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Abstract

The purpose of this study was to research, develop and validate a one-semester
course for the general education of university undergraduates in forensic chemical
education. The course outline was developed using the research and development (R&D)
methodology recommended by Gall, Borg, and Gall, (2003) and Dick and Carey, (2001)
through a three step developmental cycle.

Information was gathered and analyzed through review of literature and proof of
concept interviews, laying the foundation for the framework of the course outline.

A preliminary course outline was developed after a needs assessment showed
need for such a course. Professors expert in the area of forensic science participated in
the first field test of the course. Their feedback was recorded, and the course was revised
for a main field test. Potential users of the guide served as readers for the main field test

and offered more feedback to improve the course.
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CHAPTER 1 - Introduction

Three threads are woven together in this dissertation research: the university
liberal arts curriculum; the place of the natural sciences in this curriculum; and the ability
of forensic science to motivate general education students to achieve in chemistry.

The place of the liberal arts, or general education, in the university has been
disputed as long as there have been universities in America (Sale, 1989). Liberal arts as
the term suggests, means liberation from an uneducated state, the freedom to think and
creatively conceive on a higher plane. The original arts liberals were designed for the
“liberal education” of free citizens who had the leisure to study. From at least the Middle
Ages, seven liberal arts were recognized: grammar, rhetoric, logic, arithmetic, geometry,
music, and astronomy (Kimball, 1986). Although in the past the liberal arts did not
include the natural sciences, at the present time liberal arts courses, commonly referred to
as general education courses (Costner, 1989; McGrath, 1948), include three areas:
natural sciences; social sciences; and the humanities (National Association of Scholars
[NAS], 1996).

Confusion has sometimes existed about the value of general education as well as
its differentiation from professional education (Sale, 1989). In the late 1800’s the
American high school was seen to serve two different purposes: preparation for college
and preparation for the world of work (Tyler, 1949). The National Education
Association, in 1892, appointed the Committee of Ten, chaired by Charles Eliot,
president of Harvard University, to establish a standard curriculum for all high school
students (Ornstein, 1993). The Committee chose subject specialists to define learning
objectives for the high school students (Tyler, 1949). Because the proposed objectives
were too technical and too specialized for most high school students, subject specialists
were seen as too esoteric to suggest relevant course material for all except those pursuing
in-depth specialization. According to Tyler (1949) the Committee of Ten had simply
asked the wrong question of the specialists. Instead of asking, ““What should be the
elementary instruction for students who are later to carry on much more advanced work
in the field?” (Tyler, p. 26), a more suitable question would have been, “What can your

subject contribute to the layman, the garden variety of citizen?” (p. 26). Schwab (1978)



put it more bluntly, “Scholars, as such, are incompetent to translate scholarly material
into curriculum” (p. 36).

After World War II sent thousands of returning service men to the universities,
curriculum development for general education courses became more organized. Tyler
(1949) suggests four fundamental questions must be asked and answered as curriculum is
developed.

1. What educational purposes should the school seek to attain?

2. What educational experiences can be provided that are likely to attain these

purposes?

3. How can these educational experiences be effectively organized?

4. How can we determine whether these purposes are being attained? (p. 1)

Tyler (1949) pointed out that educational curriculum development is highly
individual. Curriculum must be designed both for the level of students as well as uniquely
planned for the needs of each individual institution. Schwab (1978) suggested that five
areas of expertise are required to develop rigorous curriculum: the subject matter,
learning, a community person, teaching, and curriculum development.

Even in today’s highly technical and technological academic environment,
workplace, and daily life, support continues for general education (Nussbaum, 2004).
Kimball (1986) suggested that chemistry might form the foundational subject matter for
general education, as this subject teaches and encourages the kind of thinking that can
transfer to other academic areas. A report published by the National Association of
Scholars (NAS, 1996) states that lip service is still given to general education; however,
most general education courses are becoming less rigorous as time goes on — except for
science and math courses. This may indicate that there is a specific “core” of knowledge
in the sciences and math that cannot be changed.

The NAS (1996) study reports that post-secondary schools are not stressing
literacy in mathematics and science. It has been suggested that there are in fact two
cultures in academia today: the scientists and those whose academic area is the
humanities (Snow, 1959). It has also been suggested that a third culture is emerging and
taking the place of the traditional humanistic intellectual culture. This third culture is

composed of scientists who are writing to the intelligent reading public, making the



adventure of science available to all who will read (Brockman, 1995). Therefore, general
education is needed more now than ever before (Nussbaum, 2004) in order to produce an
intelligent reading public: persons who can participate in a world where “Science has
become a big story” (Brockman, p. 18) and “the only news” (Brockman, p.18) available
in the beginning of the 21st century. Chemistry can lead the way in post-secondary
general education courses by providing rigorous curricula (NAS, 1996) and encouraging
the kind of thinking that can transfer to other academic areas (Kimball, 1986). But
chemists, course developers, and instructors must make the study of chemistry attractive
to undergraduates, especially those who do not intend to major in a science.

Evidence suggests that forensic studies attract students. Academic programs
across the country have experienced greatly increased enrollments since the addition of
forensics to traditional science courses. The chemistry department of one moderately
sized Midwestern liberal arts university recorded 1,408 lower division and 313 upper
division credit hours in the 2004-05 academic year. This occurred after a general
education course in forensic chemistry and a Forensic Chemical Science degree program
were added to the department curriculum. This was a 21.2% increase over the 1,420
credit hours of chemistry courses for the previous academic year, the largest increase in
the College of Arts and Sciences. In the academic year 2004-05 the general education
forensic chemistry course in this university contributed approximately 450 hours to the
total of 1,721, over 26% of the overall chemistry department enrollment (Office of
Institutional Research, 2005). A large Midwestern university initiated a forensic science
program in October 1999. Thirty-five students signed up the first day the program was
available, and the first year saw 179 students enroll. The second year 275 students were
in the program, the third year 350, and after five years 495 students were enrolled in the
forensic science program at this university (Office of Institutional Research, Washburn
University, Topeka, KS, 2006).

As Tyler (1949) and Schwab (1978) indicated, it requires more than one
individual to build a curriculum. It also takes an instructional design. Willis (1995) set
forth a constructivist instructional design, C-ID. Constructivism can be defined as a
theory of knowledge wherein knowledge is actively constructed by the knowledge seeker

(Staver, 1998). Willis sees the constructivist design process as a team effort, wherein the



students are an integral part of the team. The constructivist design model stresses
subjective data, qualitative interview techniques, and formative evaluation. Dick, Carey
and Carey (2001) in The Systematic Design of Instruction outlined the dominant
curricular design process in the late 1900s: Instructional Systems Design (ISD).

While acknowledging that constructivists encourage learning to be transferred to
performance, Dick contends that the ISD model can, in fact, be used to create instruction
that can promote transfer of learning and also be motivating to the learner if “created by
the designer through extensive use of learner analysis” (Dick, 1995, p.7). Furthermore,
the ISD model has long been dominant in the field because it traditionally delivers
educational products with effectiveness and efficiency. Therefore, the ISD model is used

in this dissertation research.

Statement of the Problem

Although several university level forensic science textbooks have appeared in the
past few years e.g., Bell, 2006; Jackson & Jackson, 2004; Johll, 2006), there is no
available general education curriculum to teach forensic chemical science at the
university general education level. Therefore, this study is ground-breaking in that it is
designed to research and develop the components necessary to teach forensic chemistry at
the general education level at a four-year university. These components were researched
by questioning experts in the field of forensic science, instructors of university natural
science general education courses, and university students having taken at least one

general education course in the natural sciences.

Goals of the Study

The questions posed for the research herein described are as follows: Is there a
need for a multiple delivery course for a Forensic Chemical Science (FCS) course in the
general education arsenal of small universities and community colleges, and if so, can a
course be developed that that will allow university students in general education FCS
classes to construct a solid knowledge of basic chemistry and to apply that knowledge to
forensic problems? The goal of this research is to research, develop and validate a course

for a general education-level forensic chemical science course at the university level.



This course can be used by instructors of general education college or university
chemistry courses. The specific research question is: Is there a need for a multiple
delivery Forensic Chemical Science (FCS) course in the general education arsenal of
small universities and community colleges, and if so, can a forensic chemical science
course be developed and validated by a Research and Development methodology for use

as a general education course in four-year universities?

Scope and Limitations of the Study

This study produced a course to be used in a particular type of curriculum:
general education at the four-year university level. The course focuses on a specific
discipline, chemistry, and also an explicit subcategory — forensics within that discipline.
The course is not designed for chemistry majors. Therefore students majoring in any
subject except chemistry could benefit from this course. However, students in chemistry
courses outside the four-year universities will benefit from the application of this course
or parts thereof. These students are those in community colleges and possibly high
schools. This course includes forensic applications which may or may not generalize to

other liberal arts chemistry courses.



Definitions

Committee of Ten — the committee appointed by the National Education
Association in 1892 to establish a standard curriculum for both high school as university
preparatory and also high school as a terminal educational institution (Ornstein, 1993)
The ten members of the committee were Charles W. Eliot, William T. Harris, James B.
Angell, John Tetlow, James M. Taylor, Oscar D. Robinson, James H. Baker, Richard H.
Jesse, James C. Mackenzie, and Henry C. King (The Committee of Ten: Main Report,
1892).

Constructivism — a theory of knowledge resting on two main principles: 1)
knowledge is actively constructed by the knowledge seeker and 2) the function of
cognition is not to discover reality, but to organize the world as it is experienced
(Matthews, 2000).

Forensic chemistry — specializing in or having to do with the application of
scientific, especially (chemical) knowledge to legal matters, as in the investigation of
crime (Guralnik, 1984)

Forensic science — the application of science to law (Saferstein, 2004)

Needs Assessment — a systematic set of procedures undertaken for the purpose of
setting priorities and making decisions about programs or organizational improvement
and allocation of resources (Altschuld & Witkin, 2000)

Research and Development — an industry-based development model in which
the findings of research are used to design new products and procedures, which then are
systematically field-tested, evaluated, and refined until they meet specified criteria of
effectiveness, quality, or similar standards (Gall, Gall, & Borg, 2003)

Student interest — a combination of characteristics of the learner, including
his/her knowledge of the subject, characteristics of the text and the interaction of the two
(Bernstein, 1955; Garner et al, 1991)

Student motivation — can be differentiated into extrinsic, wherein a task is

viewed as a means to obtain a reward or intrinsic, wherein the reward is the pleasure of



the task itself (Newby & Alter, 1989) or that feeling created by conditions designed to
stimulate the student’s desire to be interested and to achieve his/her best (Keller, 1987)

Third culture — phrase coined by John Brockman to indicate “those scientists and
other thinkers in the empirical world who, through their work and expository writing, are
taking the place of the traditional intellectual in rendering visible the deeper meanings of
our lives, redefining who and what we are” (Brockman, 1995, p. 5).

University general education course — a course which provides intellectual
skills or knowledge in certain areas: history, the arts, literature, philosophy, religion, the
social sciences, or the natural sciences (Catalog, 2005 — 2006)

University liberal arts program — the necessary information for an educated

person (Kimball, 1986)

Summary
The need for a scientifically literate populace capable of thinking critically creates
the need for effective liberal arts curricula at the post-secondary level of education
(Taylor, 1998). The sciences, chemistry in particular, have been designated as the
foundation courses by which critical thinking can most effectively be learned (Kimball,
1986). This research is designed to produce a multi-delivery course that will capture the
overwhelming student interest in forensic science in order to develop critical thinking

skills and habits of mind via university liberal arts chemistry.



CHAPTER 2 - Review of the Literature

The fabric of this study is woven from three threads: The university liberal arts
education - general education — curriculum; the place of the natural sciences in this
curriculum; and the ability of forensic science to motivate general education students to
achieve in the natural sciences, specifically in chemistry. Naturalistic research
methodology based on constructivist epistemology will be used to determine specific

tools to assist general education students in learning chemistry and forensic applications.

Liberal Arts Education

Stone (2004) argues that educators “don’t really know what a liberal art is”,
although “faculty members know it when (they) see it, even if (they) can’t quite define it”
(p. 5). The origins of liberal arts curricula can be traced to the ancient Greeks. The
Athenians originated the concept of liberal education during the fifth and fourth centuries
B.C.E. The cultural ideal was to educate citizens who had leisure to study. In the Middle
Ages seven fields of study comprised the liberal arts: grammar; rhetoric; logic;
arithmetic; geometry; music; and astronomy (Kimball, 1986). More recently Lovlie and
Standish (2002) declared, “the principal aim of Bildung (defined loosely as education for
humanity) . . . is to strengthen the student’s innate powers and character development™ (p.
318). Education for humanity is roughly equivalent to liberal arts or general education
(Lovlie & Standish, 2002). During the Renaissance a liberal education embraced studies
during which students learned and practiced wisdom (Kimball, 1986). “With the rise of
experimental science and the dawning of the Enlightenment” (Kimball, 1986, p. 115),
liberal education continued alive and well. During eighteenth century England,
“chemistry . . . was said to accomplish . . . the same ends of liberal instruction as classical
languages” (Kimball, 1986, p. 187).

In the late 1800s and early 1900s, John Dewey emerged as the leading scholar and
advocate for liberal education. Dewey’s vision of liberal arts education included the
natural and experimental sciences and vocational training (Lovlie & Standish, 2002).

This concept has been resurrected recently. Stone (2004) suggests that the purpose of



liberal education is to foster passion and critical thinking, and that vocational subjects can
do both for some students. In fact, “chemistry and biology — also have vocational

inclinations” (Stone, 2004, p. 5).

The Sciences in Liberal Arts Education

Joseph J. Schwab, a disciple of Dewey, carried the torch of liberal arts education
into the latter half of the 20th century and emphasized the importance of science.
Schwab, like Dewey, taught at the University of Chicago. Schwab’s written
endorsements of liberal education are important because he was a scientist, with his
doctorate in genetics not in the humanities. Whereas he viewed the humanities as an
integral part of a general education program, he also felt strongly that all students were
capable of learning and should be taught some of the thought processes of science
(Westbury & Wilkof, 1978). “The integration of science into a scheme for general
education had always been a fundamental goal of the general education movement, but it
had proved to be a quite elusive end because of the lack of interest of scientists in the
issue” (Westbury & Wilkof, 1978, p. 9). The value of Schwab’s contribution to the
advancement of the liberal arts curriculum stemmed in large part from his training as a
geneticist. Kimball (1986) tells us that recommendations for continuing and expanding
general education gained strength after World War 11, but Westbury and Wilkof (1978)
contend that “by the fifties and sixties, when Schwab was writing most prolifically, and
for his largest audiences, the concern for the kind of general education which is at the
core of all of Schwab’s work had faded” (p. 2).

In 1996 the National Association of Scholars (NAS) published a massive report
on studies of liberal arts education in the top fifty undergraduate institutions. These
institutions were sampled for the academic years that began in 1914, 1939, 1964, and
1993. The title of the work, The Dissolution of General Education: 1914-1993, gives the
general outline of the findings in three broad categories: the dissolution of structure; the
evaporation of content; and the decline of rigor. The overall finding is that U.S.

undergraduate institutions continue to pay lip service to the ideal of liberal arts education,



but reality shows that the passion and the critical thinking are no longer present.
Moreover, the most massive changes in all areas came after 1964.

The NAS (1996) study confirms that humanities, social sciences, natural science
and mathematics all show increases in the average number of courses per institution from
1914 — 1993. The greatest of these increases came from the humanities and social
sciences. The number of humanities courses expanded by over five times, and social
science course offerings increased by over eight times. In the same time period, natural
science and mathematics courses increased by less than three times. It is possible that
the sciences and mathematics contain a core of knowledge that cannot be readily altered
as fashion changes and that this knowledge core could be the authentic basis of a liberal
arts course.

“Nothing has shaped the modern world more than the natural sciences and the
protean technologies they have generated . . . their mastery is critical to an understanding
of innumerable issues of public policy and intellectual dispute. This requires. .. a
comprehension of science as method and process, and not merely as a body of knowledge
or as an oracular source of theoretical authority” (NAS, p. 19). Or as Schwab phrases it,
“by the time graduates of the traditional survey courses reached the point in their careers
when they most needed their scientific knowledge, much of that knowledge was out of
date . . . It is here that enquiry, with an emphasis on the organizing, conceptual principles
of investigation, finds its place in the liberal curriculum.” (Schwab, 1978, p. 141).

Considering the foregoing, one would expect to find most undergraduate
universities stressing the natural sciences. The NAS report (1996) substantiates that
expectation — for the years 1914, 1939, and 1964, when natural science requirements
were found in an average of 83% of the schools studied, with the greatest percentage
(90%) coming in 1964. By 1993, however, the number of undergraduate universities
requiring natural science for graduation had plummeted to 34%.

Following its own suggestion that science be comprehended as a method and a
process (NAS, 1996), the NAS report defines rigor in science liberal arts courses as those
that have a laboratory component — rigor becomes merely “hands on”. This definition
bastardizes Schwab’s concept of “enquiry”. Schwab’s students did not perform

laboratory work, but instead, with “minds on”, critiqued the scientific literature of their
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time. However, counting courses with laboratory components is easier than determining
whether the students are actually thinking.

In 1914, 1939, and 1964 an average of 79% of the schools studied by the NAS
required at least one science course with a laboratory, with the highest percentage (84%)
occurring in 1964. In 1993 only 30% of the schools studied required a science course
with a laboratory in the general education curriculum. These data show that liberal arts
education in this country is, if not dead, at least in dire need of resuscitation, and this
researcher argues that the sciences can not only lead the way, but that science-led general
education is now more needed than at any time in the past. According to Nussbaum
(2004), liberal education is, in practice, an American idea and an American ideal. Only
liberal education can produce people who can think critically. Moreover, “The idea of

liberal education is more important than ever in our interdependent world” (p.42).

Forensic Chemistry and the Liberal Arts Curriculum

It would perhaps be ironic if crime and punishment were to lead U.S. education
out of the science-avoidance that has characterized it for so long (NAS, 1996). Some of
our most valued national treasures are the bullet fragments collected from the scene of the
assassination of one of our most beloved presidents (Guinn, 1979).

In the popular press there is no doubt that forensic science has provided the
interest and motivation to pull students into the sciences. Alexander LeMaine, writing
for the Scripps Howard News Service (2004) and Sid Perkins, writing in Science News
(2004) both discuss several academic programs — undergraduate and graduate - across the
country, which have increased enrollment by adding or expanding forensic science
programs. The largest professional society of science teachers, the National Science
Teachers Association (NSTA, 2003) reports that some experts worry that using forensic
science to stimulate interest in crime will promote violence in schools. However, the
NSTA also teamed up with Court TV to develop units to bring forensic science into
middle and high school classrooms in order to motivate students to study biology,
chemistry, and physics (Collins, 2003; Court TV, 2003). Parents are getting on the
bandwagon (Yost, 2003), and school boards are buying into the value of forensic science

in the high school classrooms (Colgan, 2002).
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Motivation and Interest

The popular press uses the terms “interest” and “motivation” interchangeably.
Educational psychologists define these terms more rigorously, and study each in depth.
The published research into interest and motivation offers much valuable information for
course development.

In today’s world where no child is to be left behind, each child must be motivated
to give schoolwork his/her best effort and, “ . . . issues of cognitive competence are
intertwined with issues of motivation to perform” (National Research Council [NRC],
2002, p. 280). The NRC continues, “Although cognitive psychologists have long posited
a relationship between learning and motivation, they have paid little attention to the latter
... Research has been done on motivation, but there is no commonly accepted unifying
theory, nor a systematic application of what is known to educational practice” (p. 280).
The NRC recommends research involving case studies of small numbers of students.
Writing specifically for the teaching professor, Cavallo, Rozman, Blickenstaff, and
Walker (2003) declare that achievement motivation is in dire need of further study.

Achievement motivation can be classified as extrinsic or intrinsic. Extrinsic
motivation is toward performance goals such as higher grades and gold stars. Intrinsic
motivation is toward learning goals such as personal satisfaction (Lepper, 1988; Newby
& Alter, 1989). Miller and Hom (1990) prefer the term “continuing motivation” to
intrinsic motivation. Mitchell (1992) found that “although intrinsic motivation seems to
come closest to what motivation means in the minds of . . . people in general, it is
extrinsic motivation that is the stronger predictor of GPA™ (p. 153).

In the early 1990s, Chance and Kohn initiated a lively discussion concerning the
value of intrinsic versus extrinsic motivation. Chance defended extrinsic motivation,
after first declaring that “the distinction between intrinsic and extrinsic rewards is
somewhat artificial” (1992, p. 203). Chance declared that extrinsic rewards, as such,
were not to blame but rather rewards given for the wrong reasons: completing a task
rather than completing a task competently. Kohn responded by chastising Chance for
ignoring “the entire constructivist tradition (in which teaching takes its cue from the way
each child actively constructs meaning and makes sense of the world rather than treating

students as passive responders to environmental stimuli” (1993, p. 786). Chance (1993)
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had the last word by invoking the conundrum of which came first: the teaching (extrinsic
rewards) or the learning (intrinsic rewards)?

In a cross-cultural study, Lin, McKeachie, and Kim (2003) found that extrinsic
and intrinsic motivation are “separate continua rather than a dichotomy” (p. 252). Using
final course grades, these researchers showed that a medium level of extrinsic motivation
coupled with high intrinsic motivation produced higher grades in all three U. S. samples
and the one Korean sample studied.

Whereas some educational psychologists distinguish between interest and
motivation, others go further, distinguishing between different varieties of interest.
Kintsch (1980) differentiated between cognitive interest and emotional interest. Iran-
Nejad (1987) differentiated between interest and liking. In a review of the literature on
interest, Hidi (1990) distinguished between situational interest and individual interest,
and this has become the common differentiation (Askell-Williams & Lawson, 2001).

Mitchell (1993) and Schraw, Bruning, and Svoboda (1995) analyzed situational
interest in more detail. Schraw, et. al. “identified six potential sources of situational
interest” (p. 11): text cohesion; ease of comprehension; vividness; emotiveness; personal
prior knowledge; and engagement. Three of these sources, ease of comprehension,
vividness, and engagement were found to be most important. Mitchell (1993) defined
situational interest as “an interest directly tied to the content of instruction” (p. 425). He
states that “Classroom boredom . . . may really be an indication of a bigger schooling
problem, namely the lack of motivation to learn” and that “taking steps toward
understanding how to enhance interest in the . . . classroom may prove to be one of the
most direct ways to approach the problem of effective . . . instruction” (p. 424).
Examining the multifaceted structure of situational interest in the secondary school
mathematics classroom, Mitchell found that the factors of “meaningfulness” and
“involvement” are most directly correlated with situational interest. But Mitchell also
drew in another thread - that interest and motivation could be opposite sides of the same

coin — or perhaps even the same side.
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Interest in Forensic Science

Forensic science provides interest and motivation to get more students into
science programs at the undergraduate and graduate levels (LeMaine, 2004). However,
long before Crime Scene Investigations (CSI) became standard television fare — indeed,
before television became a force to be reckoned with in the U.S. — Bernstein (1955)
studied the relationship between the reader’s interest and his or her comprehension of the
text. Bernstein defined interest as a complex feeling or attitude derived from:

1) characteristics of the reader, including physical and emotional well-being at the
time of reading, background of experience, favorite occupations and hobbies, and ability
to understand the material;

2) factors inherent in the text itself, including the form and style of writing, its
logical organization, and ‘human interest’; and

3) interaction of the reader and the material, including the extent to which the
material stimulates the reader’s imagination, facilitates his identification with the
characters in the text, fulfills his needs, or arouses his emotions. (p. 283)

Bernstein gave a group of one hundred ninth graders two short stories, one
highly interesting, and the other low in interest. The students were given comprehension
tests on both stories. The highly interesting story was read more rapidly and with greater
comprehension than the uninteresting story. Bernstein’s summary was, . . . school
programs which encourage pupils to work in the areas of their interests create situations
conducive to effective reading” (p.288). In 1949, R. W. Tyler wrote in Basic Principles
of Curriculum and Instruction that “If the school situations deal with matters of interest
to the learner he will actively participate in them and thus learn to deal effectively with
these situations” (p. 11). In the waning years of the 20th century, Schraw, et al declared,
“Several studies have found that increasing . . . interest improves text recall” (1995, p. 2).

Garner, Alexander, Gillingham, Kulikowich, and Brown, (1991) suggest in their
literature review that readers understand and remember information better when they read
about a topic in which they are interested. In a separate review of the literature, Schiefele

(1991) concurs that interest level is related to comprehension level.  Lepper and

14



Cordova (1992) conclude from yet another literature review that there is a “powerful
correlation” (p. 188) between interest value of a selection and the ease of learning and
retention. Anderson, Shirey, Wilson, and Fielding, (1987) report that, in four
experiments, rated interest accounted for thirty times as much variance in sentence recall
as readability, and also that interest accounted for about the same amount of variance as
reading comprehension. Schraw and Lehman (2001) maintain that “interest in a text is
related positively to learning” (p. 42) and that “interest is related to more and often
deeper text processing” (p. 43). In a review of the literature preceding their investigation
of student perceptions of interesting lessons, Askell-Williams and Lawson (2002) noted
that there is “higher reading comprehension for high-interest subject matter” and that
“Interest 1s a considerably more powerful variable in determining readability than the
assigned readability level of school texts” (p. 130). Moreover, research linking interest
and performance suggests that encouraging interest might be the same as encouraging
learning (Askell-Williams & Lawson (2002).

There is one exception to the link between interest and comprehension: seductive
details. Seductive details can be defined as “segments that are highly interesting, but
unimportant to the text’s main themes” (Schraw & Lehman, 2001, p. 32). In their review
of the literature, Schraw and Lehman (2001), report that the research regarding the
applicability of seductive details to enhancement of learning is far from clear. Lepper
and Cordova (1992) and Garner, Gillingham, and White (1989) both found that seductive
details, while interesting, distracted the reader from the important information in a
passage. This finding held both for adults and children.

Researchers have documented a strong positive relation between interest and
reading comprehension. But viewers’ interest in forensic science television programs
stands apart from reading. Thompson and Thornton (2002) found that adult learners are
motivated by relevance and the meeting of immediate interests. Schiefele (1991) reports
that “Interest is . . . always related to specific topics” (p. 301). And “Subject-matter-
specific interest is probably more amenable to instructional influence than are general
motives or motivational orientations” (p.302). Hollis (1996) used popular fiction such as
The Mysterious Affair at Styles, by Agatha Christie; The Documents in the Case, by

Dorothy Sayers and Jurassic Park, by Michael Crichton to invigorate summer seminars
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for high school students. Therefore, there is some basis to suggest that an interest in

forensic science could provide a motivation for studying chemistry.

Constructivism and Pedagogy

Course development is the heart of this research, and constructivist theory is the
driving force behind the beating of the heart. Schwab (1978) declares that a person’s
experience has both an inner and an outer dimension and that without the inner
dimension, “the outer dimension simply does not exist — as experience” (p. 272). Schwab
(1978) also says that our past experience combines with present events to determine our
experience in the present. “What we are, what we know, how we have been bent, and
what we remember, determine what we experience in the present” (p. 272). Although not
generally recognized as a constructivist, Schwab’s writings lend themselves somewhat to
constructivist interpretation.

According to Ernest (1995) there are as many definitions of constructivism as
there are constructivists writing today. Matthews (2000) identifies three varieties of
constructivism: the personal constructivism of Piaget and von Glasersfeld, social
constructivism coming from the works of Vygotsky, Driver, and Ernest, and
philosophical constructivism as represented by Kuhn and van Fraasen. Phillips (1995)
suggests six constructivists as espousing differing views of constructivism: Ernst von
Glasersfeld speaking to science and mathematics; Immanuel Kant as the quintessential
constructivist; Linda Alcoff and Elizabeth Potter dealing with the sociopolitical processes
by which knowledge is constructed; Thomas S. Kuhn working with scientific revolutions
and paradigms; Jean Piaget, generally regarded as a foundational figure; and John
Dewey. All of these constructivists hold views that “(a) understandings are constructed
by using prior knowledge to go beyond the information given and (b) the prior
knowledge that is brought to bear is constructed, rather than received intact from
memory” (Ernest, 1995, p. 470). Staver (1998) restricts himself to what he defines as
“the two best-known types (of constructivism), radical and social” (p. 503). Phillips
(1995) uses the terms “individual” and “sociopolitical” instead of “radical” and “social”,

and Cobb (1994) and Driver, Asoka, Leach, Mortimer, and Scott (1994) use “personal”
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and “social”, but this researcher will use the constructivist terminology as defined by
Staver.

Constructivism is an epistemology, a theory of knowing and knowledge. von
Glasersfeld’s (1984) writing will be used to explicate radical constructivism. By
speaking to the academic areas of math and science, von Glasersfeld is fundamental to
our quest for the epistemological basis of university chemistry instruction. He defines
radical constructivism as follows:

Radical constructivism, thus, is radical because it breaks with convention and

develops a theory of knowledge in which knowledge does not reflect an

“objective” ontological reality, but exclusively an ordering and organization of a

world constituted by our experience. The radical constructivist has relinquished

“metaphysical realism” once and for all (1984, p. 24).
von Glasersfeld (1984) points out that, because constructivism is, at first glance,
incompatible with common sense, there is the risk that it will be discarded. However,
upon further reflection, constructivist thought inevitably leads one to realize that each
person is responsible for his thinking (constructions) and therefore also for his actions.

In general, our knowledge (construction) is useful if it stands up to experience and
allows us to make predictions. The main question radical constructivism deals with is,
“1if our experience can teach us nothing about the nature of things in themselves, how ...
can we explain that we nevertheless experience a world that is in many respects quite
stable and reliable?” (von Glasersfeld, 1984, p. 27) The answer, derived by von
Glasersfeld is, “human truth is what man comes to know as he builds (constructs) it.
Therefore science is the knowledge of origins, of the ways and the manner (of) how
things are made.” (p. 27) Radical constructivists focus on individuals making sense of
their own world within their own minds. Hence, in some respects the designations of
“personal” or “individual” are more defining than the designation of “radical”.

For input about societal constructions, we turn to a definition from Staver (1998):
“in social constructivism, collective meaning making is achieved through language-based
social interaction” (p. 508). Social construction of knowledge is carried out by groups or
communities, not individuals (Nelson, 1993). This social knowledge construction
involves rules held by a sociocultural group (Phillips, 1995). McCarty and Schwandt

(2000) declare that true social constructivism does not begin in the mind of an individual,
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but with language, that social knowledge construction takes place within public dialogue,
and that it can be used to build a theory of learning (Richardson, 2003).

Constructivist epistemology “provides a sound theoretical foundation for”
(Staver, 1998, 517) building science pedagogy. Even critics of constructivism
acknowledge its value in designing curriculum (Staver, 1998). And it is social
constructivism and the need to go beyond purely personal constructivism that is viewed
as a part of the process of enculturation into the practices of intellectual communities, of
which the community of science is one (Cobb, 1994). It is important to science education
to note that scientific knowledge is socially negotiated. “The objects of science are not
the phenomena of nature but constructs . . . advanced by the scientific community to
interpret nature” (Driver et al., 1994, p. 5). Learning science, therefore, requires
initiation of the student into the ways of knowing science (Driver, et al., 1994). Social
constructivist epistemology requires changing today’s mainly teacher-centered
classrooms (Taylor, Gilmer, & Tobin, 2002) into student-centered classrooms where
students actively explore scientific phenomena via instruction that builds on students’
prior knowledge and experience. Learning comes about when a previous knowledge
scheme is modified after exposure to experiences that induce cognitive conflict (Driver,
et al., 1994). Practices designed to be student-centered with cognitive conflict include,
but are not limited to, group dialogue, introduction of formal domain knowledge, and
opportunities for students to challenge existing understandings (Richardson, 2003). Also,
emphasis may be on doing as well as knowing (Bredo, 2000). However, it is essential
that the educator practicing constructivist pedagogy be thoroughly grounded in a field of
expertise (Elkind, 2004; Richardson, 2003) and that the educator understand that learning
science requires that the student enter into a “different way of thinking about and
explaining the natural world” (Driver, et al., 1994, p.8).

To summarize, Staver’s (1998) four components of radical constructivism:
knowledge is actively built up from within each member of a community; social
interactions are central to the building of knowledge; cognition and language are
functional and adaptive; and the purpose of cognition and language is to bring coherence

to an individual’s world of experience and a community’s knowledge base.
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Pedagogy is also experiencing change as a consequence of advances in
technology at the university level. Teaching with technology needs to be based on a
sound philosophy of education, and this may well be constructivism (Elkind, 2004). More
college-level instructors are considering constructivist pedagogy (Abbas, Goldsby, &
Gilmer, 2002). Ernest says that pedagogy is “a theory of teaching — the means to
facilitate learning” (p. 466) and this theory must be based on an appropriate
epistemology. A methodology is the “theory of which methods and techniques are
appropriate and valid to use to generate and justify knowledge” (p. 465) within the

epistemology.

Research Methodology
If the scientific method is no longer sacred (Harwood, 2004), perhaps the demise

of the linear model of systematic design of instruction (Dick, Carey & Carey, 2001) is
close behind. (See Figure 2.1)
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From Dick, W., Carey, L. & Carey, J. O. (2001). The Systematic Design of Instruction, 5th ed.,

New York: Addison-Wesley, pp. 16-17. Reprinted with permission of the author.
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Constructivist theory is appealing, and theoretical power emanates from its
capacity to explain, guide research, and predict. Rowland argues that, “criticizing
designs created from a constructivist view in terms of criteria derived from an objectivist
view . . . is fruitless” (1995, p.19). If evidence exists, it will be found in the
discussions of Walter Dick (1995, 1995a, 1997) and Jerry Willis (1995, 1998, 2000).
Examination of the literature of the paradigm wars reveals fascinating conceptual debate
but no empirical data indicating success or failure for either the older instructional
systems design (ISD) model or the newer constructivist instructional design (C-ID)
models (See Figure 2). In fact, Willis (1995) echoes Rowland (1995) that it can be
argued “there is no way of testing the validity of different theories that members of

different theoretical camps will agree is a satisfactory test” (p. 10).

21



([

SSI(

)
-

a

£
i
-
T,
Loy
T
e
e}
~
N

Figure 2.2 A graphical representation of the R2D2 Instructional Design (ID) Model.

The model has three focal points (Define, Design and Develop, and Disseminate).
The nature of the graphic which has no obvious beginning or ending and constructs an
“impossible world” perspective, represents the two Rs of the R2D2 model: Recursion
and Reflection. Willis, J. (1995). A recursive, reflective instructional design model
based on constructivist-interpretivist theory. Educational Technology 35(6), p. 15.

Reprinted with permission of the author.
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Nevertheless, a brief analysis of the two types of models will help set the stage for
the methodology used in this study. The ISD model of Dick and Carey (See Figure 1)
has long been the dominant model for developing educational materials. Even though
published well after the initiation of the Paradigm Wars, the highly regarded educational
research text by Gall, Gall & Borg (2003) mentions only the ISD model. The ISD model
was first developed in the 1960s and was influenced by the Skinnerian behavioral
psychology prevalent in education at that time (Willis, 1998). While acknowledging that
constructivists encourage learning to be transferred to performance, Dick contends that
the ISD model can, in fact, be used to create instruction that can promote transfer of
learning and also be motivating to the learner if “created by the designer through
extensive use of learner analysis” (Dick, 1995, p. 7). Furthermore, the ISD model has
long been dominant in the field because it traditionally delivers educational products with
effectiveness and efficiency.

Willis (2000) sees the C-ID process as a team effort as did Schwab (1978)
wherein the students are an integral part of the team. In order to give students substantial
ownership, he even suggests making them coauthors of any material produced (Willis,
1995). Askell-Williams and Lawson (2001) hold the view that “an essential source of
information about interest in learning situations is from learners themselves” (p. 132).
This ties in with the C-ID model, which stresses subjective data, qualitative interview
techniques, and formative evaluation. Summative evaluation is viewed as unnecessary as
the whole process is circular rather than linear (See Figure 2). As Ernest (1995) relates,
the process is recursive: in constructivism, a structure is always built on a foundation,
and then that structure becomes the foundation for the next structure, ad infinitum.

Willis (1995) states that traditional ISD models are based on the assumption that
objective (quantitative) analysis is better than subjective (qualitative) analysis. The
models of C-ID, however are based on the assumption that subjective analysis — with
both instructor/designer and students involved in an ethnographic study - will result in a
design which is both more usable and more used by the students and instructors who are
involved in the production. As in all qualitative studies, the theories - or in this case the
workable product - arise as the study progresses. The study defines the product; the

product does not define the study. However, “formative evaluation is critical” (Willis,
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1995, p. 12) because it is this evaluative process that improves the product. Summative
evaluation does nothing to improve the product. The process of development is “active,
authentic, social, and collaborative” (Willis, 1995, p. 16). Similar to action research,
“most of the activity is in the context of creating the instructional material” (Willis, 1995,
p. 16).

An ethnographic study of villagers in the rural United States will differ in scope
and focus from a similar study of inner city inhabitants of a large metropolitan area in the
United States. So, too, a learning product produced by and for students in the Midwest
may or may not be suitable for students in New York or Los Angeles. In the learning
product produced by C-ID, “there are too many local, context-based variables . .. to
make valid generalizations to other settings” (Willis, 2000, p. 16). If a summative
evaluation is necessary, C-ID can only produce “the story of what happens when the
material is used in a particular context in a particular way with a particular group of
learners” (Willis, 2000, p. 16).

Dick (1995) suggests that the ISD model was, in fact “never intended to reflect
how instruction is designed in the ‘real world’” (p. 9). Most designers skip steps or circle
back to repeat steps instead of insisting on the model’s lockstep linearity. Dick sees the
greatest value of the ISD model in its insistence on effectiveness. And, he suggests that
“designers who augment ISD fundamentals with judicious use of selected constructivist
principles will make design decisions that result in instruction that engages learners and
produces learning outcomes that are required by the client” (Dick, 1995, p. 10).

Perhaps it is possible to weld the two design systems into one harmonious whole.
Rowland (1995) suggests that “ISD methods do not in and of themselves provide the core
creative elements of the best designs. . . (but) that carried out expertly . . . ISD can be
helpful and can ... result in ‘creative instruction’” (p. 20-21) because the power of the
design comes from “the experience, expertise and creativity of the designer” (Rowland,
1995, p.22). For example, Herrington and Standen (2000) were able to fit a
“constructivist shell” with real-life learning over an existing program designed from ISD
methodology.

Lebow (1993) carries the argument one step further, suggesting that learning and

motivation can both be designed into education and that the student learns when the
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learning has personal relevance. To this end educational tools can be designed to
augment each student’s ability to transform knowledge, but this does not necessarily
mean the rejection of performance objectives. Both the instructor and the student can
have input during the design process. Working together, the team of instructor and
student can construct a product, which will incorporate knowledge transfer, personal
relevance and motivation in a form that is efficient and effective. How this will be

brought about is the topic of the next chapter.
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CHAPTER 3 - Methodology

“What are you doing now?”” Rimbaud said.
“Collecting data,” Hawk said.
“That’s all?”
“Un-huh.”
“What you going to do when you get enough data?” Rimbaud said.
“Depend on what the data tell us,” Hawk said. “Tha’s why we gathers it.”
From Cold Service by Robert Parker

Introduction

The design of this study follows the educational research and development (R&D)
methodology as outlined by Dick, Carey and Carey (2001), Gall, Gall and Borg (1999)
and Gall, Gall and Borg (2003). This chapter outlines use of the seven steps of the
development cycle of the R&D process. Findings will be evaluated after each step to
determine how (or whether) to continue the process. But, the process will not follow the
lockstep, behavioral linearity of Dick, Carey and Carey’s Instructional System Design
(ISD). Dick himself suggests that constructivist theory can easily fit into the ISD product
and that most developers modify the ISD product to suit their particular needs (Dick,
1995).

Design Overview

The questions posed for the research and development described herein are as
follows: Is there a need for a multiple delivery (King & Fricker, 2002; Pond, 2002)
Forensic Chemical Science (FCS) course in the general education arsenal of small
universities and community colleges, and if so, can a course be developed that will allow
university students in general education FCS classes to construct a solid knowledge of
basic chemistry and to apply that knowledge to forensic problems? This research will be
partially based on Tyler’s (1949) four fundamental questions for curriculum

development.
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1. What educational purposes need to be attained?

2. What educational experiences can be provided that are likely to attain these
purposes?

3. How can these educational experiences be effectively organized?

4. How can we determine whether these purposes are being attained? (p. 1)

Any course building will be based on Dick, Carey and Carey’s (2001) eight step
design process.
1. Assessment of needs
. Analysis of learners, contexts, and instructional goals
. Development of performance objectives

. Development of assessment instruments

2
3
4
5. Development of instructional strategy
6. Development and selection of instructional materials
7. Formative evaluation(s)

8

Summative evaluation

The steps of the R & D process for developing a multiple delivery course for a
general education forensic chemical science course include the following: (1) needs
assessment; (2) planning the product and small scale validation (1st field test); 3) product
revision and 2nd field test. These steps are outlined below in Table 3.1 — Sources of

Data.
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Table 3.1 Sources of Data

Phase description Phase one instrument | Phase two Phase three Timeline
instruments instruments
Needs assessment Questionnaire to 30 March — May 2007
forensic scientists
Validation of Prototype (1* field September 2007 —
product (1* field test) course and January 2008
test) questionnaire to 9
peers of the
researcher:
university or
community college
forensic science
instructors
Usefulness of 2" field test February — May
product (2™ field course and 2008
test) questionnaire to

7 students in
university
forensic science
courses

Review of results

Peer review

Peer review

Peer review

Phase One — Needs Assessment

Needs assessment (NA) is the most important aspect of instructional design.

Dick, et al. (2001) say that trying to decide exactly what one wants to accomplish is the

most difficult task. This is especially complicated when dealing with university students

in a general education context (Alalou, 1999).

Before any research can take place, the problem should be specified and the

objectives outlined (Malhotra, 1993). In the case of the present study, the problem is to

determine, first, whether there is a need for a multiple delivery university general

education course in forensic chemical science. If a need is found, the next step would be

to determine how students can successfully construct scientifically accepted chemical

concepts and apply them to forensic problems.

The needs assessment was conducted via open-ended questionnaires sent, by

email or surface mail, to forensic scientists currently working in the area. (See Subject

Selection Procedures) The questionnaire inquired, using open-ended questions, about the
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need for a university/community college-level general education Forensic Chemical
Science (FCS) course. Respondents were encouraged to consider that university general
education courses attract a large variety of students, including, but not restricted to
potential business people, lawyers, those who will work in the criminal justice field,
media persons, and, of course, potential jurors. If the respondent saw a need for such a
course, she/he was then asked to suggest specific topics that should be covered.

The answers to the questionnaires were coded and individually analyzed by at
least two persons skilled in qualitative analysis. The coding was compared and
conclusions drawn as to the need for the forensic chemical science course and topics that
should be included in this course. Triangulation is recommended (Gall, Gall & Borg,
2003), and triangulation, validation measures, and interview procedures are discussed in
more detail below.

Qualitative or quantitative: that is the question. Malhotra (1993), working in the
area of business marketing defends the choice of qualitative methods. “The objective of
qualitative research is to gain an understanding of the underlying reasons and motivations
for people’s attitudes, preferences, or behavior.” (p. 156). Also qualitative research can
provide insights and understandings not necessarily bought out with quantitative
research. Qualitative research is more flexible in that new insights and possibilities can
emerge (Altschuld & Witkin, 2000). Therefore, a qualitative approach was chosen for
this research and development study.

Two major direct approaches are used in qualitative marketing research: focus
groups and in-depth interviews. A focus group allows a large amount of data to be
created and will produce a wider range of information than individual interviews.
However, focus group data are messy, and the group itself is difficult to moderate.
Results are more easily misjudged than the results of other data-collection techniques
(Malhotra, 1993). In-depth interviews are relatively unstructured personal interviews.
This method can uncover greater insights than focus groups and thus is used for
exploratory research (Malhotra, 1993).

There is a third alternative: questionnaires. Questionnaires have two advantages
over interviews and focus groups: cost and time. Although questionnaires are more

commonly used in quantitative research, they have been used successfully in qualitative
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research (Gall, et al, 2003). Therefore questionnaires are the tools of choice for this

dissertation research.

Phase Two — First Field Test

Following the needs assessment (NA), questionnaires were sent to 15 - 20
university and community college instructors who teach forensic science courses. (See
Subject Selection Procedures) These instructors were also sent a preliminary multiple
delivery product of the proposed course. The questionnaire included with the product
solicited suggestions for specific chemical concepts, in addition to those sketched in the
product, which correlated with the forensic topics deemed important by the forensic
scientists.  The questionnaires also solicited teaching methods, in addition to those in
the product, that could be used to teach these chemical concepts. The questionnaire also
queried the sequence of the product and the proposed length (one 16-week semester).
The responses were coded and individually analyzed by at least two persons skilled in
qualitative analysis. The coding was compared and conclusions drawn as to the topics
and teaching techniques that should be utilized in this course. These comparisons
produced a triangulation for the first field test of the product.

Comparing topics from the forensic scientists and the university/community
college instructors formed a triangulation for topic selection and teaching techniques. At
this point a preliminary product was produced using the topics and teaching techniques
extracted from the questionnaires of Phases One and Two. Part of the instructional
design product of Dick, et al (2001), was used to produce the preliminary product.
Performance objectives (step 3) and instructional strategies (step 5) were then developed.

Instructional materials were then developed and/or selected (step 6).

Phase Three — Final Field Test
This initial product was tested with eight students (See Subject Selection
Procedures) in a university general education forensic science course. According to
Altschuld and Witkin (2000), students are the primary level (Level 1), the direct
recipients of services. The students are the reasons for the existence of service deliverers,

i.e. instructors, Level 2 and program delivery systems, classrooms, and salaries for Level
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2, (Level 3). Most research is conducted with Levels 2 and 3 predominating. The needs
and concerns of the students can become lost. “Needs assessors should remember . . .
whose needs are being assessed” (Altschuld & Witkin, 2000, p. 10). Therefore, students
constitute the final field testers of the product.

Questionnaires were included with the product. These questionnaires queried
the students about additional concepts which were valuable to them to learn in a general
education FCS course and what concepts should be deleted. They were asked about
effective and ineffective information delivery methods. Students were asked to critique
the parts of the initial course they used. These questionnaires were evaluated as before:
the responses were coded and individually analyzed by one person skilled in qualitative
analysis. The coding was compared and conclusions drawn as to the topics and delivery
methods that should be employed in this course. These comparisons produced a
triangulation for the evaluation of the preliminary product.

Triangulation involves using different sources for data collection, but in
naturalistic research methodology the researcher remains the primary data collection tool.
In qualitative analysis of data scientific neutrality is not possible (Krathwohl, 1998).
Triangulation is one method of dealing with researcher bias. In this study triangulation is
achieved by examining the problem from three different perspectives, students,
instructors of general education forensic science courses, and professional people
practicing in the area of forensics.

One additional method of checking for validity was used in this study: peer
checking. A peer was asked to inspect the coding of samples of data. This provided
evidence of “interrater reliability of coding as well as of analysis” (Krathwohl, 1998, p.

340).

Subject Selection Procedures
The questionnaires of Phase One, the needs assessment (NA), were sent to
forensic scientists working in the field. The first tier of these scientists were those on the
accreditation advisory board for the Forensic Chemical Science (FCS) program at
Washburn University. In addition to receiving questionnaires, these people were asked to

suggest other forensic scientists in the United States with whom they are acquainted and
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who would provide good input into the needs assessment for the multiple delivery course
for a general education forensic chemical science course at the university level.

The Phase Two questionnaires were sent to university and community college
instructors who teach forensic science courses. These instructors were selected from two
sources. Questionnaires and a product was sent to all members of the editorial advisory
board of the new journal, The Forensic Teacher. Instructors were also selected from the
database of forensic instructors hosted by the Midwest Forensics Resource Center
(MFRC) at AmesLab, Ames, lowa. Todd Zdorkowski, associate director of the Center,
volunteered to assist with the selection. These instructors were sent a product of the
multiple delivery course in Forensic Chemical Science and a questionnaire with which to
critique the product.

Students who field tested the product and completed a questionnaire outlining the
strengths and weaknesses of the product came from the Introductory Forensic Chemistry
course taught by the researcher. Each of the students signed a “Form of Consent —
Research Involving Human Subjects” (Appendix F — Kansas State University Form of
Consent) indicating that his/her participation was voluntary and not coerced by the

researcher.

Summary

The purpose of this research and development study is to design a course suitable
for a university liberal arts Forensic Chemistry Course. The need for such a course was
determined by querying professionals in the field of forensic science. Using the (ISD)
design process, the course was constructed by querying the experience and needs of
college and/or university general education forensic science instructors and also the input
of university and/or community college students. Data were gathered through
questionnaires with subjects purposefully selected by the snowball method (Creswell,
1998). In addition to using the three different sources of data, the researcher will

continued to triangulate the study by use of peer checking.
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CHAPTER 4 - Development of the Product

Introduction

The development of the Forensic Chemical Science Course (hereafter referred to
as “the FCS Course” or “the Product”) followed the educational research and
development (R&D) methodology as outlined by Dick, Carey and Carey (2001), Gall,
Gall and Borg (1999), and Gall, Gall and Borg (2003). This chapter describes the use of
three phases of the development cycle of the R&D process. Findings were evaluated
after each step to determine how, or whether, to continue the process. The process did
not, however, follow the lockstep, behavioral linearity of Dick, Carey and Carey’s
Instructional System Design (ISD). Dick (1995) himself suggests that constructivist
theory can easily fit into the Instructional System Design and that most developers

modify the ISD product to suit their particular needs.

Design Overview
This study was partially based on Tyler’s (1949) four fundamental questions for

course development.

1. What educational purposes need to be attained?

2. What educational experiences can be provided to attain these purposes?
3. How can these educational experiences be effectively organized?

4. How can we determine whether these purposes are being attained? (p. 1)

Course development was based on a modification of the eight step design process
of Dick, Carey and Carey (2001).
1. Assessment of needs
Analysis of learners, contexts, and instructional goals
Development of performance objectives
Development of assessment instruments
Development of instructional strategy
Development and selection of instructional materials

Formative evaluation(s)

e A e B

Summative evaluation
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The questions posed for the research described herein are as follows: Is there a
need for a multiple delivery Forensic Chemical Science (FCS) course (King & Fricker,
2002; Pond, 2002) for a course in the general education arsenal of small universities and
community colleges? If so, can a course be developed that will allow university students
in general education FCS classes to construct a sound knowledge of basic chemistry and
to apply that knowledge to forensic problems?

The steps of the R & D process for developing the multiple delivery course for the
general education forensic chemical science course included: 1) needs assessment; 2)
planning the product and small scale validation (1st field test); and 3) product revision
and 2nd field test. These steps and the time required for each step are outlined below in

Table 4.1 — Data Collection.
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Table 4.1 Data Collection

Phase Phase one Phase two instruments Phase three Timeline

description instrument instruments

Needs Questionnaire March — May

assessment to 30 forensic 2007
scientists'

Validation of Prototype (1* field test) course® and September

product (1* field questionnaire® to 9 peers of the researcher: 2007 -

test) university or community college forensic January 2008

science instructors

Usefulness of 2" field test February —

product (2™ field course® and May 2008

test) questionnaire’

to 7 students
in university
forensic
science
courses

Review of results

Peer review®

Peer review®

Peer review®

"See Appendix A (questionnaire sent to the forensic scientists)

*See Appendix H (prototype course sent to the instructors of general education natural
science courses — developed after analysis of questionnaires from forensic scientists)

3See Appendix C (questionnaire sent to instructors of general education natural science

courses)

*See Appendix D (course given to university forensic students — developed by including

suggestions made by forensic scientists and instructors of general education natural
science courses)

>See Appendix E (questionnaire given to university forensic students)

%peer reviewer Pro