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EH1EET 1

“Preparing K-6 Prospective Teachers to Teach Science: Content, Pedagogy, and
Informal Learning Environments”
Dr. Janet Kelly (Texas Christian University)

It is a great honor to be here. Thank you very much for having me. 1 would like to say a special
thank you to Dr. Kamei for his invitation and his hospitality and to Dr. Takahashi and to Maiko for
her hospitality and kindness. They have been very gracious, so thank you.

I was invited to talk to you about the training of our prospective teachers at TCU, Texas Christian
University in Texas, Fort Worth, Texas, and the collaboration that we have had with the Museum of
Science and History Fort Worth.  What | will do is break the conversation into two parts. | will
talk about the structure of the course itself and then | will talk about the outcomes that we measured

from the course. So please if you have questions ask.

TCU and Fort Worth Museum of Science and History Collaboration

The collaboration began in 1993. It actually started with two science educators that decided that
they needed a place outside of the formal university setting or classroom. So they went to the
museum because the museum offered a different type of educational experience than the traditional
classroom. We have one major museum of nature and science in Fort Worth, and so they went
there. And conversations began in 1993. | joined the faculty in 1994. With Exxon grant money,
the museum was able to create a space, a little smaller than this room that became a Hands-On
Science facility for the public and also for school-age children and teachers. Essentially what it
was was an organization of different science experiments around the room and everyone could come
in and at their leisure, they could choose what they wanted to do. So Hands-On Science was born
out of that and essentially the idea was that there would be interactive engagement in this space, and
it worked.

The beginning was 1993. My course, the science methods course for elementary teachers, began in
1994. The partnership was due to mainly collaboration, lots of discussion with the museum people
as well as the science education faculty. But we did not have a structure; we did not have any
organization in mind when we did this. So, we tried a bunch of different things and finally decided
that in order to make our pre-service teachers comfortable in learning science, because most of them
do not know science, we would give them the opportunity with a little structure, but the opportunity
to explore with elementary students. So there was no one-upmanship if you will, meaning that the

elementary teachers were higher-up than the students themselves.
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About the Study

This study took place over a 4-year period. | had 230 students total, roughly 25 to 30 in a class,
219 females, lots of females, and only 11 males.

The background of the students before they came to my class, they were all juniors in college, so
they are third year. They all had completed two science courses with labs, traditional university
science experiences. They had one-level of college math, not calculus, some of them had calculus
but most of them were introductory, pre-calc were topics in that course.  All of them had completed
at least 2 years of high school science. When this program started, quite a few years ago, there was
only 2 years of science for our students to graduate from high school. Now the State of Texas

requires 4 years of science. So we are trying to improve student understanding.

Science teaching at the Elementary Level

What we know about the elementary science teacher, and 1 am mentioning this because it helped me
develop the course. We know that our science teachers do not have a strong background and they
are very uncomfortable with science. We also know that they teach the way they were taught and
most of them were taught in a traditional classroom, with a traditional lab situation. And for many
of the females this presented a very uncomfortable situation because they have been told in our
culture in many instances that females do not excel in science the way males do. So there was a
comfort level that was not too good.

The other thing that we know about elementary science teachers is they teach in our traditional
delivery lecture content, then they reinforced their content with activities from the book, very little
hands-on science. So, one of the things that | was hoping to do was to present a hands-on science
learning environment for my students in the science methods class.

Lee Shulman wrote an article in 1986, it is old, but it is still very pertinent and he said that the best
teachers are those that combine their content knowledge, so their science understanding, with the
appropriate pedagogical practice. What we have discovered is with our teachers they might know
some content, but they do not know then how to teach it, or they might know the hands-on activities
but they do not know the content to back it up, so it is not always side-by-side with this pedagogical

content knowledge that they need.  So that was a major consideration for me.

Restructuring the Science Methods Course for Prospective Teachers

I modified the class so that my students, once they graduated, could take what they did in my class
and use it in their own science classrooms and also take their students to the museum for their
informal science component. | also did a hands-on component, which was a major part of the
course, that increased the pedagogical experience and practice.

Again my major goal was to give these teachers, these prospective teachers something to work with
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so that they could then take it into their own classrooms. And | was not confident that that would
happen, but | wanted to try.

What | know about science teaching for literacy, we want our students to know relevant science, so
that even if they do not know the content, maybe they will know how to investigate or find that
information on their own because many of them do not know how to do that. So, my teaching
focused on conceptual understanding, facts first basic information into the next level. We tried to
give them hands-on problem-solving experiences so that they get a better understanding and an

interest in science.

The Structure of the Elementary Science Methods Course

The structure of the course, it was 16 weeks, one semester. The class met for 3 hours a week. |
chose usually four different topics, but my staples, every semester | will try to do microbiology
because that is my area and | know something about it, and light because | incorporated light with
the senses. And then the others might vary. These courses are all taught at the elementary level
according to our national standards in science, so | tried to choose topics that | knew the teachers
would be able to use later. Now, out of the 16-week classes, 12 classes were held in the regular

classroom and four classes met at the Fort Worth Museum.

Major Points of the Course

There were major points about the course that | tried to focus on in terms of the way | delivered it.
I used a constructivist perspective and the research says that for a constructivist perspective for the
students to build on that prior knowledge that hands-on activity of course is the best, discussion is
next, group activity and interaction also is very acceptable with our students and they like that
exchange, and then we did some problem-solving of course with the hands-on, but | also did it in
conjunction with assessment.

We also besides trying to teach from a constructivist perspective, | wanted to increase their interest
and attitude, awareness in science, and it was against me at the beginning until we got into it, so that
they could see that it was more than the traditional science experience.

The learning environment, we had two learning environments. We had the traditional college
classroom and we had the museum. And the formal learning environment, the format, | talked
about the research on learning, about teaching others, and about hands-on science and experience
meaning that students learn most effectively with that. | talked about effective science teaching,
teaching with enthusiasm, clarity, and very instructional routine, the National Standards and the
Benchmarks 2061. | tried to parallel with that.

In Richard Feynman’s article in The Physics Teacher, | use that because it is a long article but it is
great and | used it because it laid the foundation for science beyond facts and it talked about how
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observation and inference was critical. Then we would process skills with a scientific method

separate from the content, then | integrated it into the content.

Informal Learning Environment: Museum Visits

We did the four visits at the museum.

The first visit, we did the behind-the-scenes so that my students could see what actually went on in
the museum and how things were set up for the students.

The second and third visits, side-by-side learning. We had a prospective teacher paired with two
students from various elementary schools in Metroplex and they did science explorations together.
In many instances, the children were brighter about the topics, had more knowledge about science
than the prospective teachers. But in this environment, my students did not feel threatened by that.
Third visit again, side-by-side science.

The fourth visit, they did learning centers, and | will talk a little bit more about that in a moment.
My students created their own learning centers and then they tested them at the museum using

groups of elementary children.

Curriculum Development

Another component of my course, they had to do curriculum development. A lot of our teacher are
involved in skills and sequence curriculum development. And so many of them did experience in
small groups.

We did curriculum development in two areas: we did units which gave them an entire semester to
create, and we did learning centers. And | will talk a little bit more about that in a moment. In
curriculum development with the unit, they had to in essence create a literature textbook so that they
picked their topic and they had to create it so that it was in depth enough that they could create five
chapters and create the pedagogy that aligned with the curriculum and they brought it themselves.
So they had to research everything and it was quite a lengthy process.

They had to create a minimum of two hands-on activities per content section. They had to do
assessment, some type of assessment for the various chapters. Then | made them go in and do an
annotated bibliography, so they had to go into the library and on the internet and search and find
additional resources that they might use. After that, | had them practice teach in the classroom.
Many of them had never taught in the classroom and they were really very nervous, but did very
well.  So they took a portion of the unit and they practice taught in their classroom. Student size
was typically between 15 and 20 students, elementary children. The curriculum units in length
varied from 75 pages to 300 just depending on what the topic might have been.

The learning centers, all hands-on, they took place at the museum and | was very proud of the
students. They created five stations for the learning center and groups of elementary students
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walked around and spent 20 minutes at each learning center that my students had developed. There
was interaction for that length of time and everyone was doing the science and it worked very well
and it gave my students a chance to practice small group teaching.

The last thing that my course entailed and | had mentioned it was the practice teaching experience.
They got to teach in a classroom and with the learning centers at the museum.

This is kind of the summary of the course that | just talked about and the two main pieces of course
are the content and the process in both formal and informal learning environments. Field

experience varied and the curriculum development, in both the units and the learning centers.

Findings: Pre- and Post-Course Questionnaire

I collected data from three different sources over the 4-year period. | did the pre-and
post-open-ended questionnaires, so | analyzed the data for student response. Then I did a pre-and
post-content assessment.  Many problems found in 4 question zone, was forming of data just to see
what the students picked upon in two different areas and in curriculum units and that is what I found
out, very similar to what your findings are. 50% of our students on the front-end did not like
science. After the course about 90% of them felt like that their attitude and interest in science had
improved.

So, a lot of it was | think the museum experience and the opportunity for interaction. And there are
two other teachers right there, myself and my colleague Dr. Stetson talking while our students are in
classes. Student confidence, 25% of the prospective teachers responded that they felt prepared to
teach science. So 75% of them did not feel comfortable with the topic at all. ~ After the course and
their teaching experiences, 90% said they felt comfortable teaching the science. So that was a huge
change. | was surprised by the numbers on that.

Regarding the pedagogy in teaching strategies, only 35% of them when asked about constructivism
could respond with any of the basic tenets or explain the term. And it was not the term so much
that | was looking for, it was the understanding and the concept and they did not know. After the
course 96% of them could efficiently explain the basic tenets.

When | asked them what hands-on meant to them, 67% of them said it was a physical manipulation.
After the course, they realized that physical manipulation was part of it, but it was a lot more
involved than that with the interaction and investigations, and 94% of them responded with
appropriate examples.

Actual collection of some data for analysis.

When surveyed initially only about 10% of the students that | had said that they never had any type
of group experience in science other than a formal lab investigation where they were partnered with
another person. | am a strong believer in group work, 3 to 5 people in the group working together

for brain-storming possibilities, so we did a lot of group work and discussion small group rather than
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just paired investigations in the laboratory. And 92% of them after the course responded in a
positive manner toward it.

When it came to the curriculum, most of the students had never had any experience writing
curriculum. A few of them, one-fifth of them had experience writing curriculum.  After the course
90% of them understood what it was to create curriculum and write it and develop it and then 94%
of them had a field-testing of course at the museum with their learning centers with the student
beneficial to their learning process.

Fewer than 25% of the students had been practice teaching in the elementary classroom or in a small
group setting.  So the first time the taught, they were very nervous, but the more experience they
had teaching, because this was a year prior to their student teaching experience, they got more
comfortable. All of the students had experienced teaching in small group and even more in
classroom situations.

Here is my informative data on pre-and post- on problem-solving questions. They were
open-ended questions. | asked them to explain the science behind four different questions. It was
a parallel formal test, the pre-test was not the same as post, but the questions were similar so | could
measure accordingly. | rated it according to no knowledge, some knowledge, and understanding.
I did not report the some knowledge here, but on the no knowledge the students had a fairly good
grasp of microbiology concepts, no knowledge ranged on a pre-test from 12% to 34%; on a post-test,
huge jump 73% to 92% with understanding. And there were four questions that | asked.

In light, 37%, over one-third to over half of the students had no knowledge in light or any concept
related to light that surprised me. | knew it would be fairly large, | did not expect those numbers.
After the study of light, the understanding ranged from 79% to 84%. Here are the four questions in
detail.

Prospective Teachers Become Classroom Teachers

The last piece of this, my students had a chance, because it is a 4-year study, my students had the
chance to go out and teach and | would say 80% to 90% of the students that | have at my university
staying in Dallas Fort Worth area, so that meant for me that they have the opportunity to come back
to the museum to bring their own class of students. So, when | discovered and | surveyed the
teachers that responded, these new teachers about having class, this is what came out of it. | found
that they used the curriculum units because it is their only opportunity to create a whole unit in
advance of their teaching.

Here is a teacher in a classroom teaching her students.

More importantly, we found that a large percentage of them opted for informal learning experiences
at the museum, at the zoo, and at our botanical gardens, so they expanded as our class did
individually from the museum to other informal learning environments in our area and this was a
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very profited part of the learning experience for the children. We found that they taught the process
skills and they used a lot of the strategies that we used in our classroom, in their own classrooms.
So they were teaching what they were taught.

Out of the ones that responded, we had three new teachers saying that they created their own science
centers at their schools. So they took a classroom and turned it into an informal learning space for
science. This was a field that was beside one of the schools and this teacher took her students out
regularly on field trips.

Someone, although it is not surprising, but it is disappointing, the new teachers reported that they did
not have enough time to prepare hands-on science lessons because they are generalists, they teach all
topics like your teachers do, and they just simply did not have preparation time to do as much of it as
they wanted. They did it, but they needed more time. We are getting there, we are not there yet.
They also discovered that because they were new teachers and were doing new approaches that the
teachers that had been in the schools, the older teachers, were not receptive to their new ideas and so
that made them very uncomfortable and they were afraid because they were young and they were
new. Thatisit.

Questions? Thank you.
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TCU and Fort Worth Museum of
Science and History Collaboration

Preparing K-6 Prospective « Discussions began in 1993 between TCU

Teachers to Teach Science: science education faculty and museum
personnel.

e With Exxon grant funds and museum support,
Content, Pedagogy, and Informal Hands-On Science was created. This space
Learning Environments was created for children of all ages to “do”
science.

e Later, this space became the site for this study.

TCU and Museum Partnership

About the Study

Success of the Partnership is due to: «Qualitative study that

took place over a 4-year
period.

*230 prospective

teachers participated
(about 25-30 students

per class); 219 of these
students were female; 11 *
were male.

COLLABORATION

Academic

Background of — :
Students Prior to s —- What the Research

Taking the Science - o = 5 Says About Science
Methods Course i Sl 4 Teaching at the

Elementary Level
*All students completed Y

two (2) science courses
with a lab component. | 1. Most elementary
*All students completed '| teachers do not have a
one (1) college-level math =

class. . D . strong content

*All students completed  *| background in science. |
at least two years of =

science courses during

high school.
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What the Research
Says about Science
Teaching at the

What the Research Says Tarae e

about Science Teaching

at the Elementary Level ; 3. Elementary e
=) : teachers often teach o - &y
LD $ science in a traditional by -

2. Teachers teach classroom using a - 3 ‘
the way they were lecture delivery of
taught. factual content

introduced or

reinforced by textbook

readings.

What the Research

Says about Science Restructuring the
Teaching at the Science Methods Course
Elementary Level . for Prospective Teachers
E The science methods course
. ’ was modified so that

in the classroom, ¢ . prospective teachers were
teachers need what ¢ . given opportunities to:

4. To teach effectively

Lee Shulman calls - : eInvestigate science content in ‘
pedagogical content L different learning

environments (classroom and
knowledge. museum)

CONTENT * Explore different pedagogical
+ practices (hands-on activity

: etc.) that promote learner
PEDAGOGY (appropriate understanding.
practices)

Effective Science
Teaching in the
Elementary
Classroom

Active and engaged activity
through inquiry promotes:

Goal of Science
Methods Course

To provide a learning

and teaching |

framework for TCU : il ¥ Conceptual

prospective teachers L understanding

that they later adapt & Ta v'Problem-solving

to use in their own V& / abilities

science classrooms. p— - v'Interest and curiosity
about science
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The Structure of the
Elementary Science
Methods Course

*16-week course

*Class met for 3 hours/week
*3-4 science content topics |
presented (microbiology,
light, weather, the senses)

4 classes were held at the
Fort Worth Museum of
Science and History (3-hour
classes)

The Science
Methods Course
Focused on the
Following Major
Points

2. Interest and Attitude in
science by relating content
in a real world context.

Formal Learning
Environment

Class Format

*Research on Learning
*Research on Effective
Science Teaching

*National Science Standards
*What is Science? (Richard
Feynman'’s article, “What is
Science?” From The Physics
Teacher, 1968, vol. 7, issue 6,
pages 313-320)

*Process Skills and Exploration
*Content Subjects

31

The Science Methods
Course Focused on
the Following Major
Points
1. Constructivist
Perspective
» Hands-on (inquiry-
based)
investigation

» Discussion
» Group work

» Problem-solving
(assessments)

The Science Methods Course Focused on the
Following Major Points

3. Learning Environments
» Formal Learning Environment
Traditional Classroom
» Informal Learning Environment
Museum

Informal Learning Environment:
Museum Visits for the Semester

Four visits were made to the museum during
the course.




Informal Learning
Environment:
Museum Visits for
the Semester

15t visit

v'Tour of Museum
and Overview of
Museum Services

v Glimpse of “behind
the scenes”
prep/staging areas
And storage areas

Informal Learning
Environment:
Museum Visits for
the Semester

3" visit

v'Side-by-side
explorations with two
prospective teachers
paired with two
elementary students to
“do” science

The Science Methods Course Focused on the
Following Major Points

4. Curriculum Development

> UNITS

> LEARNING CENTERS

Informal Learning
Environment:
Museum Visits for
the Semester

2nd yisit

v'Side-by-side
explorations with two
prospective teachers
paired with two
elementary students
to “do” science

Informal Learning
Environment:
Museum Visits for
the Semester

4t visit
Learning centers were

“fiald +tactad” Dairg of
T1€1G t8SIEG . air's OF

prospective teachers, who
created the learning
center, presented it and
acted as facilitators to
small groups of
elementary school
children.

Curriculum

Development: Units
*The curriculum unit (content
+ activities) was developed
by pairs of prospective
teachers:

*Five (5) content sections on
topic of their choice.
*Minimum of two activities
per content section (and
answer keys)

*Assessment

*Annotated bibliography
which included technology
applications

*Part of the unit was taught
in the traditional elementary
classroom by the prospective
teachers.




Curriculum
Development:
Learning Centers

Learning Centers

*5 stations (one learning
center) related to
prospective teachers’ unit
topic

*Hands-on activities were
required for all 5 stations
sLearning centers were
implemented at the
museum with elementary
students (groups of 4-6
elementary students
circulated to different
learning centers).

Learning Center

Data Collected

*Pre- and Post- Course
Questionnaire

*Pre- and Post-
Content Assessment

eCurriculum Units
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The Structure of the Elementary
Science Methods Course

5. Practice Teaching Experiences
» Classroom Teaching (in schools)
» Learning Centers (at the museum)

Science Method Course

| Curricatum |

‘FleIdExperlences‘ ! Content]  Process .Development

| Approach |
!

Formal Informal
Learning Learning
_Environment Environment

Discussion G—
e roup

\Reflection |~ Work

Hands-On
Activities

Findings: Pre- and Post-
Course Questionnaire

Student Attitude and
Interest in Science

Pre-Course

*Over 50% of prospective %

teachers responded that Ieg 3

they did not like science i i

(i.e., most students stated h
. . —

they did not like the way .

science was taught) 4

Post-Course !
*Over 90% of prospective ’
teachers felt that their

interest and attitude about
science improved after the

class.




Change in Science Attitude and
Interest

&
&

g

Change in Science Teaching Ability

Change in Teaching Ability Confidence

Findings: Pre- and
Post- Course
Questionnaire

Student Confidence in
Teaching Ability
Pre-Course

*25% of the prospective
teachers responded that
they felt prepared to teach
science.

Post-Course

*Over 90% of the
prospective teachers
stated that they felt more
confident in their ability to
teach science.

Findings: Pre- and
Post- Course
Questionnaire

Pedagogical Knowledge
and Teaching Strategies

Pre-Course

*Only 35% of prospective
teachers explained the
basic tenets of
constructivism and its
classroom applications.

Post-Course

*96% of students
explained the basic tenets
of constructivism and its
classroom applications.

Findings: Pre- and Post- Course
Questionnaire

Pedagogical Knowledge and Teaching Strategies
Pre-Course

* 67 % of prospective teachers provided an example of
hands-on activity other than a physical manipulation.

Post-Course

¢ 94% of TCU students accurately described hands-on
activity. It was the most preferred method of teaching
science followed by discussion (5%) and demonstration
(1%)




Change in Understanding of “Hands-

o n
” : Hands-on
On” Terminology

- ) &i J
NS pUN
'é'"- o --q‘f , 2,
s A :-v}f j
4 A

B
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Findings: Pre- and Post- Course Questionnaire

Pedagogical Knowledge and Teaching Strategies

Pre-Course

e About 10% of students indicated that they did not
“do” science in groups other than in a laboratory
investigation (grouped in pairs).

Post-Course

e Over 92% of prospective teachers felt that group
work was beneficial for brain-storming activity and
problem solving.

Change in Group Work Perceptions Science Investigation in Groups




Findings: Pre- and Post- Course
Questionnaire

Pedagogical Knowledge and
Teaching Strategies
Pre-Course

eLess than 18% of prospective
teachers possessed
curriculum-writing experience
(e.g., lesson planning or unit).
Post-Course

*Over 90% of students
reported a better
understanding of curriculum
development.

*94% of students rated the
learning center development
and “field testing” at the
museum a tremendous
success.

Findings: Pre- and Post- Course Questionnaire

Pedagogical Knowledge and Teaching Strategies
Pre-Course
* Fewer than 25% of prospective teachers had practice

teaching experience in the elementary classroom or
in a small group setting (e.g., museum)

Post-Course

* 100% of students taught a section of their unit in
the elementary classroom.
* 100% of students “field-tested” their science

learning centers with elementary students at the
museum.

Traditional Classroom Teaching

Change in Understanding of
Curriculum Development

Change in Teaching Practice
Experiences

Informal Learning Environment:
Museum




Findings: Pre- and Post- Content Cha nge in Understa nding of
Assessments . .
Microbiology Concepts

Pre — test in Microbiology
(4 problem questions)
Prospective teachers with
no knowledge of topic
ranged from 12% to 34%
(different questions).

Post — test on Microbiology
(4 problem questions)
Prospective teachers
demonstrated
understanding of topic
ranged from 73% to 92%
(different questions).

Findings: Pre- and Post- Content Change i UnderStandmg of nght
Assessments Concepts

Pre — test on Light (4
problem questions)
Prospective teachers had no
knowledge of topic ranged
from 37% to 63% (different
questions).

Post-test on Light (4
problem questions)
Prospective teachers
demonstrated
Understanding of topic
ranged from 79% to 84%
(different questions)

Teaching from a Science Unit

Prospective Teachers Become Classroom
Teachers

1. They used the curriculum units they developed
to teach science.




Teaching Science in the Classroom

Prospective Teachers
Become Classroom
Teachers

3. As teachers, they
incorporated
investigations used in
the science methods
class into their own
classroom curriculum.

Prospective Teachers
Become Classroom
Teachers

5. They did not have
sufficient time to
prepare and teach
hands-on, inquiry-based
science.

Prospective Teachers
Become Classroom
Teachers

2. They took their
students to the
museum on field trips.

Prospective Teachers
Become Classroom
Teachers

4. They created
“science centers”
(informal learning
environment) in their
schools.

Prospective Teachers
Become Classroom
Teachers

6. As teachers, they did not
always have school support
for teaching innovations.




QUESTIONS?
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