period, students should share their questions, thoughts, and ideas 

with the class. Students should also create a finished product based on their experience 

(Connolly, Groome, Sheppard, & Stroud, 2006).  

Geology in Education 

Geologists have an excellent balance between an eye for detail and a strong intuition 

(Reynolds, Johnson, Piburn, Leedy, Coyan, & Busch, 2005). Geologists are able to use 

spatial awareness to complete patterns or samples that may otherwise be missing. Many 

young minds are quick to find simple detailed patterns as well as missing components. 

Geology is no doubt a visual science. In an introductory geology course students are quickly 

expected to interpret three dimensional-topography from two-dimensional topography maps 
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(Barsam & Simitus, 1984; Eley 1988, 1993; Schofield & Kirby, 1994). Students must decode 

the symbols and absorb as much information as possible of a topographic map to create 

visualizations. Field experience gives students an opportunity to practice these strategic 

skills. In one study, students spatial perception and penetrative thinking skills were measured 

by paired pre and post-tests related to a water-level test and the geologic block cross-

sectioning test (Hannula, 2015). According to the study, a college sophomore-level mapping 

field course, and a college junior-level structural geology course were used; both courses 

recorded an increase of at least 11% in penetrative thinking awareness (Hannula, 2015).  

A high school setting or an introductory geology course is an appropriate time for 

students to gain an introduction to field experience, it is a fundamental part of geoscience 

education (Wang et al., 2016). However, a content-specific geology course is something most 

students do not complete until college. “Earth and space science courses are not universally 

accepted by four-year institutions of higher education for admission” (Benbow & Hoover, 

2015). Many states offer high school elective earth science or geologic science courses, but 

not require them to be completed. In fact, only two states require one year of Earth science or 

an environmental content related course as a high school graduation requirement (Benbow & 

Hoover, 2015). “Field experiences provide a unique and integrated learn-how-to-learn 

experience that cannot be duplicated in the classroom or laboratory” (American Geosciences 

Institute, 2001). This is where geology comes to life and it is effective, especially when 

embedded between readings, discussions, and the use of proper visual aids (Spencer, 1990). 
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Fieldwork Studies 

 Completing fieldwork for geology within a high school setting must have plenty of 

guidance and clear expectations for students to follow. Without proper planning and 

guidance, a field experience can turn into more of a passive “tour” experience than an active 

exploration. One study looked at instruction among teachers as they implemented fieldwork 

within their Earth science classes (Marques, Praia, & Kempa, 2003). The article assessed 

students’ learning based on the instruction the teachers implemented and student 

collaborative based-activities. Students also reported their perspectives on fieldwork 

experiences. The results found that instruction was poor due to teacher design and execution, 

but overall student collaboration and engagement was positive (Marques, Praia, & Kempa, 

2003). 

Field experiences can significantly impact student memory function. It is for this reason 

that field experience should be completed early on in the learning process (Piaget, 1970). 

One study suggested five guidelines taken from research that can assist students in their 

memory while on a field trip (King-Friedrichs & Browne, 2001). The first guideline included 

that information or experience needs to be important to students. The students need to invest 

themselves in the learning process in order to receive the full benefits. The second guideline 

uses a constructivist approach; it states that students need to be able to organize the 

information in their minds by relating it to what they already know. Students must build on 

what they already know; the experience should be rigorous, but also attainable. The third 

guideline discusses how repetition enhances memory. When learning a new skill for the first 

time students must practice repeatedly to improve. Students can achieve this in multiple 
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ways. The fourth guideline involves the experiences of being novel and requiring applied 

knowledge. The teacher needs to create innovative fieldwork where students can use prior 

knowledge. The final guideline suggests that elaboration and rehearsal will develop students’ 

understanding and increase their retention (King-Friedrichs & Browne, 2001). In this 

scenario, the student needs to be able to identify ways to retrieve information; strategies need 

to be put in place for students to recover key information from a fieldwork experience. 

Another study takes a close look at a field investigation and lab activity on karst 

topography (O’Dell & González, 2011). The study provides a clear outline as to the approach 

a geologist would take in the field to gather data to reach a conclusion that would be 

presented to the scientific community. An activity like this would provide students with an 

authentic experience, which may influence their career choice later in life. Outdoor settings 

and place-based learning can increase urban students’ interest in science. Outdoor settings 

provide students working with scientists in their communities a source of motivation for 

studying sciences at a higher institution (DeFelice, Adams, Branco, & Pieroni, 2014). These 

same urban students may not be exposed to field experience until their high school years. 

Field experience is as inexpensive as walking out into the neighborhood, as identified by one 

Canadian study (Edwards, 2009). Urban fieldtrips require little money and time to run and 

they can inspire participants (Edwards, 2009).  

Geology field experiences have been conducted in a variety of ways; one notable study 

includes two geologic field sites that were chosen in Portugal to examine students’ 

understanding by using a preparatory unit, a field trip, and a summary unit. Different data 

types were collected and calculated based on their respective site locations. Each site location 

looked at effective development of organizing students and developing field instruction. 
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When students were given clear guidelines to follow at their site, their motivation to learn 

increased, and they were able to successfully complete multiple tasks. The results indicated 

that effective geologic fieldwork facilitates development of conceptual knowledge, 

motivation, and diverse competencies (Esteves, Ferreira, Vasconcelos, & Fernandes 2013).  

Another study looked at the design and development of a high school geology course and 

field trip. The study in Israel implemented a preparatory unit, field trip, and a summary unit. 

This study hones in on the curriculum of a field trip. Students spent time learning from 

preparation with minerals, rocks, soils and fossils, microscopes, other lab experiments, and 

working with maps. Students then completed three full-day field trips looking at the coastal 

plains and continental sedimentation processes, features from the foothills to the Judean 

Mountains, and features from the mountains to the Rift Valley. Students used workbooks to 

guide their instruction. Inside the workbook were two staged activities that guided students as 

they worked at each station. The first stage included identification and drawings and a second 

stage that included more abstract questions that required students to explain their findings. 

These abstract questions included, “What can you conclude from the inclined position of the 

marine sedimentary rock layers?” (Orion, 1989). The teacher also carried a small poster 

board with illustrations and a further question for students to ponder as they concluded each 

of the eight stations. Those further questions to ponder were revisited in the classroom as a 

summary unit to drive future lessons and understanding of more abstract concepts. The study 

indicated field trips provide future skills in student understanding and development if well 

designed (Orion, 1989).  

A final study in the Chesapeake Bay looked at students visiting estuaries. Students 

prepared for their experience by reading through field guides based on what they would 
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encounter while at the estuaries. Students sketched in a notebook what they had learned so 

they could refer back to their own notes as they made observations. One student stated at the 

end of their study, “Interacting with nature in such a hands-on way made me truly love my 

science classes that I took later on. Just the memories of those trips made me want to go 

beyond lab work and readings” (Schnittka, 2006). 
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METHODOLOGY 

Demographics 

The purpose of my research was to determine the impact of field experiences on 

student understanding of physical geology. A second question examined how geology field 

experiences impact students’ engagement and attitudes toward studying science. My research 

was conducted with students in my 10th through 12th-grade physical geology classroom, and 

received an exemption by Montana State University’s Institutional Review Board in 

compliance for working with human subjects (Appendix A). My mixed methods study 

included one period of seventeen physical geology students. I had ten females and seven 

males in the study (N=17). 

Treatment 

My study focused on geologic concepts from four different field site locations in 

Indiana. The field experience included units over a meteorite impact, glacial geology, ancient 

seafloor environment, and karst topography. The two treatment sites focused on glacial 

geology and karst topography. The two non-treatment sites focused on a meteorite impact 

site and an ancient seafloor environment. Each non-treatment and treatment geologic site as 

well as Kokomo High School is pictured via Google Earth (Figure 1).   
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Figure 1. Treatment and non-treatment field site locations and Kokomo High School.   

Quantitative Data Overview 

My students completed pre-tests and post-tests for all four geologic units. My study 

utilized both a pre- and post-test for the two units that were subjected to treatment and pre- 

and post-test for the two units not subjected for treatment. The pre-tests and post-tests for 

each unit were identical. Normalized gains were calculated for each test, and the results from 

the treatment units were compared with the results from the non-treatment units. Data 

collected from pre-test and post-test displayed my students’ understanding for each specific 

unit.  
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Both treatment and non-treatment notes were presented in my classroom. My students 

completed two treatment field drawings and two non-treatment field drawings. The first non-

treatment field drawing was scored and compared to the first treatment drawing. The step 

was repeated for the second non-treatment and second treatment field drawing. I kept 

observations in a notebook to reflect from the study. The complete quantitative data 

collection techniques used to address the focus question are organized and outlined below 

(Figure 2). 
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Figure 2. Quantitative data study flowchart outlining the sequence of the study mainly for the 
focus question. 

Qualitative Data Overview  

Prior to covering non-treatment and treatment units, my students were given two 

surveys to complete. Students completed the Studying Geology Pre-Survey to better 

understand initial attitudes toward studying geology (Appendix B). My students rated the 
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best way to learn geology by reading a series of instructional strategies and marking them on 

a scale with Strongly Disagree, Disagree, Neutral, Agree, or Strongly Agree. The Likert-

scale data was collected and analyzed qualitatively and plotted as a graph to facilitate 

analysis. At the end of the study, my students completed the Studying Geology Post-Survey 

and results were analyzed and compared to the Studying Geology Pre-Survey.  

The Studying Science Pre-Survey was also completed by my students to determine 

how students perceive learning science (Appendix C). Students rated their attitude toward 

studying science by marking one of the following answers Strongly Disagree, Disagree, 

Neutral, Agree, or Strongly Agree. The Likert-scale data was collected and analyzed 

qualitatively and placed into a graph for viewing. At the end of the study my students 

completed the Studying Science Post-Survey. Results were analyzed and compared to the 

Studying Science Pre-Survey. In addition to my recorded observations, student surveys, and 

student interviews were also completed. The qualitative data collection techniques used to 

address the focus and sub-question are organized and outlined below (Figure 3). 
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Figure 3. Qualitative data study flowchart outlining the sequence of the study mainly for the 
sub question.  
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Data Collection Analysis Strategies 

First Treatment and Non-Treatment Study 

My students completed a non-treatment unit where they explored a meteorite impact 

site. The Meteorite Impact Site Pre and Post-Test was administered (Appendix D). The pre-

tests were scored and results were later compared to post-tests. The quantitative data were 

analyzed and normal gains were calculated for the test. The results of both pre-test and post-

test were later compared to the treatment unit pre-test and post-test as well as the other non-

treatment and treatment units.  

My students were presented with Meteorite Impact Site Notes (Appendix E). Students 

took careful notes and participated in deep discussion. My students asked questions and 

conducted independent research based on generated questions from notes.  

My subjects were shown via maps and images the Kentland Dome Meteorite Impact 

Site located in Kentland, Indiana. Students illustrated and took notes from a specific cross-

section illustration and map of the Kentland Dome Meteorite Impact Site. My students were 

assessed using a developed Geology Field Experience Notes and Drawings Rubric 

(Appendix F). Student notes and drawings were scored on a scale from 0-4. A zero indicated 

unacceptable, one indicated weak, two indicated a satisfactory, three indicated strong, and 

four indicated a superior score. Student results using this scoring scale from the rubric above 

were analyzed and displayed using graphics from a box and whisker chart and stacked bar 

graph.  
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My students spent time reviewing Meteorite Impact Site Notes and Drawings to 

prepare for post-test which were compared with pre-tests, calculated for normalized gains, 

and displayed in a box and whisker plot. 

My students completed a treatment unit where a glacial geology site was explored. 

The Glacial Geology Pre and Post-Test was administered (Appendix G). The pre-tests were 

scored and results were later compared to post-tests. The quantitative data were analyzed and 

normal gains were calculated for each test. The results of both pre-tests and post-tests were 

later compared to the other non-treatment unit as well as the treatment unit. Data were 

analyzed and displayed for normalized gains between pre-test and post-tests. The Glacial 

Geology Pre-tests and Post-tests were calculated for normalized gains and displayed in the 

data analysis section.   

My students were presented with Glacial Geology Notes (Appendix H). Students took 

careful notes and participated in deep discussion. Students asked questions and conducted 

independent research based on generated questions from my notes.  

My students then took a geology field trip to view glacial erosional features. The field 

site we utilized was Turkey Run State Park located in Marshall, Indiana. Students focused on 

a variety of glacial erosion features carved by melting and receding glaciers. One specific 

location that students explored was the Rocky Hollow Nature Preserve containing gorges that 

had been carved by glacial melt waters. Although not directly a part of glacial erosional 

features, my students were also able to see cross bedding within the rock layers. I asked 

students to illustrate and take notes of the Rocky Hollow Nature Preserve. My subjects were 

assessed using a developed Geology Field Experience Notes and Drawings Rubric 

(Appendix F). Student notes and drawings were scored on a scale from 0-4. A zero indicated 
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unacceptable, one indicated weak, two indicated a satisfactory, three indicated strong, and 

four indicated a superior score. My student results using this grading scale from the rubric 

above were analyzed and displayed using graphics from a box and whisker chart and stacked 

bar graph.  

My student scores from the non-treatment; meteorite impact site, Geology Field 

Experience Notes and Drawing Rubric were compared to the treatment; glacial geology, 

Geology Field Experience Notes and Drawing Rubric.  

Students spent time reviewing Glacial Geology Notes and Drawings to prepare for the 

post-test which I compared with pre-tests, calculated for normalized gains, and displayed in a 

box and whisker plot. 

First Study Student Interviews  

After my subjects completed the initial non-treatment and treatment unit, 42% of 

students were asked Student Interview Questions (Appendix I). Student Interview Questions 

provided clarity and evidence toward understanding the focus question and sub-question. My 

student responses were used to support non-treatment and treatment unit research and 

Studying Geology Pre-Survey and Studying Science Pre-Survey results.  

Second Treatment and Non-Treatment Study 

My subjects completed a second non-treatment unit, this time they completed an 

exploration of an ancient seafloor environment. Students were given an Ancient Seafloor 

Environment Pre-Test (Appendix J). The pre-tests were scored and results were later 

compared to post-tests. The quantitative data were analyzed and normal gains were 

calculated for the test. The results of both pre-test and post-test were later compared to the 
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treatment unit pre-test and post-test as well as the first non-treatment and first treatment 

studies. Data were analyzed and displayed for normalized gains between all pre-test and post-

tests.  

My students were provided with Ancient Seafloor Environment Notes (Appendix K). 

Students took careful notes and participated in online discussion. My students asked 

questions and conducted independent research based on generated questions from notes.  

I asked the subjects to illustrate a cross section from the Devonian fossil beds found 

at Falls of the Ohio State Park located in Clarksville, Indiana. My students were assessed 

using a developed Geology Field Experience Notes and Drawings Rubric (Appendix F). I 

scored notes and drawings on a scale from 0-4. A zero indicated unacceptable, one indicated 

weak, two indicated a satisfactory, three indicated strong, and four indicated a superior score. 

My student results using this grading scale from the rubric above were analyzed and 

displayed using graphics from a box and whisker chart and stacked bar graph.  

My students spent time reviewing Ancient Seafloor Environment Notes and Drawings 

to prepare for the post-test which were compared with pre-tests, calculated for normalized 

gains, and displayed in a box and whisker plot. 

The last unit focused on a second treatment study, karst topography. My subjects in 

the last study completed a Karst Topography Pre-Test (Appendix L). The pre-tests were 

scored and results were later compared to post-tests. The quantitative data were analyzed and 

normal gains were calculated for the test. The results of both pre-test and post-test were later 

compared to the non-treatment unit pre-test and post-test as well as the first non-treatment 

and treatment units. Data was analyzed and displayed for normalized gains between all pre-

test and post-tests.  
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I presented students with Karst Topography Notes (Appendix M). Students took 

careful notes and participated in discussion. Students asked questions and conducted 

independent research based on generated questions from my notes. My subjects were taken 

on a virtual geology field experience due to COVID-19 to explore karst topography features. 

The site utilized was McCormick’s Creek State Park, located in Spencer, Indiana. I 

personally visited the site for students to complete the experience the best they could. This 

site contained many features of karst topography for my students to explore. I asked students 

to pay close attention to Wolf Cave and Twin Bridges for illustrations and field notes. 

My subjects were assessed using a developed set of Geology Field Experience Notes 

and Drawings Rubric (Appendix F). I scored student notes and drawings on a scale from 0-4. 

A zero indicated unacceptable, one indicated weak, two indicated a satisfactory, three 

indicated strong, and four indicated a superior score. Student results using this scoring scale 

from the rubric above were analyzed and displayed using graphics from a box and whisker 

chart and stacked bar graph.  

My student scores from the non-treatment; ancient seafloor environment, Geology 

Field Experience Notes and Drawing Rubric were compared to the treatment; karst 

topography, Geology Field Experience Notes and Drawing Rubric. My students spent time 

reviewing Karst Topography Notes and Drawings to prepare for the post-test which were 

compared with pre-tests, calculated for normalized gains, and displayed in a box and whisker 

plot. 
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Second Study Student Interviews 

I asked the subjects in this study a series of questions for a second time, 42% of 

students were asked the Student Interview Questions (Appendix I). Student Interview 

Questions provided clarity and evidence toward understanding the focus question and sub-

question. My student answers were used to support non-treatment and treatment unit research 

and Studying Geology Pre-Survey and Studying Science Pre-Survey results. 

Post-Surveys 

My students completed the Studying Geology Post-Survey (Appendix B). The 

questions were identical to the questions found on the Studying Geology Pre-Survey. The 

post-survey was completed after all four units had been covered. The Studying Geology Pre-

Survey and Post-Survey results were analyzed, compared, and displayed using graphics.  

I also had students complete the Studying Science Post-Survey (Appendix C). The 

questions were identical to the questions found on the Studying Science Pre-Survey. The 

post-survey was completed after I had covered all four units in class. The Studying Science 

Pre-Survey and Post-Survey results were analyzed, compared, and displayed using graphics 

as supportive evidence for both the focus and sub-question. 

Final Student Interviews 

Final Interview Questions were asked of all my students to collect a better 

comprehensive understanding of both treatment and non-treatment locations (Appendix N). 

However, only fifty-nine percent of my students were available to interview. The data was 

collected as evidence to answer both the focus and sub-question.  
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Data Triangulation Matrix 

Throughout the treatment period, I kept a Teacher Reflection Journal to record notes. 

I also kept informal observations of students as they worked and reflected on the non-

treatment and treatment processes. My Teacher Reflection Journal included not only 

comments, but also photos that were used with the permission of my students in order to 

answer the sub-question of how students’ engagement and attitudes toward science were 

impacted from geologic field experiences. The entire suite of quantitative and qualitative data 

collection techniques used to address the focus and sub-questions for this study are outlined 

in the Data Triangulation Matrix (Table 1). 
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Table 1. Data triangulation research matrix.  
             
  

Data Collection Methods 

Research 
Questions 

Source 1 Source 2 Source 3 Source 4 Source 5 

How does 
geology 

field 
experience 

impact 
student 

understandin
g within a 

high school 
physical 
geology 

classroom?  

Pre-Tests 
1) Meteorite 
Impact Site 
2) Glacial 
Geology 

3) Ancient 
Seafloor 

Environment 
4) Karst 

Topography 

Notes 
1) Meteorite 
Impact Site 
2) Glacial 
Geology 

3) Ancient 
Seafloor 

Environment 
4) Karst 

Topography 

Field Notes 
& 

Drawings 
Rubric 

1) 
Meteorite 

Impact Site 
2) Glacial 
Geology 

3) Ancient 
Seafloor 

Environme
nt 

4) Karst 
Topograph

y 
 

Post-Tests 
1) Meteorite 
Impact Site 
2) Glacial 
Geology 

3) Ancient 
Seafloor 

Environment 
4) Karst 

Topography 

Teacher 
Reflection 

How do 
geology 

field 
experiences 

impact 
students’ 

engagement 
and attitudes 
about how 
science is 

studied as a 
whole? 

Studying 
Science Pre-

Survey 
 

Studying 
Geology 

Pre-Survey 

Teacher 
Observations 

 
 

Student 
Interviews 

Studying 
Science 

Post-
Survey 

 
Studying 
Geology 

Post-
Survey 

Final 
Student 

Interviews 
 

Teacher 
Reflection 

Journal 
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DATA AND ANALYSIS 

Results 

My data were analyzed for qualitative and quantitative trends, in order to determine 

whether field experience improved students’ abilities to understand geology. Student attitude 

and engagement toward studying science were also analyzed both qualitatively and 

quantitatively. Data was collected from two different treatment units and two different non-

treatment units. Data included pre and post-tests for each unit, a field experience notes and 

drawing rubric score, my own observations and reflection, studying geology and studying 

science survey results, and my interviews that triangulated the data to determine the influence 

of field experience and students’ engagement and attitude toward studying science.  

The results of the non-treatment Meteorite Impact Site Pre and Post-Tests showed a 

normalized gain of 41.29% (N=17). According to Hake (1998) a value of less than 0.3% was 

considered low. A value of 0.3 to 0.7% was considered a medium gain and normalized gains 

greater than 0.7% was considered a high. The pre-test median showed a score of 17% and the 

post-test median improved to 55%. The standard deviation gap had widened in value from 

pre-test to post-test, the pre-test value was 8.5% and post-test value was 16%. The 

comparison of means showed an increase from the pre-test score 17.1% to a post-test score of 

50.9%.  

When I asked how the in-class drawing and study went, one student answered, 

“Studying the meteorite impact site was difficult. I really didn’t understand it like I felt I 

should, and it was much harder than I thought, even with pictures. Maybe if I actually got to 

see it, I would have done better at taking notes.” Another student replied, “I think I got the 
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basic idea, but this is challenging, I really do not like to draw.” My teacher reflection and 

observation journal noted that for the Meteorite Impact Site, “Some of the students really 

took their time on the illustrations and focused on the detail and direction of the shatter 

cone.” An example of an in-class, Meteorite Impact Site drawing based on a picture from a 

cross section view of the complex crater (Figure 4).  

 
Figure 4. Meteorite impact site non-treatment student drawing. 

The results of the treatment, Glacial Geology Pre and Post-Tests showed a 

normalized gain of 55.65% (N=17). The results of the normalized gain from the non-

treatment, Meteorite Impact Site were compared with the normalized gain from the 

treatment, Glacial Geology Pre and Post-Tests (Figure 5).  
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Figure 5. First non-treatment and treatment pre and post-test normalized gains, (N=17). 

The pre-test median showed a score of 23% and the post-test median showed a score 

of 63%. The standard deviation gap had narrowed from pre-test to post-test, the pre-test value 

was 13.8% and post-test value was 12.9%. The comparison of means showed an increase 

from the pre-test score 24.3% to a post-test score of 66%. The Meteorite Impact Site and 

Glacial Geology Pre and Post-Test results from the initial study were compared (Figure 6). 
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Figure 6. First non-treatment and treatment pre and post-test average scores, (N=17). 

When I asked how the field experience went, one student replied, “It was really cold, 

but it was great to be outside and taking notes. I have never experienced being outside and 

taking notes for a science class, but if this is what geologists really get to do, I like it.” 

Another student stated, “I do better when I do not take notes, I would rather listen and 

visualize everything.” My teacher reflection and observation journal noted that for the 

Glacial Geology treatment toward the Geology Field Experience Notes and Drawings Rubric, 

“Most of the students were more interested in listening to me speak than spending time 

drawing. Many of the students also complained how cold it was.” An example of a student 

Glacial Geology field experience drawing based on a gorge carved out by glacial melt water 

and erosion revealed a cross bedding layer in sandstone (Figure 7). 

Meteorite Impact 
Site  

Meteorite 
Impact Site  

Glacial Geology 

Glacial Geology 
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Figure 7. Glacial geology field experience treatment student drawing.  

I interviewed students after the first non-treatment and treatment study. I asked 

twelve questions during the interview. Question nine asked students if they felt they learned 

more from the classroom illustrations and notes or from the field experience illustrations and 

notes. One student stated, “I could definitely visualize and comprehend more information 

outside even though I didn’t focus on drawing.”  Another student replied, “Going on the trip! 

I got to see how everything we have learned fits together.” One student stated, “Definitely 

being outside! Most science classes we just sit and do some labs. We rarely go outside and 

learn and I think it helps.” Another student replied, “I felt like because I actually got to 

experience what we were learning it made more sense. It was really cold!” 
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The results of the non-treatment Ancient Seafloor Environment Pre and Post-Tests 

showed a normalized gain of 50.50% (N=17). The pre-test median showed a score of 37% 

and the post-test median showed a score of 74%. The standard deviation gap had widened in 

value from pre-test to post-test, the pre-test value was 13.3% and post-test value was 19.8%. 

The comparison of means showed an increase from the pre-test score 38.4% to a post-test 

score of 68.3%. It is important to note that after the Ancient Seafloor Environment Pre-Test, 

students conducted the rest of the study online due to the COVID-19 pandemic outbreak. 

When I asked how the in-class drawing went, one student answered, “I did it, but I know it 

wasn’t good. I had a lot of other homework from other classes on e-learning, so I just hurried 

to get it completed.” Another student said, “I think this one seemed easier because I knew 

what to focus on and found it to be fun.” My teacher reflection and observation journal noted 

that for the non-treatment, Ancient Seafloor Environment Geology Field Experience Notes 

and Drawings Rubric, “Most of the students did not even complete the drawing. The drawing 

was during our first week of e-learning.” One student stated, “They enjoyed drawing the 

Ancient Sea floor Environment from home because they felt they had more time to complete 

it.” An example of a student Ancient Seafloor Environment field experience drawing based 

on a Devonian aged limestone cross section of fossils (Figure 8). 
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Figure 8. Ancient seafloor environment non-treatment student drawing. 

The results of the treatment, Karst Topography Pre and Post-Tests showed a 

normalized gain of 56.12% (N=17). The results of the normalized gain from the non-

treatment, Ancient Seafloor Environment were compared with the normalized gain from the 

treatment, Karst Topography Pre and Post-Tests (Figure 9).  
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Figure 9. Second non-treatment and treatment pre and post-test normalized gains, (N=17). 

The pre-test median showed a score of 47% and the post-test median showed a score 

of 86%. The standard deviation gap had narrowed in value from pre-test to post-test, the pre-

test value was 21.9% and post-test value was 19.3%. The comparison of means showed an 

increase from the pre-test score 46.5% to a post-test score of 77.6%. The Ancient Seafloor 

Environment and Karst Topography Pre and Post-Test results from the initial study were 

compared (Figure 10). 
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Figure 10. Second non-treatment and treatment pre and post-test average scores, (N=17). 

 

When I asked how the virtual field trip drawing went, one student replied, “I liked it 

better than just looking at pictures.” Another student stated, “It would have been better had 

we actually got to go, I would have remembered a lot more, I still liked the video and think I 

did good on the post-test.” My teacher reflection and observation journal noted that for the 

Karst Topography treatment, “This treatment unit ended up being conducted as a virtual field 

experience due to the COVID-19 pandemic outbreak. I filmed the virtual field experience 

just as students would have experienced it, had they been able to attend.” An example of a 

student Karst Topography field experience drawing, based on Wolf Cave and Twin Natural 

Bridges (Figure 11).   

Ancient Seafloor 
Environment 

Ancient Seafloor 
Environment  

Karst Topography 

Karst Topography 
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Figure 11. Karst topography field experience treatment student drawings.  

 

 



  
 

36 
 

I interviewed my students again for the second non-treatment and treatment study. I 

asked students the same twelve questions I asked after the first non-treatment and treatment 

study. Question nine was asked again to see if students learned more from classroom 

illustrations and notes or from the virtual field experience illustrations and notes. Most of my 

students found again they learned more from the field experience illustrations and notes. One 

student stated, “Even though we did not get to go on the field trip I still felt like I learned 

more on the virtual field trip.”  Another student replied, “I felt like I learned more from the 

virtual field trip, because I did not have any distractions. I could not concentrate because of 

COVID-19 for the in-class study.” One student stated, “I don’t feel I learned anything from 

Falls of the Ohio because of COVID-19. So, I definitely learned more from the virtual field 

trip.” Another student replied, “The virtual field trip made me pay attention, kind of like I 

was there.” It is also important to note that one student stated, “I really don’t think it made a 

difference.” 

The overall Geology Field Experience Notes and Drawing Rubric results indicated 

that 35% of my students earned a score of three or four on the Meteorite Impact Site non-

treatment Drawing Rubric as compared to 18% that earned a score of three or four on the 

Glacial Geology treatment Drawing Rubric (N=17). For the Meteorite Impact Site non-

treatment results, 18% scored a zero or one. For the Glacial Geology treatment results, 46% 

scored a zero or a one. The overall Geology Field Experience Notes and Drawing Rubric 

results indicated that 23% of my students earned a score of three or four on the Ancient 

Seafloor Environment non-treatment Drawing Rubric as compared to 41% that earned a three 

or four on the Karst Topography treatment Drawing Rubric. For the Ancient Seafloor 

Environment non-treatment results, 59% scored a zero or a one. For the Karst Topography 
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treatment results, 35% scored a zero or a one (Figure 12). My teacher reflection and 

observation journal indicated, “Ancient Seafloor Environment and Karst Topography Notes 

and Drawings were completed at home as part of e-learning. Several of my students did not 

complete the Geology Field Experience Notes & Drawings as a result of the switch to e-

learning instruction.” 

 
Figure 12. Notes and drawing rubric scores for each non-treatment and treatment based on 
percentages from a rubric score from zero to four, (N=17). 

The results of the Geology Field Experience Notes and Drawings Rubric from the 

first treatment study displayed a Meteorite Impact Site Non-Treatment median score of 50% 

and Glacial Geology Treatment median score of 50% (N=17). The standard deviation gap 

had widened in value from non-treatment to treatment, the non-treatment value was 23.1% 
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and treatment value was 28.6%. The comparison of means showed a decrease from the non-

treatment 54.4% to a treatment score of 38.2%. When I asked a student if they felt they 

learned more from the classroom illustrations and notes or from the field experience 

illustrations and notes they stated, “Classroom illustrations were easier to draw because there 

was no scenery to distract me. I could just focus on my drawing even though I don’t think I 

learned much.”  I captured a few students drawing from the cross-section of the meteorite 

impact site I placed on my front board during the classroom (Figure 13). 

      
Figure 13. Meteorite impact site field notes & drawings non-treatment photo.  
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My teacher reflection and observation journal noted, “Many students were cold and 

did not want to draw they wanted to continue moving to stay warm.”  I captured a few 

students who took their time writing notes and illustrating from the Rocky Hollow Nature 

Preserve within Turkey Run State Park that contained gorges carved out by glacial streams 

and granite boulders (Figure 14).  

 
Figure 14. Glacial geology field notes & drawings treatment photo.  

The results of the Geology Field Experience Notes and Drawings Rubric from the 

second treatment study displayed an Ancient Seafloor Environment Non-Treatment median 

score of 25% and Karst Topography Treatment median score of 50%. The standard deviation 

gap had widened in value from non-treatment to treatment, the non-treatment value was 
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31.2% and treatment value was 36.9%. The comparison of means showed an increase from 

the non-treatment 29.4% to a treatment score of 48.5%. The results from both non-treatment 

and treatment Geology Field Experience Notes and Drawing Rubric scores were compared 

(Figure 15). 

 
Figure 15. Notes and drawing rubric scores based percentages instead of defined rubric score 
from zero to four, (N=17).   

I asked eight questions for the Studying Geology Pre and Post-Survey and I asked 

seven questions for the Studying Science Pre and Post-Survey to address the sub-question, 

How do geology field experiences impact students’ engagement and attitudes about how 

science is studied? The Studying Geology survey showed a positive trend related to field 

experience and students’ attitude toward how science is studied. The Likert items for the 

Studying Geology Survey asked students to rate their opinion based on eight different 
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questions. Seventy percent of my students strongly disagreed or disagreed on the post-survey 

as compared to 82% on the pre-survey that geology is best learned from a textbook (Table 2). 

When I asked how was the field experience, one student replied, “It’s better than sitting 

inside and reading a textbook all day.” Another student said, “I really liked it, but it was cold 

on the first trip. I wish we could have actually went on the second trip.”  
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Table 2. Studying geology pre- and post-trip survey results.  
 
 

Question & 
Number 

                

1. Geology is 
best learned by 
reading our 
textbook. 

 

2. Geology is 
best learned by 
reading articles 
from the 
computer.  

3. Geology is 
best learned by 
viewing 
videos.  

 

4. Geology is 
best learned by 
completing 
labs. 
  

5. Geology is 
best learned by 
completing 
fieldwork 
outside.  

6. Geology is 
best learned by 
lectures from a 
teacher.  
  

7. Geology is 
best learned by 
completing 
projects. 

 

8. Geology is 
best learned by 
researching 
and writing 
papers.   

Eighty-eight percent of my students either strongly agreed or agreed on the post-

survey as compared to 100% on the pre-survey that geology is best learned by completing 

Strongly Disagree Disagree Neutral Agree Strongly Agree

0% 20% 40% 60% 80% 100%

Pre-Survey: Question 1
Post-Survey: Question 1

0% 20% 40% 60% 80% 100%

Pre-Survey: Question 2
Post-Survey: Question 2

0% 20% 40% 60% 80% 100%

Pre-Survey: Question 3
Post-Survey: Question 3

0% 20% 40% 60% 80% 100%

Pre-Survey: Question 4
Post-Survey: Question 4

0% 20% 40% 60% 80% 100%

Pre-Survey: Question 5
Post-Survey: Question 5

0% 20% 40% 60% 80% 100%

Pre-Survey: Question 6
Post-Survey: Question 6

0% 20% 40% 60% 80% 100%

Pre-Survey: Question 7
Post-Survey: Question 7

0% 20% 40% 60% 80% 100%

Pre-Survey: Question 8
Post-Survey: Question 8
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labs. The 12% decrease of my students from the 100% pre-survey score, disagreed on the 

post-survey that geology is best learned by completing labs. When I asked what were some 

negative aspects of the trip, one student stated, “It was cold, and wish we could have spent 

more time learning more about the park.” Another student stated, “I really don’t like being 

outside, but understand how you have to if you want to learn this stuff.”  

One-hundred percent of my students either agreed or strongly agreed on the post-

survey as compared to 88% on the pre-survey that geology is best learned by completing 

fieldwork outside. The 12% of my students who didn’t strongly agree or agree on the pre-

survey selected neutral. It is also significant to note that 76% of my test subjects selected 

strongly disagreed, disagreed, or felt neutral on the post-survey as compared to 52% on the 

pre-survey that geology is best learned by lectures from a teacher. 

How do geology field experiences impact students’ engagement and attitudes about 

how science is studied? The Studying Science survey showed a positive trend related to field 

experience and students’ attitude toward how science is studied. The Likert items for the 

Studying Science Survey asked my students to rate their opinion based on seven different 

questions. Eighty-two percent of my students strongly agreed, on the post-survey as 

compared to 76% on the pre-survey that science is their favorite subject (Table 3). When I 

asked, how do you feel about studying science one student stated “It isn’t my favorite, but I 

am growing to love it.” 
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Table 3. Studying science pre- and post-trip survey results. 
 
 

Question & 
Number 

 
1. Science is my 

favorite subject. 

 

2. Science classes 
are challenging. 

 

3. I am interested 
in learning 
science. 

 

4. It is fun 
working on 
science 
problems and 
experiments.  

5. I understand 
how scientists 
conduct 
research.    

 

6. Scientific 
knowledge is 
important for 
my intellectual 
development.  

7. I would like to 
pursue a career 
in science after 
high school.  
  

 

  

Strongly Disagree Disagree Neutral Agree Strongly Agree

0% 20% 40% 60% 80% 100%

Pre-Survey: Question 1
Post-Survey: Question 1

0% 20% 40% 60% 80% 100%

Pre-Survey: Question 2
Post-Survey: Question 2

0% 20% 40% 60% 80% 100%

Pre-Survey: Question 3
Post-Survey: Question 3

0% 20% 40% 60% 80% 100%

Pre-Survey: Question 4
Post-Survey: Question 4

0% 20% 40% 60% 80% 100%

Pre-Survey: Question 5
Post-Survey: Question 5

0% 20% 40% 60% 80% 100%

Pre-Survey: Question 6
Post-Survey: Question 6

0% 20% 40% 60% 80% 100%

Pre-Survey: Question 7
Post-Survey: Question 7
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Twenty-nine percent of my students disagreed on the post-survey as compared to 

18% of my students on the pre-survey that science is challenging. Twenty-four percent of my 

students strongly disagreed, disagreed, or were neutral on the post-survey as compared to 

30% of my students on the pre-survey that they are interested in learning science. When I 

asked if they felt interested in learning science after the study one student replied, “I didn’t 

used to like science experiments and all of that, but I like geology more because it really gets 

us involved in the process.”  

There were 12% of my students who strongly disagreed, disagreed, or were neutral on 

the post-survey as compared to 41% on the pre-survey on how scientists conduct research. I 

asked students if they understand how scientists conduct research one student stated, “I feel 

more interested about studying science and Earth’s content because I feel like I know more 

of what some scientists study.” There were gains also made in how scientific knowledge is 

important for intellectual development.  

The last question from the Studying Science survey asked my students if they would 

like to pursue a career in science after high school. Fifty-three percent of students strongly 

disagreed, disagreed, or were recorded as neutral for the post-survey question as compared to 

70% on the pre-survey.  

Student attitudes toward studying science were collected from final interview 

questions. Fifty-nine percent of my students interviewed responded to question number 3, 

how do you feel about studying science. One student stated, “I feel more interested about 

studying science and Earth’s content because I feel like I know more of what some scientists 

study.” Another student replied, “Science all around is extremely interesting to me, which 

makes me have a positive feeling toward the study of it. I have a huge interest in being in the 
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science field. Just not sure what I want to do.” It is important to note that one student replied, 

“It’s fun, but confusing. I still don’t understand it.” Another student responded, “It isn’t my 

favorite, but I am growing to love it.” One student stated, “It’s really interesting and I can see 

how studying this is useful.” Another student replied, “I didn’t used to like science 

experiments and all of that, but I like geology more because it really gets us involved in the 

process.”  

When I asked, do you feel like your attitude toward how science is studied has 

changed one student stated “I feel a lot better about science. This class makes it fun and 

something I could see studying in the future, even if I am not good at it, I could work at it.” 

Another student was asked how do you feel about studying science they replied “Science is 

fun if we can do hands-on activities. I have not had a field trip since 2nd grade. I think more 

field trips around science might make me like it even more.”  
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CLAIMS, EVIDENCE AND REASONING 

Claims from the Study 

Based on my student gains from pre-tests and post-tests it appears as though the 

effects of geology field experience had some significance on improved student understanding 

of geology. A combination of geology surveys, science surveys, student interviews, and my 

own observations lead to these findings. It was the review and intertwined analysis of 

quantitative and qualitative data that led to this conclusion.  

It is also important to address the sub-question of how geology field experiences 

impact students’ engagement and attitudes about how science is studied. My question was 

investigated using data from student surveys, interviews and my own observations and 

reflections. I concluded that field experiences play a significant role on student engagement 

and attitudes toward how science is studied. Students either unanimously agreed or strongly 

agreed that field experience is the best way to learn geology. Geology field experience 

increased student understanding as to how scientists conduct research as well as the potential 

to go into a science related career after high school.  

However, data from the Geology Field Experience Notes and Drawing Rubrics scores 

did not positively correlate to increased student understanding of geology field experience 

sites. Student rubric scores from the notes and drawings were quite frankly all over the place. 

However, it is important to primarily focus on the first non-treatment and treatment units. 

These units followed the methodology closely prior to the destabilizing influence of the 

COVID-19 pandemic. It is important to note that in the first non-treatment study students 

took their time to learn how to draw and focus in on the details, but notes were significantly 
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lacking. During the first treatment study, many students were cold, despite being told over 

and over again to dress warm and bring a jacket; but many students were more focused on 

listening to me as compared to drawing. A few of my students stated they had not been on a 

field trip in years and did not frequently leave our city. The second non-treatment and 

treatment study were conducted through e-learning in response to the closure of Kokomo 

School Corporation due to COVID-19. The second non-treatment study drawing was quickly 

completed or barely completed at all by most students. Many students did not give full effort 

for the second non-treatment study. I believe there were many factors associated to poor 

performance that no one could have foreseen in this study. The second treatment study was 

completed as a virtual field experience through a video I filmed the day we were supposed to 

visit the field site. I found that most students had settled in a bit to e-learning and knew what 

to expect and did relatively well despite the circumstances. This was not at all what I had 

planned in regards to a geology field experience site, but I made the best of it for my 

students.  

Value of the Study and Consideration for Future Research  

Some researchers found that students who are introduced to field trips will become 

actively engaged while seeking out their own self-discovery and understanding of their 

natural world (Streule & Craig, 2016). This definitely rang true for many of my students 

since the COVID-19 closures. Many of my students have been taking advantage of the 

pleasant spring weather by exploring their own backyards. Students have been actively 

participating in their own self-discovery and science adventures. I believe my study 

emphasizes what other studies have convinced that field experience is critical for student 
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development and curiosity of our natural world. Whether it is a field trip, field experience, 

outdoors learning, whatever one would like to call it, it is critical for our future development 

as a civilization.   

Post-trip students should share their questions, thoughts, and ideas with the class. 

Students should also create a finished product based on their experience (Connolly, Groome, 

Sheppard, & Stroud, 2006). This would be a great addition to the study if a project or 

finished product could be completed by students to demonstrate their knowledge and 

understanding of the site experiences. There is often too much emphasis placed on testing 

and this could provide an attractive alternative to pre-and post-testing. A finished product 

might provide a link to the field experience that could trigger a memory that students may 

want to keep.   

 Although, the study did not go as planned. I would be interested in implementing the 

study a second time. I would be curious to view the results with a larger sample size, two 

different sections of a geology course, and warmer weather conditions for students. I believe 

my study could also be carried out over a course of multiple years in the event that only one 

section is continued to be taught. My research might also pave the way and contribute to 

future studies by considering teacher designed virtual field trips in the event of further or 

prolonged COVID-19 or similar pandemic outbreaks.  

Impact of Action Research on the Author 

Action research is at the very basis of every reflective practitioner in education. I 

have always considered myself to be reflective practitioner, but never truly knew what that 

meant until taking on this study. I didn’t really know what to expect but I have gained a lot 
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better understanding of my students, my content matter, and my own instructional strategies 

as a result of this study. I read scientific literature with a new set of eyes, so to speak. I also 

know I have a long way to go before I am where I want to be as an educator. I am fine with 

that, but I will continue to strive for improvement and get better. 

I find myself always researching for the latest and greatest forms of lessons. I am 

always thinking of what I can do to better my students. Action research gives me the 

opportunity as a professional to implement my own studies here in the now. I don’t have to 

wait for another educator or scientist to implement a new approach in their classroom. I have 

the strategies and tools to do it myself.  

I feel like having conducted this research at my school has turned a lot of heads as to 

what I am capable of and where my future may lead. Many of my science colleagues now 

look to me for guided direction. I am hoping this study might have opened the doors for more 

student enrollment in my geology classes for the future. I would also enjoy implementing this 

study again as it was originally designed from beginning to end. 

I have gained a lot from this process. I have been able to collaborate with many 

people along my journey. I have gathered a lot about data and statistical analysis, although I 

am still not as confident as I would like. That is part of my growth as an educator. I will get 

there. I feel like a real scientist having gone through the action research process. It is very 

empowering. These steps can be transitioned into the classroom for the rest of my career or at 

least help prepare me for however science and education may look in the future.   

Education is constantly changing anyone that has taught during the COVID-19 

pandemic knows this all too well. We do not know what the future will bring, but by 
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completing this action research study, I know I have the skills to problem solve and find a 

creative solution to whatever tomorrow’s problems may bring. 
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APPENDIX A 

 
MONTANA STATE UNIVERSITY INSTITUTIONAL REVIEW BOARD RESEARCH 

EXEMPTION FORM 
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APPENDIX B 

 

STUDYING GEOLOGY SURVEY 
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* Please remember that this survey is voluntary. Your voluntary participation is very much 

appreciated, but please remember you are welcome to discontinue participation at any time 

during the study. Participation or non-participation will not affect a student’s grade or class 

standing in any way.  

STUDYING GEOLOGY SURVEY 
 

1. Geology is best learned by reading our textbook. 
 
Strongly Disagree    Disagree    Neutral    Agree     Strongly Agree  
 
2. Geology is best learned by reading articles and information from the computer. 
 
Strongly Disagree    Disagree    Neutral    Agree     Strongly Agree 
 
3. Geology is best learned by viewing videos.  
 
Strongly Disagree    Disagree    Neutral    Agree     Strongly Agree  
 
4. Geology is best learned by completing labs. 
 
Strongly Disagree    Disagree    Neutral    Agree     Strongly Agree  
 
5. Geology is best learned by completing fieldwork outside.  
 
Strongly Disagree    Disagree    Neutral    Agree     Strongly Agree  
 
6. Geology is best learned by lectures from a teacher.  
 
Strongly Disagree    Disagree    Neutral    Agree     Strongly Agree  
 
7. Geology is best learned by completing projects.  
 
Strongly Disagree    Disagree    Neutral    Agree     Strongly Agree  
 
8. Geology is best learned by researching and writing papers.  
 
Strongly Disagree    Disagree    Neutral    Agree     Strongly Agree  
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APPENDIX C 

 

STUDYING SCIENCE SURVEY 
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* Please remember that this survey is voluntary. Your voluntary participation is very much 
appreciated, but please remember you are welcome to discontinue participation at any time 
during the study. Participation or non-participation will not affect a student’s grade or class 
standing in any way.  
 

STUDYING SCIENCE SURVEY 
 

1. Science is my favorite subject.  
 
Strongly Disagree    Disagree    Neutral    Agree     Strongly Agree 
 
2. Science classes are challenging.  
 
Strongly Disagree    Disagree    Neutral    Agree     Strongly Agree  
 
3. I am interested in learning science.  
 
Strongly Disagree    Disagree    Neutral    Agree     Strongly Agree  
 
4. It is fun working on science problems and experiments.   
 
Strongly Disagree    Disagree    Neutral    Agree     Strongly Agree 
 
5. I understand how scientists conduct research.    
  
Strongly Disagree    Disagree    Neutral    Agree     Strongly Agree 
 
6. Scientific knowledge is important for my intellectual development.  
 
Strongly Disagree    Disagree    Neutral    Agree     Strongly Agree 
  
7. I would like to pursue a career in science after high school.  
 
Strongly Disagree    Disagree    Neutral    Agree     Strongly Agree  
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APPENDIX D 

 

METEORITE IMPACT SITE PRE AND POST TEST 
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Name________________________________________Period______Date___________ 

 

Meteorite Impact Crater Pre-Test/Post-Test 

 

1. Shatter cones are 
a. Another name for an actual meteorite 
b. Among the most persuasive signs of a meteorite impact.  
c. Beads of glass that are formed when droplets of silica-rich molten material are 

expelled from a crater during a meteorite impact.  
d. Another name for a crater  

 
2. Shatter cones can range in size from 

a. 1 inch (2.5 cm) to over 6 feet (2m) 
b. ½ inch (1.27 cm) to 2 feet (60.96 cm)  
c. ¼ inch (0.635 cm) to 1 foot (30.48 cm)  
d. 6 feet (2m) to 20 feet (609.6 m)  

 
3. In impact craters, most shatter cones  

a. Point downward 
b. Point side to side 
c. Point upward 
d. Do not follow a pattern 

 
4. When a meteorite strikes the Earth, the impact 

a. Sends shockwaves through the ground, squeezing the surrounding rock to two 
or three times it usual density.  

b. Sends shockwaves through the atmosphere, squeezing the surrounding rock to 
two or three times it usual density.  

c. Sends shockwaves through the ground, squeezing the surrounding rock to 
three or four times it usual density.  

d. Sends shockwaves through the ground, squeezing the surrounding rock to five 
or six times it usual density.  
 

5. Ejecta are 
a. Volcanic rocks blasted from and away from shield volcanoes 
b. Metamorphic rocks 
c. Rocks blasted far from craters 
d. Sedimentary rocks that settle on the bottom of the ocean floor. 
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6. Fragments of rock that fall back into the hollow form new rocks called?  
a. Conglomerate 
b. Breccia 
c. Sandstone 
d. shale 

 
7. True or False: Craters are typically classified into three groups 

 
8. Meteor Crater in Arizona formed approximately how long ago?  

a. 50,000 years ago 
b. 100,000 years ago 
c. 1 million years ago 
d. 150 million years ago 

 
9. Kentland Crater in Indiana formed approximately how long ago?  

a. 100,000 years ago 
b. 97 million years ago 
c. 1 million years ago 
d. 150 million years ago 

 
10. True or False: Most meteorites are fragments of asteroids, although some are 

produced when asteroids hit the surfaces of the moon or Mars, flinging debris into 
space.  
 

11. Rocks outside the Earth’s atmosphere are called 
a. Meteoroids 
b. Meteorites 
c. Meteors 
d. Asteroids 

 
12. Rocks that enter the atmosphere are called 

a. Meteors 
b. Meteoroids 
c. Asteroids 
d. Meteorites 

 
13. Meteorites are objects large enough to  

a. Travel through the atmosphere and hit the ground 
b. Travel through the atmosphere but never hit the ground 
c. Never make it through the atmosphere 
d. Always become buried in sediment 
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14. Coesite is a mineral that  
a. Is high in silica 
b. Is high in calcium 
c. Is high in iron 
d. Is high in lead 

 
15. Astroblemes are described as 

a. Complete craters 
b. Scar wounds left behind from eroded land 
c. Only contain iridium  
d. Only contain  

 
16. True or False: Meteorites can resemble ordinary rock.  

 
17. Meteorites are rich in what elements?  

a. Iridium, osmium, platinum 
b. Iron, calcium, iridium, 
c. Chlorine, osmium, platinum 
d. Carbon, iridium, lead  

 
18. Explain how tektites form?  

a. Deformed layers within the quartz, indicated by bright colors  
b. Form from sudden, intense pressure on existing rock.  
c. Form when droplets of silica-rich molten material are expelled from a crater 

during a meteorite impact  
d. Silica mineral produced under the extreme pressure and temperature of an 

impact.  
 

19. Chicxulub Crater is located in ______________ and formed _______________.  
a. Arizona; 50,000 years ago 
b. Australia; 250-364 million years ago 
c. Yucatan Peninsula; 65 million years ago 
d. Africa; 2,020 million years ago 

 
20. What does K-PG stand for?  

a. Cambrian- Paleogene 
b. Cenezoic-Paleogene 
c. Cretaceous-Paleogene  
d. Precambrian-Paleogene 
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21. What is the big idea behind the K-PG boundary?  
a. It is where human life began 
b. It is the layer in which dinosaur fossils are only found above in the rock 

record 
c. It is the layer in which dinosaur fossils are only found below in the rock 

record.  
d. Only life and all fossils can be found above this layer.  

 
22. Craters provide excellent sources for mining and quarrying. What are the primary 

resources mined from the Kentland Crater?  
a. Dolostone 
b. Shale 
c. Diamonds 
d. Gold  

 
23. What type of Crater in the Kentland Crater?  

a. Simple 
b. Complex 
c. Meander 
d. Vertical  

 
24. What evidence leads scientists to believe a meteorite impact occurred at the Kentland 

Crater site? (Hint: what physical geology features have been left behind)  
 

25. Where are the oldest rocks located at the crater site found?  

 

26. What approximate age or unit of time found on the geologic time scale are we 
looking at for the oldest rock formations?  

 

27. Where are the youngest rocks located at the crater site found?  

 

28. What approximate age or unit of time found on the geologic time scale are we 
looking at for the youngest rock formations?  
 

29. What material is primarily covering the Kentland Crater site at the surface?  
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30. Please explain what happens to the meteorite as it hits the surface of Earth.  
a. Explodes 
b. It goes into the ground 
c. It mostly vaporizes  
d. It is pulled by gravity into the core  
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APPENDIX E 

 

METEORITE IMPACT SITE NOTES 
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Name____________________________________________Period______Date__________ 

Meteorite Impact Site Notes 

Major Topics 

• The Beginning… 

• Geologic Time 

• Causes of Impacts 

• Identifying Impact Sites 

• Impact Craters 

• After Impact 

• Meteor Crater 

• Chicxulub Crater 

• K-PG Boundary 

• Kentland Crater  

The Beginning… 

• The Earth is regularly struck by debris from space.  

• In the last billion years, it has been hit by about 130,000 meteorites large enough to 
produce a crater at least 2/3 mile (1 km) wide. 

• Although this kind of impact site is visible on the Moon, the surface of the Earth is so 
geologically active that evidence of many impacts has disappeared.  

• Until recently, it was believed that the Earth was hit by large meteorites only very 
early in its history. However, scientists now realize that the Earth is being struck 
continually, and that a number of giant craters have been preserved. So, far more than 
160 impact sites have been identified worldwide, with new craters discovered every 
year.   

Causes of Impacts 

• Most meteorites are fragments of asteroids, although some are produced when 
asteroids hit the surface of the Moon or Mars, flinging debris into space.  

• While they are outside the Earth’s atmosphere, these rocks are called meteoroids; 
those that enter the atmosphere are known as meteors. 
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Causes of Impacts (Continued…)  

•  Meteors are usually so small that they burn up as they plunge toward the Earth, 
leaving a bright trail in the night sky.  

• Meteor showers are caused when the Earth passes through the tail of a comet.  

• Meteorites are objects large enough to travel the atmosphere and hit the ground. 
Impacts may also be caused by debris from comets. If a meteorite is the size of a 
house, or even larger the force of the impact blasts out a crater.  

Meteor Trail 

• Meteors, which are also called shooting stars, are visible in the night sky when they 
burn up as they travel through the Earth’s atmosphere. 

Identifying Impact Sites 

• The most obvious indication of a meteorite impact is a large, circular crater, and 
geologists may begin their search for new sites by scouring satellite images of the 
Earth’s surface for such features.  

• Although craters erode over time, scars called astroblemes (“star wounds”) remain.  

• Once spotted, each site is investigated for evidence to confirm impact.  

• Usually, a meteorite vaporizes on impact, but shattered or melted remnants may still 
exist.  

• These fragments can resemble ordinary rock, but if rich in iridium, osmium, or 
platinum they probably originate from a meteorite.  

• Geologists also look for damage to rocks around the impact site.  

• These effects are called shock metamorphism, and include shatter cones, tektites, 
diaplectic glass (a natural glass formed during a meteorite impact), and high-pressure 
silica minerals such as stishovite and coesite.  

Tektite 

• Tektites are beads of glass that are formed when droplets of silica-rich molten 
material are expelled from a crater during a meteorite impact.  

Coesite 

• Coesite is a silica mineral produced under the extreme pressure and temperature of an 
impact. The presence of coesite is now taken as a key indicator of an impact.  
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Shocked Quartz 

• This image of a quartz grain reveals a key sign of a meteorite impact shock lamellae. 
These are deformed layers within the quartz, indicated by bright colors. 

Shatter Cones 

• Among the most persuasive signs of a meteorite impact are shatter cones.  

• Shatter cones are rock structures that have distinctive fractures resembling horsetails. 
The fractures converge in a cone shape, which can range in size from 1 in. (2.5 cm.) 
to over 6 ft. (2m.) in length.  

• Fractures such as these are only caused by sudden, intense pressure on existing rock.  

• In impact craters, most shatter cones point upward, which indicates that the impact on 
the rock came from above.  

Impact Craters 

• When a meteorite strikes the Earth, the impact sends shock waves through the 
ground, squeezing the surrounding rock to two or three times its usual density.  

• The compressed rock then springs back and shatters into fragments, hurling chunks 
upward and outward, along with pieces of the meteorite that have not been vaporized.  

• The result is a bowl-shaped crater that is much larger than the meteorite.  

• Rock fragments called ejecta are blasted far beyond the crater. Other fragments fall 
back into the hollow to form rocks called breccia.  

• Small craters form in just a few seconds, and even giant ones form in a few minutes.  

• Meteorite craters vary widely in appearance from small, cup-shaped bowls to giant 
depressions filled with multiple ridges and mounds.  

• Meteorite craters are divided into two groups: simple and complex.  

Simple Crater 

• Typically no more than 2 ½ miles (4km) in diameter, simple craters are smooth bowls 
that are wider than they are deep.  

• They often have a steep, well-defined rim, and there may be a layer of breccia at the 
bottom of the crater that is thicker at the center.  
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Complex Crater 

• Complex craters are larger than simple craters, and they are usually shallower.  

• This type of crater often has rings of ridges.  

• Many also have a domed central peak, which was raised as the compressed rock 
sprang back after impact.  

After Impact 

• The potential energy of a significant meteorite impact on the Earth is over 100 million 
megatons- more than the world’s entire nuclear arsenal.  

• Studying nuclear explosions has given scientists some idea of what might happen 
after the impact of a large meteorite about 6 miles (10 km.) in diameter.  

• At the moment of collision, an immense wave of heat and pressure roars outward, 
flattening and incinerating everything over a vast area.  

• Massive amounts of debris are blasted high into the atmosphere and blown around the 
world by strong winds.  

• Hot ash rains down, starting forest fires, while dust clouds linger in the atmosphere 
for months, blocking out the Sun and turning the Earth into a dark and frozen planet.  

• When the sky finally clears, the carbon dioxide that has flooded the atmosphere 
creates a greenhouse effect, warming the global climate by an average of 27°F 
(15°C).  

Meteor Crater “Barringer Crater” 

• Location: East of Flagstaff and west of Winslow, in the Painted Desert, Arizona 

• Date of Impact: 50,000 years ago (most recent significant meteorite impact on Earth)  

• Type: Simple 

• Diameter: ¾ mile(1.2 km.)  

• Size of meteorite: Estimated at 150 ft. (50 m.) wide and weighed about 300,000 tons.  

• Hit Earth’s surface at approximately 40,000 mph (65,000 km/hr.) 

• Released approximately 20 million tons of TNT explosives   

• U.S. scientist Eugene Shoemaker was an expert on meteorites. His work confirmed 
the first identification of an impact crater on the Earth. In the process he and Edward 
Chao discovered coesite.  
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Chicxulub Crater 

• Location: Centered on the town of Chicxulub, beneath the Yucatan Peninsula, 
Mexico 

• Date of Impact: 65 (ma)  

• Type: Complex 

• Diameter: 100-150 miles(160-240 km.) 

• Buried deep beneath the limestone of Mexico’s Yucatan Peninsula.  

• Meteorite was approximately 6 miles wide.  

• The impact would have been cataclysmic: fires raged over the surface, giant tsunamis 
radiated across oceans, and the planet would have been rocked by major earthquakes. 
Many scientists believe that the devasting global effects of the Chicxulub impact 
caused the extinction of the dinosaurs and two-thirds of other animals species.  

• The crater was discovered almost by accident when an oil company was prospecting 
in the area in the 1980s.  

• K-PG Boundary 

• Almost 65 million years ago, two-thirds of the Earth’s animal species died out 
suddenly.  

• Scientists link this event to a thin layer of clay that dates from the same time, which is 
sandwiched between Cretaceous (K) and Tertiary (T) rocks (more specifically 
Paleogene, PG)  

• Called the K-PG boundary this clay contains high concentrations of iridium, an 
element rare on the Earth but abundant in meteorites.  

• It is likely that this layer represents debris from the Chicxulub impact that was 
suspended in the atmosphere. This would have blocked out the Sun’s rays, turning the 
world ice-cold and spelling doom for the dinosaurs.  

 

 

 

 

 

 



  
 

75 
 

Kentland Crater 

• Location: Kentland, Indiana approximately 40 miles north of Lafayette.  

• Date of Impact: > 97 (ma)  Post-Early Pennsylvanian and Pre-Pleistocene 

• Type: Complex 

• Diameter: approximately 8 miles (13 km.)  

• Since the 1880s, geologist have known about the Kentland structure. Many attempts 
have been made to explain its origin. One theory proposes that a meteorite hit the 
Earth and caused a large crater like those on the Moon; another is that trapped gases 
from deeply buried volcanism caused the faulting. 
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APPENDIX F 

 

GEOLOGY FIELD EXPERIENCE NOTES & DRAWINGS RUBRIC 
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GEOLOGY FIELD EXPERIENCE NOTES & DRAWINGS RUBRIC 
 
Description Rating 
Notes and drawings are well-organized and legible. 
Site information (location, direction, date, time, 
weather, purpose) and observations are detailed and 
complete. Well-analyzed, multiple interpretations/ 
hypotheses are included in notes and clearly 
separated from factual observations. Notes would be 
very clear and useful to other geologists who have 
not visited the site.    

4= Superior Level Notes & Drawings 

Notes and drawings are reasonably well-organized. 
Site information is complete. Observations are 
appropriate to site and are through. Sketches of site 
and specific features are clear and have appropriate 
labels, directional indicators, and scale. 
Interpretations/ hypotheses are included and 
supported by observations. Notes would be clear 
and useful to other geologists who have not visited 
the site.  

3= Strong Student Level Notes & Drawings 

Notes and drawings are moderately organized and 
legible. Site information is acceptable but not 
complete. Critical observations are included but 
detail could be improved. Sketches of site, 
exposure, and features are included but could be 
improved in clarity, labeling or scale. 
Interpretations/ hypotheses are included but are not 
well supported by observations. Notes lack detail 
but would still be useful to other geologists who 
have not visited the site.  

2= Satisfactory Student Level Notes & Drawings 

Notes and drawings lack organization and 
consistency, and are somewhat legible. Site 
information is weak and lacking important points. 
Critical observations and sketches are lacking 
important information or clarity. Interpretations/ 
hypotheses are weak and may be confused with 
observations. Notes are lacking in multiple areas 
and would be only slightly useful to other 
geologists.  

1= Weak Student Level Notes & Drawings 

Notes and drawings are incomplete and illegible. 
Basic site information is very weak or absent. Key 
observations and sketches are critically flawed. No 
interpretations/ hypotheses or confusion of 
observations. Notes are incomplete or need 
significant improvement to be useful to other 
geologists who have not visited the site.  

0= Unacceptable Student Level Notes & Drawings  
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APPENDIX G 

 

GLACIAL GEOLOGY PRE AND POST TEST 
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Name____________________________________Period_____Date_____________ 

 

Glacial Geology Pre-and Post-Test 

Part 1 Matching Vocab- Please use your textbook or past assignments to complete these 

questions.  

 

1. _______Crevasse 
2. _______Calving 
3. _______Ice cap 
4. _______Plucking 
5. _______abrasion 
6. _______glacial striations 
7. _______fiord 
8. _______till 
9. _______end moraine 
10. _______outwash plain 

 

a. The grinding and scraping of a rock surface by the friction and impact of rock 
particles carried by water, wind, and ice.  

b. Wastage of a glacier that occurs when large pieces of ice break into the water.  
c. A deep crack in the brittle surface of a glacier.  
d. A ridge of till marking a former position of the front of a glacier.  
e. A steep-sided inlet of the sea formed when a glacial trough was partially submerged.  
f. Scratches and grooves on bedrock caused by glacial abrasion.  
g. A mass of glacial ice covering a high upland or plateau and spreading out radially.  
h. A process by which pieces of bedrock are lifted out of place by a glacier.  
i. A relatively fat, gently sloping plain consisting of materials deposited by melt-water 

streams in front of the margin of an ice sheet.  
j. Unsorted sediment deposited directly by a glacier.  
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Part 2 Short Answer- Please use your textbook or past assignments to complete these 

questions.  

1. Explain the role of glaciers in the hydrologic and rock cycles and describe the 
different types of glaciers, their characteristics, and their present-day distribution.  
 
 
 
 
 

 

2. Describe how glaciers move, the rates at which they move, and the significance of the 
glacial ice distribution across the world.   

 

 

 

 

 

3. Discuss the processes of glacial erosion you may draw an illustration. Identify and 
describe at least three major features created by glacial erosion.  
 
 
 
 
 
 
 
 
 

4. Distinguish between the two basic types of glacial drift. List and describe the major 
depositional features associated with glacial landscapes.  
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5. Describe and explain several important effects of Ice Age glaciers other than 

erosional depositional landforms. Think about ways glaciers have impacted the 
Midwest and the state of Indiana.  
 
 
 
 
 
 
 
 
 
 
 

6. Discuss the impact glaciers and glacial meltwater have had on mining resources 
throughout the area of Turkey Run and all of Indiana.  
 
  
 
 

 

 

 
7. How long ago did the rocks form at Turkey Run State Park? How long after the rocks 

formed did the glacier move through the area?  
a. Carboniferous Period/ Pleistocene Epoch 
b. Cretaceous Period/ Holocene Epoch 
c. Carboniferous Period/ Holocene Epoch 
d. Quaternary Period/ Pleistocene Epoch  

 
 
 

8. Where else can we see glacial erosion and deposition besides Turkey Run State Park? 
What other features from around the world have formed as a result of these 
processes? Would we find similar features to Turkey Run State Park or different 
features for those regions? Explain your reasoning.  
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APPENDIX H 

 

GLACIAL GEOLOGY NOTES 
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Name_____________________________________________Period_______Date________ 
 

Glacial Geology Notes 
 
Glaciers 
•A glacier is a thick ice mass that forms over hundreds or thousands of years.  
Glaciers move like rivers and streams but move only a few centimeters every day. 
 
Types of Glaciers 
•Glaciers cover 10% of Earth’s land area.  
•Glaciers form on land in places where more snow falls each winter than melts each summer. 
•Snowline is the lowest elevation in an specific area that remains covered in snow all year.  
•There are two types of glaciers: 
–Valley/Alpine Glaciers 
Ice Sheets/ Continental Glaciers  
 
Valley Glaciers 
•Valley/Alpine glaciers are ice masses that slowly advance down mountain valleys that were 
originally occupied by streams.  
•Examples: Alaskan Mountains & European Alps  
 
Ice Sheets 
•Ice sheets are enormous ice masses that flow in all directions from one or more centers and 
cover everything but the highest land.  
•Ice sheets are sometimes called continental glaciers because they cover large regions where 
the climate is extremely cold.  
•Examples: Greenland & Antarctica  
 
How Glaciers Move 
•The movement of glaciers is referred to as flow.  
•Glacial flow happens two ways:  
–plastic flow  
–basal slip 
•Plastic flow involves movement within the ice and under high enough pressure it will distort 
and change shape.  
•Basal slip will occur due to gravity and the glacier will slide down the hill in an alpine 
glacier.  
•Top of a glacier (zone of fracture) will become brittle and break.  
•A break in a glacier is known as a crevasse.   
 
 
Icebergs 
•Icebergs are formed when bits of ice are calved from ice sheets.  
Most times calving takes place at the end of an ice sheet near coasts. 
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Glacial Erosion 
•Glaciers erode the land in two ways: plucking and abrasion. 
•Glacial erosion depends on four factors:  
–Rate of glacial movement 
–Thickness of ice 
–Shape, abundance, and hardness of the rock fragments in the ice at the base of the glacier 
–The type of the surface below the glacier 
 
Landforms Created by Glacial Erosion 
•Glaciers are responsible for a variety of erosional landscape features such as glacial troughs, 
hanging valleys, cirques, arêtes, and horns.  
•Examples: Rocky Mountains & Alps 
 
Glacial Drift 
•Glacial drift applies to all sediments of glacial origin, no matter how, where, or in what form 
they were deposited. 
•There are two types of glacial drift: 
–Till – unsorted material deposited directly by the glacier. 
–Stratified drift- sorted sediment laid down by glacial meltwater.  
 
Moraines 
•When glaciers melt, they leave layers or ridges of till called moraines. 
•Lateral moraines are ridges that form along the sides of glacial valleys. 
•End moraines form ridges of till where the glacier stops flowing.  
  
Outwash Plains 
•At the same time that an end moraine is forming, streams of fast-moving meltwater emerge 
from the bases of glaciers.  
•These streams are full of mineral-rich sediments that are deposited beyond the end moraine.  
 
Kettles 
•Kettles form when blocks of stagnant ice become buried in drift and eventually melt.  
•You can often find these depressions and small lakes within end moraines and outwash 
plains.  
•Examples: Chain O’ Lakes State Park in Indiana, Several lakes throughout Wisconsin and 
Minnesota  
 
Drumlins & Eskers 
•Drumlins are streamlined hills composed of till.  
•Drumlins are taller and steeper on one end than the other. The steep side of the hill faces the 
direction the ice came from, and the gentler slope points in the direction the ice moved.  
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•Eskers are snake-like ridges composed of sand and gravel that were deposited by streams 
once flowing in tunnels beneath glaciers.  
•Many eskers are mined for rich sediments they contain.  
 
Glaciers of the Ice Age 
•During the recent ice age, glaciers covered almost 30% of Earth’s land.  
•The most recent ice age began 2-3 million years ago just before the Pleistocene epoch when 
wooly mammoths and saber-toothed cats roamed the landscape. 
 
The Great Lakes 
•During the most recent ice age, glacial erosion transformed lowlands into wide, deep basins 
that filled with water known as the Great Lakes.  
 
Glaciers of Indiana 
•Glacial ice extended and retreated several times in the Midwest during the Pleistocene 
epoch. Yet every glacier that spread over Indiana never extended past the central region of 
the state.  
•Around 16,000 years ago glaciers covered Indiana and moved about a foot a day.  
•While moving outward and then retreating back, the glaciers carved the land.  
•As the ice melted, the glaciers created and left behind dunes, hills, rivers, and lakes.   
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APPENDIX I 

 

STUDENT INTERVIEW QUESTIONS 
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* Please remember that this survey is voluntary. Your voluntary participation is very much 

appreciated, but please remember you are welcome to discontinue participation at any time 

during the study. Participation or non-participation will not affect a student’s grade or class 

standing in any way.  

 

STUDENT INTERVIEW QUESTIONS 

 

1. How did the in class drawing go? Was it easy to draw and take notes?  
2. Describe your ability to visualize the formations and details on the in-class drawing 

post-test?  
3. How was the field experience for you?  
4. What were some positive aspects of the field trip?  
5. Describe a moment of insight you had on the field trip (if any).  
6. What were some negatives aspects of the field trip?  
7. How did the field experience drawing go? Was it easy to draw and take notes? 
8. Describe your ability to visualize the formations and details from the geologic field 

experience on the post-test? 
9. Do you feel you learned more from the classroom illustrations and notes or from the 

field experience illustrations and notes?  
10. Do you feel like your attitude toward how scientists study science has changed by 

completing field experience illustrations and notes?  
11. Do you feel like you attitude toward how science is studied has changed?  
12. Is there anything else you would like for me to know?  
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APPENDIX J 

 

ANICNET SEAFLOOR ENVIRONMENT PRE AND POST TEST 
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Name_________________________________________Period_____Date_____________ 
 

Ancient Seafloor Environment Pre- and Post-Test 
 
Multiple Choice 
Identify the choice that best completes the statement or answers the question. 
 
____ 1. The principle that Earth’s history can be explained by current geologic 
processes is 
a. unconformity. c. superposition. 
b. uniformitarianism. d. evolution. 
 
 
____ 2. Younger layers of undisturbed sedimentary rock are above older layers 
according to 
a. the principle of uniformitarianism. c. law of superposition. 
b. the principle of sedimentarianism. d. angular unconformity. 
 
 
____ 3. The boundary between two sedimentary rock layers is called a(n) 
a. crosscut plane. c. bedding plane. 
b. crosscut layer. d. bedding layer. 
 
 
____ 4. The age of an object in relation to the ages of other objects is 
a. absolute age. c. relative age. 
b. comparative age. d. relational age. 
 
 
____ 5. A fault or body of rock is younger than any other body of rock it cuts through 
according to the law of 
a. crosscutting relationships. c. uniformitarianism. 
b. superposition. d. averages. 
 
 
____ 6. The numeric age of an object is called 
a. relational age. c. relative age. 
b. comparative age. d. absolute age. 
 
 
____ 7. How much sedimentary rock is deposited over 1,000 years? 
a. about 3 cm c. about 30 m 
b. about 3 m d. about 30 cm 
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____ 8. Rates of erosion are not used to date geographical features over a million 
years old because 
a. rates of erosion are constant over a million years. 
b. erosion ceases over a million years. 
c. rates of erosion may greatly vary over a million years. 
d. rates of erosion are constant only for about 20,000 years. 
 
 
____ 9. Index fossils found in rock layers in different areas of the world indicate that 
the rock layers 
a. formed during the same period of time. 
b. formed during different periods of time. 
c. are still forming. 
d. never fully formed. 
 
 
____ 10. Almost all fossils are discovered in 
a. volcanic rock. c. igneous rock. 
b. metamorphic rock. d. sedimentary rock. 
 
 
____ 11. Amber is 
a. petroleum that oozes from bogs. c. yellow rock that retains heat. 
b. hardened tree sap. d. dried organic remains. 
 
 
____ 12. Organisms that formed index fossils 
a. lived during long spans of geologic time. 
b. lived during short spans of geologic time. 
c. were destroyed by igneous rocks. 
d. were destroyed by sedimentary rocks. 
 
 
____ 13. What is a coprolite? 
a. fossilized fish c. fossilized rocks 
b. fossilized dung or waste d. fossilized imprints of animals 
 
 
____ 14. Fossil imprints are 
a. carbonized trace fossils. 
b. carbonized isotopes of organic material. 
c. carbonized impressions of plants or fish. 
d. carbonized bones of animals or fish. 
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____ 15. One method used to estimate the absolute age of a stream is to 
a. measure the amount of sediment. 
b. measure the rate at which the stream erodes its bed. 
c. measure the rate at which water flows through the stream during a flood. 
d. count the number of streams that join the stream along its full length. 
 
 
____ 16. Scientists created the first geologic column by determining the relative ages of 
sedimentary rock in 
a. one chosen area. c. North America. 
b. the area where life began. d. areas all over the world. 
 
 
____ 17. Geologic time is divided into 
a. two eons. c. four eons. 
b. three eons. d. five eons. 
 
 
____ 18. A geologic period is usually named for 
a. specific types of fossils. 
b. the person who found the first fossils from the period. 
c. the place where its characteristic fossils were first discovered. 
d. the time in which the period occurred. 
 
 
____ 19. The gradual development of new organisms from preexisting organisms is 
called 
a. natural selection. c. evolution. 
b. mass extinction. d. environmental change. 
 
 
 
____ 20. The division of geologic time that makes up about 88% of Earth’s history is 
called 
a. the Paleozoic Era. c. Precambrian time. 
b. the Cambrian Period. d. the Permian Period. 
 
 
____ 21. Scattered landmasses on Earth merged into a supercontinent during 
a. Precambrian time. c. the Permian Period. 
b. the Cambrian Period. d. the Paleozoic Era. 
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____ 22. The most common Precambrian fossils are 
a. marine worms. c. stromatolites. 
b. trilobites. d. brachiopods. 
 
 
____ 23. On a geologic column, the oldest rocks 
a. are on the bottom. c. are in the middle. 
b. are on the top. d. contain fossils of modern-day animals. 
 
 
____ 24. Nearly half the Earth’s valuable mineral deposits are found in rocks from 
a. Precambrian time. c. the Paleozoic Era. 
b. the Mesozoic Era. d. the Cenozoic Era. 
 
 
____ 25. What can a scientist assume about a rock layer that matches a similar layer in 
a geologic column? 
a. The layers are from the same area. 
b. The layers contain the same kind of rock. 
c. The layers were found at about the same time. 
d. The layers formed at about the same time. 
 
 
____ 26. Scientists used the pattern of alternating normal and reversed polarity in rocks 
to create the geomagnetic 
a. time scale. c. reversal time scale. 
b. sea-floor time scale. d. normal time scale. 
 
 
____ 27. What is the crack in the ocean floor through which magma rises? 
a. a ridge c. a rift 
b. a rip d. a rent 
 
 
____ 28. How does sediment that is closer to a mid-ocean ridge compare to sediment 
that is farther away? 
a. It is larger. c. It is older. 
b. It is smaller. d. It is younger. 
 
____ 29. Magnetic patterns on the ocean floor were puzzling because they 
a. showed alternating bands of normal and reversed polarity. 
b. indicated that all ocean rocks had reversed polarity. 
c. were not symmetrical. 
d. contradicted the idea of sea-floor spreading. 
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____ 30. Wegener’s hypothesis of continental drift was finally confirmed by 
a. fossils from the same reptile found on two continents. 
b. evidence supporting the idea of sea-floor spreading. 
c. continental coastlines that fit together. 
d. the formation of mountain ranges such as the Andes. 
 
____ 31. Tectonic plates can include 
a. only asthenosphere. c. only continental crust. 
b. only oceanic crust. d. both oceanic and continental crust. 
 
 
____ 32. The force exerted by the leading edge of a subducting plate is 
a. convection. c. ridge push. 
b. tectonic plate drag. d. slab pull. 
 
 
____ 33. Modern climates are a result of past movements of 
a. populations of organisms. c. heat in Earth’s interior. 
b. tectonic plates. d. rain and snow. 
 
 
____ 34. Convection, ridge push, and slab pull work together to produce 
a. continental lithosphere. c. earthquakes. 
b. constant tectonic plate motion. d. fracture zones. 
 
 
____ 35. Panthalassa was 
a. the supercontinent that formed before Pangaea. 
b. one of the continents that formed from Pangaea. 
c. the large ocean that surrounded Pangaea. 
d. a body of water cut into the eastern edge of Pangaea. 
 
 
____ 36. Where do deep-ocean trenches form? 
a. in island arcs c. in fracture zones 
b. at convergent boundaries d. at transform boundaries 
 
 
____ 37. A seamount colliding with a continent and forming a mountain chain on the 
continent is an example of 
a. rifting. c. ridge push. 
b. slab pull. d. accretion. 
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____ 38. The type of stress that stretches and pulls a body apart is 
a. strain. c. stress. 
b. tension. d. compression. 
 
 
____ 39. What age are Falls of the Ohio? 
a. Devonian  c. Precambrian  
b. Silurian  d. Creataceous  
 
 
Short Answer 
 
 40. What generalizations do scientists make about fossils found in the lower rock 
layers and those found in the upper rock layers? 
 
 41. How did Falls of the Ohio State Park form? Please explain and provide 
detailed descriptions. 
 
 
Matching 
 
Match each item with the correct statement below. 
a. a fossil that is used to date rocks 
b. a type of animal that thrived in the Cambrian Period 
c. the most common Precambrian fossil 
d. a large area of exposed Precambrian rocks 
e. a type of animal that appeared during the Ordovician Period 
 
 
____ 42. invertebrate 
 
____ 43. stromatolite 
 
____ 44. shield 
 
____ 45. index fossil 
 
____ 46. vertebrate
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APPENDIX K 

 

ANICNET SEAFLOOR ENVIRONMENT NOTES 
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Name_____________________________________Period_______Date_____________ 
 

Ancient Seafloor Environment Notes 
 
Topics Covered in Geologic Time  
•Discovering Earth’s History 
•Fossils: Evidence of Past Life 
•Dating with Radioactivity 
•Geologic Time Scale 
•Continental Drift  
•Plate Tectonics 
• Linking it all to Falls of the Ohio State Park  
 
Studying Earth’s History  
•In studying Earth’s history geologists make use of three main ideas: 
–The rock record provides evidence of geological events and life forms of the past 
–Processes observed on Earth in the present also acted in the past 
–Earth is very old and has changed over geologic time.  
 
Uniformitarianism  
•James Hutton, a Scottish physician and farmer in the late 1700’s published “Theory of the Earth”.  
•Hutton came up with the term uniformitarianism, which states that physical, chemical, and 
biological laws that operate today have also operated in the geologic past.  
 
Relative Dating  
•During the 1800’s geologists came up with the method known as relative dating.  
•Relative dating is the method geologists used to place rocks in chronological order.  
•In relative dating, geologists follow several principles: the law of superposition, the principle of 
original horizontality, and the principle of cross-cutting relationships.  
•These principles help geologists determine the sequence in which events occurred, but not how long 
ago they occurred.  
 
Law of Superposition  
•The law of superposition states that in an underformed sequence of sedimentary rocks, each layer is 
older that the one above it and younger than the one below it.  
 
Principle of Original Horizontality 
•The principle of original horizontality states that layers of sediment are generally deposited in a 
horizontal position.  
 
Principle of Cross-Cutting Relationships  
•This states that when a fault cuts through rock layers, or when magma intrudes other rocks and 
hardens, then the fault or intrusion is younger than the rocks around it. 
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Fossils 
•A fossil is the remains or traces of an organism preserved from the geologic past.  
•The different types of fossils include:  
–Petrified fossils 
–Molds and casts 
–Carbon films 
–Preserved remains 
–Trace fossils 
 
Petrified Fossils  
•“Turned into stone” 
•Mineral-rich water soaks into small cavities and pores of the original organism 
•The minerals precipitate from the water and fill the spaces.  
•Example: Petrified Wood 
 
Molds & Casts  
•A fossil mold is created when a shell or other structure is buried in sediment and then dissolved by 
underground water.  
•The mold reflects only the shape and surface markings of the organism.  
•Cast fossils are created if the hollow spaces of a mold are later filled with mineral matter.  
 
Carbon Films 
•Fossils called carbon films can preserve delicate details of leaves and animal parts.  
•The formation of a carbon film begins when an organism is buried under fine sediment.  
•Over time, pressure squeezes out liquids and gases and leaves behind a thin film of carbon.  
•Sometimes the carbon film itself is lost from a fossil but sometimes an impression remains.  
 
Preserved Remains 
•Sometimes, fossilization preserves all or part of an organism with relatively little change.  
•A mammoth frozen in permafrost or insects trapped in resin or sap are two examples.  
•Fossils can also form when remains are preserved in tar. Tar is thick petroleum that collects in pools 
at the surface.  
 
Trace Fossils 
•Trace fossils are indirect evidence of prehistoric life.  
•Examples include: tracks, burrows, coprolites 
•Some of the oldest known fossils are believed to be worm burrows.   
 
Conditions for Fossilization 
•Two conditions that favor preservation of an organism as a fossil include: 
–Rapid burial  
–Possession of hard parts 
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Interpreting the Fossil Record  
•Geologists used fossils to improve the correlation of rock layers and reconstruct past environments.  
•Geologists today use index fossils and groups of fossils to correlate rock layers.  
•An index fossil is the fossil of an organism that was geographically widespread and abundant in the 
fossil record, but that existed for only a limited span of time.  
 
What is Radioactivity?  
•Radioactivity is a process that involves the nucleus of the atom.  
•Remember that each atom has a nucleus made up of protons and neutrons.  
•The forces that bind protons and neutrons together in the nucleus are usually strong.  
•However, in some atoms, the forces binding the protons and neutrons together are not strong 
enough, and the atoms are unstable.  
 
Radioactivity  
•During radioactive decay, unstable atomic nuclei spontaneously break apart, or decay, releasing 
energy.  
 
Radioactive Isotopes  
•Recall that the number of neutrons in the atoms of a given element can vary.  
•These different forms of an element are called isotopes. 
•An unstable, or radioactive, isotope of an element is called the parent.  
•The isotopes that result from the decay of the parent are called daughter products.  
•What happens when unstable nuclei break apart? 
•Radioactive decay continues until a stable or nonradioactive isotope is formed.  
 
Half-Life  
•A half-life is a common way of expressing the rate of radioactive decay.  
•A half-life is the amount of time necessary for one half of the nuclei in a sample to decay to its 
stable isotope.  
•If the half-life of a radioactive isotope is known and the parent/ daughter ratio can be measured, the 
age of the sample can be calculated.  
•For example, if the half-life of an unstable isotope is 1 million years, and 1/16 of the parent isotope 
remains, this amount indicates that four half-lives have passed. The sample must be 4 million years 
old.  
 
Radiometric Dating  
•Radiometric dating, also called radioactive decay dating, is a way of calculating the absolute ages of 
rocks and minerals that contain certain radioactive isotopes.  
•In radiometric dating, scientists measure the ratio between the radioactive parent isotope and the 
daughter products in a sample to be dated.  
•The older the sample, the more daughter products it contains.  
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Dating with Carbon-14  
•To date organic materials, carbon-14 is used in a method called radiocarbon dating.  
•Organic material is a substance that contains carbon and comes from a living thing.  
•Carbon 14 is the radioactive isotope of carbon.  
•Carbon-14 is continuously produced in the upper atmosphere.  
•It quickly becomes incorporated into carbon dioxide, which circulates in the atmosphere and is 
absorbed by living matter.  
•All living organisms contain a small amount of carbon-14.  
•While an organism is alive, the decaying radiocarbon is continually replaced.  
•Thus, the ratio of carbon-14 to carbon-12 (the stable isotope of carbon) remains constant.  
•When an organism dies, the amount of carbon-14 gradually decreases as it decays. By comparing 
the ratio of carbon-14 to carbon-12 in a sample, radiocarbon dates can be determined.  
•Because the half-life of carbon-14 is only 5,730 years, it can be used to date recent geologic events 
up to about 75,000 years ago.  
 
Geologic Time 
•The geologic time scale is a timeline that divides Earth’s history into units representing specific 
intervals of time.  
•The geologic time scale is a record that includes both geologic events and major developments in 
the evolution of life.  
 
Structure of the Time Scale  
•The geologic time scale is divided into eons, eras, periods, and epochs.  
•Eons represent the longest intervals of geologic time. 
•Eons are divided into eras.  
•Each era is subdivided into periods.  
•Finally, periods are divided into still smaller units called epochs.  
 
Eons 
•Geologists divide Earth’s history into 4 long units called eons. 
–Hadean, Archean, Proterozoic (Precambrian)  
–Phanerozoic 
 
Eras 
•There are three eras within the Phanerozoic eon.  
–Paleozoic 
–Mesozoic 
–Cenozoic 
 
Periods & Epochs  
•Each era is subdivided into periods.  
•The periods of the Cenozoic are divided into still smaller units called epochs.  
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The Continental Puzzle 
•In 1915, Wegener proposed his radical hypothesis of continental drift.  
•According to Wegener’s hypothesis of continental drift, the continents had once been joined to form 
a single supercontinent.  
•He called this supercontinent Pangaea, meaning all land.  
•Wegener also hypothesized that about 200 million years ago Pangaea began breaking into smaller 
continents.  
 
Evidence for Continental Drift 
•Wegner presented a variety of evidence to support the hypothesis of continental drift such as: 
similar fossils, types of rock, and traces of glaciation on widely separated landmasses.  
•Fossil evidence (index fossils) for continental drift includes several fossil organisms found on 
different landmasses. 
•Matching types of rock in several mountain belts that today are separated by oceans provide 
evidence for continental drift.  
•Wegener also found glacial deposits showing that between 220 million and 300 million years ago, 
ice sheets covered large areas of the Southern Hemisphere. Deposits of glacial till occurred at 
latitudes that today have temperate or even tropical climates: southern Africa, South America, India, 
and Australia.  
 
Rejection of Wegener’s Hypothesis 
•The main objection to Wegener’s hypothesis was that he could not describe a mechanism capable of 
moving the continents.  
•During the years that followed Wegener’s hypothesis, major strides in technology enabled scientists 
to map the ocean floor. Extensive data on earthquake activity and Earth’s magnetic field also became 
available.  
•By 1967, these findings led to a new theory, known as plate tectonics.  
 
Exploring the Ocean Floor 
•During the mid-1800s, several nations sent ships on scientific expeditions to gather data about the 
oceans.  
•They measured ocean depths in many areas.  
•During the early 1900’s, a new technology made it easier to map the ocean floor.  
•Sonar, which stands for sound navigation, and ranging, is a system that uses sound waves to 
calculate the distance to an object.  
•The sonar equipment on a ship sends out pulses of sound that bounce off the ocean floor. The 
equipment then measures how quickly the sound waves return to the ship.  
•The deeper the water, the longer it takes the sound waves to return to the ship.  
 
Deep-Ocean Trenches 
•As scientists mapped the ocean floor, they found long, curved valleys along the edges of the some 
ocean basins called deep-ocean trenches.  
•Trenches form the deepest parts of the Earth’s oceans.  
•A majority of trenches occur around the edges of the Pacific Ocean.  
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Mid-Ocean Ridges 
•Earth’s mid-ocean ridge system forms the longest feature on Earth’s surface.  
•A mid-ocean ridge is a long chain of mountains extending the length of the ocean.  
•The system winds more than 70,000 kilometers through all the major ocean basins like the seam on 
a baseball.  
•Often, a deep, central valley runs down the center of a ridge, called a rift valley.  
 
Composition of the Ocean Floor  
•Earth’s ocean floors are made of igneous rocks of basaltic composition.  
•Basaltic igneous rocks forms when lava reaches the surface and hardens to form solid rock.  
•Most of the ocean floor is covered with a thick layer of sediment. 
•Scientists found that the sediment layer became thinner closer to mid-ocean ridges, and that along 
the ridge there was no sediment.  
 
The Process of Sea-Floor Spreading 
•In the process of sea-floor spreading, new ocean floor forms along Earth’s mid-ocean ridges, slowly 
moves outward across ocean basins, and finally sinks back into the mantle beneath deep-ocean 
trenches.  
•Mid-ocean ridges formed as a result of volcanic activity.  
 
Evidence of Sea-Floor Spreading 
•Evidence for sea-floor spreading including magnetic stripes in ocean-floor rock, earthquake 
patterns, and measurements of the ages of ocean floor rocks.  
 
Theory of Plate Tectonics 
•During the 1960’s, scientists realized that sea-floor spreading explained part of Alfred Wegener’s 
idea of continental drift.  
•It explained how ocean basins could open and close.  
•Canadian geologist J. Tuzo Wilson combined the evidence for sea-floor spreading with other 
observations.  
•Wilson and other scientists soon developed a new theory that led to a revolution in geology.  
 
Earth’s Moving Plates 
•Wilson suggested that the lithosphere is broken into several huge pieces, called plates.  
•Deep faults, like the cracks in the shell of a hardboiled egg, separate the different plates.  
•In the theory of plate tectonics, Earth’s lithospheric plates move slowly relative to each other, 
driven by convection currents in the mantle.  
 
Causes of Motion 
•According to Wilson, convection currents within Earth drive plate motion.  
•Hot material deep in the mantle moves upward by convection.  
•At the same time, cooler, denser slabs of oceanic lithosphere sink into the mantle.  
 
Effects of Plate Motion  
•Plate motion averages about 5 centimeters per year.  
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•The results of plate motion include earthquakes, volcanoes, and mountain building.  
 
Types of Plate Boundaries 
•Interactions among individual plates occur along plate boundaries.  
•The three types of plate boundaries are convergent, divergent, and transform fault boundaries.  
•Each plate contains a combination of each of the three types.  
 
Divergent Boundaries 
•Divergent boundaries are found where two of Earth’s plates move apart.  
•Oceanic lithosphere is created at divergent boundaries-think of how sea-floor spreading adds rock 
to the ocean floor.  
•Most divergent boundaries are spreading centers located along the crests of mid-ocean ridges. Some 
spreading centers, however, occur on the continents.  
 
Convergent Boundaries 
•Convergent boundaries form where two plates move together. 
•Lithosphere can be destroyed at convergent boundaries- think about how oceanic lithosphere sinks 
into the mantle during subduction.  
•At convergent boundaries, plates collide and interact, producing features including trenches, 
volcanoes, and mountain building.  
 
Transform Boundaries 
•Transform fault boundaries occur where two plates grind past each other.  
•Along, transform boundaries, lithosphere is neither created nor destroyed. 
•At a transform fault boundary, plates grind past each other without destroying the lithosphere and 
trigger earthquake activity.  
 
Mechanisms of Plate Motion 
•You may have watched bits of vegetables rising and sinking in a pot of soup on the stove. The 
rising and sinking is an example of a convection current.  
•If the vegetables or continental crust floats or rises to the surface it is considered to be more 
buoyant.  
•A convection current is the continuous flow that occurs in a fluid because of differences in density.  
•Warm material is less dense, so it rises. Cooler material is denser, so it sinks.  
•Convection currents in the mantle provide the basic driving forces for plate motions.  
•The sinking of cold ocean lithosphere directly drives the motions of mantle convection through 
slab-pull and ridge-push.  
 
Falls of the Ohio State Park   
•Located on the banks of the Ohio River in Clarksville, Indiana, is Falls of the Ohio State Park.  
•The 390-million-year-old fossil beds are among the largest exposed Devonian fossil beds in the 
world.  
•The park features a spectacular interpretive center overlooking the fossil beds featuring new 
interactive, immersive fossil exhibits. 
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•While fossil collecting is prohibited on the fossil beds and river bank, the park staff encourages 
visitors to explore and discover the many different types of fossils that can be found on the ancient 
sea bottom.  
•Collecting piles (with rock and fossils from quarries) are the only place where rocks may be 
removed at the Falls of the Ohio. They are located by the parking lot behind the interpretive center. 
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APPENDIX L 

 

KARST TOPOGRAPHY PRE AND POST TEST 
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Name_________________________________________________Period_____Date____________ 
 

Karst Topography Pre- and Post-Test 
 
Multiple Choice 
Identify the choice that best completes the statement or answers the question. 
 
____ 1. Carbonic acid breaks down minerals in rock in a process called 
a. sorting. c. saturation. 
b. capillary action. d. chemical weathering. 
 
____ 2. Which of the following minerals makes rocks especially vulnerable to chemical 
weathering? 
a. phosphorus c. zinc 
b. calcite d. copper 
 
____ 3. A cone-shaped deposit of calcite on the ceiling of a cave is called a 
a. cavern. c. stalactite. 
b. stalagmite. d. column. 
 
____ 4. Common features of karst topography include closely spaced sinkholes and 
a. caverns. c. soluble rock. 
b. natural bridges. d. streams. 
 
____ 5. When karst topography forms in dry regions, sinkholes may form very close together 
and form dramatic arches and 
a. caves. c. cracks. 
b. spires. d. calcite. 
 
____ 6. Karst topography forms in 
a. only dry areas. c. both dry and wet areas. 
b. only wet areas. d. only the Northern Hemisphere. 
 
____ 7. The area where water from the surface can move through permeable rock to reach an 
aquifer is called a 
a. water table. c. recharge zone. 
b. hot spring. d. well. 
 
____ 8. Rock becomes chemically weathered when 
a. the water table drops below sea level. 
b. toxic wastes leak into the groundwater. 
c. the rock becomes impermeable. 
d. carbonic acid, formed when water passes through soil, dissolves minerals in the 

rock. 
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____ 9. A cavern is a natural cavity in rock that forms as a result of 
a. stalagmites and stalactites. c. columns and minerals. 
b. stalactites and columns. d. the dissolution of minerals. 
 
____ 10. Calcite formations standing on the floor of a cavern are called 
a. stalactites. c. stalagmites. 
b. aquifers. d. depressions. 
 
____ 11. A region that clearly shows the results of chemical weathering is called 
a. sink topography. c. limestone topography. 
b. karst topography. d. an artesian formation. 
 
____ 12. Water that contains relatively low concentrations of dissolved minerals is called 
a. soft water. c. hard water. 
b. groundwater. d. perched water. 
 
____ 13. Uncollapsed rock between sinkholes can form arches called 
a. columns. c. subsistence sinkholes. 
b. natural bridges. d. recharge zones. 
 
____ 14. What is the name for a calcite deposit formed when a stalactite and stalagmite meet? 
a. cavern c. column 
b. natural bridge d. travertine 
 
____ 15. The limestone canyon walls were deposited in McCormick’s Creek _____ many 
years ago.  
a. 540-490 million years ago c. 359-318 million years ago 
b. 489- 310 million years ago d. 125-98 million years ago 
 
____ 16. The limestone rock in McCormick’s Creek State Park were shaped by the 
_____________continental landmass glaciers that left behind groundwater and stream deposits that 
have continued to shape the land and form karst topography.  
a. Pleistocene  c. Paleocene 
b. Miocene  d. Eocene  
 
____ 17. Which is not one of the three rock formations of limestone found in McCormick’s 
Creek State Park?  
a. Salem c. Ste. Genevieve  
b. St. Louis  d. Louisville  
 
____ 18. All three limestone rock formations are from the _____________ Period, and together 
they represent about one million years of geologic history.  
a. Cambrian c. Mississippian  
b. Silurian d. Ordovician  
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____ 19. The amount of uniformity in the size of rock or sediment particles is called 
a. packing. c. permeability. 
b. sorting. d. cracking. 
 
____ 20. Which of the following does NOT affect the depth of the water table below the 
ground? 
a. surface topography c. pollution 
b. permeability of the aquifer d. rainfall 
 
____ 21. The slope of a water table is called the 
a. gradient. c. aquifer. 
b. slant. d. saturation. 
 
Matching 
 
Match each item with the correct statement below. 
a. a cone-shaped calcite deposit on a cavern floor 
b. a natural cavity formed in rock 
c. the ability of rock to let fluids pass through its pores 
d. water beneath Earth’s surface 
e. percentage of the total volume of rock consisting of open spaces 
f. a body of rock that stores underground water and allows it to flow 
g. a sloping layer of permeable rock between layers of impermeable rock 
h. a hot spring that erupts through vents 
i. a circular depression that forms when rock dissolves 
j. irregular landforms caused by chemical weathering 
 
____ 22. permeability 
 
____ 23. groundwater 
 
____ 24. porosity 
 
____ 25. aquifer 
 
____ 26. cavern 
 
____ 27. karst topography 
 
____ 28. sinkhole 
 
____ 29. stalagmite 
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Essay 
 
 30. Do you think that an area with karst topography would likely have many or few 
springs? Explain your answer.
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APPENDIX M 

 

KARST TOPOGRAPHY NOTES 
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Name_____________________________________Period________Date_____________ 
 

Karst Topography Notes 
 

Karst Topography  
•Karst topography is a type of irregular topography that is characterized by caverns, sinkholes, and 
underground drainage and that forms on limestone or other soluble rock formed by erosion.  
•Karst Topography forms in regions where the climate is humid and where limestone formations 
exist at or near the surface. 
•The plentiful precipitation in these regions commonly becomes groundwater and flows through the 
limestone layers.  
 
Results of Weathering by Groundwater 
•One way that minerals become dissolved in groundwater is through chemical weathering.  
•As water moves through soil and other organic materials, the water combines with carbon dioxide 
to form carbon acid. 
•This weak acid chemically weathers the rock that the acid passes through by breaking down and 
dissolving minerals in the rock.  
 
Caverns 
•Rocks that are rich in the mineral calcite, such as limestone, are especially vulnerable to chemical 
weathering. 
•Although, limestone is not porous, vertical and horizontal cracks commonly cut through limestone 
layers.  
•As groundwater flows through these cracks, carbonic acid slowly dissolves the limestone and 
enlarges the cracks.  
•Eventually, a cavern may form.  
•A cavern is large cave that may consist of many smaller connecting chambers.  
 
Stalactites & Stalagmites 
•Although a cavern that lies above the water table does not fill with water, water still passes through 
the rock surrounding the cavern.  
•When water containing dissolved calcite drips from the ceiling of a limestone cavern, some of the 
calcite is deposited on the ceiling.  
•As this calcite builds up, it forms a suspended, cone shaped deposit called a stalactite. 
•When drops of water fall on the cavern floor, calcite builds up to form an upward-pointing cone 
called a stalagmite.  
•Often a stalactite and stalagmite will grow until they meet and form a calcite deposit called a 
column.  
 
Sinkholes 
•A sinkhole is a circular depression that forms at the surface when rock dissolves, when sediment is 
removed, or when caves or mines collapse.  
•Most sinkholes form by dissolution, in which the limestone or other rock dissolves where weak 
areas in the rock, such as fractures, previously existed.  
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•Collapse sinkholes may form when sediment below the surface is removed and an empty space 
forms within the sediment layer.  
 
Natural Bridges 
•When the roof of a cavern collapses in several places, a relatively straight line of sinkholes forms.  
•The uncollapsed rock between each pair of sinkholes forms an arch of rock called a natural bridge.  
•When a natural bridge first forms, it is thick, but erosion causes the bridge to become thinner.  
•Eventually, the natural bridge may collapse.  
 
Indiana Caves 
•Marengo Cave 
•Wyandotte Cave 
•Bluespring Caverns 
•Squire Boone Caverns 
•Spring Mill State Park Caves 
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APPENDIX N 

 

FINAL STUDENT INTERVIEW QUESTIONS 
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* Please remember that this survey is voluntary. Your voluntary participation is very much 

appreciated, but please remember you are welcome to discontinue participation at any time during 

the study. Participation or non-participation will not affect a student’s grade or class standing in any 

way.  

 

FINAL STUDENT INTERVIEW QUESTIONS 

 

1. Which unit was your favorite to study and why?  
2. How do you feel about geology field experience?  
3. How do you feel about studying science? 
4. Do you feel you learned more from staying in the classroom or more from being at field 

experience site? Explain.  
5. Is there anything else you want me to know?  
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