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Abstract

This paper compares the pedagogical decisions of four teachers when imple m
visualization software to teach atomic and molecular structure from a qua n
perspective. The informants in this study were high school chemistry teac h
academic and professional backgrounds. These teachers received training o n
applications and the underlying scientific concepts, expressed commitment 
with their classes, and taught students at the same academic level. All o
software to teach concepts related to atomic and molecular structure. The
approaches ranged from superficial fact-based activities to in-depth stud e
presentations. Indicators of the informants’ beliefs and knowledge were e v
how they influenced each teacher’s decisions about using the software. Ev
teachers’ beliefs about learning and teaching were the primary determinan t
decisions. Factors such as pedagogical content knowledge and amount of in s
appeared to influence teachers’ choices to a lesser extent. This paper de s
strategies and the implied and stated rationales of participating teacher s
a relationship between teachers’ beliefs and practices when implementing 
models.

Introduction

Until recently, instructional tools were not available for illustrat of
submicroscopic particles. Instead, chemistry teachers have relied on t e
methods when presenting topics related to atomic and molecular structu r
of interactive computer modeling software, teachers now have the optio n
methods that are recommended by the National Research Council (NRC, 199 National
Science Education Standards (NSES).

Current science education reform calls for teachers to be knowledge 
matter and learners, and NSES (NRC, 1996) promote the use of scientific inquiry 
learning subject matter content. The extent of a teacher’s content and 
affects the type and variety of instructional techniques used in the c l
1996; Cohen, 1995; Garnett & Tobin, 1989; Shulman, 1986, 1987; Tobin & Fraser, 1989
addition, science teachers’ choices of instructional practices depend o
teaching, learning, and the nature of scientific knowledge (Ball & Coh e
Wright, 1989; Garnett & Tobin, 1989; Hewson, Kerby & Cook, 1995; Lyons,
Hewson, 1997; Roth & McGinn, 1998). Cultural factors also influence te a
goals, and methods (Anyon, 1981; Lanier & Little, 1986). A combination 
matter knowledge, and pedagogical content knowledge are likely to infl u
new instructional tools and materials. This paper reports the findings 
factors affecting teachers’ decisions about using interactive computer 
relates individual teacher’s decisions to their beliefs, knowledge, an d

Description of the Software

Quantum Science Across Disciplines (QSAD) software and instructional 
designed to address the barriers to teaching modern atomic theory at t h
QSAD project, under a grant from the National Science Foundation (REC-9
computer simulations that provide interactive visual models for studen t
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properties of atoms and molecules. In designing a suite of software ap p
of the project was to provide a medium that would encourage and facili t
quantum approach to the study of biology, chemistry, and physics. One o
described QSAD software as a “computer-based manipulative” (Horwitz & C
meaning that the user determines its purpose. Teachers and their stude n
to meet a variety of instructional goals, but the unstructured format a
create a context for using the software. QSAD applications can functio n
which the user can conduct experiments by manipulating visual models o f
Although this software can be accessed over the Internet, it was used l

Teachers’ beliefs and actions

Research has identified the influence of teachers’ beliefs on their p
Several studies explored the relationship between a teacher’s beliefs a
and the methods the teacher employs (Ball & Cohen, 1996; Cronin-Jones, 
& Cook, 1995; Lyons, Freitag, & Hewson, 1997; Munby, 1984; Stofflett, 1994; Tobin, Tippins,
& Gallard, 1994). Other research indicates that cultural factors influ e
about their students’ abilities, their instructional goals, and the me t
1981; Lanier & Little, 1986). The beliefs and values of science teache r
on their pedagogical decisions (Garnett & Tobin, 1989; Hewson, Kerby & 
Freitag, & Hewson, 1997; Nespor,1987; Pajares, 1992; Roth & McGinn, 1998). Studies indic a
that teachers’ epistemological beliefs affect how they teach (Yerrick, Parke, & Nugent, 1996) o r
that teachers’ stated objectives are not always consistent with their i
(Lyons, Freitag, & Hewson, 1997). Tobin, Tippins, and Gallard (1994) contend that " t
knowledge of student learning is based mainly on the teachers’ own sty l

 Fullan (1991) points out: “The failure of educational change may be 
the fact that any innovations and reforms were never implemented in pr a
was never accomplished) as to the fact that social, political, and eco n
within the educational system” (p. 15). Cuban (1990) identifies factor s
inhibited changes in teaching practices, including time, uncertainty o f
repercussions from colleagues. Miller and Olson (1994) found that teac h
remain constant despite the introduction of a new instructional medium 

Ajzen and Fishbein (1980) contend, “beliefs are the major determinant o
223), and Ajzen (1985) notes that decisions are made by weighing the a d
disadvantages of carrying out any action. The conflict between the two 
favor of the more routinized response” (p. 19). Confidence in the appropriat e
behavior is also a factor in its ultimate outcome. When the person is m
intended behavior, “changes produced by new information will often be i
the planned course of action” (p. 21). Ajzen (1985) also points to the attitudes and 
actions of others as factors that affect how people behave. He adds th a
influenced by  “beliefs about the likely consequences of success and f a
probabilities of success and failure, normative beliefs regarding impo r
motivations to comply with these referents” (p. 36). Thus, a number of 
contribute to a teacher’s initial belief system, and those beliefs are 
subsequent actions.
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Components of the educational experience

Schwab (1975) identifies four “commonplaces” that have equal importa n
educationally sound learning environments. These are: the subject matt e
and the teacher. Ball and Cohen (1996) reconfigure Schwab’s four commo n
five “intersecting domains” (p. 7), which teachers consider when desig n
curricula. The five domains are: (1) beliefs about students abilities, 
preconceptions; (2) teachers’ subject matter knowledge and beliefs abo u
pedagogical knowledge and beliefs; (4) the milieu of the classroom; an d
school and community.

Teachers’ beliefs about how students learn, what should be taught, a n
environment all influence their perceptions of how they should teach. V
views of how learning occurs, the nature of science as a subject matte r
teacher. For this study, beliefs related to the learning process come umodel of
the learner. Beliefs about the teaching process are treated as important f e
the teacher. Beliefs about the nature of science are categorized as subjec t.

Models of the learner. Educational theorists advise teachers to base their 
decisions on the learner rather than on the subject matter (Dewey, 1900
Whitehead, 1929/1957). However, even when teachers follow this princip l
methods are shaped by personal conceptions of how learning occurs. Koh l
three models of learning, which he calls “streams of educational ideol o
romanticism, cultural transmission, and progressivism. In the first mo d
what comes from within the child is most important aspect of developme n
transmission model is rooted in behaviorist theories, which propose th a
stimulus-response patterns. Knowledge is imparted from one source and r
Kohlberg identifies this model as the basis for American education. Th e
learning–progressivism–holds that “ideas are redefined and reorganized 
played out in experience and as they are confronted by their opposites 
discourse” (p. 51). This model currently comes under the name construc t
the latter two models of learning – transmission and constructivism – t

Cuban (1984) explains that a combination of factors encouraged the t r
the end of the nineteenth century. These include the socialization rol e
schools; the sociology, psychology, and belief systems of teachers; an d
educational reform efforts. Teachers who subscribe to transmission mod e
techniques similar to those of a century ago: lecture, textbook readin g
followed by assessments in which students reproduce the information th e
sources. Tobin, Tippins, and Gallard (1994) contend that science teach e
in a way that contribute[s] to a transmission model” (p. 62).

Appleton (1993) describes students’ responses to such learning envir o
learners have developed alternative cognitive strategies. [They] wait f
provided–by a book, the teacher, or some other authority–and then rote l
provided” (p. 270). In such contexts, students have little input into w
1997) and social development as well as higher-order thinking skills m a
1991). The National Research Council (1999) cautions educators to be w a
learning, which may reinforce rather than correct misconceptions. “The 
construct new understandings based on their current knowledge highligh t
in ‘teaching by telling’” (p. 59).
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The constructivist learning model advocates learning strategies that 
opportunities to confront and modify their misconceptions. Students mu s
alternative conceptions to replace their original ideas (Posner et al.,
knowledge is facilitated through the use of models, analogies, and oth e
Using these illustrative techniques, teachers can create an environmen t
are challenged and acceptable explanations are available to replace th e
that scientists no longer view scientific knowledge as stable truths t o
but as “principles of enquiry—conceptual structures—which could be rev i
(p. 11), and calls for a similar approach to science education. Schwab 
discussion, student questioning, and inquiry learning. “For the studen t
of habits of passivity, docile learning, and dependence on teacher and 
active learning in which lecture and textbook are challenged” (p. 66).

Models of the teacher.  Models of teaching are closely aligned with m
Kennedy (1991a) notes that people have different beliefs about the nat u
teaching and that the models teachers subscribe to “represent valid an d
differences of view about the nature and purpose of teaching” (p. 276).
models, teachers must be knowledgeable about both the subject matter a n
that differences in particular models of teaching affect “how these tw o
assumed to constrain and define one another” (p. 276). This study util i
of teaching: additive, process, conceptual change, learning community, 

The additive model is the most traditional model of teaching in whic h
knowledge acquisition is the teacher’s main goal. This knowledge comes 
concepts, principles, or laws that have been gathered through decades o
a subject” (Kennedy, 1991a, p. 276).  Kennedy describes the teachers’ mreduc[ing] the
gap between what students know about a subject and what they could know” (p. 277, emphasi s
in the original) by adding new information to students’ existing knowl e

As its name implies, the process model of teaching focuses on the pr o
“employed by those who contribute to the development of the academic s u
1991a, p. 277). These processes include the “methods of operating, str a
and forms of argument” (p. 277) that are the norms of the discipline. T
the additive model, are to decrease the differences between students a n
case, the focus is on the gap in procedural rather than factual knowle d

Kennedy’s (1991a) conceptual change model has the same characteristi c
proposed earlier by Posner et al. (1986). The teacher’s task in this m o
students’ conceptions are different from those of experts in the field 
environment that facilitates the accommodation and assimilation of new 
metal constructs that correspond to the accepted views of the discipli n
challenge to teachers in identifying students’ alternative conceptions.
learn how students think about phenomenon” (p. 278).

Using the learning community model, teachers establish classroom nor m
which determine “the kind of scholarship that is valued or shunned, th e
considered important as opposed to routine, the kinds of issues that a r
pursuing, and how members of the group are expected to interact with e a
1991a, p. 279). As an alternative form of this model, teachers may com b
students and the experts in the field. Kennedy identifies the key feat u
the teacher’s focus. “What is relevant about academic subjects are tho s
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strongly from student norms, and what is relevant about student norms a
most strongly from subject matter norms” (pp. 279-280).

The teacher’s primary goal in the transformation model is “to render 
relevant and meaningful to diverse learners” (Kennedy, 1991a, p. 280). 
this model often use metaphors and analogies that make the subject mat t
students. Kennedy summarizes the challenges inherent in this model of t

The transformational task itself is bi-directional. On one side, the teac h
academic content into something that is meaningful and relevant to divers e
teacher’s success in this can be measured by the extent to which students 
people with and active interest in these academic areas. (p. 281)

Subject matter beliefs. Several theories propose explanations of how scienti f
acquired, synthesized, and utilized. These theories include empiricism,
constructivism. The empiricist view is that “all knowledge is derived f
(Lawson, 1994, p. 132). Positivism is an outgrowth of empiricism and e s
accurate predictions about phenomena can be made based on observations 
data (Duschl, 1994). Nativists believe in a priori knowledge and conte n
knowledge is from within” (Lawson, 1994, p. 132). The constructivist m o
beliefs and knowledge are products of human construction and develop f r
own experiences (Dewey, 1900/1990; Piaget, 1970).

Science teachers’ beliefs about the nature of science and how scienc e
influence their instructional styles and attitudes about learning scie n
conceptions about the nature and content of science has revealed that s
of the same misconceptions as their students (Abd-El-Khalik & BouJaoude, 1997; Hewson,
Kerby, & Cook, 1995; Novak & Gowin, 1984; Yerrick et al., 1997). Benson (1989) fo u
even when teachers hold a contemporary view of the nature of science, t
always consistent with their classroom practices. Tobin, Tippins, and Gallard (1994) point 
educational experiences of teachers in which “their beliefs have been s
hours spent in college classrooms internalizing objective models of sc i
reinforcing a view of scientific knowledge as “truth.” Because the edu c
many science teachers were primarily through didactic instruction, tea c
philosophy about science (LaPlante, 1997; Mellado, 1998; Tobin, Tippins, & Gall
However, some studies have found that teachers’ participation in profe s
may lead to reconstruction of their own scientific knowledge and belie f
knowledge (Oja, 1991; Tobin, Tippins, & Gallard, 1994).

Teacher knowledge. Research has produced conflicting evidence that teach e
related to content knowledge. Kennedy (1991b) found that “majoring in a
college does not guarantee that teachers will have the kind of subject 
need for teaching” (p. 14). Similarly, in their study of least and mos t
Hidayat, and Penick (1988) concluded that there was no correlation between 
knowledge and his or her effectiveness as a teacher. On the other hand,
found that the depth of science teachers’ content knowledge affected t h
instructional methods.  In their study of two exemplary chemistry teac h
(1989) also concluded that content knowledge is the most important fac t
teaching.

Shulman (1986) uses the term pedagogical content knowledge to refer to the specialize d
knowledge of teachers that integrates knowledge of learners with subje c
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describes teachers with strong pedagogical content knowledge as being a
expertise to generate new explanations, representations, and clarifica t
representations teachers use to convey subject-matter concepts include 
analogies, illustrations, examples, explanations, and demonstrations” (
Lawson (1991) also points to analogies as effective tools for concept f
previously acquired pattern from the world of observable objects and e v
unobservable events” (p. 46). Cochran, DeRuiter, and King (1993) expan dShulman’s idea in
their conception of pedagogical content knowing, which also includes “teachers’ unde
of students and of the environmental context of learning” (p. 266). Th e
expert teachers as those who know  “the kinds of difficulties that stu d
how to tap into students’ existing knowledge in order to make new lear n
how to assess their students’ progress” (p. 33).

Through their instructional methods, teachers convey subtle messages 
science and their own beliefs about the subject matter (Kennedy, 1998; Mellado, 1998; Stofflet
1994; Tobin & Fraser, 1989). Teachers who embrace contemporary philoso p
well as possessing strong subject-matter and pedagogical knowledge ten d
creative (Borko, 1989; Grossman, Wilson, & Shulman, 1989). On the other hand, teach e
weaker pedagogical content knowledge tend to be more didactic in their Borko,
1989; Grossman, Wilson, & Shulman, 1989; Shulman, 1987). According to Grossma n
and Shulman (1989), expert teachers “exhibited a more refined hierarchic
knowledge” (p. 26). These findings indicate the significance of both d e
subject matter knowledge.

NSES (NRC, 1996) emphasize the need for teachers to have the pedagog i
knowledge that allows them to “tailor learning situations to the needs 
(p. 62). These standards indicate that teachers develop pedagogical co n
engaging in their own learning experiences. Pedagogical content knowle d
teachers reflect on their experiences in the classroom and modify thei r
based on their self-assessments (McDiarmid, Ball, & Anderson, 1989; Shulman, 1986). Ongoing
professional growth activities are important opportunities for science 
their content knowledge and instructional strategies. Reflecting on th e
likely to help teachers enhance their pedagogical content knowledge (C oDeRuiter, &
King, 1993; Schön, 1983; Shulman, 1987).

Objectives and Method

This multiple case study compared the pedagogical content knowledge, 
and practices of high school chemistry teachers who used computer visu a
concepts related to atomic and molecular structure. Participants inclu d
chemistry teacher from each of four Greater Boston public high schools.
monitored to identify how teachers used computer visualization models a
materials. Data included interviews and observations focusing on teach e
related to software use and factors that influenced their instructiona l
analyzed for evidence of relationships between teachers’ knowledge and 
decisions about software implementation.

Participants and Settings. QSAD summer institutes for secondary science teach e
at Boston University in 1997 and 1998. Eight teachers from the greater 
these institutes. Three teachers attended the first institute, which f o



8

applications appropriate for high school students. A new cadre of five 
second institute, which emphasized development of curriculum materials 
software. Both summer institutes provided background information about 
and navigation of the software. Institute participants received instru c
engaged in discussions with the project’s programmers and scientists.

The informants in this study included one chemistry teacher from eac h
Boston communities. Some of the informants taught more than one level o
chemistry, but this study focused only on their honors level classes. T
demographic data for the four communities.

Table 1.  Demographic Data for the Four Communities

Town Populati o Incomea
Per pupil
spending Education b

Thomsonville   55,000 $45,600 $7400 93% high school
60% college

Bridgeton   58,000 $38,500 $6400 82% high school
24% college

Cary 100,000 $95,000 $8300 96% high school
61% college

Easthaven   83,000 $59,700 $5000 92% high school
52% college

a Median household income
b Level of education completed with percentage of population for each

Of the four informants in this study, three participated to varying 
summer institutes. The fourth informant had served as a teacher-consul t
from its inception, and was, therefore, more familiar than the other i n
and capabilities of the software. Each of the four participants was a v
between the ages of 43 and 52, with similar academic and professional b
their backgrounds is illustrated in Table 2, which also contains infor m
QSAD software training. Pseudonyms have been used for all of the infor m

Table 2.  Biographical Data for Teachers

Teacher Bachelor’s Deg Master’s DegreeTeaching
experience

QSAD traini n

Nancy Chemistry and
German Literature

Natural Sciences 18 years 1997
4 weeks

Elaine Chemistry Chemistry 26 years 1998
2 weeks

Mike Chemistry Computer Scie n 29years 1998
4 weeks

Matt Chemical
Engineering

School
Administration

25years 1996-1999
consultant
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Data Sources and Analysis

Each of the participants answered survey questions to provide backgr
education, teaching experience, and computer experience. Teachers comp l
on Science Technology and Society (VOSTS) questionnaire (Aikenhead, Ry a
1989) to assess the their perceptions of the nature of science and the 
learning. Preliminary interviews with teachers included questions rela t
perceptions of their teaching styles, methods used to assess student c o
of their students. Interviews after software use focused on teachers’ i
the rationale for those decisions. Brief, informal interviews with tea c
issues related to computer instruction and pedagogical decisions as we l
motivation for instructional acts.

Daily observations focused on teachers’ instructional practices, par t
with students and decisions about how to implement QSAD software appli c
Interaction Analysis instrument (Flanders et al., 1974) was used to de t
teacher-student interactions in each classroom. Interviews and observa t
audio tape, transcribed, and coded. These data were analyzed to determ i
teachers’ stated beliefs, objectives, and knowledge with their instruc t

Physical artifacts such as tests, worksheets, and lab instructions p r
information related to teachers’ goals and expectations for students a n
quantum science concepts. Activities written by the QSAD staff were of f
with the software. Teachers had the option of using the materials as w r
designing their own activities. Teachers’ choices about these material s

The researchers’ beliefs in the value of methods that promote studen
some influence on perceptions of classroom events. Although we did not 
the informants may have perceived those values. They also may have rea c
evaluators rather than observers of their teaching practices. The info r
researchers’ role and dispositions may have influenced their behaviors 
interview questions.

That being said, we believe that the descriptions of each case and t h
from them are valid and trustworthy. This confidence comes from triang u
through the use of multiple data sources, extended periods of observat i
from informants, and the use of “critical subjectivity” to identify an d
researchers’ “psychological and emotional states before, during, and a f
experience” (Cresswell, 1998, p. 196).

After compiling the data and writing descriptions of each of the cas e
to the corresponding informant and he or she was encouraged to comment 
descriptions. Subsequent discussions with each informant provided addi t
cases, modification of the case study reports. After a final conferenc e
reviewed the case study reports and transcripts, and then revised the f
teachers’ perspectives. This process served to verify the trustworthin e
(Merriam, 1988; Yin, 1994). In one instance, the teacher (Mike) agreed 
report. In two cases, teachers (Nancy and Matt) expressed perspectives 
syntheses of the findings. Their views were incorporated in the final d
fourth case, the teacher (Elaine) refused to discuss the findings and t
communication.
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Findings

The discussion of the findings and conclusions that follow arise fro m
teachers’ beliefs and knowledge influence their decisions about using Q
attempted to define teachers’ beliefs in terms of their models of the l
and themselves as teachers as well as the influence of the educational 
emerged from the teachers’ statements, their instructional practices, V
instructional products they generated. We will first describe the beli e
participant and how he or she used QSAD software. Then we will compare 

Nancy. Nancy’s approach to teaching was to require students to first o b
their textbooks; then she added to or clarified their understanding. N a
interaction with students as “class discussions” rather than lecture b e
initiated the flow of information. Nancy responded to those questions w
transmissions of facts and procedures, asking for students’ input in p r
taught science as a body of facts and believed that those facts must b e
took more advanced courses. In Nancy’s model of learning, the students’
internalize information. Once they had obtained this foundation of kno w
apply the information in problem-solving activities. Nancy’s emphasis o
memorization as well as her instructional methods reflected a transmis s

Nancy’s model of teaching was congruent with Kennedy’s (1991a) addit i
the gap between what students knew and what they needed to know was he r
Students’ personal interests in science topics were secondary to her g o
essential information of the discipline. Nancy encouraged students to i
topics on their own time, but was unwilling to shift the instructional 
those interests, at least of the students had taken the SAT II in chem i

Some aspects of Nancy’s teaching aligned with the learning community 
1991a). Nancy identified goals for establishing the norms and routines 
being the tools and methods of more advanced students or scientists. S h
develop and internalize study and reasoning skills, which would help t h
pursuits. She explained that one of her goals is to train students in t
skills they need for entry into the science community. As in the learn i
Nancy made an effort to “nurture scientific values and habits of thoug h

A clear picture of Nancy’s beliefs about the nature of scientific kn
from this study. In some ways, Nancy’s beliefs about the subject matte r
teaching and learning models. Nancy expressed the expectation that the 
scientific knowledge people should aspire to depend on their stage in t
Students in a first year chemistry course should aim for less knowledg e
levels of involvement in the scientific community. Her VOSTS responses 
of her instructional practices suggested that Nancy perceived science a
skills, which could be identified, isolated, and quantified, and conse q
currency of the subject matter.

However, Nancy disagreed with this interpretation of her beliefs abo u
She expressed the following view:

Science is like an inquiry. Science is a way of going about, learning mor e
some knowledge, basic scientific knowledge, but I would not say that scie n
knowledge. More inquiry, an endeavor to learn, using the scientific metho d
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Despite her stated position, Nancy’s pedagogical approaches focused a
“basic scientific knowledge.” The disparity between Nancy’s statements 
methods may be attributed to her hierarchical views of both participan t
endeavor and the kind of knowledge that is appropriate at each level. A
have two models of scientific knowledge – one practical and one theore t

The ethos of Thomsonville and its high school apparently had a stron g
ability to implement her models of teacher, learner, and subject matte r
administrative expectations that students perform well on standardized 
influenced Nancy’s beliefs that she should teach in a manner that woul d
accumulation of chemistry facts. Nancy’s colleagues, who also emphasiz e
strengthened her perception that the most efficient method for student s
accumulate a body of facts. This school fit Anyon’s (1981) description 
school” in which “work is getting the right answer” (p. 77).

Time was an important factor in this context, and Nancy maximized he r
dispense knowledge during class time. Her methods required that studen t
from their textbooks before she verified and consolidated that informa t
meant that Nancy did not have to spend time covering information that s
understood. Nancy frequently mentioned class time, suggesting that it w
commodity, and she avoided activities that did not produce sufficient “

In a number of ways, Nancy demonstrated her pedagogical content know
understood in terms of the milieu within which she worked. She regular l
examples of phenomena that were being discussed in class, modifying ex p
students’ comments, and made frequent use of analogies to explain abst r
Nancy detected misconceptions, she pointed out the flaws in a student’ s
validated the logic behind these statements, and then explained what w a
The analysis of why a student’s ideas were incompatible with accepted s
and suggestions of alternative interpretations of phenomena came from N

Fitting QSAD software into her established routine presented some ch a
She was unwilling to devote her own time to designing software lessons.
researchers prepared instructional materials for students to use in tw o
investigations. Nancy’s only preparation was to review the written act i
modifications that would provide more explicit directions.

Nancy anticipated that her students would have difficulty with the u s
frequent reference to time constraints. She also expressed concern tha t
molecules through software investigations would require more class tim e
methods.  She planned to use the software in the school’s computer lab 
One lesson was designed to guide students in discovering periodic tren d
For the other lesson, students would conduct a two-part investigation o
relationship between bond length and bond strength in diatomic molecul e

Nancy’s first deviation from her plan for the ionization energy acti v
students to use the textbook to partially complete the worksheet for h o
sections of the data table indicating the number of electrons in each s
they would be investigating. In lab, the students were supposed to pro d
the first 18 elements and record the energy of the highest occupied or b
graph this data, discovering trends in ionization energy from their co m
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However, on the day before the scheduled computer lab activity, a st u
homework problem involving ionization energy. Nancy expanded on her an s
the relationship between the number of valence electrons and the energ y
electron. She also explained the “special stability” conferred on atom s
orbitals and sketched the ionization energy graph on the board. Nancy r
taught the material that students were to have investigated using the s
Nancy demonstrated these concepts using the QSAD software while studen t
worksheet, confirming what she had already told them in class.

Nancy’s students completed the second computer lab activity as plann e
activity, they used the software to create specified diatomic molecule s
formed by the electron clouds around nonpolar, polar, and ionic molecu l
students adjusted the internuclear distance between pairs of atoms to d
energy and the corresponding bond length. They experienced a few navig a
Nancy relied on one of the researchers to help students. Nancy express e
students’ ability to use the software and comprehend the graphical ima g

Elaine. Elaine and her colleagues at Bridgeton High School had redes i
program two years prior to this study with the goal of providing a stu d
environment based on a variety of learning station activities. At the b
instructional unit, students received a “contract sheet” containing a l
activities and column for teachers to verify completion. Teachers lect u
while most class periods were “work days” in which students completed t
This educational environment reflected the working-class community and 
description of the type of work performed by people in this socioecono m
class job is often characterized by work that is routine and mechanica l
fragmented part of a larger process with which workers are not usually 

Elaine’s assessment of students’ abilities in her honors chemistry c
“particularly gifted,” a few students were “very sharp,” and some stud e
honors section.” She explained that her students were “motivated to ge t
not particularly interested in learning the material.” Consistent with 
learning, Elaine’s exchanges with students suggested a belief that wha t
previous classes was retained as it was taught and that students share d
concepts she had explained to them. When asked about students’ preconc e
response indicated that they were not a consideration in her teaching.

On several occasions, students’ questions indicated confusion about u
Elaine’s responses focused on the immediate answer to questions rather 
the questions. She did not probe for common misconceptions, but relied 
provide clues for flaws in their understanding. If students did not as k
responding to her questions, Elaine assumed that the learning process w

Learning was product-driven in Elaine’s class. She frequently explai n
learning particular content was to prepare for a test or quiz or to be 
homework. Students’ classwork grades were based on the number of compl e
contract sheet. All work products had the same worth, and completion o f
emphasized more than the learning that may have occurred in the proces s
interest in the subject matter, and Elaine acknowledged that some stud e
with receiving credit for completing tasks or knowing how to answer qu e
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Elaine strongest belief was that students had to be actively engaged 
She described herself as a facilitator, and described her role in that 

I mean lecturing, to have them listen and to obey my every word. But to h e
themselves. I mean, their learning is up to them. I’m here to help them, t
necessary. They have to do it on their own to really learn it.

Elaine facilitated students’ learning primarily by providing the sourc e
which students could access chemistry facts and skills and by monitori n
efforts. She equated student activity and completion of assignments wi t
primarily on formal assessments to determine what students had learned.

Elaine’s model of teaching was similar to Kennedy’s (1991a) additive 
modification. Her goal was for students to decrease the gap between th e
the accumulated facts of the discipline, and she supplied the resource 
provide that information. As a teacher, Elaine was one of several pote n
to students’ existing knowledge. However, students had the primary res p
as well as obtaining the knowledge of the discipline.

Elaine’s content knowledge was adequate for the demands of her depar
students. She was able to deliver the baseline information that studen t
their learning station activities. However, at times Elaine appeared c o
questions about their homework. Her delayed responses appeared to be t h
read the questions in advance. Once she looked at these questions in t h
read an entire question, Elaine had the content knowledge needed to pr o

Using Shulman’s (1986, 1987) model, Elaine’s pedagogical content know l
teaching about atomic structure, Elaine did not use any more familiar r
metaphor or analogy) to assist students in their conceptualization of t
examples and real-world applications that Elaine did mention were iden t
students learned about through audiovisual materials at the learning s t
be unaware of subtle clues that signaled possible misconceptions, and h
vary within the framework established by the Bridgeton instructional p r

Elaine’s responses to the VOSTS questionnaire suggested that she vie w
of knowledge. Her comments suggested that she believed this body of kn o
transmitted from a number of sources–teacher, textbook, video, or comp u
minds. Elaine’s expectation that students would obtain information of s
variety of sources was further evidence of a belief in a transmission m
following comment exemplifies Elaine’s point of view: “Hopefully there’
the different things, that they’ll at least be exposed to the major co n
the computer they’ll get it in the video or whatever.”

Elaine’s use of QSAD materials conformed to her models of teacher, l e
matter. She and her colleagues made frequent use of computer software a
or drill and practice exercises, and the work-products resulting from t
consisted of brief answers that verified students’ use of the software.
asked for assistance in designing activities for the QSAD software, sp e
students should have to guide their use of these computer applications.
were not interested in using the software as a medium for investigatin g
they specified an activity that would prompt students to create images 
ground state energies of the electrons and shapes of the electron clou d
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Elaine thought that students would ask more questions about atomic s t
software and would be curious about how the graphical images related t o
studying. She planned to rely on students to ask questions about what t
software, stating, “if they care enough, they will ask.” In practice, s
only to software navigation and whether they were required to complete 

Mike. Mike used his prior experiences with chemistry students and kn o
individual students in his current class to assess what prior knowledg e
learning experiences. He then designed activities that would make use o
experiences, and interests. Through demonstrations and laboratory exer c
experiences designed to challenge students’ weak or naïve conceptions. 
opportunities for students to bring their personal perspectives into t h
experience the social and technological aspects of the discipline thro u
student presentations, projects, and use of computers and scientific i n
instruction began with the textbook or with Mike’s introduction to a t o
demonstrations, lab activities, or student presentations were starting 
process. From there, students developed their understanding of concept s
paths. These instructional strategies reflected a constructivist model 

Mike’s model of the teacher resembled Kennedy’s (1991a) transformati o
contained some aspects of the conceptual change model. Evidence of the 
was at the organizational level. Mike’s emphasis on the social and emo t
were revealed in his leadership role in the development and implementa t
curricula at his school and his inclusion of student presentations on t

The conceptual change model was more apparent at the level of classr o
Mike’s objective was for students to investigate concepts and learn by 
elicited students’ current understanding and beliefs about concepts be f
that might challenge their preconceptions. Once students had some degr e
their previous ideas, Mike guided their learning experiences to encour a
more acceptable explanations for phenomena.

Mike’s constructivist model of the learner mirrored his model of the 
on the individual talents and abilities of his students and explained h
person’s strengths in building his or her own knowledge. He pointed ou t
to learning and encouraged students to assist each other. Mike coordin a
that students had opportunities to discover aspects of chemistry conce p
concepts in class. Mike’s students constructed their individual knowle d
construction influenced others in creating a conceptual community.

Mike’s classroom practices contained an abundance of “the most power
representation,” which Shulman (1986, 1987) identifies as indicators o f
knowledge. Mike planned instructional units so that new understanding w
students’ prior knowledge and modified his plans based on his on-going 
understanding. He anticipated many of the alternative conceptions that 
questions and comments, and he addressed their misconceptions by intro d
experiences and providing concrete analogies for abstract phenomena. H e
with experiences that allowed them to construct their own understandin g
The examples, demonstrations, metaphors, and analogies that Mike used c
students’ personal experiences and interests.
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Mike’s beliefs included convictions about how scientific knowledge i s
students learn. He expressed the view that “science is a process by wh i
knowledge and that knowledge building process has bumps in the road an d
chugging along.” This belief was evidenced in Mike’s instructional des i
through a series of experiences that caused them to question their pre v
rebuild their knowledge. However, Mike’s instructional practices and h i
nature of science were incompatible with some of his VOSTS responses. F
of an answer identifying science as a body of knowledge stood in contr a
practices, which promoted inquiry and encouraged students to question s

Mike was aware of different learning styles and a range of abilities 
overall expectation was that his honors students could meet the demand s
also made several references to the standards set by the community and 
parental expectations that Cary students would excel on standardized t e
their academic work at college. Mike appeared to be influenced by the c
and school, which encouraged students to take a questioning attitude. A
example of an “executive elite school,” the expectation at Cary High S c
would develop their “analytical intellectual powers” (p. 83).

Mike had a detailed plan for using QSAD software. The lessons includ e
were linked to students’ prior knowledge of light and the Bohr model o f
investigations in which students experimentally determined Planck’s co n
results allowed students to discover aspects of the planetary model th a
empirical evidence. They predicted the wavelengths of the emission spe c
helium through their own calculations and discovered that their predic t
hydrogen but not for helium. Students subsequently built their own spe c
to investigate the bright line spectra produced by sources at home or i

Mike incorporated QSAD software into the next stage of this instruct i
investigation of electronic structure of atoms. For this purpose, stud e
application in which the user selects the energy and sublevel of a sin g
program generates representations of electron orbitals or densities of 
followed guidelines and suggestions from a handout that Mike had prepa r
them with some technical guidance as they became familiar with the use r
were also open-ended in that they allowed students to control variable s
investigations by different routes. Mike’s rationale for using this pa r
provide students with opportunities to understand the general properti e
independent of particular atoms.

Mike also used QSAD software applications to guide students in the d i
structure and periodic trends in atomic size, ionization energy, and e l
enthusiastic about the students’ interaction and learning outcomes wit h

In periodic trends…especially ionization energy, QSAD was great at showin g
shapes, and I was able to see how students responded to the software that 
that they didn’t have before. They had individual control of the software 
They didn’t know the goal of using the software, but they were working to w
same. They found errors in the software, and that was good because it sho w
model, and like all models it has limitations.

Matt.  Matt described himself as a constructivist, and many of his cl a
reflected that approach to learning. He varied his instructional style s



16

focus of the group, employing both cooperative and competitive strateg i
activities, Matt encouraged students’ cooperation with team members. I n
discussions, he prompted students to listen critically to their classm a
those points with which they disagreed. Matt offered critiques and sug g
and the manner in which they explained them. Matt also varied the locu s
On some occasions, students determined the direction and focus of thei r
times Matt provided students with detailed explanations of concepts.

Students learned by multiple methods and used various combinations o f
initial source of information was the textbook, but the sequence throu g
knowledge and understanding grew varied from one day to the next. Stud e
other and from Matt through small group and whole class discussions, l e
activities, computer investigations, and demonstrations. Students refl e
created shared meanings with their classmates through the use of learn i
maps. Many of Matt’s instructional techniques led to identification of 
often motivated students to re-explore their ideas.

Matt’s model of teaching fit Kennedy’s (1991a) conceptual change mod e
some aspects of the learning community model. As in the conceptual cha n
was to identify students’ preexisting notions about chemistry and tran s
“concepts that are like the concepts formed by experts in the field” ( p
assessment methods such as concept maps, learning logs, and student pr e
on students’ thoughts and reasoning processes rather than production o f

His model of the teacher was similar to the learning community model 
developing habits and establishing norms of behavior. Matt’s expectati o
homework, lab reports, small group work, and class discussions were we l
time classroom observations began. He expected his students to approac h
scientists, identifying their interests in a topic, designing inquirie s
engaging in discussions with him and their peers. The class operated e f
had internalized these classroom norms. For example, Matt did not ment i
assignments. Nevertheless, students frequently asked questions about t h
all appeared to have read the same sections and attempted the same que s
Like Kennedy’s (1991a) learning community teacher, Matt’s classroom “r e
practice… that enabled students to engage in a process of collective s e

Matt’s teaching was spontaneous and flexible in response to what was 
classes, but at times, there was an apparent incongruity between Matt’ s
teaching and his instructional practices. While Matt espoused construc t
frequently utilized strategies that supported that model of learning, h
methods. In some cases, what began as class discussions became detaile d
Matt asked and answered his own questions.

Students’ prior experiences were important to Matt in terms of the a l
they may have generated. Matt’s model of the teacher had the character i
change model, particularly in his awareness of alternative conceptions 
correct students’ erroneous ideas. Matt diligently probed for flaws in 
detected, he solicited other students’ ideas, identified the nature of 
examples of similar erroneous ideas, and guided students in constructi n
explanations for their experiences.
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Matt’s teaching was spontaneous and flexible in response to students
questions. He exhibited an impressive knowledge of chemistry but at ti m
providing definitive answers to students’ questions. His frequent use o
use of a variety of instructional methods, and ability to adapt instru c
indicators of Matt’s strong pedagogical content knowledge.

In his VOSTS responses, Matt indicated a belief that scientific know l
series of logical steps. This view was supported by Matt’s periodic re f
“rigorous spiral.” He conscientiously revisited previous concepts, add i
students’ understanding. Matt’s interview comments and classroom pract i
consistent with his VOSTS responses that scientific theories are disco v
Discussions, lab exercises, and computer activities were geared toward 
scientifically accepted explanations of chemical phenomena. Matt comme n
models as valuable in being able to “predict reality,” suggesting a lo g
science. However, Matt rejected this interpretation of his use of the t
meant the “real model” of the atom, not a “reality of nature.”

The culture of the school and community appeared to coincide with Ma t
to be able to verbalize their knowledge. In Matt’s descriptions of his 
kinds of conversations that occurred in their homes and believed that p
children’s knowledge from these conversations. Matt’s efforts to encou r
language were well supported by the milieu. His classes were most clos eAnyon’s
(1981) description of an “affluent professional school” in which “stud e
to express and apply ideas and concepts.  Work involves individual tho u
expansion and illustration of ideas, and choice of appropriate method a

Before introducing the QSAD software, Matt provided a context for st u
atomic structure. Students first read about atomic structure in their b
flame tests to determine the wavelengths of light emitted when various 
heated and conducted similar experiments using emission tubes. After t h
these labs, Matt began a discussion of different atomic models.

Students used the QSAD software for several investigations related t
bonding. Before students’ initial use of the software, Matt gave the f o

Investigate something from the s area that actually has valence electrons 
light end of the atomic mass elements, and something on the p end, someth
shell that’s filled with p’s. Learn what you can about both… I want you to learn ho w
controls and how to view all the different things, move in and out, flip a
different slices, learning where the nodes are and what have you, but con c
of those two. That’s what you’ll do your report on.

Students followed these directions, learning how to navigate within 
interpret the visual images as they investigated their choice of atoms.
groups, answering students’ questions, but primarily observing their u s
half of the class worked in small groups at computers while the remain i
worked at their desks, discussing their plans for an investigation or w

Matt explained his rationale for this approach. He believed that his 
reading and interpreting information from the graphical interface, suc h
electron orbitals, occupancy, and differences in density views from di f
He explained, “If they’ve got a particular task and they play around w i
they start to zero in on what’s relevant.” Matt realized that students 
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interface, and he had a simple strategy for those occasions. “They ask e
students had investigated their atoms using the software, they prepare d
included information about the visual displays. Through Matt’s encoura g
asked questions and challenged the assertions of their peers, leading t
properties of atoms and molecules.

Conclusions

A number of factors influenced teachers’ decisions about using QSAD 
combined models of learner and teacher were the primary factors that d e
software was used in the classroom. Factors that appeared to support t h
included sufficient time for students to investigate phenomena, teache r
knowledge, and the amount of training using QSAD software. Table 3 pre s
conclusions about the factors that affected teachers’ use of the softw a
from greatest to least use of the software as medium for inquiry learn i

Despite some variation in how the teachers used the software, their a
their models of learning and teaching. The transmission/additive model 
software primarily to add to students’ knowledge or confirm what they h
sources. The constructivist/conceptual change model teachers use the s o
laboratory, encouraging students to discover and test ideas about atom s

Table 3. Factors Affecting Software Use

Informant

Model of
Learner

Model of
Teache r

Class time
(min/wk )

Classroom
interact i

Pedagogical
content

knowledge

QSAD software
training

Matt C CC/LC 315 Highly
varied

High High

Mike C Tf/CC 270 Highly
varied

High Moderate-high

Nancy T A/LC 250 Little
variation

Moderate-high Low-moderate

Elaine T A 220 Little
variation

Low Moderate

Key:
C = Construction A = Additive Model LC = Learning Community Model
T = Transmission CC = Conceptual Change Model Tf = Transformation Model

Comparisons of the two cases in which teachers used the software for 
information reveal both differences and similarities. The factors that 
common were the teachers’ models of learner and teacher. Both teachers’
reflected transmission models of learning and additive models of teach i
combined transmission/additive model, the flow of information occurred 
both contexts. The belief that the goal of teaching is adding to stude n
supported by the milieu in both Thomsonville and Bridgeton. As in Yerrick, Parke, and Nugent’s
(1996) study of the factors that inhibit science education reform, in b
classes, “students were not treated as inputs for topics of interest o r
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teaching. Rather they were treated as interruptions to the other scien c
to be taught” (p. 147).

On the other hand, Nancy had much higher expectations than Elaine wi t
students’ academic abilities and goals. Nancy considered her students t
high standards for their learning outcomes. Elaine believed that most o
honors caliber,” expecting only that students would be able to complet e
reproduce facts and perform routine calculations on assessments. Elain e
and hints for students during formative assessments. In contrast, Nanc y
perform well on standardized tests by committing facts to memory.

The two teachers who used the software as a medium for inquiry learn i
characteristics in common. Conceptual change was an important theme fo r
and they varied their instructional methods and sequences of learning a
nature of the concepts they were teaching and their knowledge of stude n
culture of the school allowed teachers the autonomy to use different m e
high expectations for student achievement. All of these characteristic s
two cases.

All of the informants were influenced by the ethos of their schools. 
taught in schools where teachers were able to design and carry out the i
and Nancy worked in schools where their colleagues subscribed to trans m
learning and where fact-based tests were used to provide evidence of s t
and Elaine’s schools imposed shared models of teaching, learning, and s
Nancy’s case, her stated preference for inquiry approaches to learning 
perceptions of school and community expectations.

Although the two more affluent towns, Cary and Easthaven, were the s i
QSAD software was used for inquiry learning, socioeconomic factors did 
strong correlation to the teachers’ use of QSAD materials. Easthaven a n
neighboring towns with similar socioeconomic compositions, but Matt an d
teaching and learning were dramatically different as were their approa c
The two teachers’ perceptions of community expectations were different 
parents’ expectations that instruction would emphasize preparation for 
Matt believed that parents were more interested in their children’s ab i
intelligent discussions about what they had learned. These different b e
teachers’ disparate choices about how to use the software.

The role of science teachers’ views of the nature of scientific know l
because classroom observations, teachers’ comments, and VOSTS response s
contradictory data about teachers’ perceptions related to the nature o f
scientific knowledge. In comparing the informants’ views of science to 
the scientific community, their interview responses were more aligned w
than were their classroom practices. The VOSTS instrument was not a go o
the teachers’ stated beliefs or their pedagogical decisions.

Time was not an initial focus of this study. Nevertheless, it emerge d
some of the participants. The data show similar trends in the amount o f
degree to which teachers used the QSAD software as a tool for inquiry. 
the greatest amount of class time per week, made greatest use of the s o
while Elaine, the teacher with the least amount of time, made very lit t
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However, Nancy and Mike had a relatively minor difference in the lengt h
but a major difference in their decisions about how to employ the soft w

The belief systems of the informants appeared to have the greatest i
pedagogical strategies and decisions about implementing QSAD materials.
in teachers’ content knowledge and pedagogical content knowledge also c
decisions about software use. Of the four informants in this study, Na n
exhibited strong content knowledge in their classroom practices. With o
exceptions, each of these teachers was able to answer students’ questi o
Elaine’s content knowledge was adequate for transmitting knowledge, bu t
students and presentation of information appeared to be more automatic 
the specific nuances of students’ questions. Of the three teachers wit h
knowledge, Mike and Matt were more proficient in the concepts related t
and were more experienced with the QSAD software. Their deeper content 
areas appeared to facilitate their use of the software in an inquiry m o
determining factor in their decisions to use the software in this mann e

The teachers who advocated constructivist approaches to learning rel
content knowledge to a greater extent than the transmission model teac h
teachers used their content knowledge, not only as a source to be shar e
but also as a referent to guide their modification of the learning env i
new instructional tool. These teachers viewed one of their roles as pr o
cognitive disequilibrium. They subsequently used their knowledge of le a
matter to guide students toward scientifically acceptable explanations 
From the constructivist teachers’ perspectives, the subject matter was 
which questions to ask than in providing definitive answers for studen t
encouraged a wider range of student questions. These teachers were mor e
science as a way of understanding and explaining natural phenomena tha n
knowledge. They expressed the belief that all knowledge is tentative a n
comes from shared meanings.

Nancy, Mike, and Matt all modified their original plans for using QS A
modifications were made so that the software would conform more closel y
methods. On the other hand, Mike and Matt made changes in their lesson s
assessments of what and how students were learning from the software. A
the software to teach in a different way, Mike and Matt learned more a b
QSAD software and their students’ learning. Their pedagogical content k
source for making adjustments to the curriculum, while the new knowled g
teaching with the software improved their existing pedagogical content 
absence of new strategies for teaching, Nancy and Elaine did not exhib i
pedagogical content knowledge.

When asked what they do when students don’t understand or master mat
allotted, all of the teachers responded that they encouraged their stu d
None of the teachers suggested trying a different pedagogical approach 
reliance on more of the same type of instruction or providing one-on-o n
all of the teachers believe that the methods they use are effective an d
if the quantity of instruction is increased.
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Implications

This study identifies several factors that must be considered when a t
educational reforms. Change is not a process that comes easily in clas s
As others have found (Cronin-Jones, 1991; Nespor, 1987;  Munby, 1982), 
influence their pedagogical decisions and should be considered when at t
classroom practices. For reform efforts to be successful, attempts at c
account teachers’ belief systems and the prevailing ethos of the schoo l

The use of computer visualization models to investigate microscopic p
more feasible with increasing computers availability in schools. Using 
students can now investigate topics that traditionally were taught usi n
methods. The results from this study suggest that to understand why te a
new instructional approaches, we must identify how teachers' beliefs a b
subject matter, and milieu influence their decisions. This information 
investigate approaches for encouraging teachers to learn about and exp e
approaches that foster construction of knowledge. These issues are of c
teacher educators, curriculum developers, and school administrators. T h
success or failure of professional development initiatives and educati o

All four cases in this study revealed that the teachers acted as age n
Reform efforts must address this aspect of the educational process. Th e
culture and teachers’ models of learning and teaching may provide an a p
policy changes that will be enacted at the classroom level. If teacher s
community value the development of critical thinking and student inqui r
they may be more inclined to use constructivist methods. On the other h
method by which teachers and students are held accountable, teachers m a
use transmission methods. The results of this small sample of teachers 
possibility that longer class periods would increase the amount of inq u

At the level of the individual teacher, reformers who endorse inquir y
in those teachers who employ constructivist models of learning and the 
of teaching. Based on this study, these teachers incorporate a variety 
and create learning environments that are more student-centered. Such p
aligned with the goals of inquiry learning as prescribed by NSES (NRC, 1996), indicating th a
the constructivist teachers support the goals of current science educa t

The findings from this study suggest a close correlation between a t e
learner and his or her model of teaching. A broader study would provid e
this hypothesis and develop a generalized theory of a relationship bet w
teaching and learning, providing insight about how these models develo p
methods of reconciling differences between teachers’ beliefs and curre n

The learning outcomes for students using inquiry-based interactive c o
be investigated as well as the role of supporting materials in facilit a
learning. This study also suggests the need for an investigation into p
between teachers’ actual classroom practices and their stated beliefs a
or how science should be taught. Other areas of potential research inc l
between teachers’ models of the learner or teacher and the variety of i
use as well as the influence of teachers’ beliefs and knowledge on the 
systemic reform.
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