GEOTEACH Assessment Executive Summary
by Tom Repine

Inquiry learning is philosophicaly rooted in dilemma In other words, dlowing the learner to
work through, in their own way, a Situation, can lead to enduring comprehension and the devel opment
of life long habits of learning. GEOTEACH participants quickly experienced this type of learning.

GEOTEACH participants congdered themsdves comfortable in their perceptions of geology
and geologic field work. Nevertheless, the results of post-GEOTEACH administered instruments
(Table 1) and reflections indicated they had just been through an astonishing experience. In their own
words, it was a“big learning process...a struggle with long hours...physicaly demanding [with] moments
of confusion and frudtration. [ There were many] things we had never done and never known about. We
were jumping into something very deep and not knowing how to swim. [For example] we had little or
no idea of srike and dip. [After being] totaly baffled at first, we had alot of ah ha sl [With each one
we redized] we had come alog way. [In fact] we are redly pleased with oursaves that we could figure
things out.”

During the field sessions the participants had the chance to observe professona geologists
measuring and recording observations. These observations formed the basis of a ggnificant dilemma
encountered during the participants early project work. The problem centered on their ideas of how
geologic fidld work should be done versus how they saw professiond geologists do field work.
Specificdly, participantsinitialy assumed detailed rock descriptions were indispensable. Thus, their firgt
attempts to describe an outcrop consumed dl available time and energy because “we had to look at
every rock in the outcrop. We wrote a novel of 26 pages on stuff the geologists used one page to
describe. It was dl the same to them but we kept looking for more detall” Gradudly, participants began
to understand that “geologists do not work like that. [We] had to get comfortable with that. Geologist
are more comfortable making connections without data” One participants stated: “Looking at the rocks
smart dlows geologist to put the big picture together. We were very concerned about detail and would
writelotsand lots. [They are] much more casud and comfortable saying a[thick] unit is the same.”

Adapting to this “big picture’ skill accomplished three things. Firg, it reinforced the idea that
terminology is auseful short hand because it dlowed the geologit to say alot with afew words.
Secondly, the learning process shattered the participants “tunnel vision. We learned that [we] had to
gpply more of the big picture thing across the outcrop [because making a geologic map] isredly dl
about the big picture.” Third, it dlowed them to finally come to grips with the concept that a geologic
map is nothing more than an graphical interpretation of accumulated and recorded observations. This
was shown when a comparison of pre- and post-responses to open ended questions was conducted.
(See Quedtion 4, Appendix A.) According to one participant, the ability to use the big picture approach
“changed my life about how geologic maps are made because | didn’t understand how it could be done
with details.”

By the end of the participant’sfirst full week of field work (June 23 - 28) they became more
accepting of our inquiry gpproach to learning how to do fidd work. More than anything else, they
attributed this acceptance to cooperative team work: “talking within the group realy helped to organize
understanding...after some initial hesitancy [we] wanted to work with the team more than work



donre..[wejug] had to get comfortable first.” Much of the uneasiness came from having to try things
“we had never seen [and] had never heard about. [W]e were totaly amazed!” As expected, trying to
learn, and then use, new sKills produced varying amounts of persona gpprehension. But, as predicted
by inquiry theory, it did produce the persond and professiona growth demonstrated by the pre and
post-GEOTEACH data. For example, several participants agreed when one said: “strike and dip was
abgtract before. [In RockCamp 1] we wrote it down but had no clue what it meant. We were not sure
what ‘dipping away’ redly meant.” After GEOTEACH they stated they “fdt realy comfortable’ with
such terminology. This change is reflected in the large gains in the number of accurately used concepts
between pre- and post-concept maps generated by each participant (Table 1 and Appendix B).

Some of the growth they experienced was attributed to “alot of one on oneg’ interaction with
project saff. Thisreferred to the persond training offered by the staff. It also was areference to the
“trickle down effect” it simulated as ideas and skills mastered by one participant were efficiently
trandferred to others. For the most part, this flourished when other participants encountered a problem.
Consequently, it isfair to sate GEOTEACH participants were both learners and teachers. A good
example of this was strike and dip and the brunton compass. Confusion with trying to explain strike and
dip was effectively toppled as each participant shared with others how the brunton compass was used
to measure strike and dip: “ Some of us used [strike and dip] wrong for aday or more. [Once afew of
us] were shown how to properly usit the word spread [and]it was much easier to actualy work with
the rocks.”

The team concept, as designed by the instructors, was discussed at length. Each team consisted
of three teachers. This “was a perfect Sze. [Any] more and [we would have] been in each other’ sway.
[Any] less[and there would] not be enough to do everything.” Another vaue of the team gpproach was
the fact that “it was redlly neat to be with like-minded learners with smilar interests” However, the
team concept was not entirey problem free. A sgnificant difference of opinion about the divison of
[abor within the team was noted (Question 20, Appendix A). Post-GEOTEACH discussions revealed
the staff’ s idea of mandating that each team member do only one task each day was the core of the
problem. The participantsinssted “having each person have ajob didn’t work.” In fact, it created
problems. The concept became a much despised “ stumbling block” which inhibited participant self-
determination, made it difficult to learn and organize the work, and inadvertently reinforced
misconceptions “when only a single voice with the most current understanding was heard. [Instead we
should have] focused on a particular [skill] each day. For example, have everyone measure one day
and everyone describe one day. This would help everyone learn needed skillsinstead of creeting
pecidigs.” Another stated, “I did not pay a bit of attention to measuring when | was writing. [Asa
result], | had no fed for other parts of the experience because | was concentrated on asingle
task—{that] needsto change.” Redizing this was detrimental, one group changed their procedure: “dl
three of us refused to follow ingtruction and took turns. We are adults and we know how we learn
best.” Asareault, the participants suggested that it would be more educationdly appropriate if each
person, each day, had to experience, learn, and do, each job. In their words, thiswould produce a“a
red evolution of learning.”

Relationships between two of the project saff and GEOTEACH participants have existed for
many years. These staff members have been present as these teachers progressed from introductory to



GEOTEACH sessions. When participants were asked if their previous RockCamp experiences been
prepared them for GEOTEACH, they dl agreed with the comment: “Y es. It now makes sense and has
more meaning. Little pockets of knowledge were pulled together findly.” However, amore reveding
comment on their professona and persond growth was the following declaration: It was good Tom
and Deb were not at GEOTEACH. That made us challenge ourselves more. Y ou took care of us
better than Dave did. But, we are now ready to not be taken care of. [We] have moved aong and can
work on our own. [We] would not have been comfortable [doing that] without previous a RockCamp
background.”

GEOTEACH'’s most prevaent accomplished was its ability to let teachers actudly be a
scientist. This was constantly mentioned in the participant’ s post-session comments.

They “redly have a strong fedling that teachers should do red science.” Another stated that the best
way to learn how to do geology and how to make a map was to be “out there on those rocks
[because] it wasthered thing. [It ig] very vduable being ared scientist for awhile were we do not
know the answers.” Based on their comments, it may be suggested that this goes beyond persona
growth and satisfaction. It centers on their professona compulsion to transfer, in some way, what they
have learned into their classrooms. Thus, while the project was not specificaly desgned to directly
impact students, the participants are keenly aware of ainternal need to do this. They recognize that “the
intangible thing of [actualy] doing red science carries over into teaching.” When pressed to provide
examples, they clamed it is “hard to identify direct activities’ from GEOTEACH. More importantly, to
them, the experience “makes you more credible with students because they now you did the redl thing.
It makes you amore creditable source because you like science and demonstrate that by doing it.”
Another participant suggested this type of experience was “redly helpful when working with aonly one
or even afew students” She explained her opinion by saying: “Explaining a geologic map to sudents? |
now understand how it was made. Students often ask ‘How do they know? | can answer that now
because | was an experiencer!” Another participant added the experience would be extremely useful
when “helping with science fair projects.” Y et another noted, and the others then agreed, the
experience had placed them in the role of the “confused learner. | have been the student now and [I]
understand their confusion.”

Although they become more accepting of GEOTEACH' s “radica inquiry gpproach,” there
were moments when this outcome was in doubt. Early on, the saff was aware of the participant’s
frudration. After dl, these teachers were experiencing something totaly new. They “had no idea how
to begin making amap.” They al admitted “we aways felt there was not enough data because we
didn’'t know about interpreting data” While this was to be expected, it was not aways a pleasant thing
to watch. A good example of annoyance was reveded as different perceptions and interpretations of a
single outcrop were discussed by the gtaff. As aresult, we made a concentrated effort to explore the
issue of participant frustration using post-session ingruments (Table 2, Questions 18 and 19) and
interviews. After ther initid shock, frustration, athough mentally unpleasant, did not evolve into a
problem. However, the participants were quick to point out a difference between frustration and
anxiety. Frudtration was an emotion encountered when working through a dilemma. It became part and
parce of the experience once they redized * frudtration levels must change’ as experience and
undergtlanding grows. However, if noticeable change did not occur, anxiety, described as “agenerd,



debilitating feding,” would take over. Thus, for our participants, frustration, which every professond
geologist dedl's with, was accepted, within limits, as part of the learning process. Some participants kept
frugtration from turning into anxiety by interacting dosdaly with the staff. For others, “it was vitdly
important [the gaff] offer ways to ded withit.” Some dedt with it by making it into a contest. By
looking for opportunities to confront the staff “we found things the geologists did not understand or
know. The revelation that they were, and might remain, unknowns helped us deal with [our frugtration].
Wedidn't fedl so bad. [It was OK] to disagree.”

Asaresult of their experience, the participants believe “we can now help in the future by
playing the role of offering better ingtruction.” While this at first seemed to be a postive judgment of
newly-acquired mentoring abilities, such was not the case. In fact, this comment generated a participant
debate over the merits of GEOTEACH' s pedagogical methods. The split centered around some
participants perception of a*“lack of ingruction.” While post-GEOTEACH Lickert results (Table 2,
Question 16) indicate generd acceptance of the received ingtruction,
reflections and interview data reved another story. Many individuas suggested “a better way to set up
the ingtruction [was needed].” Continually having to ask questions, was, to afew, “bdittling. [It would
have been] more efficient to have objectives and goas and [to offer] ingtruction to the whole group at
onetime.” Some commented “we needed to see a[geologic] map to see what it looks like before doing
our own. [We] need to know how maps are made [before making ourg], the rules for map making
needed to be set forth.” In essence, for them, there was “too much inquiry. [We] needed some
direction.”

It is suggested that these differing opinions can be attributed to the individudistic nature of
human learning and the participant’s prior experiences with more traditiond teaching and learning
methods. Nevertheless, not everyone bought into the argument that thisis the best way to learn how to
make a geologic map. Sightly less than haf of the group remained adamant in their desire for more
traditiond ingtruction. Comments such as. “We needed more rock description work in the first
week...How can we do thisif we don't have the intuitive sense to know what is there?...| needed to
know whét to look for...[and] we needed more section descriptions beforehand to help usin the field”
reved the ingrained nature of the traditiond style of learning. Nevertheless, amgority of the participants
endorsed GEOTEACH'’ sinquiry agpproach. They opinions were best expressed when one stated “if we
do get more [concrete ingtruction] we are removing a critica eement from the experience. [1] learned
thisis the most important part [of the experience] Y ou wanted usto figure it out. It worked.” These
participants became aware of the “fine line between ingtruction versus what we are doing and how to
doit.”

In the end, the group consensus was that, having been through the experience, they should have
more say and influence on the “design stage [of GEOTEACH]. As teachers we have the ability to hep
the [daff] organize how to present the materia.” A specific example of thiswere staff requirements that
an outcrop be measured in a certain amount of time. As aresult, “we felt we had to reach certain gods
and worked to that when describing a section.” One participant claimed this “overwhelmed my ability
to learn.” Another suggested this contradicted the program’ s stated inquiry-approach “because it put
pressure on us to meet objectives.” To rectify this problem, the participants suggest the staff “reevauate
how much section can be done in aday by the teachers.”
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Suggestions for improvement included moving the first two introductory days nearer to the area
where the work would be actudly be accomplished (i.e., “the first week needed to bein the valey and
ridge’), providing “some sort of glossary to help with terms,” and “being red up front about the physica
nature of the work for the next group...not everyone who has been to RockCamp could do this.”
Interesting comments on the tools chosen for the field work were dso made. A traditiona method of
measuring the thickness of rock unitsis the Jacob’s staff. Much of the first three days of the experience
were spent making and introducing teachersto this device. In the end, comments such as “too much
Jacobs gtaff, we never used them” questioned the vaue of this effort. The Brunton Compass was aso
used to measure sedimentary rock strata. Unlike the Jacob’ s saff, this device became the participant's
most useful, and enjoyable, tool. It was amusing to see how rapidly the teachers accepted and used the
relaively complex Brunton Compass as compared to smplistic Jacob’s Staff.

Asthefind post-session group interview drew to a close the participants began to reflect on the
meaning and value of the experience. After the obligatory “best | have had in 10 years’ and “it was
good” comments, three important opinions were revealed. First, the experience had alowed them to
“do red science.” Thiswas best expressed in comments such as | experienced the different ways
geologists are trained and do field work”and “I fed this has been ared science experience.” Inthis
context, it also provided them a chance to experience the messy side of geology because “we had no
oneto ask, so we had to learn to make decisions and trust yoursdlf. It was nice to be turned loose.”

The second value of GEOTEACH was an eagerness to put newly learned skillsto the test.
Even though it had been an “intensive experience...we re reedy for next phase in aunknown area.” The
idea of working an unknown area captivated quite afew of the group. To the staff, the concept of an
“unknown geologic ared’ is West Virginiawas difficult to fathom. Geologists have been working here
for more than 150 years. However, with discusson, claification between staff and participant
perceptions was obtained. The participants were suggesting an areawhich they had never been to
before. They reminded the staff they had been to the GEOTEACH mapping Site on a pervious
RockCamp fidd trip. As aresult, their prior knowledge of the location came into play. While
sometimes helpful, it was ultimatdy detrimenta when they discovered that interpretationsingrained
during their previous visits were, by the GEOTEACH gaff, regarded as fundamentaly flaved. Asa
result, participants ran into the early, and frequent, problem of reconciling misconceptions with their
own observations. From the staff pergpective, this was not necessarily a bad thing because it did
demongtrate how science works and invited participants to develop methods for arguing the merits of
dternate ideas. Nevertheless, it created the frudtration.

Fifty percent of the participants suggested future participants “need to go work an unknown areato us.”

The third aspect of GEOTEACH relates to gppreciation of geologic field work. Pre-test
responses indicate a good understanding of most geologic ideas and concepts. In fact, the best way to
summarize the pre-test responses is to suggest they reflect participant’ s philosophical, preconceived
notions, and prior learning of maps. After GEOTEACH, dl of the participants agreed their persona
perception of geologic field work had “evolved into something more redistic.” Pogt-test responses
(Appendix A) and concept maps (Appendix B) reved amore frequent, and accurate use, of process
and kill terminology. Thus, a positive change in perception of what field work isand how it isdoneis
suggested.



GEOTEACH' s ultimate aspiration was to dter teachers perceptions of a geologic map. The
assumption was, while a teacher might easly define a geologic map, as auser they did not fully
understand what the map represents nor how it was constructed. Consequently, the teacher’ s students
would not fully appreciate the science behind a geologic map and the maps potentia relevancy. To
judgeif any change had occurred in the participants views pre- and post-assessment instrument asked
them to define a geologic map. Significant change in pre- and post-responses to this question were not
profound. One interpretation of thisisthat participants prior RockCamp experiences provided them a
solid foundation in the concept of a geologic map.

More likely, atruer interpretation of GEOTEACH’ simpact upon participant perception of
geologic mapping and a geologic map is reveded when they were asked to react to the following
gatement (Question 4, Appendix A): “When a geologist collectsinformation in the field about the
gratigraphy of an area he can congtruct a map which is atrue representation of the rock units of that
region.” In generd, the responses demondtrate the skills, knowledge, labor, and tenacity of the field
geologig, in their effort to construct a geologic map, are more clearly respected than before
GEOTEACH. More importantly, from a professona development point of view, the participants seem
to now clearly understand that a geologic map is an interpretation. Thus, it is suggested that
GEOTEACH, as has no other RockCamp-related event, has revedled to its participants the true
interpretive nature of science (in genera) and geology (specificaly). It has clearly provided the
participants with the opportunity to come to understand on their own terms. And, it has accomplished
this by letting them do science:

Based on the work that | did this summer | fed that a portion of map congtruction, while
based on sound collected data, involves plain old educated guessing. At Greenland Gap,
we...sampled areas and identified rocks, we identified contacts betweenstrata, we had a
knowledge of the geologic history of Greenland Gap, etc. But, putting these individua
pointstogether inacohesive overdl geologic“layout” involved somegood solid guessing!

“True representation” are words that don't redlly seem to fit that which is not readily
visble. Extrapolation [and] interpolation are termsthat gpplied to what we did and are not
part of “true representation.”

The result of amix of inquiry-based pedagogy and geologica investigation must be addressed.
Did GEOTEACH provide its participants with anything that can be implemented in their classrooms?
On one hand, the program provided them with skills and some tools. More importantly, to those of us
in the earth science education community, the GEOTEACH experience appears to have dtered some
of its participant’ s views on the nature of science. Thiswill be aindirect, but significant, contribution to
the way they teach science in their classrooms. This opinion is best stated by one of the participants:

Itishard to imagine any geologist who would attempt to map an areawithout spending lots
of time and effort in gathering fild data. First of dl that seemsto betharr first truelove-the
#1 reason they are working in geology. Also seeing and fedling (even smdling) the rocks
isessentid to understanding the dynamics behind the stratigraphy. No scientist should ever



rely blindly on the data gathered by others, and | don’t believe I ve ever met a geologist
who would even consider doing that. Ah, the implications for the science teacher! How
often do we expect our students to rely on data recorded by others? To blindly accept
what thetext and/or the teacher say astrue without independent confirmation? How many
potentialy great geologists and other scientists are turned away from science by the
quantity of facts to be memorized (even if they are not understood) and a lack of
opportunity to practice science as a process?

As part of their involvement, GEOTEACH participants were asked to share what they had
experienced. Their ideas for professond outreach took two different forms. The first was aforma talk.
They produced a PowerPoint presentation for an audience of professiona geologists. An abstract of
the talk was accepted and published by the Geological Society of America. Serving as arepresentative,
one of the GEOTEACH participants described the program to an audience of 63 professond
scientigts. Their second idea was to promote local professiona development for peers. GEOTEACH
participants proposed and conducted two sessions at the 2002 meeting of the West Virginia Science
Teachers Association. These sessions drew about 20 teachers. In their home aress, participants
decided to offered peers professiond development opportunities sanctioned by loca schools. As of the
date of this report, three two-hour workshops and one four-hour field trip have been offered by five
GEOTEACH participants for 23 loca teachers (11 middle and 12 high school) in Pocahontas,
Pendleton, and Randolph Counties.

Asaconcluding thought, it isimportant to remember these teachers are not geology mgors. As
aresult, learning how to do field work by doing field work could have been menta and physicaly
intimating. In the end, GEOTEACH provided these teachers the chance to develop, mostly on their
own terms, the skills most needed by al scientists: a belief in ones own abilities, the ability to work with
others, and the ahility to learn the difference between guessing and interpolating. These are the useful
attributes of the field geologist. Thus, what the GEOTEACH participants experienced quite accurately
mirrored the Situation new geologists encounter when they firg tried to actudly “do geology.”



Participant PRE POST PRE POST PRE POST PRE POST

Number of Number of

Number of Number of
accurately accurately

level two  level two

Hirearchical Hirearchical

levels other levels other Described Described

than domain than domain links links concepts  concepts concepts  concepts
used used
Ann 3 5 0 0 3 3 7 16
Chris 1 4 0 0 1 4 6 30
Julia 1 3 0 0 5 5 6 30
Karen 0 7 0 0 1 3 10 22
Kathy 0 3 0 0 0 3 6 26
Paula 4 3 6 20 1 4 14 19
Sheba 2 5 0 0 1 1 6 13
Mean 1.6 4.3 0.9 2.9 1.7 3.3 7.9 22.3
Median 1 4 0 0 1 3 6 22
Mode 1 3 0 0 1 3 6 30

Table 1. Comparison of selected characteristcs of pre- and post-experience participant concept maps.



Question Mean Standard
(4 =strongly agree, Deviation
1 =strongly disagree) From Mean
1. Thisexperienceis beneficial to teachers. 4.00 0.00
2. Thisprogram isuseful for classroom teachers. 3.75 0.46
3. The program was successful is exposing meto 4.00 0.00
geology field work.

4. This program gave me a better understanding of how 4.00 0.00
geologic mapping is done.

5. ' amintimidated by the professional geologists. 113 0.35

6. Field techniques taught during this program could be taught to 3.88 035
other classroom teachers.

7. Some of these field techniques could be taught to students. 350 053
8. My expectations were met by this program. 4.00 0.00
9. The program needs considerable improvement before being 150 053

implemented again.

10. | enjoy doing field work and research. 4.00 0.00
11. If given the opportunity | would participate in another field 4.00 0.00

based program.
12. The staff was helpful in achieving our goals. 4.00 0.00
13. | have a better understanding of geology concepts after 4.00 0.00
attending this experience.
14. Projects were reviewed and returned in atimely manner. 3.50 0.76
15. Journaling is not worthwhile. 175 0.89
16. Theinstruction provided during this experience was adequate. 3.63 052
17. Seeing models of each of the products before doing them would 313 0.64
have been more helpful.
18. The experience was overwhelming or debilitating. 125 071
19. The experience was frustrating. 250 0.76
20. Assuming a different role each day in groups was a good way to 200 107
learn skills.
21. We should follow up his experience by applying our skillsto an 375 0.46

unknown area.

Table 2. GEOTEACH Lickert Instrument Final Evaluation Summary
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