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Problem

Initiating, conducting, and maintaining a sense of inquiry as a part of instruction
in science is a highly complex form of teaching. Understanding the nature of this kind,
or better said, these kinds of instruction, is a major implication of the National Science
Standards (NRC, 1996). Just as the professional pursuit of science knowledge is
multi-faceted, both plodding and imaginative, the nature of inquiry-oriented teaching is
multi-faceted. Inquiry-oriented instruction is direct and informative as well as
innovative and generative. The teacher is constantly adjusting instruction to
accommodate students, materials, space, and time. Research studies attempting to
understand this form of instruction have been relatively silent on the actions of the
teacher. Observations have focused heavily on students and materials. Researchers
have examined instructional processes in terms of parts and in terms of a whole.
Studies of parts have examined design of materials (Anderson & Roth, 1989), structure
of long-term projects (Crawford, 1996), classroom tasks (Sanford, 1987), open-ended
inquiry (Roth, 1994), and grouping of students (Carter & Jones, 1994). Studies taking
a holistic perspective of inquiry teaching have provided more information about the
teacher's role by examining metaphors or mind frames of teachers (Tobin, Kahle, &
Fraser, 1990) and teacher understanding of inquiry teaching models (Flick, 1996).

This study has focused on middle level classrooms. The greatest decline in
attitudes toward science comes between grades 6 and 7 for males, females and
blacks (James & Smith, 1985). At the middle level, science has become a separately
graded subject. Its abstract and often counter-intuitive content puts stress on newly
developing cognitive skills and often poorly developed study habits. The nature of this
new subject may not be presented in a way that is very appealing to students who are
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beginning to examine their world with new eyes looking out from a rapidly developing
body and new, untested, social skills. Adolescents are beginning to think in abstract
terms that can consider more than one dimension of a problem but often require
concrete reference points (Keating, 1990). A better understanding of science
instruction in middle level classrooms is crucial for designing instruction that maintains
student participation in science so that they don't limit their options in high school
(Carnegie Foundation, 1995; Kelly, 1987).

This study took a holistic perspective of inquiry teaching by examining the
alignment among teacher intentions, teaching practices, and student perceptions of
teaching practices. The first part of the study examined alignment between teacher:
intentions for instruction and classroom teaching practices. The second part of the
study examined alignment between teaching practices and student perception of
teaching practice. The study is based on data collected from teachers participating in
an NSF project, Integrated Science Concepts (ISC), that presented constructivist
teaching strategies, elements of the nature of science, and integrated, thematic
concepts in science to elementary and middle level teachers.

For the purposes of this study, the notion of constructivist-based teaching
practices and inquiry-oriented teaching practices have been conflated. The two terms
were used more or less interchangeably during ISC workshops and teachers used
them interchangeably during interviews for this study. Discussion of inquiry in the
National Science Education Standards (NRC, 1996) includes many references to
teaching practices that are consistent with constructivist-based pedagogy. A type of
inquiry teaching that prompts student thinking in terms of current ideas and promotes
safe, free expression of those ideas is consistent with the developmental needs of
early adolescent students (Keating, 1990). The term "inquiry-oriented teaching" will be
used to refer to this form of inquiry teaching throughout this paper.

Specific research questions were:

1. Are teacher intentions for instruction valid representations of recommended
classroom practice presented in ISC workshops?

2. Do live and video tape observations of teaching practice align with teacher’s
verbalized intentions? '

3. Are student interpretations of teaching practice aligned with teacher intentions?

4. Are student interpretations of teaching practice aligned with observed teaching
behavior?
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Subjects

Three middle level teachers and one fifth grade teacher were selected from a
total of eight teachers participating in ISC who taught either middle level or fifth grade.
Fifth grade teachers were included in the study to increase the number of teachers
from which to choose. We also thought that a classroom on the entry side of the
transition to middle level might offer another interesting contrast. Teacher selection
was based on criteria derived from observations of teachers during ISC workshops,
from lesson plans and journals required by the project, and from video tapes of
classroom teaching taken prior to the start of the program. These data were used to
select teachers who represented different teaching skills with respect to the inquiry-
oriented objectives of ISC (see Table 1).

Teachers were given the Classroom Learning Environment Survey (CLES)
(Taylor, Fraser, White, 1994) and the Science Teacher Efficacy and Beliefs Inventory
(Enochs & Riggs, 1990) prior to the start of the ISC program. Table 2 compares the
scores of the four study teachers with the average scores of the four who were not
selected.

Methods

The questions this study proposes to answer are made complex by being
rooted in the thoughts of teachers and students operating in real classrooms. Semi-
structured interviews and classroom observations using high inference techniques
have been used to create four case studies. The cases are described through the
words of the teachers, the words of their students, and the reflections and synthesis of
the authors. Insights into the practice of inquiry-oriented instruction have been derived
from both individual cases and from ad hoc comparisons across cases. The results of
this study can be used to raise new questions and propose study techniques that seek
more precise connections among factors that constitute the complex learning
environments of inquiry-oriented classrooms.

Each teacher was interviewed using a protocol based on segments of the CLES
and the STEBI (see Fig. 1). The first author designed the protocol to allow teachers to
characterize their classroom instruction and to elicit their intentions for the unit of
instruction observed for this study. Segments of the CLES and STEBI that most
closely matched the content of ISC workshops were selected as design parameters.
Content validity of the protocol was independently assessed by the second author.
The second author was very familiar with the content of the workshops as well as the
CLES and STEBI. It was noted that the segment of the CLES concerning science
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learning outside the classroom, "Leaming about the World," was omitted from the
protocol. While it was a relevant part of the ISC workshops, this study focused on
classroom practices and student perceptions. To some extent, teacher views related
to learning science outside the classroom were covered by other parts of the protocol,
for instance, the questions on expression of ideas (see Fig. 1). The interviews lasted
between 45 minutes and to an hour. These interview data were also used to establish
teacher intentions for specific inquiry-oriented teaching practices as well as to assess
their interpretations of practices recommended in ISC workshops. The reliability of the
protocol was assessed by successively comparing responses across teachers. There
were no major variations in how teachers responded to the questions. Had there been
a problem with teacher interpretation detected in the responses, previously
interviewed teachers would have been contacted to double check their interpretations.

Partial transcription and field notes of two video taped class sessions and two
visits to each classroom provided data on actual teaching practices. All of the
classroom observations occurred during the teaching of a single unit that was derived
from a topic or theme in the ISC workshops (see Table 1). Teachers were to employ
inquiry strategies modeled and discussed in ISC workshops during the teaching of this
unit. Field notes were compared to interview protocols to assess alignment between
implemented teaching practices and teacher intentions.

Students were interviewed to assess student perspectives of teaching practice.
Teachers were asked to select approximately six students for interviewing based on
the criteria of providing a cross section of conceptual understanding of the science
subject matter and an even distribution between males and females. Thirty students
were interviewed across the four classrooms (see Table 3). The student interview
protocol was organized into three parts. The first part concerned the content of the
observed teaching unit. This segment of the protocol served as a check on student
awareness of the overall content of the class. We reasoned that students able to
coherently discuss the content of the class would offer a more valid impression of
instruction. This would be true even if student understanding of the content was low.
Each teacher collaborated with the first author in the design of interview protocols to
address the content they taught in the observed unit. Classroom materials used
during instruction prompted student thinking about the target science concepts.

The second part of the interview focused on student understanding of the nature
of science. Understanding the nature of science was an overarching theme of the ISC
project. It was the glue that connected constructivist-based teaching practices to
inquiry-oriented science teaching. We reasoned that students able to discuss
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elements of the nature of science in a meaningful way would offer a more valid
impression of inquiry-oriented instruction. Broad categories relevant to student
conceptions of the nature of science were identified from Lederman's (1992) review of
the literature on the subject. The categories and interview questions designed to
address each category were reviewed for content validity by a high school teacher
who is familiar with adolescent students and has studied the literature on the nature of
science (see Fig. 2). He noted that asking, who are scientists and what do scientists
do, are not part of nature-of-science instruments. While these categories were useful
in establishing concrete referents for discussing the nature of science, they were not
used to assess student understanding.

The final portion of the interview concerned student perceptions of teaching
practice. These questions were designed in a manner similar to the teacher interview
protocol. Again the second author who is familiar with the constructivist content of the
teacher workshops checked the content validity of the questions (see Fig. 1).
Questions related to "Learning about the world" were omitted from student protocols
also. This served to maintain a focus on classroom practice and paralleled the teacher
interview.

Analysis

Studying discourse in various settings is an appropriate context for applying
social semiotic analysis. Social semiotic analysis systematically examines various
forms of communication for the purpose of understanding how people make meaning
(Lemke, 1990). Social semiotics is concerned with the contexts in which socially
meaningful acts take place as well as with relationships among practices, processes,
and themes that emerge from an analysis of social activity. This type of analysis has
been made of classroom discourse of students and teachers (Cazden, 1988; Pimm,
1987) and in studies of a variety of adult activities (Resnick, 1991).

The goal of social semiotics is to identify major themes or unifying concepts that
tie otherwise disparate chunks of discourse together. Where this holistic picture is
understood to be coherent by other individuals equally informed on the subject of
interest, then the interpretation is considered meaningful (Lemke, 1990). Social
semiotics tracks the construction of meaning by associating discourse from different
locations or times but where that discourse shares a common base of experience and
information as happens with classrooms. The analysis examined the discourse of
teachers talking about their teaching, the discourse of the classroom which constituted
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a sample of the practice of teaching, and student discourse describing teaching as it
related to that individual student or segments of the class. ,

The analysis involved a systematic examination of the teacher interview to
establish what instruction was intended to accomplish with respect to classroom
inquiry. These intentions were captured in broad themes that emerged across the
interview. Partial transcriptions of classroom video tape and field notes from
classroom observations were analyzed for how consistent they were with respect to
these instructional themes. In a similar manner, student interviews were analyzed for
expression of these same themes. For instance, an instructional theme might be that a
goal of instruction was to elicited student thinking. To be established as a theme
within the interview, this idea had to be made explicitly in at least two different points in
the interview. Data from classroom observations were examined for evidence of
teaching practice designed to elicit student thinking. Student interview data were also
examined for responses that explicitly describe teaching activity designed to elicit
student thinking. At the same time, these data were also examined for evidence that
ran counter to the themes.

Results

We will first consider data relevant to the first research question: Are teacher
intentions for instruction valid representations of recommended classroom practice
presented in ISC workshops? This question was assessed in part by examining the
alignment between themes that emerged from teacher interviews and the CLES
subscales. To be counted as a theme, the idea had to be raise at least two times
during the interview sufficiently removed from each other to be considered
independent. Teacher themes are found in the first column of Figures 3 through 6.
These figures outline data consistent with themes for each teacher. The second
column shows the CLES or STEBI scale that is most closely related to each theme
along with the teacher's score on that scale.

A simple count shows that 10 themes were related to CLES categories versus
11 themes that were related only to the STEBI or neither. Given the amount of
discretion allowed each teacher to talk about teaching, these results will vary in part by
the quantity of teacher talk. However, nearly half the substantive talk, as measured by
identified central themes, was focused on themes that aligned with inquiry-oriented
instruction. We concluded that teacher intentions were aligned with inquiry-oriented
practices with respect to CLES categories.
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Teacher interview data were examined for its relationship to inquiry teaching
themes. There was considerable variation conceming how teachers implemented
their inquiry-oriented instructional intentions. They ranged from Davidson having the
impression that specific science knowledge should generally not be told directly to
students to Lesh and George having very specific expectations about what students
should know. There was considerable agreement across the four teachers that
students should be encouraged to share their own ideas about science concepts in
class and with each other. There was agreement that science learning occurred when
students were working together. However, student interactions were structured
differently across teachers. What follows is a brief description of each classroom
" derived from teacher interviews and expressed, in part, through the voice of the
teacher. This characterization will be compared with results from classroom
observations and student interviews.

Ms. Jenks, grade 7

Jenks treated student ideas and student talk with a high degree of respect. She
believed it was important to generate student ideas about a topic before formal
instruction in order to structure further instruction and to foster student thinking.
Student expression was encouraged throughout instruction by varying instructional
strategies and providing opportunities for student expression. She also recognized
limitations in divergent teaching strategies.

| would say my class, what | think what | wish would happen doesn't always
happen....see what kinds of things they know, ...we do a warm-up thing every
day where they have a couple of questions that sort of settle them when they
come in, they have something to do. Some of those are review from what we've
done before, but as | go into a new unit | often use them to just see where
they're thinking, and it's definitely a group picture. | use that, and it really only
gets those people who will respond.

She employed text-based material and worksheets to explicitly instruct students
on a particular topic. She felt that this was a comfortable and secure mode for some
students and for those who were not responding, this is one way of getting some
response to specific content. Time- and energy-intensive forms of constructivist
practice must also be balanced by text-based, explicit forms of teaching as a fall-back
position just to survive the job from day to day.
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Mr. Davidson, grade 5

Davidson expressed a sincere interest in helping students explore a topic
based on their own developing knowledge. However, his view suggested that a
constructivist teacher does not give information to students. Rather, the teacher helps
students ask questions and guides their activity toward obtaining an answer. This
generated concern that there was no way to assess what students were learning other
than by listening to their questions and observing their activity. The following excerpt
captures the essence of Davidson’s perspective.

Well | see myself not telling the facts, not giving them information only as a
springboard to question. | think that was the basic difference in what | was
teaching before and how | was teaching. ...What | really liked about the
constructive point of view was to let the kids kind of lead in their questioning and
then going and creating a curriculum about what their questions were. | like that
approach because then they are involved. Then you're taking what they're
interested in and what their questions are and trying to create an atmosphere
where they can find out on their own. So there's a lot of things | resisted. One
thing | resisted was the open-endedness of no closure on a lesson. It bothered
me for a long time this year. There's no closure, there's no way of testing this,
there's no other way of knowing other than just by what the kids are saying....
So that required me to really redo a lot of testing approach, how do | know.

The omission of closure and withholding information did not represent the intent
of the ISC workshops. However, viewing video tape of inservice presentations
suggested that this point of view did have basis in workshop experience. This was
especially true if one was overly focused on the philosophy of personal knowledge
construction behind the demonstrated teaching practices. During the interview,
Davidson explicitly stated this point of view and it became one of the central themes
used in the analysis of his classroom.

Mr. Lesh, grade 6

Lesh expressed a tension between opening the class to questioning and
exploration and guiding students in their work. Lesh is energetic and interacts with a
large number of students during each class. There is often a sense of urgency in his
questioning as though there is a specific point to be made that is just around the

10
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corner. The following excerpt describes the source of the urgency in terms of
efficiency. The reference to the invention of writing concerns a unit on archeology.

| think that-it's hard to do but I'm working on it, is valuing all points of view,
especially the ones you know are misconceptions or inaccurate and
acknowledging that that's good and I'm glad you're thinking and trying to credit
‘ (the student with) that thinking and at the same time you want to say, but hey
writing wasn't invented for another three million years. ...l like to put kids in a
problem solving kind of situation and then ask them, how do you want to collect
the data, how do you want to display it?... The teacher in me wants to plan and
structure and organize because it's more efficient and it's more predictable. |
would like to do more of allowing kids to plan their own things.

Lesh was reflective and looked at instruction from various perspectives. He
related his broad goals for developing inquiry and expression of student ideas to the
variations he perceived in the dynamics of each class. Constructivist practices were
mediated by what engaged students quickly and effectively. If giving explicit
instructions set a task on a productive course, then he was in favor of doing that. He
also understood what could be gained when a task was less structured and what
could be lost when explicitness replaced exploration.

Mr. George, grade 7

George’s classroom was populated with live animals, such as two foot iguana,
large boa constrictor, rabbits, and guinea pigs. These animals did not play a direct
role in any of the observed lessons, but students were highly interested in their
presence. The animals were an expression of George’s belief that children should be
physically and emotionally connected to what they study.

A room without animals to me would just, | can't imagine what it would be like.
Because they are kids, that's just an automatic connectedness. ...When they
say wow, this is not a classroom, this is a zoo ya know, well that makes me feel
good. That means this is a place where they would like to come. ...On the
other hand you have the negatives if the iguana says he's gonna go to the
bathroom when you really feel like you're ...really working...that stops. You
have to wait so the animals can take the class away from you anytime they
want, it's there.

11
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George feels a tension between opening the class to questioning and
- exploration and guiding students in their work. Students have opportunities to express
their ideas but the science content forms the structure of the class.

I'm doing this constructivist thing where I'm starting to see where they start from
and | try to build on that. Once we get going on that | guess the main things that
| try to do that | feel are important, first of all | feel reading and the content area in
science is far different than the reading they do in other areas. | try to teach
them the tricks early on of how to do that, of how to read slowly. Then | do a lot
of concept and nature mapping. ...l do a lot of that and as far as introducing
material, sometimes we read it, sometimes we brainstorm it.

When asked if he involved students in helping plan the content of lessons his
reply was: “...I'll given them choices sometimes and the problem with that is it's hard to
direct their learning when they don’t know the choices.” He feels strongly that students
should be expressing what they know and what they want to know. He has developed
some specific practices for eliciting their ideas. These were in place before the ISC
project but have been treated somewhat differently in his attempt to focus on student
ideas. Through concept mapping, students should understand that there are
numerous ways information can be organized and should appreciate points of view
offered by other students.

Teacher Intentions and Teaching Practice

After establishing that teachers intended to conduct major portions of instruction
in an inquiry-oriented manner, the next question was to determine if direct
observations confirmed that these intentions were translated into observable teaching
practices. We expected this question to be made problematic by wide variations in
teaching practices. For instance, Mr. George and Mr. Davidson tended to directly
address the theme of student expression of ideas and construction of understanding.
"Ms. Jenks was more indirect. The following is a description reconstructed from field
notes in Mr. George's class.

The purpose of the class was to work on a concept of wetland.

The teacher discussed differences between a student ‘concept’ of wetland and
a dictionary definition.

12
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"Yours is more lengthy and will change to accept new information. You will
construct a concept like building a house. You know in general about a house
but not what a construction worker knows. Some of your ideas are
misconceptions."

What followed was a discussion of a general understanding of wetlands
structured around a brainstorming activity that lasted over 10 minutes. Student ideas
and questions were generated. Anecdotal evidence was marshaled from student
knowledge and experience to address questions. Teacher behavior and the structure
of instruction supported the conclusion that the teacher wanted students to use
personal background knowledge to begin building an understanding of wetlands.

Ms. Jenks followed a more indirect approach. She first initiated a specific
activity: to examine the structure and function of bird wings and feathers. Within the
context of this activity, her questioning and general open demeanor promoted inquiry-
oriented expression of ideas and application of knowledge. This description was
reconstructed from field notes.

Teacher: What job does your bird have? (behaviors in wild, functions needed to
survive) Look at wing shapes. The form follows function. Notice the soaring
birds wing.

Student: Are humming birds high speed birds?

Teacher: Good idea. (General discussion of wing types and of what different
birds do in wild. Students have little specific idea of how most birds behave.)
Teacher: Wing types are probably mixed in real birds.

Student: Should we write what wing shape mine has?

Students continue drawing and relating ideas about flying to sketches.
Teacher: Have you ever noticed bird feathers? In feathers, form follows function
as well.

Teacher prompts thinking about question and three students get involved.
Student: Would breaking a feather hurt a bird?

Student: | think where it is stuck in it would hurt.

Student: Like a finger nail.

While interview protocols showed that teachers sought to elicit student ideas,
there was less evidence conceming the role these ideas had in investigations or
activities. Student ideas played the most direct role in Mr. Davidson's class. Students

13
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were repeatedly asked to make observations, raise questions, and write them down.
Students maintained running notes from day to day in their study of snails. Davidson
periodically recapitulated their observations and questions. These open discussions
were wide ranging and often revealing about student thinking. During one
observation, 11 different students in a class of 28 expressed ideas stemming from their
direct classroom observations of snails. Davidson, however, did not lead the
discussion toward a summation or closure on particular understandings about snails.

For an observer who is looking for evidence of inquiry-oriented teaching
practices it was there to be found. All four teachers are experienced at their grade
levels and have accomplished rapport with their students and earned their confidence.
However the next important question is whether students perceived instruction as
promoting inquiry as characterized by teacher intentions. A potentially confusing
factor for students was that there were considerable variations in the way these
teachers prompted and promoted an atmosphere of inquiry, and that they also taught
using a variety of other methods. Mr. Lesh, for example, was very specific in guiding
his students through activities designed to teach aspects of the nature of science. One
session of small group work asked students to identify features of a set of rocks that
could be used to classify them into ad hoc groups. They were then to use their ad hoc
scheme on the rocks from other groups. The structure of this activity explicitly guided
students through the creation and application of a classification scheme. If asked,
would students characterize the work in this classroom as stimulating the expression
and use of student ideas? Would students recognize this type of expressive activity as
part of the teacher's intended instruction to improve science learning? Would students
agree that pursuing student thinking and sharing ideas among students would support
learning science? These are the questions to which we now turn.

Alignment of Student Perceptions
with Teacher Intentions and Teaching Practice

Are student interpretations of teaching practice aligned with teacher intentions
and with observed teaching behavior? It is convenient to treat these two questions
together. There was evidence from classroom observations for each inquiry-oriented
theme derived from teacher interviews. The observational window was too small to
claim that these themes characterized instruction in these classrooms. The student
data provided additional validation for teaching practice through student descriptions
of classroom experiences and impressions where it was consistent with teacher
intentions or less validation where students were silent about elements of teaching

14
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practice. In a few cases, student interview data was inconsistent with the teacher
intentions. Student comments also represented perceptions developed over the
school year and therefore offer a broader observational window into these classrooms.

Students were interviewed concerning their understanding of the topic of
instruction and their understanding of the nature of science. These data are more
extensive than can be reported here and are analyzed elsewhere (Flick, Lederman, &
Enochs, 1996). For the purpose of this study, all of the students were considered to
have a coherent understanding of the nature of the instructional activities. While they
ranged in their understanding of the content, they were all judged sufficiently engaged
with the class to offer valid information. Their responses to questions about the nature
of science suggested that they understood inquiry to involve the gathering and

‘communication of data as well as the importance of being skeptical and verifying

evidence. Therefore, students were judged to understand the nature of instruction
designed to stimulate inquiry.

Figures 3 through 6 show examples of data related to each theme derived from
an interview with each teacher. The first column contains a description of each theme
derived from teacher interviews along with a statement of how many of the student
interviews contained references to the theme. For instance, in Figure 3, theme A for
Ms. Jenks is "Assessing what kids are thinking." This theme was mentioned by 5 of the
6 students interviewed in her classroom. The next column contains the CLES or
STEBI subscale score is relevant for that theme. The center column contains
examples from the teacher interview used to establish the theme. The fourth column
contains examples from classroom observations that were used to establish that the
teaching practices were observable. The final column contains examples from student
interviews that address each theme. If the student data contained statements that
were inconsistent with a theme, then a negative example is included. -Students are
identified by a four character code. The characters in order are: (a) teacher initial
(pseudonym), (b) order in the interview process, (c) F for female and M for male, and
(d) student identified by teacher as high , H, medium, M, or low, L achiever.

Data from Jenks classroom indicated that her students perceived her intentions
and teaching practices related to her inquiry-oriented instructional themes. The
themes aligned with sections of the CLES (see Fig. 3) were Theme A: "Assess what
kids are thinking" and Theme B: "Letting students contribute to the curriculum."
Themes are listed in order of those aligned with CLES first, followed by those aligned
with STEBI, followed by others. There was a high level of consistency among the six

15
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students interviewed. There was only one student statement by J4AMH (see Fig. 3) that
was inconsistent with Jenks theme of assessing what kids think.

Students described the use of an initial warm-up activity as a tool for soliciting
their thinking. Students spoke of getting "people's opinions" for the purpose of hearing
what other people think. J3FM described discussions as "usually we make our
reflections...sometimes word how we feel about (a topic)." This was in keeping with
an affective tone in Jenks interview as indicated in this example: "That would be my
goal," she said of engaging student thinking, "they could choose within broad areas...if
they're motivated they want to learn and it has to be personal.” '

The one student (J4AMH) who expressed the view that students do not discuss
what they are thinking about science topics seemed to suggest that it took too much
time to discuss ideas and that students did not say much. This student was identified
by Jenks as a high functioning student but he seemed to think that the class was hard.

J4MH: Some people do (say what they think) like, ya know, like this is too hard,
and stuff like that. | just do it and get help from my parents sometimes if it's too
hard. Usually | get good grades in science. .

Students said that they were able to contribute to the curriculum by discussing
and comparing ideas with others. "Well sometimes a neighbor understands more
about something or knows more about it. And you know they have different opinions
and ideas about it too. That works." This view was mediated by an understanding that
input also came specifically from materials presented by the teacher. Comparing
ideas with other students was important but Jenks theme of "Teaching students
background information" was clearly represented in student comments. Thus, her
students apparently distinguished between teaching practices intended to directly
teach science concepts and teaching practices intended to promote student inquiry.

Themes D and E concerned teacher efficacy and credit for student outcomes. It
is unlikely that students at middle school level would reflect on these aspects of
teaching. Given the conditions of the interview, students were not likely to be overtly
critical of the teacher. Similar themes appeared with other teachers and were not
commented on by students.

Data from Davidson's classroom suggests that students understood quite
clearly that they were to make observations and raise questions in line with his
instructional intentions. All 10 students made statements consistent with theme A (see
Fig. 4). Students had mixed comments concerning why Davidson offered or withheld
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information. The following are examples of student comments on this central feature of
Davidson's teaching:

D10FL: He pretty much never tells us and tries to make us figure it out.

D5MM: Mr. Davidson doesn't really tell us a lot about it, he makes us think about
it. ...he said we have to figure it out by ourselves and we did.

D3ML: He kind of just tells us a little bit about it and then he tells us what to try to
figure out and stuff.

D2FM: First of all he doesn't give us the answers, he always has us look them
up. That kind of helps us cuz when you're looking something up you also find
something else you dint' know about.

There were at least two other students were not completely aware of the
intended effects of Davidson's inquiry-oriented instruction. The following are
examples from student interviews:

D7MM: Usually either he's not telling us he wants us to figure it out on our own
or he tell us then later we figure out it's wrong. There's been a lot of times I've
wanted to know things, like | want to know if that's his breathing hole or it that
bump on his shell is his heart. | want to know a lot of different things, and 1 still
don't know yet.

D8MH: He'll explain things, like if you ask him a question... he'll give us sheets
explaining things.

These statements were made as a matter-of-fact as though the students had
- accepted that this as the way science was to be taught. However, they did not sound
satisfied. In other cases there was an air of pride, "If he just tells us the answers, then
what would be the point of doing this."

Students were deeply interested in the study of snails and had been actively
involved in making many direct observations. This atmosphere appeared to lead
students toward an attitude of looking "stuff up and not depending upon somebody
else for answers." They felt they got more ideas from sharing information with each
other (theme B, Fig. 4) and could actively debate with peers about which ideas
seemed correct (theme D, Fig. 4). This informal, almost ad hoc mode of learning
science, aligned with Davidson's expressed view that there should be no closure in an
inquiry-oriented class.
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Students were far less vocal about theme C, the "content of the curriculum is
student observations in response to student questions. Three students commented on
this theme, D2FM, D3ML, and DOML. It may be noteworthy that two of these students
were identified as low achievers by Davidson and the other as medium. He was quite
specific in his interview that his new approach to teaching was beneficial to his lower
achieving students.

...You know what | observed after this lesson? The lowest students in the class
were on the same level with the high 1Q kids when we were doing that lesson.
They were coming up with observations that were right on the same par level
with the more intelligent kids. That's what surprised me | think more than
anything else.

D9FL's comments are particularly telling relative to Davidson's observation.

...Because if we keep on looking we might be able to find out on ourselves and
not through paper and information. ...Pretty much if you figure it out yourself,
you'll learn a lot more about it instead of just looking in a book. ...You might
find out things that aren't in the book.

If student observations and questions comprises the content and text
knowledge is used for comparison only, then the reluctant readers and reluctant
students are in an environment where they are more likely to be able to make direct
contributions. Whether or not this strategy' is an overall improvement to learning for
this class is difficult to say. The mix of student data across themes A, B, and D suggest
that the other students are not feeling left out.

Data from Lesh's classroom (see Fig. 5) reflected the tension that Lesh
expressed between direct or explicit teaching and inquiry-oriented methods. The
students themselves did not directly express this conflict but their description of
teaching straddled both sides of this issue. Initially, the Lesh interview was analyzed
into themes for both forms of teaching. Subsequent readings in light of student data
suggested that Lesh was struggling for a balance between both forms of teaching
(theme B, Fig. 5). For example, a student supported Lesh's theme A of "Promotes
student expression in the form of thinking and reasoning" by noting Lesh asks for other
people's opinions and expects students to discuss ideas out loud. Students
expressed this view in the following ways:
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R2MH: (He asks) Just what you thought about the question.

R6FM: | mean all the kids in my class listen to everybody else to see what the
explanation is. Just to see what everybody thinks about everything.

R5MM: | think a lot of times it's talking to other people with a little help from the
teacher because then you learn it on your own.

On the other side, students perceived that Lesh wanted them to learn specific
ideas in science. They reflected his intention that he was directing the activities and
they were there to listen and learn.

R3FL.: If there's something we don't understand, he'll explain it more than what
he did before.

R4MH: Ya, then he says something like if their (ideas) are wrong he says
something that it kinda has something to do with the idea, but its the right idea
that they could have been thinking about but not what they were (saying).
R1FM: ...butit's hardly ever that anybody (expresses any ideas) because
they're here to learn...

Lesh's struggle with the appropriate balance between explicit and inquiry-
oriented teaching is also expressed in his CLES "Learning to Learn" subscale score of
19/30 (see Fig. 5). This scale includes statements about students helping to plan
instruction, select activities, and assess progress. Lesh's agreement with these
statements is low relative to his scores on the "Leamning to Communicate" subscale
(30/30) and "Learning to Speak Out" subscale (23/30). Lesh's instruction has
communicated to students that their ideas are welcome but that he has a specific
agenda. Note that all six students interviewed commented positively relative to
themes A and B (see Fig. 5).

Data from Mr. George's classroom (see Fig. 6) were similar to Lesh's students.
George wants his students to "Learn to Speak Out" (CLES subscale score 30/30) but
to focus that expression around very specific content. His "Learning to Learn" CLES
subscale score was lower (16/30) perhaps reflecting an unspoken uncertainty about
the balance between inquiry and direct teaching. Students comments on George's
use of warm-up questions at the beginning of class supported the theme of "Assessing
what kids are thinking." A prototypical comment was "He always says no matter what,
write it down... it will help you get your own idea." Students spent a considerable
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portion of one class, brainstorming knowledge they had about wetlands. Students
were motivate during that class and interview data supported that sense of motivation.
One girl spoke of explaining a science experiment she had done as a "cool"
experience. However, even though "Motivating students" was a theme (D, Fig. 6) in
the George protocol and observations confirmed his verbal encouragement, students
were split or silent concerning this aspect of his teaching. Only two student protocols
(G1ML and G4ML) contained statements consistent with theme D. Three others
(G5MH, G6FH, and G7FM) were either negative or mixed. As with Davidson's
students, these students split between the low and high achievers as identified by
George.

Student protocols suggested that they perceived that George had a very
specific agenda. "We study and study and he knows exactly what he wants us to
learn..." Warm-ups were perceived as forums for expressing ideas but also for
processing information. For instance, G2MH offered this description, "Every couple of
days... I'll actually have a discussion. We'll be doing warm-ups and it's like what do
you think this word means, is it that one or was it that one. We'll have a discussion
about that. Then | missed one and | was like don't talk during warm-ups." The
students may be perceiving the pedagogical tension between helping students
express ideas and presenting specific information. While only two of seven student
protocols addressed theme D, six addressed theme E, "Helping students learn
background information" (see Fig. 6).

.George used "mindmaps" for helping students communicate what they had
learned (theme B, Fig. 6). However, students did not always share George's view that
his "mindmaps" were a way of building and sharing ideas. In fact, the strategy of
mindmaps was mentioned specifically by only two students. It may be that mindmaps
were lumped into what students called "just paperwork." Where one student saw
mindmaps as a way of seeing "what you've learned and branch it out" others saw it as
just another note taking activity related to explicit instruction.

George himself expressed an ambivalence over the CLES "Learning to
Communicate" subscale (14/30). Statements in this section of the CLES concerned
students talking to each other to explain ideas or solve problems. While George
valued what his students thought, the process of soliciting ideas was closely
controlled. At least part of the purpose for controlling student talk may have stemmed
from students talking too much. At least one student commented on Mr. George
"getting mad" and having to shut down the discussion. Such comments were rare
across the four classrooms. The rarity of comments critical to classmates and the
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teacher should be considered carefully. Students were interviewed in proximity to
their own classroom by a person that they barely knew. Being highly candid carried
some risk that information would leak out even though they had been assured of
confidentiality. There may have also been a sense of presenting a positive side to
“their class" and "their teacher." Whatever the student view of the interview context,
they did not perceive the avenues for self-expression in the class in the same way as
George.

Discussion and Implications

These case study interpretations followed the communication path from teacher
thinking and intentions for instruction, through a limited observational validation of
instructional implementation, to how students interpreted instruction. To the extent that
interview protocols were valid with respect to inquiry-oriented instruction, students and
teachers in this sample of four classrooms communicated both implicitly and explicitly
about the intent of inquiry teaching practices. This was true regardless of how well the
teacher actually implemented the recommended practice. The students interviewed
generally expressed confidence and trust in their teacher. Twenty-seven of the 30
students ‘said that their ideas and questions were wanted and usually heard. They
said that they had some input into the content of instruction and that the teacher did
things that supported learning and in many cases supported inquiring into subject
matter.

This positive state of affairs can be understood by contrasting what was heard
from teachers and students with what we did not hear. Teachers did not "bad mouth"
the students and likewise the students did not “trash" the teacher's skills or intentions.
Some students hinted at a lack of motivation and would like for portions of the class to
operate differently. However, students were not opting out of instruction nor were they
trying to hide from participation. The atmosphere of these classrooms showed a
mutual trust that may mask a clearer picture of the state of inquiry teaching and

-learning.

Data from the classrooms of both Davidson and George suggested that their
methods may have been perceived more favorably by lower achievers than by higher
achievers. If lower achievers are gaining greater access to the learning environment
then the particular implementation of inquiry-oriented practices in those classrooms
may offer a basis for further study. However, there were questions raised by the
protocols of higher achieving students about their own motivation and involvement.
How information was shared by the teacher in these two classrooms contrasted
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sharply with one another. Despite a general consistency between teacher intentions
and student perceptions, there may be other levels where students and teacher
misunderstand one another. The Carter & Jones (1994) heterogeneous, high-low
achievement dyads talked more, took more turns, and stayed on task better than low-
low dyads. The explicit structuring of the dyads very likely communicated the intention
of the instructional practice to the students in these classrooms. It may be that
explicitly communicating instructional intentions and supporting more interaction
among higher and lower achievers would improve the learning environments in
classrooms of Davidson and George.

Students perceived the intention of teachers to explicitly present information
even as the teacher deliberately applied inquiry-oriented instruction. Both Lesh and
George wrestled with the tension between explicit and inquiry-oriented instruction.
Jenks and George each had a theme of instruction focused on helping students learn
specific background information. Current models of inquiry instruction are relatively
silent about the relationship between explicit and inquiry-oriented teaching. The
teachers in this study work out that relationship on a weekly basis in their classrooms.
But tensions and uncertainties persist. Students and teachers are not always clear
how student ideas can interact constructively with instruction. This study has provided
some descriptive detail of how the different players perceive the classroom operating.
This detail can be used to support efforts to generate new instructional designs that
integrate development of explicit knowledge and inquiry instruction.

Lesh, George, and Jenks each had ways to engage students from the very
beginning of class. The term "warm-up" was used variously to refer to reviewing
material or stimulating thought about a new topic. But in each case the teacher did not
allow the class to start inadvertently. While students may have been asked to share
ideas, there was little doubt as to who was leading the class. Even Davidson, who had
a more informal approach to instruction, clearly controlled the vast majority of events.
It may also be said that these four teachers also controlled the cognitive atmosphere.
As G7FM said, "We study and study and he knows exactly what he wants us to
learn..." But the intention is more than knowledge, there is a classroom agenda for
expression and inquiry. The agendas were not the same across teachers and may
even be contradictory, but each exerted a major influence on the learning atmosphere
of each classroom. This may represent developmentally appropriate accommodation
between early adolescent students and their science teacher. These students are
beginning to hold abstract ideas and take evidence into account but are just as likely
to change either in midstream (Keating, 1990). Naive theories and perceptually
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dominated thinking will persist for these students for years to come. A strong
instructional leader who is also a thoughtful and caring cognitive mentor may offer the
necessary structures that support student expression of ideas and help maintain a
sense of inquiry. G7FM captured the idea again, "...when you just try to figure it out
with your whole group, the whole science level circles around you. It's really neat."
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Table 1
Teachers in sample ranked by total CLES scores

Years CLES Total
Teacher Gender  Experience Grade Instructional Topic Score (150)
Jenks female 3 7 Form & Function in birds 130
Davidson  male 35 5 Snails ' 128
Lesh male 10 6 Nature of Science 121
George male 6 7 Form & Function in birds 98
Table 2
CLES and STEBI Scores for Teachers in Study and for Other Teachers in
Cohort

STEBI
Outcome
CLES (150) Expectancy (60) Self-Efficacy (65)

Ms. Jenks 130 43 40
Mr. Davidson 128 48 47
Mr. Lesh 122 37 53
Mr. George 98 59 57
Sample Average 119.5 46.8 . 49.3
Average of eight 5-7 118.7 43.6 441

grade teachers in ISC

Table 3
Number of Interviews by Classroom and Gender

Teacher (grade) Boys Girs Total
Jenks (7) 3 3 6
Davidson (5) 7 3 10
Lesh (6) 3 4 7
George (7) 4 3 7
Total 17 13 30
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