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Abstract

The study of personal epistemology has typically addressed the theories and beliefs that
individuals hold about knowledge and knowing, and the way in which such epistemological
perspectives are related to academic learning. This qualitative, exploratory case study focuses
on the epistemology of instructional practices as interpreted by students in two versions of in-
troductory-level college chemistry, each with different underlying epistemological assump-
tions. Classroom observations and interviews of 25 first-year students provide a
contextualized perspective on the dimensionality of beliefs as identified in the literature: cer-
tainty of knowledge, simplicity of knowledge, source of knowledge, and justification for knowing.
This research suggests that students’ perceptions of instructional practices are interpreted
through the lens of their epistemological assumptions, but that such perspectives are evolving
and instructors may influence them in multiple ways.
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1. Introduction

Basic questions such as “How do I know what I know?”” have occupied philoso-
phers for centuries, but only in recent decades have psychologists begun to explore
how the answers to such questions take shape in the human mind and how this is
transformed over time (Baxter Magolda, 1992; Belenky, Clinchy, Goldberger, &
Tarule, 1986; Hofer & Pintrich, 1997, 2002; King & Kitchener, 1994: Kuhn, 1991;
Perry, 1970; Schommer, 1990). The beliefs and theories that individuals come to hold
about knowledge and knowing have been of particular interest to psychologists con-
cerned with education and instruction. This “personal epistemology” of individuals
has been linked to academic learning through such constructs as cognitive processing
(Kardash & Howell, 2000), conceptual change learning (Andre & Windschitl, 2003;
Mason, 2003; Qian, 2000), and strategy use (Hofer, 1999; Schommer, Crouse, &
Rhodes, 1992).

Although general evidence exists for the effects of a college education on episte-
mological development (Baxter Magolda, 1992, 2001; Perry, 1970, 1981), what re-
cent studies suggest is the need for a better understanding of how educational
practices are interpreted by students and how these interpretations interact with
and influence the development of epistemological beliefs and theories. The purpose
of this paper is to extend a theoretical model of the dimensions of personal episte-
mology as developed through a review of the extant literature (Hofer & Pintrich,
1997), exploring how epistemological beliefs and theories develop within different
classroom contexts. This exploratory case study combines the use of classroom ob-
servations and interviews, following students who were each enrolled in a general in-
troductory psychology course and in one of two versions of college chemistry, each
with different implicit epistemologies. As an embedded case study, this approach fo-
cuses on an examination of the epistemological perspectives of individuals within
two distinct “case’ approaches to science instruction.

2. Dimensions of personal epistemology

A review of existing models of personal epistemology suggests that individual the-
ories about knowledge and knowing are comprised of multiple dimensions that can
each be expressed as a continuum (Hofer & Pintrich, 1997). Many of the existing
schemes are developmental in nature (Baxter Magolda, 1992; Belenky et al., 1986;
King & Kitchener, 1994, 2002; Kuhn, 1991; Kuhn, Cheney, & Weinstock, 2000; Per-
ry, 1970), implying a hierarchically integrated sequence of meaning. By contrast,
Schommer-Aikins? (2002) model of epistemological beliefs is based on the assump-
tion that these dimensions may be more or less independent, but can each be repre-
sented along a continuum from less sophisticated to more sophisticated. The
dimensions of personal epistemology that appear in both types of models are rela-
tively consistent, however. Although some of the models contain beliefs about learn-
ing and education, all include reference to dimensions that can be clustered into two
central areas: the nature of knowledge (what one believes knowledge is) and the
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nature or process of knowing (how one comes to know). Within nature of knowledge
are the dimensions certainty of knowledge and simplicity of knowledge, and within the
area of nature of knowing are the dimensions source of knowledge and justification for
knowing. These four dimensions can be described as follows:

Certainty of knowledge. The degree to which one views knowledge as certain is an
aspect of personal epistemology across multiple schemes. The continuum of develop-
ment has been described as moving from a fixed to a more fluid view (King & Kitch-
ener, 1994; Kuhn, 1991), a progression from believing that absolute truth exists with
certainty to the position that knowledge is tentative and evolving (Schommer, 1990).

Simplicity of knowledge. At lower levels, knowledge is viewed as discrete, know- >
able facts, and at higher levels, individuals see knowledge as relative, contingent,
and contextual. Schommer (1990, 1994) describes a range of beliefs that move from
viewing knowledge as an accumulation of facts to seeing knowledge as highly inter-
related concepts.

Source of knowledge. An aspect of the nature of knowing, this dimension refers to
the locus of knowledge, perceived as originating outside the self and residing in ex-
ternal authority (from whom it may be transmitted) or, on the other extreme, as ac-
tively constructed by individuals in interaction with the environment and others
(Baxter Magolda, 1992; Belenky et al., 1986).

Justification for knowing, This dimension involves how individuals justify what;
they know and how they evaluate their own knowledge and that of others.
Individuals may justify beliefs through observation or authority or on the
basis of what feels right, or through the evaluation of evidence, expertise and
authority, and the assessment and integration of the views of experts (King &
Kitchener, 1994).

As argued elsewhere (Hofer & Pintrich, 1997), these four dimensions comprise the
core of what have been called epistemological thearies, an integrated, relatively co-
herent structuring of related beliefs. These personally held theories are part of an in-
dividual’s “folk epistemology” (Burr & Hofer, 2002; Kitchener, 2002) and are
activated metacognitively. In a recent study (Hofer, 2000) these four dimensions
were empirically tested in two domains with a discipline-focused instrument. Factor
analysis of this instrument supported the existence of a multi-dimensional model of
epistemology across disciplines, but the certainty and simplicity of knowledge did not
emerge as separate factors. This parallels the empirical work of Qian and Alvermann
(1995), who factor analyzed a revised version of Schommer’s Epistemological Belief
Questionnaire and identified one factor that merged certainty and simplicity of
knowledge. To a limited extent, this study of dimensionality (Hofer, 2000) provided
some evidence for the existence of the hypothesized dimensions, but none of the fac-
tors was as multi-faceted as suggested in the literature. Although survey instruments
play an important role in epistemological research, making it possible to identify re-
lations among various academic learning constructs (epistemological beliefs, motiva-
tion, conceptual change, learning strategies, achievement, etc.), they need
considerable development in order to capture the complexity of a particular con-
struct, and have been particularly problematic in the study of epistemological devel-
opment (Wood, Kitchener, & Jensen, 2002). Thus more qualitative work may be
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needed to further explore the understanding of dimensionality, which may prove use-
ful in refining instrumentation for investigating personal epistemology.
The study reported here provides a means of addressing these issues through a
§ qualitative approach to identification of the four dimensions, as addressed in class-
room context. Rather than a decontextualized survey approach, this research
endeavor incorporates both interviews and observations to integrate evidence of
these dimensions in context. This also provides a means for further understanding
how instructional practices are interpreted epistemologically.

3. Instructional practices and personal epistemology

Limited empirical evidence exists that explains what fosters epistemological devel-
opment or the alteration of epistemological beliefs, although several lines of inquiry
provide some suggestions for instructional practice (Hofer, 2001). Developmental
models typically assume that disequilibration fosters a_movement from one leyel
to_the next; thus suggested educational practices are to provide challenging ideas
in a supportive context in order to stimulate cognitive conflict and subsequent reor-
ganization. Others have proposed that epistemic doubt is a precursor to change, and
that it is also linked to identity (Boyes & Chandler, 1992) and affect (Bendixen,
2002), raising implications about the influence on motivation at different phases in
the process and how instructors might support students through epistemic change
(Bendixen, 2002). Belief change may also resemble conceptual change (Hofer & Pin-
trich, 1997) and need similar conditions: a dissatisfaction with existing beliefs, an ac-
ceptance that the alternatives are intelligible and useful, and a means of connecting
new beliefs to earlier conceptions (Pintrich, Marx, & Boyle, 1993), thus suggesting
how instructors could facilitate the process. Newer models of belief and knowledge
change drawn from social psychological literature (Dole & Sinatra, 1998) may help
further the understanding of epistemological change and related educational
practices.

Part of the press to understand the nature and power of epistemological beliefs
came from those such as Perry (1981) who reported their frustration at the range
of interpretations of educational practices among students. It seems plausible that
there is an interaction between the implied message of those practices and the current
beliefs of the student. Furthermore, it is possible that instructors are not necessarily
explicit in their communication about epistemology, nor sensitive to the develop-
mental level of their students. Recent research on the epistemological world views,
of teachers (Schraw & Olafson, 2002) provides an important step toward addressing]|
teachers’ beliefs as an under-investigated component of epistemological understand-
ing. Teachers’ practices, however, may contradict their own beliefs (Hofer, 2002;
Schoenfeld, 1985).

We need to know more about how students make sense of the epistemological
aspects of their instructional environments, what practices are most salient, and
how they are interpreted through the lens of existing beliefs and knowledge, which
are also being altered in the process. Addressing how individuals view knowledge
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and knowing obviously requires much more than direct instruction, as belief change
is clearly more than a simple process of transmission. Beliefs are situated in a socio-
cultural context and we need to know more about contextual influences, instruc-
tional practices, and how students interpret them epistemologically as they
acculturate to new educational settings. This study explores students’ epistemological
understanding as it evolves in the context of first-year science classes in a university
setting.

3.1. Instructional practices

As noted, the various instructional elements that carry epistemological impact
need further investigation. One broad framework for thinking about what occurs
in educational settings is provided by Schwab (1978), who describes four “common-
places”: the learner, the teacher, the milieus in which learning take place, and the
subject matter, each viewed as of equal rank and as essential to educational thought
and practice. Although numerous frameworks exist for identifying elements of edu-
cational settings, this model was selected for its simplicity and applicability to a case
study of educational contexts and practices, permitting a focus on aspects common
across disciplinary boundaries.

Each of the four commonplaces is addressed in this study, but narrowed to ad-
dress the topic under investigation. More specifically, reference to the learner in-
cludes both the background of the student participants and an exploration of their
individual epistemological views. The teachers of concern in this study are those
teaching the courses identified as the setting for this study, and the milieu in which
learning takes place is the particular chemistry courses in which these students are
enrolled during the time of this study. Although milieu in Schwab’s terms could
be more broadly conceived to include family, community, and class and ethnic back-
ground, this study limits the focus to the more immediate learning environment. Fi-
nally, the subject matter of concern is that of chemistry.

As conceptualized in this study, the area of instructional practices combines as-
pects of both the teacher and the milieu. Elements expected to have epistemological
significance were identified both by a review of the literature on academic work and
tasks (Blumenfeld, 1992; Doyle, 1983) and by pilot observations in college classes.
Instructional practices expected to have epistemological significance include the na-
ture of academic tasks both in and out of class, testing and other evaluation prac-
tices, patterns of teacher and student talk, classroom structure, the physical
arrangement of the classroom, reward systems, and textbook organization and lan-
guage. Although observations suggest that each of these might carry epistemological
meaning, we do not know how students make such interpretations, which suggests
the need for a study that explores these perspectives in context.

Doyle (1983) claims that academic tasks are “defined by the answers students are
required to produce and the routes that can be used to obtain these answers.” Tasks
have been demonstrated to influence how learners direct their attention and thus
process information (Doyle, 1983). For example, some types of tasks require
memory and others require comprehension. One important arena in the study of
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epistemological beliefs is how students make such distinctions and how student beliefs
interact with the dictates of task. For example, tasks that suggest memorization as an
appropriate strategy may reinforce views of knowledge as discrete bits of information.

Testing and other evaluation practices have been shown to have a powerful im-
pact, both direct and indirect, on student learning strategies, motivation, and
achievement (Crooks, 1988). Many students select an approach to studying that is
likely to ensure success on examinations, though students may differ in their ability
to accurately assess such situations. Nor are all students able to make adaptive
choices; those accustomed to a more surface approach to studying have the greatest
difficulty when testing calls for deeper studying strategies (Crooks, 1988). It would
seem that another intervening variable is individual epistemological theories. Stu-
dents who believe knowledge is simple would be less likely to comprehend the more
complex cognitive demands of some tests and thus might select strategies that convey
a belief of knowledge as discrete facts. Accordingly, beliefs about knowledge may
help define individual goals for learning and studying as well as their general percep-
tion and attitude toward types of testing. For example, students with simplistic be-
liefs about knowledge may view multiple choice testing differently than those with
more sophisticated beliefs and approach the studying process differently.

In summary, there is considerable impetus for understanding how personal epis-
temology is influenced by—and how it interacts with—instructional practice, as well
as for refining our understanding of the dimensional nature of personal epistemology
in context. Specifically, this study addresses the following questions: (1) how are the
four hypothesized dimensions represented in context? and (2) how do individuals in-
terpret instructional practices epistemologically?

4. Methods

This qualitative case study focused on the experience, perceptions, and meaning
making of undergraduate students enrolled in both science and social science classes
during their first semester of college at a large research university. The study com-
bined observations of classes and interviews with students in order to provide multi-
ple sources of evidence and contribute to triangulation of the data (Denzin, 1989;
Fielding & Fielding, 1986).

4.1. Methodological framework: The case study approach

The framework for this research is that of a case study (Stake, 1995; Yin, 1989).
As Yin (1989) notes, case studies are advantageous approaches to research projects
that address explanatory and/or descriptive questions in a real-life context, and are
particularly appropriate in a setting in which the researcher has no control over
events. The goal of a case study is not to provide results that are generalizable to
a broader population, but to expand and generalize theories. Case studies typically
make use of multiple sources of evidence; this case study draws on interviews, obser-
vations, and pedagogical artifacts.
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Although Yin (1989) describes causal explanation as a possible outcome of a case
study, Stake (1995) distinguishes between explanation and interpretation as episte-
mological distinctions between quantitative researchers—who seek explanation
and control—and qualitative researchers, who press for understanding complex in-
terrelationships. One intent of this particular study is to develop an interpretative un-
derstanding of the relation between classroom practices and student beliefs.

Furthermore, an important aspect of the design of case studies is in determining
the central focus of analysis. This particular case study can best be understood as an
embedded case study (Yin, 1989), in that the focus of analysis is the evolving episte-
mological perspective of students enrolled in two particular “cases” of chemistry
instruction, experienced within the context of the first semester of college at a large
research university. Examining embedded levels of context in educational research is
important in order to understand the influence of larger contexts and to obtain more
holistic representations of events (Evertson & Green, 1986).

4.2. Participants

Of the 25 students who participated in the study, all were in their first semester of col-
lege at a large research university, which they had entered directly from high school.
There were 12 females and 13 males in the study, with an average age of 18. The ethnic
background of the students represented a cross-section of the university, with one His-
panic student, two African-Americans, and five Asian-Americans of diverse regional
origin; the remainder were white. Students were selected based on their enrollment in
both introductory psychology and in one of two introductory chemistry classes. All
were enrolled in the same introductory psychology course; 13 were enrolled in a general
chemistry course and 12 in a more advanced organic chemistry course. They each
earned credit in their introductory psychology course for participating in the study.

4.3. Observations

During the semester of this research study, I observed the psychology and chem-
istry courses in which these students were enrolled, observing at least weekly in the
psychology course and at least weekly in one of the chemistry courses, and more of-
ten at critical periods, such as the first few weeks of class, prior to exam periods, and
at the end of the term. For purposes of this paper, the primary focus is directed to-
ward the two chemistry classes, which provided high contrast in terms of underlying
epistemological assumptions. Observations were centered on the large lectures for
these courses (although students also attended laboratory sections), as the lectures
were the experiences common to the students interviewed and were conducted by
the faculty members responsible for the courses.

An observational study is shaped by a particular purpose, which guides what is
obtained and how such information is used (Evertson & Green, 1986). My primary
goal in these observations was to examine how beliefs about knowledge and knowing
are communicated in the classroom and how they are situated in classroom interac-
tion. The observations offered a richer understanding of the classroom environment
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so that interview questions could be contextualized within the common classroom
experiences of the students, providing specific critical incidents for discussion in
the interviews, and allowing for an understanding of implicit epistemological foun-
dations for the two courses. These observations also provide the “thick descrip-
tion”(Geertz, 1973) that may help convey both the participants’ experiences and
the interpretations that follow.

The focus of the observations was on instructor material and presentation, class-
room interaction, tasks, and assessment practices. Notes from the observations were
recorded in writing as running field notes. In addition, pedagogical artifacts such as
texts, syllabi, and exams were collected. The written field notes were interpreted in ac-
cordance with the dimensions of epistemology identified in an earlier literature review
(Hofer & Pintrich, 1997). This was done by identifying examples of practices and inci-
dents that might be classified as indicative of simple knowledge, certain knowledge, the
source of knowledge, or justification for knowing. A select number of these were trans-
formed into interview questions. For example, students’ views about differing testing
practices and the relative merits of certain types of questions seemed to suggest views
about the simplicity or relative complexity of knowledge within the domain. Engaging
students in a discussion of such situated practices provided for the possibility of a con-
textualized, phenomenological understanding of students’ personal epistemology.

4.4. Interviews

Students were interviewed at two points in the term: toward the end of the first
month of the semester and during the final month. The interviews were guided by
an interest in hearing individuals “use their own words to express their personal per-
spectives”(Patton, 1990, p. 277), using open-ended questions that provided a frame-
work for such expression. The interviews were semi-structured; the primary questions
were pre-planned and standardized in order to minimize interviewer effects (Patton,
1990), and presented in the same general sequence, but the course of the interviews
varied slightly depending on student responses, as the did the follow-up probes.

The interview protocols included questions that explored personal epistemology on
a general level, by adapting questions from existing interview protocols that tapped the
range of the four dimensions suggested in the literature (Baxter Magolda, 1992; King &
Kitchener, 1994; Kuhn, 1991), as well as questions pertinent to instructional practices
as experienced by the students in their immediate academic setting. Course-specific
questions were developed based on observations of classes, identifying commonplace
practices within the framework of the four dimensions, and critical incidents from clas-
ses or quotes from lectures (e.g., an instructor’s comment in lecture about the impor-
tance of reproducibility in science). Interviews were audio-taped, transcribed, and
entered into HyperResearch, a qualitative data analysis software program.

4.5. The analytical process

The process of analyzing the data consisted of multiple, overlapping phases. Early
analysis of the observational notes was necessary in order to select incidents and
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topics for questioning for the two interviews; accordingly, observations were read for
suggested evidence of the four hypothesized dimensions of personal epistemology.
Analysis of the interviews was an ongoing, iterative process, facilitated by note-tak-
ing at several points. Interviews were scheduled with 1h free immediately afterwards
so that notes could be made about each interview, including comments about stu-
dents’ nonverbal responses and ideas that triggered other questions that might be
asked; this and other aspects of a “memoing” process also provided for conceptual
theorizing in the early stages of analysis (Miles & Huberman, 1994).

After all the interviews had been concluded, I listened to each tape and made an-
alytic notes, looking for patterns in the data and registering particular comments of
interest; I later repeated this process with each of the written transcripts. Entering the
data into HyperResearch facilitated further data management and analysis. For
example, all the answers to a particular question could be read together, in order
to discern patterns of responses, prior to conducting various levels of coding. To be-
gin the coding process I tentatively coded each question on the two interview proto-
cols for the dimension(s) that guided the writing of the question. For example, a
question about what a student might do if the instructor and book disagreed was hy-
pothetically coded as “source of knowledge.”” This permitted another reading of the
responses, with all those expected to provide evidence of a particular dimension read
together. In many cases, questions elicited responses indicative of more than one di-
mension.

This reading led to a resorting of the data, organized by each of the dimensions
actually represented by students’ responses. I read through one cluster at a time
for all evidence of that particular dimension, progressively moving through the data,
identifying various points on the continuum of beliefs suggested by the literature re-
view. For example, the existing literature suggests that simplicity of knowledge
ranges in a continuum from a view of knowledge as discrete bits of information to
a view that knowledge is complex and integrated. Was there evidence that students
actually view it as such in context? Moreover, what in the educational environment
elicited these beliefs?

In summary, these multiple readings of the data allowed me to identify evidence
for dimensionality in personal epistemology, representations of a continuum of be-
liefs, and linkages between beliefs and instructional practices. I wanted to know how
students expressed these concepts in their own words in the context of educational
experiences common to these first-year college students.

The final methodological step was to consider issues of verification. I employed
“member checking” (Creswell, 1998; Stake, 1995), an accepted means of establishing
credibility in a qualitative study, by providing an early draft of this paper to the
instructors whose courses were observed. I met with them individually to discuss
their perspectives of the accuracy and fairness of my representation and the veracity
of my interpretation. The instructors also provided written summaries of their com-
ments, and as best as possible, I have incorporated their suggestions into the final
paper. In regard to interview interpretations, two psychologists with expertise in per-
sonal epistemology also read early drafts and discussed claims and interpretations, in
order to provide a form of verification through “peer reviewing” (Creswell, 1998).
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The study also includes the triangulation of data through multiple sources to provide
corroborating evidence. Seeking convergence of outcomes in this way is a central as-
pect of a case study (Stake, 1995).

5. Underlying epistemological assumptions: A tale of two courses

As described above, the methodological framework for this research is that of an
embedded case study, with individuals in the study enrolled in similar courses within
the same large research university. Thus it is necessary to provide some descriptive
detail of these wider contexts, or in Schwab’s terms, the milieus in which their learn-
ing takes places. In the broad picture, these students are part of an entering class of
5000 at an institution internationally known for the caliber of its graduate programs.
Most introductory courses for first-year students are conducted as large lectures,
although about half the students interviewed were also enrolled in one small seminar
course. Students are expected to live on campus during their first year and many find
themselves in daily contact and conversation with individuals unlike anyone in their
previous personal experience. When asked “what stands out for you about the year
so far?” more than half the students commented on the novelty of dormitory living
or simply meeting and interacting with so many new people. These and other extra-
curricular aspects of college also influence and challenge ways of knowing and beliefs
about knowledge, as has been demonstrated by Baxter Magolda (1992); this study,
however, focused on instructional practices.

As noted earlier, students in this study were divided between two chemistry
courses, with 13 in organic chemistry and 12 in general chemistry. As is customary
in this institution, students were tested during orientation for their placement into
these courses, with prior knowledge determining the entry-level course for first-year
students. Both courses were structured with large lectures three times weekly, supple-
mented by a weekly lab and discussion session, led by graduate student instructors.

The two chemistry courses both met in the same room, a large auditorium with ap-
proximately 500 fixed seats, all facing forward. Rows are curved, with aisles through-
out, and the space is dramatically tiered, with a stage for the instructor at the bottom
center behind a large white counter with sinks and faucets, suggesting the aura of a
laboratory and the potential for in-class demonstrations. Behind the instructor are
triple blackboards that layer with the push of a button, flanked by huge screens for
overhead projection. Most notable in the room is the periodic table, inlaid in large
tiles on both sides of the auditorium, knowledge literally chiseled in stone.

Although taught in this same setting—an imposing environment with implicit mes-
sages about the source and certainty of knowledge and the role of authority, the two
versions of the chemistry courses offered dramatic differences in pedagogical style as
well as implicit messages about the meaning of knowledge and knowing in chemistry.
Examples from sample observations are provided as illustrative of this experience.

The first day of class served as a useful exemplar for the organic chemistry course.
The professor arrived as students were talking and began by writing his name, pre-
ceded by the title “Dr.,” in a very deliberate manner in large bold letters visible from
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the rear of the room, along with the course number and title. The room fell imme-
diately silent. He continued to write details about the course and they quickly began
to copy. He began speaking by pronouncing his name as deliberately as he wrote it,
followed by ““And if you get the pronunciation wrong, you get an F.” He smiled as
he said this, but the students on both sides of me sucked in their breath and hunched
over their notebooks a bit more. He then proceeded to describe the multiple compo-
nents of the course, including the fact that it is a nearly paperless course and that
they would find everything they need to know on the course web site. He then told
them about his approach to the course:

Instructors each have our own personal version of working our way through the subject
matter and each person organizes this differently. What you'll get is my representations,
my style, my personal approach. .. Hearing me talk about chemistry, hearing how I think
about chemistry is a reason to come to class—this is value added—these little 50 minute
gatherings three times a week.

Following this enticement, he discouraged them from purchasing course notes
from an unauthorized but popular note-taking service and explained why he also
did not plan to provide his own notes to them, speaking explicitly of the value he
placed on students constructing their own knowledge. This “higher-order” view of
both knowledge and knowing suggested that students would be expected to con-
struct an individual understanding that reconciles and integrates previous knowl-
edge, the authority of former instructors with the current one, and the knowledge
represented in the textbook.

The first day in this class, as in most courses, was also a time to address grading
procedures and testing practices. The professor described the exam process for this
class:

It will require more than filling in bubbles. Exams are a combination of drawing pictures
and diagrams and writing, and they won’t be problems that have appeared in class...
You take on the teacher role in exams. I come and ask you the questions and we reverse
roles. A person wouldn’t just want the answer—they would want to know how you got
it... The solution is the most incidental part, an outcome of the most important part. So
you need practice in those skills, in thinking aloud, which is what you will get in this class.
You wouldn’t want to practice this skill in a high stress situation.

He explained the role of study groups in the course and why it would be impor-
tant to practice working problems aloud with others. “The true assignment of this
course is learning how to learn, and learning how to express yourself in a new and
unfamiliar area, an important skill even if you never do chemistry again.” Again,
he emphasized the constructivist nature of learning he expected, explaining that he
would provide sample exam problems in the coursepack, but there would be no
answers there, since he expected them to derive them collaboratively. Students were
referred to the course web site for further explication on using these problems as a
learning tool. In bold print, the web site also stated:

There are no answer keys for this coursepack for a good reason. If you had answers you
would: 1. Use them too early: 2. Be less inclined to work with your peers. This second point
is critical; year after year, some students begin the term complaining there is not an answer
key. Then, an amazing thing happens, they learn the intended lesson: working with others
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gives you the single best opportunity you'll ever have for learning—you will talk about your
ideas with others. Don’t just think about it—do it!

Making this explicit both in class and in the written materials that appear on the
course web site (and alluding to student complaints) suggests that this approach may
differ from students’ expectations and previous experience.

As is common on a first day of class, the instructor also described how students
would be graded, a system that differed from most large lecture classes at the insti-
tution:

We don’t grade this course using a normative standard. That would be unrealistic if you
want people to work together. We use an absolute standard. And if all 1000 students got
80% or above, we would be happy to give you all some version of an A or above. We would
think we had done a good job.

On the first day students were also given a preview of the professor’s discourse strat-
egy: “The subject matter is one big story. The course is one big long narrative. If you’re
not used to this, it will feel strange.” From the surprised looks of students and the
hushed whispers, it was clear that this is novel indeed, and not how most had learned
chemistry in high school. In the remainder of this first class period he discussed the dif-
ferences between “information” and “meaning,” how meaning is constructed, and
how interpretation is based on prior experience and context. The final part of the class
focused on the subject of the course in more detail. The professor wrote on the board
and then turned and read aloud as a pronouncement: “Chemistry answers questions
about the material world.” He then described the parameters of the subject.

Classes observed during the remainder of the term followed what had been prom-
ised on day one, with a narrative story line about chemistry unfolding through par-
ticular problems of real-world application, and with continued reference to the
meaning of signs and symbols and their origins. Observations throughout the term
indicated that attendance for the class remained high, students appeared attentively
focused throughout, and seldom did students arrive late, leave early, or engage in
conversation during class. The instructor frequently asked questions during class
and expected students to call out answers, which often came from several dozen stu-
dents simultaneously.

The other course, general chemistry, was taught with an emphasis on mathemat-
ical processing and measurement as the focus of the knowledge base, a purposive at-
tempt on the part of the instructor to integrate measurements and mathematical
processing as an important aspect of the physical sciences. This class typically fol-
lowed a different format from organic chemistry and appeared to embody alternative
epistemological assumptions about knowledge and knowing. Nearly all classes ob-
served consisted of the professor working mathematical problems on the board, ob-
served and copied by students, who sometimes asked questions or called out brief
answers in response to questions about the formulas and the appropriate informa-
tion needed to work them. Tests consisted of open-ended problems, except for the
final, which was multiple choice format. Previews of the open-ended problems did
not appear in advance in the coursepack. Grading for the course was normative,
or “curved,” and this process was not explained to the students.
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Observations of general chemistry classes showed a routine pattern to the class-
room discourse. For example, the professor opened a class as follows:

I asked you to read sections 1 and 2 for today and I'm going to act as if you did. Wednesday
we’ll go over topics in section 5 and 6 and Friday we’ll finish up the chapter and perhaps get
started for the review on Monday. I'll hand out some problems we’ll go over on Monday.
Ok, chemical equilibrium. This may be a bad thing to do today when you’ve come back from
the weekend, but we need to go over some of the formulas for chemical equilibrium. (He
turns to the board and begins writing as he continues to speak.)... So this is described by
a constant, capital K, and for this general reaction we will write this constant. .. then we’ll
use algebra to describe the equilibrium. ..

He continued in this manner for several minutes, a cordless microphone making
his voice audible throughout the room, even during long sessions facing the board.
He referred students to the textbook for the formula and noted that “I've used the
numbers in the textbook so you can check them.” At one point he summarized
his instructional strategy and the pedagogical goals for this lesson:

So today I'll try to go over the elements of the formula and use them in calculation and once
you understand that you'll know what you need to know.

In direct contrast to the expressed goals for learning in organic chemistry, the goals
for this class, as presented by the instructor, are to know the formulas, when to use
them, and how to use them. This suggests a different view of knowledge altogether
and a different focus of attention in the learning of chemistry. This formulaic, mathe-
matical approach is a deliberate one on the part of this instructor, though it may have
unintended consequences. A sample observation included repeated phrases such as “n
over visequal to t over rp” and little other spoken detail, other than numbers that were
to be plugged into such formulas. Knowledge in this class involved repetition and rep-
lication, and little direct engagement or individual construction of understanding or
meaning. Many students arrived late and/or left early, and it was common to see stu-
dents sleeping or in conversation. None of the students who were interviewed dropped
organic chemistry, but four of the twelve enrolled in general chemistry had dropped the
course before the second interview, consistent with overall course patterns.

I observed the last day of class in both courses, held back to back in the same
room, with approximately the same number of students (approximately 350). In gen-
eral chemistry (the course just described) students continued to wander in late and to
chat with neighbors, as the instructor began class with a short introduction to the
exam process and a brief review of the course:

Ok, I gave you an overview of the main topics for review and we'll work our way through
these topics. Let me address the exam first. It begins at 8 a.m. next Monday and you should
bring two number 2 pencils that are reasonably sharp. It’s hard to find pencil sharpeners
here. You should have your calculator, And there will be a data sheet similar to the second
exam. For the final exam there will be 52 multiple choice questions.

All right, let’s review the main themes of this course. We started off looking at measurement.
Then we laid the groundwork for chemical systems. Then we started with building blocks
and atoms and then we went to molecules. Then we looked at interactions among ions, mol-
ecules, etc. Then we finished with equilibrium. And that’s the course. Ok, let’s review
problems.
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As he worked final problems on the board he also provided test-taking cues
appropriate to the multiple choice format of the final exam:

So if you are rushed for time on this kind of problem, there are several things you could
do... You want to be able to reject the wrong answers quickly, so in this case if you looked
at the magnitude of the answers, you’d come down to these two. And if you were rushed for
time and couldn’t do the calculation, then you could just pick between these two. However
you get the answer is ok.

As the end of the hour approached, students began to pack up noisily, and many
stood and began to walk up the aisle to the doors at the back of the hall. “One more
comment,” he says loudly.

I really think there have been some major changes—learning—that have taken place in this
class. That’s my perception. And I want you to show it a week from today on the final exam.

Students continued to head to the doors.

By contrast, the final class in organic chemistry began quite differently. The room
was silent as the instructor began speaking with animation and energy, focused on
the audience, scanning the students visually.

T want to end up with a story on oxidation in order to serve as a reminder on the last day of
class that the goal in any subject is to make sense of what the world is making sense of,

I'm not recommending everyone go out and become organic chemists. .. When I took or-
ganic chemistry I felt I was being exposed to what looked like the state of the art in the
field. .. If you saunter through the library and pick up the Journal of Organic Chemistry
you can understand it after just one course. This would not be the case with the Journal
of Physics, for example, after one physics course. It’s easier to get the state of the art in this
field than in any other area... And that’s why we test you the way we do, giving you real
problems. ..

Such a conclusion acknowledges students’ induction into an academic community,
as individuals who have learned enough to be literate about organic chemistry, no
small accomplishment. He then began to weave a story about chemistry, tacitly con-
veying his expectations that they can now follow such a narrative. He talked about
amines and nitrates, their presence in food products, how nitrates are used as fertil-
izers but also added in curative action, “so meat looks redder,” then discussed what
happens in the frying of bacon in a pan or entering a smoky bar, leading to the issue of
contact carcinogens, laboratory experiments with rats, work with analogous com-
pounds. Students seemed riveted and engaged and asked questions throughout.

The final exam in this class, as was the case with earlier exams, consisted of
authentic problems culled from recent chemistry journals. In this last class he stated
“I want to walk you through some of these and the kinds of problems we’ve been
dealing with.” He asked questions throughout, such as “Now which step has the
highest activation energy?” and when he got a range of answers, probed the reason-
ing of several students, commenting “Be careful how you say that!” He patiently
helped a student with a rephrasing, reminding them that he was interested in their
reasoning, not just the answer. As the end of the hour approached, he was still talk-
ing and the only other sound was the hourly chimes from students’ watches around
the room. In this course, no one moved until he signaled the end of class, saying that
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“the course isn’t really over yet”—there would be help sessions all week and a review
session he would conduct on Sunday, the night before the exam.

Thus students interviewed in this study, divided among these two courses with
such widely differing approaches to the instruction of chemistry, experienced dra-
matically different inductions into the scientific world of chemistry as taught at
the college level. Moreover, these approaches convey differing underlying assump-
tions about knowledge in general and knowledge within the discipline. One course
offered the view that students are cognitive apprentices who can rise to the chal-
lenge of constructing knowledge much as scientists do, within a discipline in which
knowledge continues to evolve. The other presents a view that knowledge in chem-
istry consists of facts and formulas and that knowing chemistry means remember-
ing and applying these formulas and recognizing appropriate contexts for their
particular use.

6. Dimensionality and the epistemological interpretations of instructional practice

This analysis was conducted in a multi-layered, multi-stage process, through read-
ing and sorting students’ responses to epistemological questions, both general in
nature and specific to the courses that had been observed, as explained earlier.
The analyses below are organized by epistemological dimension (simplicity, cer-
tainty, source, and justification). Within each dimension, the responses to questions
regarding instructional practices are presented. The intent of this analysis is to ex-
pand the theoretical understanding of the dimensions of personal epistemology
and the continuum of beliefs, as expressed in context. Illustrative quotes have been
selected as representative of the range of beliefs along the continuum. Quotes are fol-
lowed by a participant identification number and either the letter “a,” indicating that
the quote was excerpted from the first interview, or the letter “b,” indicating an ex-
cerpt from the second interview.

6.1. Simplicity of knowledge

In the existing literature on personal epistemology, simplicity of knowledge is
viewed as operating on a continuum that ranges from viewing knowledge as an ac-
cumulation of discrete, concrete, knowable facts to viewing it as an interrelated net-
work of concepts that are relative, contingent, and contextual. In the case of this
dimension of simplicity of knowledge, there were no general questions from previous
epistemological interviews that tapped this particular dimension. Thus all questions
that students were asked in order to elicit beliefs about this dimension were related
specifically to classroom practices.

6.2. Instructional practices

Key areas that appeared to provide opportunities for students to make infer-
ences about the simplicity or complexity of knowledge included testing practices
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and exam review sessions. Students were also interviewed about particular in-
structor comments that seemed pertinent to beliefs about the relative simplicity
of knowledge.

6.2.1. Testing practices

Both interview periods coincided with exam periods, so students were seen when
testing practices were particularly salient, and when it was possible to gain natural-
istic evidence for how students approached their preparation for tests in both subject
areas. In both chemistry courses, the tests were largely open-ended problems, with
the exception of the final exam in general chemistry, as described earlier. Students
were asked what they thought of this, and why they imagined the instructors might
test in such a way.

For some students, these questions elicited complaining about the open-ended na-
ture of the tests and a preference for a multiple choice format. These students liked
what they perceived as the simple, concrete nature of multiple choice questions and
found the open-ended format of the chemistry exam problematic and unfamiliar rel-
ative to their high school science tests. One student commented that

At my high school we had a note card and it had all the formulas. .. and she would give us
questions but they were things we had seen before. So the stuff she went over in class was on
the test, not the exact questions, but the same idea. And what was so different about zhis test
was that these were things people had never seen before and that really threw us! (17a)

Such students wanted the familiar replication of discrete facts, and the safety of
knowing that the essential knowledge of a field could be contained in formulas that
fit on a note card. Not surprisingly, given these views of knowledge, when these stu-
dents were asked how they studied for their exams, they described memorization as
the primary mode of study. Such strategies had low value in preparing for tests with
open-ended problems, but were reported as somewhat more useful in studying for
multiple choice tests in other courses, such as the introductory psychology class.
Also not surprisingly, but disturbingly, three of the four who reported having
dropped general chemistry by the time of the second interview were among those
with the most simplistic view of knowledge. The type of preparation with which they
were familiar, the beliefs they held about knowledge, and the formulaic mode of in-
struction made it very difficult for them to perform well on exams that were a novelty
and that required more than formula recognition and calculation.

There were other students who seemed to have a window on why instructors
might want to assess more complex thought processes during the chemistry exam,
for example, although they did not express comfort with the method. One student,
when interviewed early in the term, lamented the loss of the straightforward tests
of high school and anguished over a more open-ended approach. He described a typ-
ical high school tests as “Find the molecular weight, find this, find that.” The new
exams presented a dramatic contrast: “But here it’s like ‘In a factory this acid is being
produced...” and they work it into a whole story problem! That’s what gets
me!”’(20a) Interviewed in November, after the second exam, he still talked about
the differences in testing practices, but his understanding of the rationale for this
approach was clearly growing.



B.K. Hofer [ Contemporary Educational Psychology 29 (2004) 129-163 145

In high school the wording of the exam is so straightforward. ‘This means A, B, C, or D
And in college it’s like ‘If you have this and you take away this, and then you have the
inverse’—you know, it’s weird! They could say it so much simpler. The hardest thing is
finding out what they’re asking... But it’s just about thought processes. They want you
to think more about it instead of just plug and chug. Like in chem—before you just
plugged the numbers into the equation and worked it out. Now you have to find out what
equation to use and what numbers to use (20b).

This student—and several others like him—seemed in transition between two sets
of beliefs. Exposure to new practices caused him to reconsider a previous view of
knowledge that had been reinforced by high school testing practices and to evaluate
the intent and meaning of such practices. Knowledge as “plug and chug” had begun
to fall away. ST

Toward the more sophisticated end of the continuum of beliefs about the simplic-
ity of knowledge, there was an easy acceptance of a mode of testing where problems
are open-ended and situated, and this was often accompanied by an awareness of
study strategies appropriate to the task. One student, enrolled in organic chemistry,
noted that such testing involves creativity and that the need to assess this is purpose-
ful on the part of the instructor:

There are multiple things that can happen in each problem and they want you to think cre-
atively. . . It separates people basically—those that can think creatively, because that’s what
an engineer does, or in chemistry or physics or whatever. They want people who can think
creatively and problem solve (7a).

For these students, moving beyond a simple view of knowledge is valued and
seems to be an assumed part of college. Several students recalled the organic chem-
istry professor’s rationale for a more open-ended approach and affirmed it.

I remember what he said about the test in the coursepack: ‘Now you’re the teacher
and I'm asking the questions.”’ That wouldn’t really apply if it was multiple choice.
Multiple choice would be easier, but you wouldn’t learn as much... And you
wouldn’t study as hard (la).

6.2.2. Review sessions

Further messages about the relative simplicity of knowledge are communicated
by faculty members as they assist students in preparing for testing. As described
earlier in the observations of the last day of class in chemistry, instructors give
messages either directly or indirectly about the view of knowledge in the course
as they lead students through the review process. In addition to the final exam,
students were tested at several points during the term in each of these classes
and scheduled review sessions were held for each of the three tests in both chem-
istry classes.

In general chemistry, the course instructor set aside one class period prior to the
exam for a general review and distributed a set of practice problems in advance.
A typical review consisted of students calling out problem numbers, which the in-
structor then worked on the board. Such problems consisted largely of applied math-
ematical work. This method seemed to suggest a particular approach to the material:
the need to know how to recognize a certain type of problem, recall the appropriate



146 B.K. Hofer | Contemporary Educational Psychology 29 (2004) 129-163

formula, and perform the calculations required. The actual tests, as noted earlier, re-
quired more synthesis and integration.

In organic chemistry, a review session was scheduled in the evening a few days
prior to each exam. Students were given practice tests in their coursepacks, which
they had been encouraged to review early in the course, working with others to de-
velop answers. At each review session, the professor began by explicitly stating what
he called ground rules: “I want no questions of the format ‘Can you work the prob-
lem on page 367" He did not suggest an acceptable alternative and left this for stu-
dents to determine, but it was clear that he was not interested in conducting the type
of review session most students had come to expect in math and science courses, lar-
gely spent observing the instructor work problems.

Given the contrast between this review session and the one observed in general
chemistry, presumably more familiar from high school classes, I chose to use this in-
cident as a platform for discussion during interviews to assess how students inter-
preted this and to see what it might elicit about their beliefs about knowledge.

Queried about this toward the end of the term, only a few students seemed exas-
perated by this tactic. One student, although acknowledging the educational value of
the process, described her view of knowledge in regard to chemistry, a perspective
that appeared relatively simplistic, but evolving:

I didn’t like it. I kind of wanted to go over the coursepack and I didn’t like that he only
wanted general questions, although it turned out to be helpful in the end. I think chemistry
is more like set rules—you just have to know how to do certain types of problems. .. And I
wanted to know how to do that process and we couldn’t ask questions like that. (And why
do you think he doesn’t allow that?) He probably wants us to think more and not just do
what I'm trying to do, but to actually know the chemistry back and forth. (And what do
you think of this?) I'd think it’s a good idea if my grade wasn’t so highly dependent on these
exams (6b).

Several students talked about the review process as a means of encouraging
broader application of knowledge:

I think that’s good, because it forces us to come up with a question that’s going to apply to
many other questions, so you'll be able to apply it to the exam, and not just the particular
problem in the book, so it keeps us from thinking that this is how you do this one and only
this one. You can apply it to many (2b).

They also described it as a way to enable students to “try to understand the con-
cept instead of just the problem.”(3b) As one student noted, “Working a problem,
once you get the algorithm down, that’s nothing. And what he wants is more the
thinking process.”

By the end of the term in this particular class, all but three of the students enrolled
in organic chemistry seemed accepting of this mode of review and were able to de-
scribe their responses in terms that indicated an approach to knowledge that
acknowledged complexity and interrelationships among ideas. The response among
students in the general chemistry class was largely exasperation and frustration over
the incongruence between their preparation for the test, based on strategies sug-
gested by the type of problems in the review sessions, and what the tests actually
seemed to require.
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6.3. Instructor talk: Critical incidents from classroom observations

On the first day of class in organic chemistry, as noted earlier, the instructor dis-
cussed the role of ideas and symbols in chemistry and the difference between meaning
and interpretation. In the interview, students were given a particular example he had
offered and asked what that had meant to them. The following three responses indi-
cate varying levels of views about the simplicity of knowledge. On a relatively con-
crete plane, one student interpreted this as follows:

He was just trying to get us to look at stuff for what they are. I think when we get into more
hardcore chemistry stuff he wants us not to forget what the basic things really are, not just
what they stand for, but what they are and what they’re made of, like seeing the tree instead
of the forest.

A second student was somewhat mystified by it but seemed to recognize that the
challenge for her was to begin to connect with this way of thinking:

I was a little annoyed because it didn’t really help me at all with the work we were supposed
to be doing. . . I was just laughing the first couple days. I was like “this guy’s really cool, but
I don’t know how I'm going to get my mind to work with his!” (she laughs) (why do you
think he teaches this way?) I think he wants people (not to) just think the first thing that
comes into your mind, but to think about things more. I think that’s interesting, but it’s
a little bit rough in chemistry! (13a)

A third student was typical of those who could see what the process required of
them and who could accept both a more complex view of knowledge as well as a
means of knowing that required “critical thinking””:

It’s a totally different way of looking at chemistry. (And why do you think he does that?) To
make people learn how to critically think. This seems to be a big thing in all our classes, the
critical thinking. In the beginning of all our classes that’s what’s being discussed—that
you're analyzing what you’re learning and picking it apart (9a).

The emphasis on critical thinking was raised by several students at repeated times
during the interviews. As an explicit goal of some of the first-year classes (e.g., it is
directly addressed in the introductory psychology class as a necessary approach for
evaluating social science research) and an implicit agenda of the college curriculum,
critical thinking seems to require a particular level of epistemological development,
as others have noted (Belenky et al., 1986). A problematic issue from a developmen-
tal perspective is how this approach is interpreted by those at lower levels of episte-
mological understanding and what additional support might be needed for
developing these skills.

6.4. Certainty of knowledge

The dimension of certainty of knowledge concerns the degree to which one sees
knowledge as fixed or more fluid. At lower levels, absolute truth exists with certainty.
At higher levels, knowledge is tentative, evolving, and modified in genuine inter-
change with others. Student beliefs about the certainty of knowledge were assessed
with both general questions and those specific to incidents in their classes.
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Asked “How would you define truth?”’ students gave a range of answers that dis-
play the continuum expected. As found by King and Kitchener (1994), none of these
first-year college students described all knowledge as certain, although there were
several students who give answers that conveyed a belief in a considerable amount
of certainty of knowledge. Several examples follow:

I guess I'd just define it as something that’s real and can’t be proven wrong and is always
going to be there, always going to be what it is. Like I'm a male and you’re a female, some-
thing like that (1b).

Something that is known with absolute certainty. And something that is believed to be true,
that is 100% true. Like mathematics concepts (6b).

As students begin to make the transition away from such firm beliefs about the
certainty of knowledge, opinions take center stage:

I’'m not really sure there is an absolute truth. Because everybody has a personal truth, and I
think that’s the best definition of truth, what you think is true, what your set of beliefs are (4b).

Truth is different for everyone. You can believe something and it will be true to you but for
the other person it’s completely different. It’s all about opinions. . . Truth to you is your par-
ticular view (16b).

For some students this transition is quite difficult to discuss, perhaps something
fairly new that they have yet to think aloud about. Asked how she would define
truth, one student responded:

It’s like you don’t know what’s for real. .. I guess it’s just the right thing, but you don’t know
what the right thing is, so it’s what you believe true. But it’s so hard because you usually
follow what people tell you and you never have to know the truth yourself, it’s always
out there. Well, not always. But it’s out there for you in certain situations, so you know what
the truth is. (What do you mean ‘out there’?) Ok, not everything has a truth, and you don’t
know answers for everything, but say you were talking about science. Of course there is
probably going to be a right answer to a problem. That’s the truth (15b).

A consensus view of reality was described as truth by some:

It can be anything from a scientifically proven fact that smoking causes cancer or, looking at
anthropology, an accepted norm across cultures. One norm is that if you marry outside the
family, every culture accepts that as right, that’s one thing every culture believes in. (And
that’s truth, if all cultures believe in it?) I think so. It’s a fundamental thing that everyone
believes in (12b).

And another struggled with accepting a view of knowledge as constructed:

I think truth is still kind of theory. There are a lot of things you don’t know for sure. I'm
sure there are facts—like you can touch this (she laughs as she touches the desk) but I
think—I know that in science that theories are truths. No, forget that. (pause) I think that
everything has a gray area and it’s not black or white and people thought of these truths and
rationalized things and came up with names and ways to explain things, so I think there’s no
real definite truth. (In any area at all?) I don’t know if I'm looking at it too deep, but every-
thing, I think, the way we talk about things, is constructed. We call a tree a tree because
someone made that term up (10b).

Another grappled with the changes in his beliefs, speaking first of a position in which
all beliefs are relative, and then moving to a position where evidence plays a role:
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It’s in the eyes of the beholder. It’s one’s personal beliefs. There’s no one set true thing.
Who’s to say what’s what? I could call this a cow (points to a chair) and someone else could
call it a chair. (So it’s completely relative, and one person’s version is as meaningful as some-
one else’s?) Yeah, Hmm. Well—not always. How much you can back it up is how valid it is.
With what evidence you can back it up. (Did you always think this?) Not always. I remem-
ber when something was either true or not true. I read about people like that in my psychol-
ogy book and I though “that’s exactly how I was!”” (8b)

This ability to reflect back on a previous position was reported on by several
students. Two students in particular described evolving views of knowledge that
enabled them to see knowledge as less certain, more tentative, and more open to
re-evaluation.

I'm not sure there’s truth. I think there’s a lot of different ways of looking at things and
there’s degrees of truth. I'm not sure you could ever prove anything definitely. You kind
of have to be willing to accept that there’s different explanations and some are going to
be more plausible than the others and there’s always an exception. (Did you always think
this?) No. I think before 1 thought there were absolute truths and there were some things
you absolutely accepted and they were right no matter what and you came to believe it.
One thing would be completely right and the other would be completely wrong. Now I'm
much more open-minded. (When do you think that changed?) I can remember when the
whole process started, but I’ve changed my mind about a larger number of things just since
I've gotten here. Because there are so many people that have really interesting and new ideas
when you talk to them—you open your mind to ideas you were previously closed to... My
life is completely different here than it was before. I've had to change, to adapt. . . to become
more open-minded (13b).

I think there are many elements that go into truth. I don’t think there’s one thing you could
say is the truth. You have to look out when someone says ‘this is the truth’ because there’s
always new experiments going on, there’s always new findings, so you have to be able to ac-
cept those and not be rigid and not think ‘this is the truth, I can’t deviate from it.” You have
to be more open I think. (Do you think you always thought that?) No, I think before, more
like early high school, I didn’t think. More as I got into advanced placement classes in later
high school years, and now that I came here, I think. I've developed more critical thinking
and more openness to other perspectives and other findings, to be able to say ‘I'm not as
rigid, T can look at other people’s argument and see what their side of the story is.” (2b)

6.5. Instructor talk: Critical incidents from classroom observations

During the early weeks of the psychology class, in which all of the participants
were also enrolled, the instructor talked about psychology’s origins and its ties to both
philosophical inquiry and the scientific method. The instructor also made explicit at-
tempts to distinguish pop psychology from scientific psychology and discussed the use
of evidence to validate claims in psychology. During that lecture he said:

In science we have explanations and theories and they must be regarded as tentative. We're
never satisfied that it’s the final explanation.

Because this was applicable as well to their beliefs about chemistry, during the
first interview this was repeated to students as a statement the instructor had made
in their psychology class and then they were asked to comment on it. This seemed to
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provide a way to gauge their understanding both of the concept and their sense of
certainty of knowledge.

None of the 25 students interviewed questioned this statement, and all seemed to
accept that there is a tentativeness to explanations and theories in science, but some
were quick to restrict and qualify this and others saw it as a widespread phenome-
non. Their beliefs about the reasons for the tentative nature of knowledge in science
varied. Highly affected by the “information explosion,” many of these students
viewed the tentative nature of science as a necessary position in a world where the
knowledge base continues to change rapidly.

New things can be found every day and maybe you might learn something and you believe it
is best but then five years from now they discover another part of the brain that controls
something. (3a).

I think he means that you can always keep testing something, and I guess maybe he means
that nothing is ever absolute. Something can always change. Like 50 years from now some-
thing we believe to be true now we can learn that it's not—I know it’s happened before (1a).

Others saw this as a matter of the changing technological climate, that it had recently
become possible to challenge previous knowledge through methodological advances:
Different things are happening now and a lot of technology is advancing, and we’re going to

discover more things, so some things are going to have to be tentative. But I think some
things that have been around a while are concrete (20a).

Some students expressed a general openness about the tentative nature of knowl-
edge:
There’s always new things we’re finding out, so nothing can be final, it can always be some

new perspective that comes into play, where you have to examine it from a different angle (2a).

And for some this had a personal cast, as they reflected not so much on whether they
saw knowledge itself as certain or evolving, but whether they were able to approach
knowledge with any personal sense of certainty. For example, one stated:

There’s just so many theories so you don’t know which one is the exact right one. And I
guess that keeps things open. You can lean towards one but as long as your mind is till open,
then you’re not so adamant about it (92).

By contrast, another student spoke of her need for certainty:

I think it’s true, but I like to have answers, so it frustrates me. Like I don’t know if I could
live with a career that involved that, because I really like to feel like after I've done some-
thing that I have a definitive answer I've gotten out of it. Like I've really accomplished some-
thing finite. But it’s interesting (13a).

Finally, some described a quest for new knowledge:

I think that’s true in science—that scientists are never satisfied with the results—or they’d
lose the passion for it (5a).

6.6. Source of knowledge

At lower levels of most of the models of personal epistemology, knowledge is
viewed as originating outside the self and residing in external authority, from whom
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it may be transmitted. The evolving conception of self as knower, with the ability to
construct knowledge in interaction with others, is a developmental turning point of
most models. Perry (1970) described this awareness as one of the shifts in his model
of intellectual development, when “the person, previously a holder of meaning, be-
“cofies a maker of meaning ’(p. 87). Similarly, both King and Kitchener (1994) and
Belenky et al. (1986) describe a shift in the action of knowing in the higher stages of
epistemological development, with the knower moving from spectator or passive lis-
tener to an active constructor of meaning.

In order to assess general views about the role of authority in knowing, students
were asked several questions about the nature of expertise and their reliance on ex-
pert authority. One such question, adapted from Belenky et al. (1986) was: “In learn-
ing something you really want to know, can you rely on experts?”’ At one end of the
continuum, students seemed to express confidence in expertise, a view that also
reflected their sense of certainty of knowledge:

Yes. I guess if I wanted to know something about chemistry, to give me the right answer, I
guess I could rely on my professor to tell me the right answer and how to get it (14a).

Those with a slightly less certain view of knowledge suggested that this might not
always be reliable:

Sometimes. You can’t always assume they’ll be right. In the case of science, experts said the

earth was flat and it turned out to be wrong. So, sometimes you can and sometimes you can’t

(6a).
Others assumed that experts would be acceptable up to a point, but that “of course
they are going to have their own biases.” (7a). Along this continuum, parallel to
what has been sketched out by King and Kitchener (1994), there were those who
described a more questioning attitude toward expertise. For example,

I think it depends on who the experts are. .. I think if there are unbiased experts, it’s ok, but
you have to look at where they’re from and what their motives would be for reporting this
(21a).

I still think you have to think about it critically. You can’t just rely on experts because you
don’t know all the facts under which their tests were run. You have to ask what were the
variables—and are they telling you everything that happened? (2a)

Others spoke of the role that firsthand experience plays in knowing:

I don’t know if I'd rely on them solely, but I think if I wanted to learn something, I'd consult
experts in that field and maybe read some of their literature. But I think I’d want to expe-
rience something firsthand, definitely. The experience is more valuable than reading a text-
book or even talking to someone who has the experience (5a).

A more constructivist view was evident in several students’ responses about expertise:
An expert can tell you all he knows, but you have to be able to do it in a way that can get

into your mind so that you know it. (25b).

To a point. I mean, you have to think about it yourself—people can only give you so much.
There can only be so much input, then the information has to be assimilated and put to-
gether and made into what you know (11a).
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To further investigate students’ views of external authority, students were also
asked “How do you know when someone is an expert?”’ At one end of the contin-
uum, their definitions reflected a view of expertise as synonymous with a quantifiable
body of knowledge and an extensive amount of training. Students described experts
as those who “had been to all the classes and really know what they’re doing,” who
have “studied for a really long, long time,” or who have “more knowledge in the
field than the average person.” Such experts are “certified at something” and “‘are
supposed to know every little detail about certain things.”” One student noted that
experts “don’t need to look anything up.” This view embodies a view of knowledge
as certain and simplistic, as suggested by this student’s response: “Credentials. Facts
they’ve found that have been proved. If you know they’ve done a lot of good things
and what they’ve done is true.” (15a)

Another view included the assumption that training and education are a valued
aspect of expertise, but extends this to include other criteria such as “someone at
the cutting edge of what they’re doing, continually trying to bring more information
into their field” or “they have their own original ideas and ways of doing certain
things.” In this discussion several talked about the value of being able to integrate
ideas, the need to continue to learn within a field, and the ability to effectively com-
municate. One student described signs of expertise as “how well they understand
things, how well they can tie them in with other things, how well they can get some-
thing across to someone.” Such views suggest an interrelationship among the four
dimensions of personal epistemology, as this also represents a more complex view
of knowledge.

6.7. Instructional practices

Within the structure of these large classes, students face multiple possibilities for
determining the source of knowledge. The instructor at center stage in the front of
the room would be an obvious source for many, as would the text and other support-
ing materials. Students are also encouraged to learn from others, and this is formal-
ized both through discussion sections and organized study groups. Such
participatory experiences also give them opportunities for constructing their own
ideas and expressing them aloud, perhaps validating their own knowing. Laboratory
experiences provide opportunities for direct engagement in learning, as do research
experiences. Outside the structure of the courses, there are other sources of knowl-
edge, including peers, parents, former teachers, other printed resources, and various
other forms of media.

6.8. Conflicting sources of knowledge

In the first interview, students were asked a series of questions about what they
might do when various sources of knowledge conflicted. Several spoke of conflicts
between personal experience and the text and how they resolved this. Students also
recalled experiences when the text differed from what their teachers or professors had
said in class, and their interpretations revealed what they judged to be the more
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credible and trustworthy source. For some students, the fact that a teacher could
question the authority of a text was baffling. One such student described a set of con-
flicts between the lectures of his high school world history teacher and the textbook
for the course, and the ambiguity this created for students, particularly when they
inquired about preparing for an exam:

We'd say ‘which do you want us to use, the lecture or the book? ... And he said this quote
T'll remember till the day I die. He said ‘Books lie.” (pause) That’s what he told us! We didn’t
know what to do, it was so tough. (And what did he mean, ‘books lie’?) I have no idea!
He was a really weird man. And no one wanted to argue with him, because he was the
authority (20a).

Texts had been a paramount authority to this student, and reconciling this with the
teacher’s judgment had been insurmountable for him at the time.

In most of the cases cited from high school experiences, students were overwhelm-
ingly in favor of the book as the higher authority over their high school teachers.
One commented on a discrepancy about the scientist who discovered DNA: “Basi-
cally, I remember the book, because I didn’t trust the teacher. I would just think
the people writing the book would know more what they were talking about. They
would know more about the field.” (6a) Others offered similar views.

Although it might be expected that students would see college professors as per-
haps more authoritative sources of information than their high school teachers, gi-
ven the relative preparation involved and the difference in roles, such changes do
not occur immediately, and these students, interviewed during their first semester
of college, were still likely to suggest that the textbook would be a more reputable
and trustworthy source. They were pragmatic about this, of course, distinguishing
between what they would give as a test answer and what they might actually believe.
For example, one student commented that the psychology professor had alerted the
students that a particular explanation during the lecture differed from that of the
text:

He obviously believes he was right and the book was wrong. And so he just told us to listen
to him—for the test. But when it came down to it, I think if T were to go back a few years
from now, I'd look in the book... Maybe he’s an expert in his field, but the person who
wrote the book was also an expert in psychology or otherwise he wouldn’t have used that
book, so I think I would trust the book a lot.. . Other professors are going to find that same
book to teach psychology from, so it’s him going against 100 different psychology profes-
sors. .. (17a)

Students who could not give specific examples were asked what they would do if
such an occasion should arise and how they would resolve it. Some who argued for
the book were very matter of fact about it, assuming that books are right, e.g., “I
would just tell myself that this guy doesn’t know what he’s talking about.” Others
who said they would be more likely to accept the information in the book presented
the position that texts represent the views of multiple sources, validated in the pub-
lishing process, and seemed confident that this would carry more weight.

Books have normally been reviewed by many people or written by many people, so you
know it’s the opinion of more than one person. What the teacher is saying could just be their
own opinion (8a).



