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FOREWORD

Two-thirds of Americans believe that science will improve their future
and three-fourths indicate they enjoy learning science. Scientific literacy in
this country, however, is at its lowest ebb since reaching a peak in the Sput-
nik era. The nation is currently undergoing a science and engineering reform
with massive influx of public and private monies to counter this educational
void. The goal is to attain preeminence in scientific literacy by the year 2000,
perhaps a little presumptuous and unattainable given the timeframe. It is
within thie backdrop, however, that the relevance of soil science education
takes on n:w meaning. Understanding the near-surface Earth properties,
processes, and functionality is essential to global habitat sustainability. Soil
science provides the educational framework to integrate components of earth-
science systems, to understand the causes and consequences of spatial varia-
bility, and view dynamic processes iinpacting ecosystems in a holistic per-
spective. The future of our discipilne is heavily dependcent on our ability
as educators and scientists to effectivley communicate this message. Our clien-
tele are diverse. They represent multiple occupations, backgrounds, value
judgements, interests, and experiences. Their understanding of soil and land
resources may be limited. This special publication examines these issues,
challenges, and opportunities for new trends in educational environments
under new soil science paradigms. The Soil Science Society of America is
committed to enhancing the outreach of earth-science education through de-
velopment of resource learning materials and teacher mentor programs in
conjunciton with the American Geological Institute textbook initiatives. We
commend the authors of this text and the organizing committee for their ef-

forts to bring this special publication to fruition in such a timely manner.
It is a significant new contribution to the arsenal of earth-science education-
al materials.

LARRY P. WILDING, President
Soil Science Society of Agronomy
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PREFACE

Traditionally, the ‘‘clients’” of soil science education have belonged to
three groups: undergraduate students, graduate students, and those clients
reached through extension activities. In all three cases, the preferred mode
of transmission of knowledge has usually been via formal lectures in class-
room settings. Realizing the importance of the task before them, soil science
educators have over the years paid significant attention to teaching in all of
its multiple facets. In November 1969, for example, the Soil Science Society
of America held a symposium devoted entirely to graduate instruction. Dur-
ing this symposium (and in its proceedings, published in 1970 as ASA Spe-
cial Publication No. 17), prominent scientists were invited to analyze in detail
the teaching n2eds and the knowledge-transmission methodologies used in
the various subdisciplines of soil science (soil physics, soil chemistry, etc.).

Since the late sixties, numerous articles dealing with the teaching of soil
science courses have appeared in, e.g., the Journal of Agronomic Education
(to become the Journal of Natu ral Resources and Life Sciences Education),
and the Agricultural Education Magazine.

Even though the visual aids (videofilms and multimedia technologies)
available to instructors are currently evolving at a phenomenal pace, much
of this existing literature on the teaching of soil science courses remains emi-
nently relevant and useful. Therefore, when in early 1992 the SSSA Com-
mittee S571 (*“Training of Soil Scientists’’) decided that the time was ripe
to devote another symposium to soil science education and planned it for
the fall 1992 annual meetings, it was agreed that this symposium should try
to explore new facets of the field, to map out new territory, and not simply

rehash information on what to teach and how to make lectures lively and
appealing.

A number of directions that this symposium should explore seemed clear-
ly dictated by recent trends and events. The need for a shift of emphasis from
agricu. iral to environmental soils-related issues, brought about in part by
the pronounced decline of farming in North America and Europe in the last
two decades, mandates drastic changes in the soil science curriculum. The
rapid pace of technological advances and the imminence of ‘‘information
superhighways’’ challenge the need for and the usefulness of an extension
service in its current form. Furthermore, universities must prepare their stu-
dents for a life of continuous learning.

Aside from these societal changes, the university environment in which
soil science educators have traditionally operated has also evolved signifi-
cantly in the last two decades. The student body has become more and more
diverse in terms of age and gender, while at the same time more foreign stu-
dents are attending U.S. and Canadian universities than cver before. The
areas of interest and training of the students and their career objectives also
have evolved. All of these trends have combined to modify the conditions

in
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conditions under which soil science educators have to approach the advising
of undergraduate or graduate students.

These and other current challenges facing soil science education are ana-
lyzed in detail in the various chapters of the present SSSA Special Publica-
tion. These chapters have been purposely left heterogeneous in style and depth
of coverage; some contributors have chosen to briefly relate their personal
experience in a journalistic style, while others carried out detailed surveys
or extensive literature reviews. In all cases, the authors benefitted greatly from
the careful and thoughtful comments of anony.ous reviewers.

May 1993

PHILIPPE BAVEYE
Cornell University

WALTER J. FARMER
University of Florida, Riverside

TERRY J. LOGAN
Ohio State University
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Introducing Soil Science into the
K-12 Curriculum

Terence H. Cooper, John W. Schultz,
and Marion K. Barton

University of Minnesota
St. Paul, Minnesota

ABSTRACT

A survey of 129 teachers during the spring of 1992 was conducted to determine
their usage of soil science concepts. Teachers represented both urban and rural school
districts and grades K-12. The experience of the teachers surveyed averaged 20 yr.
In the survey teachers indicated that they were not using soil science concepts be-
cause they were not part of the curriculum. The greatest percentage of teachers using
soils concepts were the rural K-6 teachers and the urban 7-9 teachers. In order to
increase the number of teachers using soil science concepts, the concepts must be
included in the curriculum and teachers must be trained. The American Association
for the Advancement of Sciences Project 2061 has outlined agricultural concepts that
high school graduates need to know. Many of these topics are soils related and the
opportunity for incorporating them into curricula is now.

INTRODUCING SOIL SCIENCE INTO THE K-12
' CURRICULUM

The number of students studying soil science in Agricultural Colleges declined
during the 1980s along with the total agriculture enrollment; however, re-
cent trends (Litzenberg et al., 1991} indicate increases in enrollment in agricul-
ture have not included the traditional soil science major. In order to increase
the interest of students to study soil science in college it has been suggested
that scientists assist in developing K-12 curricula that deal with soils (Barnes,
1987). Our purpose is to report on a study to determine the current extent
of the usage of soil science concepts by a sample of Minnesota's elementary
and secondary schools and determine ways that more of these concepts can
be included into K-12 curricula.

SURVEY OF K-12 TEACHERS

A survey was mailed in 1992 to 45 schools (22 rural and 23 urban) selected
at random to represent both the urban and rural population of Minnesota.

Copyfight © 1994 Soil Science Society of America, 677 S. Segoe Rd., Madison, WI 53711,
USA. Soil Srience Education; Philosophy and Perspectives. SSSA Special Publication no. 37.
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INTRODUCING SOIL SCIENCE INTO THE K-12 CURRICULUM 3

Copies of the survey form (Fig. 1-1) were sent to the science or social science
curriculum coordinator. Coordinators were asked to pass the survey forms
on to the teachers. Coordinators collected the completed forms and returned
them in the envelope provided. Eighteen schools returned the forms (6 ur-
ban and 12 rural) for a total of 129 teachers responding (63 rural and 66
urban). Urban schools included five in the Twin Cities and one in Rochester.
Rural schools included three from the forested, northern region and nine
from the more agricultural, southern region of the state.

The teachers responding to the survey were experienced (Table 1-1) and
were evenly divided among grades and subjects with the exception of the 10-12
science teachers in which only 14 responded.

The responses for the K-6 teachers for the question about the type of
soil concepts used were similar for rural and urban teachers. The topic most
often used was soil erosion. The main reason that soil concepts were not used
was because they were not perceived to be part of the curriculum.

For Grades 7-9 teachers the responses were varied for the concepts used
with the rural teachers using more agricultural related terms (fertilizer, lime,
or soil pH) and the urban teachers using more environmentally related terms
(water contamination or soil development). The main reasorns for not using
soils concepts was again the comment that they were not part of the curricu-
lum and the lack of suitable classroom exercises. Even if teachers are interest-
ed in presenting a concept, if that concept is not a part of the current
curriculum as determined by their school district, they most likely will omit
it in favor of those that are in the curriculum.

The high school teachers used a number of soil concepts (N fixation or
soil pH), with some differences indicated between the urban and rural groups
(rural used fertilizer concepts). The main reasons for not using soil concepts
were listed as time constraints and lack of suitable, prepared materials.

Table 1-1. Experience. subject matter and grades taught for teachers responding to soil
science survey.

Years teaching

Grades Standard
taught  Subject area Teachers Mean deviation Range
no. no.
K-6 Social science and sciences 34 16.9 10.9 1-36
7-9 Social sciences {world history, 31 20.5 9.4 1-32

geography, U.S. history,
civics, or social science

1-9 Sciences {physical and earth 28 19.7 10.0 2-33

science)

10-12 Social science (american. 22 20.1 8.5 2-30
world and local history, and
economics)

10-12  Sciences (physics, biology. and 14 215 10.8 2-35
chemistry)

L0
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4 COOPER ET AL.

Table 1-2. Percentage of respondents using soils concepts: 129 teachers from 18 schools.

Using soils concepts Total teachers

% no.
Rural 41
Urban 15 34
Rural 14
Urban 30

Rural ’ 11
Urban 14 36

59

Overall the greatest percentage of teachers using soils concepts were the
rural K-6 teachers (Table 1-2) and the urban 7-9 teachers. It is noted that
30% of the social science teachers used soils concepts.

In summary, the main reasons for not using soils concepts were: (i) not
part of the curriculum (grades K-6, 7-9, or 12-12), (ii) lack of current materi-
als for classroom use (grades 7-9 and 10-12), (iii) lack of formal soils train-
ing (grades 7-9 and 10-12), (iv) not part of the textbook (grades 7-9), and
(v) time constraints (grades 10-12).

PROJECT 2061

The American Association for the Advancement of Science has been
involved in a project to improve science education in the schools (Bugliarel-
lo, 1989; Clark, 1989). Phase 1 of this project outlined agricultural concepts
that high school graduates will need to know. Development of these con-
cepts were performed by two panels: (i) physical and information sciences
and engineering and (ii) biological and health sciences. Topics related to soils
are included in the materials being developed and are currently being tested
in selected schools. Examples of these include:

Physical Sciences

the surface processes of the earth such as erosion, deposition, element
cycles as well as the nature, distribution, creation, and destruction
of soils;

uses, availability, economics, politics, and dependence of society upon
natural resources (soils),

Environmental Biology
shaping of ecosystems, as it relates to soil nutrients and climate which
determine the distribution and productivity of plants;
in general, the total productivity of natural systems almost always ex-
ceeds the productivity of agricultural systems,
Human Ecology

ccosystems will draw upon reserves of energy when available energy is
insufficient, thereby depleting them, and at the same time unrecy-
cled matter accumulates as pollutants;

10
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INTRODUCING SOIL SCIENCE INTO THE K-12 CURRICULUM

failure to recycle causes additions of fertilizers that contaminate water

Soil scientists need to assist K-12 teachers to further refine how soil
science concepts will be presented, especially if the concepts are controver-
sial. Scientists also need to assist teachers in the development of materials
that can be used in the classroom and encouraging them to add concepts
into their curriculum.

Dr. Gene Gennaro (1992, personal communication, College of Educa-
tion, Univ. of Minnesota) has indicated that the Natic 1l Science Teachers
Association (NSTA) has a commitment to science-te = logy-society (STS)
issues by developing a curriculum called The Water Planet. There is a need
for soil topics and NSTA would be supportive of efforts to develop them.
Dr. Gennaro also indicated that many of the earth science textbooks stress
oceanography, but that for many of the interior states the study of soil science

American agriculture as a nonsustainable system that can be ameliorat-

5

ed by no-tillage farming;

supplies.

NATIONAL SCIENCE TEACHERS ASSOCIATION

would be much more fitting. Textbooks often dictate what is to be taught,
as was indicated by many teachers in our survey.

The recommendations that we have determined from our survey and
interviews are centered around the development of curriculum and teacher
training. Because many of the teachers in our survey have 10 yr or less be-
fore retirement, the opportunity to have more of our future teachers appreci-
ate the use of soils concepts is there. This could be accomplished by having
a soils course become one of the science electives in K-12 teacher curriculum.

RECOMMENDATIONS

1. Determine the procedures necessary to have soils concepts incorporat-
ed into K-12 curriculums:

a.

¢,

Invite teachers to ASA conferences and university departments to
better acquaint them with the science of soils and to have dia-
logue with the scientists doing the science.

Become acquainted with state and national curriculum develop-
ment committees and with state department of educations that
have a record of what is being taught in their schools.

. Become familiar with science teacher organizations like the

NSTA, which will have affiliated state chapters. These organiza-
tions will have monthly or annual meetings for sharing activities
and presentations by scientists and teachers.

Visit with curriculum coordinators in local school districts who
are often trying to find inservice ideas as well as new technology
that can be taught in the classroom.

Visit with individual teachers in local schools.

i
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2. Develop and make available classroom activities, both hands-on and
minds-on, that require small amounts of teacher preparation time.
Teachers are looking for real life objects and demonstrations that are
visible and exciting to their students. Publication of these activities
can occur in science teacher professional journals like The Science
Teacher, which is a NSTA journal. Their manuscript guidelines (Tex-
ley, 1992) are published monthly. They are interested in your first-
hand experience that stress classroom applicability.

3. Provide introductory soils course work for both graduate and under-
graduate credit for teachers. The graduate credit is especially impor-
tant for teachers currently employed and will require offerings at
night or during the summer. Introductory soils courses will provide
the necessary information so that teachers can design their own soils
activities for their classrooms.

4. Provide informal training for teachers. Activities could include field
trips, inservice workshops, opportunities to work with scientists on
research, and assisting their students with ideas for science fairs.

Increasing the flow of soils information from university soils programs
to K-12 teachers will increase the amount of soils information currently be-
ing offered in our elementary and secondary schools. The long term effect
of this should increase the number of college students wanting to learn more
about soil science, regardless of the major they are studying in college.
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Undergraduate Core Curriculum
in Soil Science

K. A. Barbarick

Colorado State University
Fort Collins, Colorado

ABSTRACT

Evaluation of course requirements, including core curricula, for all academic
options is a continuous process at all institutions of higher learning. My objectives
are to investigate the current status of course requirements in the soil science dis-
cipline at various institutions, to discuss the need for core curricula for various op-
tions in soil science, and to speculate on the background soil scientists will need in
the future. Fifty-seven North American institutions that offer some type of 4-yr soil
science option responded to an informational request by Soil Science Society of Ameri-
ca (SSSA) Committee S571 (Training of Soil Scientists). The options available were
placed in four categories; the distribution of the 78 curricular alternatives were: 10
in environmental soil science, 16 in soil resources, 37 in soil science, and 15 in other
(generally encompasses aspects of soil management for crop production). Required
coursework for these four groups of options were not significantly different for most
types of courses. More credits of chemistry were required for environmental soil science
than for soil resources options. In an apparent trade-off, the other option required
more plant science, but less environmental or natural resources credits than the en-
vironmental soil science option. Based on the information provided to S571, a com-
mon core curriculum within the various options of soil science appears to exist already.
1 anticipate an increase in required credits involving interpersonal skills or communi-
cation and practical experience such as internships or research problems. Pressure
10 increase the number of required courses may result in 4.5- to 5-yr programs for
soil science curricula.

Evaluation of curricula includes close scrutiny of required courses and ex-
amining the need for a core set of courses. Accrediting organizations usual-
ly mandate minimal course requirements or a core curriculum. More than
likely, the development of core curricula for various disciplines will increase
in the future. Need for a universal core curriculum in soil science is an in-
triguing concept.

Environmental concerns such as waste disposal and groundwater quali-
ty have undoubtedly led to more soil science courses that address environ-

Copyright € 1994 Soil Science Socicty of America, 677 S. Segoe Rd., Madison, W1 53711,
USA. Soil Science Education: Philosophy and Perspectives. SSSA Special Pyblication no. 37.
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mental concerns (Page & Letey, 1972; Barbarick, 1992) and subsequently
to development of curricula with an environmental orientation (Letey & Page,
1972; Cooper, 1990; Daniels et al., 1992). Weis (1990) and Brough (1992)
indicated that environmental-type programs are often described as soft
sciences, since they tend to require less coursework in hard sciences such as
chemistry, physics, and mathematics. Can the same statement be made for
the burgeoning environmental soil science options? Discussion of the course
requirements for various options in soil science is needed now.

My objectives are to: (i) examine the current status of course require- -
ments at various institutions, (ii) address the need for core curricula for var-
jous options in the discipline of soil science, and (iii) ponder the background
soil scientists will need in the future.

CURRENT COURSE REQUIREMENTS

Dr. Philippe Baveye, chairman of SSSA committee S571 requested in-
formation on curricular requirements from North American institutions that
offer 4-yr programs in an option in soil science. Fifty-seven universities
responded. Table 2-1 provides a listing of the schools that replied, the op-
tions offered, and a coding of the curricular choices. Four option codes were
utilized: environmental options were Code 1; soil and water resources op-
tions (including irrigation) were Code 2; soil science options were Code 3;
and other options such as agronomy and soil and crop management were
Code 4.

Table 2-2 shows that the soil science curriculum is the most frequently
listed selection; but, the number of environmental soil science options has
undoubtedly increased during the last decade. This trend will continue since
this curriculum probably has a broader appeal to prospective students and
will probably lead to increased enrollment in departments offering this choice.

Average semester course requirements for the four options are present-
ed in Table 2-3. Economics and agricultural economics requirements were
placed in the social sciences category; foreign language requirements were
placed in the humanities category. The other classification includes wellness
and elective courses. Oneway analyses of variance were used to determine
significant differences in average required credits among the four general
options. Least significant difference at the 0.05 probability level was used
to compare means.

Required coursework for the four options were not significantly differ-
ent for the general topics of composition and speech (communications), hu-
manities, social sciences, math, physics, biology, soil science, or ot/»ers. The
first seven categories of classes listed in Table 2-3 are generally considered
liberal arts courses. Except for chemistry, all four options require essential-
ly the same quantity of liberal arts credits. Out of an average semester credit
requirement of 127 for graduation, liberal arts courses constitute 61 units
or 48% of the total (Table 2-3).
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Table 2-2. Frequency of curricular options.

Curricular code General option title Frequency
1 Environmental Soil Science 10
2 Soil Resources 16
3 Soil Science 37
4 Other 156
Total 78

For the majority of institutions listed in Table 2-1, the liberal arts credits
are mandated by university policy. By default, therefore, the average curric-
ular option in soils does contain a core curriculum of liberal arts requisites.

Significant differences in credits in chemistry, plant or crop science, en-
vironmental or natural resources, and agriculture were detected (Tables 2-3
and 2-4). Although there was a significant difference in chemistry credits
between environmental soil science (15) and soil resources (10), the other two
options also tended to have fewer hours of chemistry requirements. Obvi-
ously the notion that environmental options contain less hard science than
other options is mythical. The apparent exchange of credits among options
is that the other option requires more plant or crop science and less environ-
mental or natural resources credits than the environmental soil science op-
tion. Soil science also required less environmental or natural r2source credits
than environmental soil science. This difference signifies the desire to pro-
vide distinct training between the curricular options and reflects the one gener-
al area of coursework where departments are still able to change graduation
requirements. The soil science option also required more general agriculture
courses than the environmental soil science category. I believe that this differ-
ence represents a remanent of a more traditional agricultural approach to
soil science curricula.

A core curriculum in the various options in the soil science discipline
already exists. While differences in requirements in chemistry, plant or crop
science, or environmental or natural resources exist between options, they
represent a small fraction of overall course requirements (Table 2-4). Most
of the significant shifts in course requirements compared with the tradition-
al soil science curricula constitute <6% of the overall graduation credits.
The excepticn is the 6.4% increase in environmental or natural resource
courses required for the environmental soil science option. Because of univer-
sity or college edicts, changes in ¢ tions are limited to courses that may be
described as restricted electives. In essence, soil science students, regardless
of the option selected, apparently do and will have fairly similar coursework
backgrounds.

The vast majority of undergraduate soil science programs encourage stu-
dents to obtain practical experience before graduation. This is commonly
accomplished through internships, work cooperatives, or independent-study
research projects. Some institutions require this experience for graduation.
Although this educational experience is desirable, adding credits of this type
to existing requirements may create hardships for students. Meeting course-
work demands of the university and department plus the need for practical
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Table 2-4. Changes in course requirements compared with the soil science option where
significant differences between options were found.

Environment and
General options Chemistry Plant, crop natural resources Agriculture

% vs. soil sciencet —

Environmental soil science +2.4 —-4.0 +6.4 —4.8
Soil resources -1.6 -1.6 +5.6 -3.2
Other 0 +4.7 +0.8 -2.3

1 Percent change based on the total for each option and compared with the requirements
in Soil Science. the most frequently listed curricular choice in Table 2-1.

experience could increase the total credits needed for graduation. These
changes could result in B.S. programs that necessitate 4.5 to 5 yr to com-
plete. I think that educators too often expect soil science students to accom-
plish too much within a 4-yr curriculum.

A student in soils must develop communication skills and a basic un-
derstanding of humanities, social sciences, and natural sciences along with
a good blend of technical instruction. Selection of the right blend of course-
work and practical experience within a 4-yr program is a very large challenge.

WHAT ABOUT THE FUTURE?

Increased demands by universities for more liberal arts in the curricula
plus attempts to incorporate internship-type experiences will either increase
total credits required for graduation or result in fewer restricted or free elec-
tives. Soil scientists, regardless of the curricular option completed, will work
more as a part of interdisciplinary teams. Consequently, courses Of other
experiences that develop interpersonal skills should be encouraged.

Since environmental soil science options are increasing, the author be-
lieves that an increased emphasis on communication skills will be necessary.
Regulatory agencies such as the U.S. Environmental Protection Agency will
seek graduates who are articulate and who can handle presentations at pub-
lic hearings and news conferences.

Institutional requirements will necessitate that shifts in coursework oc-
cur primarily within restricted or free electives. Environmental soil science
options will continue to deemphasize traditional plant or crop science courses
while stressing environmentaliy-oriented classes. This shift will undoubtedly
lead to an increase in environmental-type soils courses,

Some courses with an environmental orientation are available (Barbarick,
1992). New courses in this arca should use case studies as a primary empha-
sis. These capstone courses should build on the basic concepts learned in other
courses and stress problem solving through real world examples. Role play-
ing in these classes also may be important. Environmental soil scientists will
probably interact a great deal with the general public; sometimes an adver-
sarial situation may exist. Preparing students for various situations (¢.g., pub-
lic hearings) should be a key emphasis in these environmental courses.
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An increase in the number of institutions that offer minors in various
options in soil science will probably increase. Students from related disciplines
in natural resources, such as range science, will increase their marketability
as a scientist by developing secondary areas of expertise.

The future for all types of soil scientists is very bright. The need for
individuals who understand environmental, agricultural, and resource
management aspects of soils will certainly increase. Soil science educators
will have the responsibility to provide opportunities to students so that they
will eventually play a major role in society. The one constant for the future
is that change will occur. Institutions cf higher learning must allow modifi-
cation of soil science curricula to address {uture needs appropriately.
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Trends in Soil Science
Teaching Programs

J. Letey

University of California
Riverside, California

ABSTRACT

Traditionally undergraduate students majoring in soil science came from rural
backgrounds with a career goal of employment in some phase of agriculture. Gradu-
ate students, particularly those with Ph.D. degrees, received employment in research
or teaching at universities or with the Agriculture Research Service. Presently soil
science teaching programs must aitract students from urban areas and prepare them
for successful careers in a broader spectrum than agriculture. Graduate programs
should be adjusted to train soil scientists for positions in the private sector as well
as the traditional positions. Teaching institutions must adapt undergraduate and gradu-
ate programs to accommodate societal shifts or face declining enrollments. Revision
in curricula rather than merely relabeling will be required for continued success. Many

institutions are adjusting to include an environmental focus to their soil science teaching
programs.

The 20th century has been characterized by major societal transitions in the
USA. Whereas most of the population lived in rural communities and small
family owned farms at the beginning of the century, the vast majority of
the population presently lives in urban areas. Major shifts also have occurred
in rural areas, where there has been a transition from small family farms
to larger corporative entities.

Soil scientists have served a significant role in this progression of events.
Research into the fundamental principles of fertilization, irrigation, and land
management practices has led to large increases in crop production per unit
land area. Advances in agricultural production has freed much of society
from the task of providing food so that they can pursue other productive
ventures. Soil scientists have contributed to the educational programs for
students interested in agriculture related careers, ranging from farming tc
research. Since initial emphasit was generally on agricultural production, soil
scientists were often administratively combined with crop scientists into
agron'my departments on university campuses.

Copyright ©* 1994 Soil Scic;ncc Society of America, 677 S. Segoe Rd., Madison, WI 53711,
USA. Soil Science Education: Philosophy and Perspectives. SSSA Special Publication no. 37.
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The era of environmentalism evolved in the late 1960s and early 1970s.
It was characterized by Earth Days and by the initiation of major federal
legislation directed towards environmental quality. Society, being largely freed
from the concern for food supply, focused increased attention on the en-
vironment. Agriculture was no longer viewed simply as an effective food and
fiber supplier, but also as a contributor to land and water degradation.

Soil scientists, whose traditional research and teaching roles were as-
sociated with production agriculture, had a decision to make. Should they
maintain the status quo or broaden their research and teaching programs
to encompass new concerns? The question actually consisted of two separate
but related issues. The first issue was whether environmental concerns as well
as the production aspects of agriculture should be pursued. The second was
that, since soil and water degradation was not restricted to agricultural ac-
tivities, should soil scientists expand their role to include nonagricultural
problems? One opinion was that, since many soil scientists were members
of agricultural experiment stations or the U.S. Department of Agriculture,
they were obliged to serve agriculture; to do research and teaching that was
not agriculturally oriented was perceived to be a misuse of funds. A narrow-
er attitude, held by some with long-term agricultural associations, was that
it was not appropriate to engage in environmentally oriented activities even
if they were related to agriculture, since this might uncover information that
would be detrimental to the agricultural industry. It was not uncommon for
the first scientists to report quantitative data on water degradation by
agriculturally-used chemicals to be criticized by some of their scientific col-
leagues. Nevertheless, within the last two or three decades there has been
a large change in the type of teaching and research performed by soil scien-
tists. It now encompasses a full range of issues, including agricultural produc-
tion and environmental quality in both agriculturally and nonagriculturally
related settings.

Recent expansion in soil science research has been largely driven by the
availability of extramural funding sources for nontraditional agricultural
research. Furthermore, soil scientists have recognized that they were doing
basic research related to the fate and transport of chemicals in soil and water
systems, and that these basic principles had broad application to both
agricultural- and nonagriculturally oriented settings.

Conducting research into nontraditional agricultural problems brought
soil scientists into interaction with, and sometimes into competition with,
other disciplines including engineering, geology, and geography. Soil scien-
tists have both advantages and disadvantages when competing with other
disciplines in nonagricultural activities. The advantage is that soil scientists
have training, or colleagues with training, in all major aspects important to
the fate and transport of chemicals in soil-water systems. Chemical, physi-
cal, and biological aspects can all be addressed via a well-integrated program.
The major disadvantage has been the failure of some individuals, particu-
larly in the private sector, to recognize the expertise and capabilities that soil
scientists have at their disposal. This disadvantage is becoming less impor-
tant as the contributions of soil scientists become more widely recognized.
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] Undsrgraduate Soil Science Majors

Non-Mal'ors in Soil Science Course
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0 6 12 18 24 30

Number of Responses

— . Fig. 3-1. Numbers and types of responses to questions asked in a survey of soil science teach-
. ing programs. .

Transitions in the research agenda for many soil scientists can be

N documented by publications and reports at scientific meetings. Transitions,

S if any, in teaching programs are less evident. in order to more accurately

quantify what is happening with teaching programs, a questionnaire was sent

to institutions in the USA and Canada that teach soil science. A total of 46

. out of 60 questionnaires were completed and returned. One part of the ques-

tionnaire asked the respondent to classify recent numerical trends for vari-

, ous items as either increasing, decreasing or remaining about the same. Items

- listed on the questionnaire, and a summary of responses, are presented in

Fig. 3-1. Institutions were also asked to: (i) briefly describe changes in under-

graduate courses or curricula that have been made during the past few years,

) (ii) briefly describe changes in graduate courses or curriculum that have been

oo made during the same period, (iii) describe present plans for future modifi-

3 cation of soil science teaching programs, and (iv) provide any additional

thoughts on the subject of soil science teaching program that they would like
to share.

UNDERGRADUATE EDUCATION

. Almost without exception, each respondent identified a shift in under-
Iy graduate soil science to increased environmental or resource emphasis. In
: some cases, new undergraduate soil science programs with emphasis on the
environment have been developed. Some actually carry the tile environmen-
tal soil science. In other cases, soil science courses are part of a campus- or
college-wide environmental science program, or have been specifically tailored
to attract nonmajors. Details of trends and transitions in the soil science pro-
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gram at California Polytechnic State University, San Luis Obispo, are
presented in an accompanying article by Taskey (1994) as an example of what
has been done at one institution.

Based on the data presented in Fig. 3-1, most institutions have been
successful in attracting more nonmajors into soil science courses by introduc-
ing greater environmental orientation. The number of respondents report-
ing increased numbers of undergraduate soil science majors is approximately
equal to those indicating decreased numbers of majors. Part of this trend
may be attributed to the fact that some departments have dropped the soil
science major, but have concurrently become an integral part of a broader
environmentally oriented program. One respondent stated that the traditional
undergraduate degree is a thing of the past. Another respondent stated that
institutions have abandonad the philosophy that all undergraduate majors
need to have exactly the same type of soil science background.

Although only one department commented on the following issue, it
is probably an issue that most departments are facing nationwide. With declin-
ing resources it is imperative that each department be competitive in attract-
ing students. Administrators are evaluating the college-wide or university-wide
allocation of teaching resources based on student numbers. Whether the bud-
get is a primary motivating factor, it is obvious that significant restructuring
at the undergraduate level has been done at most, if not all, institutions and
that such efforts have been generally successful in attracting more students.

GRADUATE TRAINING

Whereas almost every respondent identified major shifts in the under-
graduate teaching program, a common response at the graduate level was
that relatively few changes have been made. The following response is typi-
cal of most respondents: ‘‘Changes in our graduate curriculum in soil science
have occurred mainly through the emphasis of our research program which
is dealing more with environmental contamination, reactions of wastes and
waste products in soils, etc. One new course has been added about 2.5 yr
ago.”’ Apparently most departments have seen little need, or at least have
not invested the time required, to make major modifications in their gradu-
ate teaching program, other than as reflected by research orientation.

Approximately equal numbers of respondents identified increased gradu-
ate student numbers as reported decreased graduate student numbers, with
the majority indicating that there has been relatively little change.

JOB OPPORTUNITIES

One of the respondents stated, *‘Students today come into the program
with the following question: *‘What kind of job will I get when | get out?’
They want the curriculum to be specific to their needs. Perhaps this could
be characterized as trade schoo! mentality, but job opportunities are more
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and more important to them.”* This statement was made relative to an un-
dergraduate program. This question from undergraduate students is undoubt-
edly asked at most institutions, and has probably contributed to the
above-mentioned modification of undergraduate curricula.

At the graduate level, the data reported in Fig. 3-1 are disturbing. With
regard to anticipated faculty positions in soil science, almost one-half of the
institutions indicated a decreasing trend. Only a few indicated an increasing
trend, and most of these institutions were those with a relatively small num-
ber of soil science faculty. One institution indicated that they have been
authorized facuity replacement for only one of every two open positions,
and that this could soon go to one of three. Note also, in Fig. 3-1, that the
prospects for anticipated staff hires in soil science is rather bleak as well.
1f these projections are accurate, traditional job opportunities for Ph.D. and
M.S. soil science graduates at universities will be greatly diminished. One
conclusion is that Ph.D. students in particular must be trained to be com-
petitive in a broader job market than university teaching and research. In
particular, the private-sector job opportunities must be tapped.

Two issues must be addressed when expanding the job opportunities in
the private sector for M.S. and Ph.D. students. The first question is whether
traditional graduate training is the most appropriate training for indivdiuals
going into the private sector. Secondly, the private sector needs to be made
aware of the capability of M.S. and Ph.D. recipients in soil science to meet
their needs.

Many private sector positions are likely to come from nonagricultural
entities. Traditionally, soil science has been combined with crop science to
optimize the capability for addressing agricultural production problems. With
the broadening scope of soil science research and teaching, however, one must
question whether continued alliance with crop science is the optimal arrange-
ment. On the questionnaire, one respondent indicated that soil science has
now been moved out of agronomy to the School of Natural Resources.
Another respondent indicated that there had been a suggestion to combinc
hydrology from agricultural engineering and geology with soil science to form
a Land Resources Department. Others at the same institution, however, sug-
gest that agronomy should maintain and strengthen, rather than break, the
ties between soil and plant sciences.

Soil science appears to have positively and effectively responded to
changing times with regard to research and undergraduate teaching. Thus
far, however, few if any modifications appear to have been made in gradu-
ate teaching programs other than research-topic emphasis. Each department
offering an M.S. or Ph.D. degree in soil science must address the following
questions: Can the status quo be viably sustained into the future? If the sta-
tus quo does not appear to be feasible and the projected trend in hiring Ph.D.s
into traditional teaching and research continues, then what changes must be
made? An obvious answer is to train students for a broader job market. As
each job market is identified, appropriate and competitive training must be
identified. This might require restructuring of subject matter within a revised
set of courses, consideration of using internships with the private sector as
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a significant training component, introducing quite different subject mat-
ter, and possibly considering a restructuring of the administrative structure
to enhance the training of soil scientists for nonagricultural positions.

One lession that can be learned from ecology is that species that are un-
able to adapt to changes in their environment become extinct. Soil scientists
have demonstrated that, in research and undergraduate teaching, they have
remained flexible and in general prospered. Based on this track record, one
can hope that graduate program adjustments will follow as well, and that
the soil science profession thus will flourish. This positive outlook, however,
is premised on the assumption that soil scientists will invest the time and ef-
fort to respond to emerging needs at the graduate level.

REFERENCE
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Soil Science Program
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ABSTRACT

The undergraduate soil science program at California Polytechnic State Univer-
sity, which has been among the largest in the nation for more than two decades,
suffered a severe decline in enrollment in the middle to late 1980s. Departmental au-
tonomy became seriously threatened, and, more importantly, the program was iden-
tified for possible elimination. The faculty responded by establishing three new
concentrations under the soil science degree program: land resources, environmental
management, and environmental science and technology. Overall, the new program,
which was created solely from existing resources, is more rigorous than the tradi-
tional curriculum. Potential new students were invited to apply. As a result of these
concerted efforts, soil science enroliment nearly tripled within 2 yr.

One undergraduate program in soil science that recently was redefined and
restructured to meet emerging societal needs is that at California Polytech-
nic State University, San Luis Obispo. Cal Poly’s undergraduate soil science
program has been among the nation’s largest for at least two decades. Its
traditional role has been to educate students for positions in soil conserva-
tion, soil survey, soil and plant analysis for agriculture, the fertilizer and
agricultural chemicals industries, farm advisement, and land reclamation;
and for graduate studies.

Although enroliment had been strong since the program'’s inception, it
increased dramatically in the early 1970s (Fig. 4-1), reflecting the country’s
new-found interest in the state of the earth. Following the first Earth Day,
students were attracted to ecology and natural resources programs in large
numbers (U.S. Department of Education, 1992). These people knew that they
wanted to do something for the earth, but many of them lacked clearly de-
fined goals. Moreover, many of the newly developed or reorganized programs
in which they enrolled lacked the wherewithal to progress much beyond

(‘opyright 1994 Soil Science Society of America, 677 S. Segoe Rd., Madison, W1 53711,
USA. Soil Science Education: Philosophy and Perspectives. SSSA Special Publication no. 37.
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ENROLLMENT
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Fig. 4-1. Cal Poly undergraduate soil science enrollment, 1970 to 1992,

problem recognition and analysis: college environmental programs offered
few real social, economic, or technical solutions to environmental problems.
As aresult, programs flourished, but opportunities for environmental gener-
alists were limited, and the job market soon became saturated.

Students responded by shifting to more specialized environmentally
oriented programs, such as forestry, hydrology, low input farming, and soil
science. Accordingly, Cal Poly’s Soil Science Department welcomed new stu-
dents eager to transfer from community colleges and 4-yr programs that they
found too general or ill-defined. By the late 1970s, the program supported
= 175 undergraduate students, and the introductory soils course bulged with
nearly 1200 students per year. Meanwhile, the number of faculty doubled
from 6 to 12 full-time teachers.

The typical soils student changed also. Until this time, the soil science
student body had been strongly dominated by white males from rural back-
grounds, with interests in farming and related support professions. The new
students brought more diversified interests in forest and urban land use, or-
ganic and low input farming, and soil quality degradation, and many dis-
covered satisfaction in traditional soil science . Moreover, the proportion of
female students increased from <10 to >40% . Women came to power quick-
ly, both in the classroom and in departmental activities.

Amid all the expansion and changes, the curriculum remained virtually
static. Faculty and administration saw no reason for revision, only for a few
minor adjustments to accommodate specific interests of new teachers. After
all, they reasoned, the prevailing curriculum had served the school and profes-
sion well, and enrollment was greater than in any other comparable program
in the country, and probably the world! So, although a few faculty may have
sensed an impending barometric change, the decision was to stay the course.

But as rapidly as the tides of students and new opportunities rose, they
likewise ebbed (Society of American Foresters, 1991; U.S. Dep. of Educa-
tion, 1992) when governmental and popular philosophy shifted to increased
laissez faire and decreased support for agriculture, natural resources, and
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the environment. Governmental moves to deregulate and disencumber led
to large profits in the business sector and volunteerism in the public sector.
The new-found wealth of business and industry trickled in directions other
than those in which agriculture and natural resource students were headed.

As a result, Cal Poly’s student boom in soil science lasted slightly less
than two student generations. By 1985, enroliment had dropped precipitously,
to only 44 majors and = 600 students per year in the introductory soils course,
considerably lower than the enroliment even before the 1970’s boom.
Although these fluctuations were extreme, this mid-1980’s enroliment decline
coincided with national trends of students away from agricultural and natural
resources fields (Society of American Foresters, 1991; Food and Agricultur-
al Education Information System, 1992).

The enroliment remained between 44 and 46 through 1987, during which
time only a few applications were received. The program and the profession
it served were in trouble. The Soil Science Department, along with other simi-
lar departments in the country, were threatened with loss of departmental
status, and, more importantly, with loss of the program. The advice offered
by university administrators was to recruit new students, in effect to take
a show on the road to high schools, community colleges, and even county
fairs and trade shows. Some suggested that expectations placed on students
were too high, and that these might be adjusted to make the program more
attractive. (Of course this somehow would be done while maintaining the
widely recognized high standards of the university system.)

The recruitment suggestion was rejected on the grounds that it simply
would be using feigned enthusiasm to create a false demand. The entire
profession, not simply university enrollments, was in a slump; it would be
improper to lure people into a major that held little promise for career op-
portunities upon graduation. Nonctheless, the faculty believed in the need
for a strong undergraduate soil science program, especially in a large farm
and natural resources state such as California. They also believed that many
new, nontraditional, opportunities could be available for graduates if the
program was redesigned and the rest of the world discovered soil science.

GOALS, CRITERIA, AND METHODS

After much deliberation and consultation with alumni and representa-
tives of industry and governmental agencies, the faculty gradually developed
the goals, criteria, and methods needed to expand the academic offerings.
The goal that finally emerged was to develop a tripartite curriculum that
would (i) take advantage of traditional opportunities and offer students diver-
sity and flexibility; (ii) prepare soil scientists to become effective in resource
and environmental planning, policy, and administration; and (iii) provide
a strong scientific foundation upon which graduates could compete for
rigorous graduate programs and for positions in land and water pollution
abatement.
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In addition, they set criteria and recognized constraints as follows:

1. Maintain traditional program goals and commitmenis to clients in
agriculture and natural resources; to do otherwise would debase the
recognized importance of soil science in food and fiber production.

2. Provide an education that will be highly valued by society over the
long term. A curriculum strong in fundamentals will allow gradu-
ates the greatest flexibility in the future. Students will develop a firm
foundation in general education, basic sciences, matheratics, and
soil science.

3. Graduates must have high probability of finding immediate and long-
term professional opportunities, even if they are not employed directly
in soil science.

4. Minimize the number of courses students are required to take from
the Soil Science Department to ensure that they are exposed to a wide
variety of disciplines and faculty. This criterion reflects a philosophy
quite different from that of most other departments, which tend to
internalize their students, especially when enrollments are low.

5. Any changes must be made without an increase in resources, faculty,
or staff; only those resources available at Cal Poly could be used.

6. Any restructuring must be supported by the rest of the university
(most notably, of course, the curriculum committees at college and
university levels, and academic senate, each of which have curricu-
lar authority), alumni, industry, governmental regulatory and land
management agencies, and other universities, especially those hav-
ing significant graduate programs.

7. Department faculty must share equally in administering any new con-
centrations; no faculty member may be identified as in charge of or
advisor to one concentration in preference to any other concentra-
tion. Cooperation must be emphasized; territorialism must be dis-
couraged. .

8. Well qualified potential students must be available to fill the program.

The goal was accomplished by following several steps, some planned,
_ others fortuitous:

1. ldentify new job markets and professional opportunities for
graduates.

These were becoming available as Cal Poly soil science gradu-
ates increasingly found employment with private consulting firms and
governmental agencies to work on various aspects of land degrada-
tion by hazardous wastes. (One firm hired nine graduates during the
3 yr the new program was being developed.)

2. Secure the support and counsel needed to develop the curriculum,
have the program approved, and make it work.

Other departments at the university, including some in the Col-
lege of Agriculture, might be concerned that efforts in soil science
would take away students from their programs, or that the Soil
Science Department was becoming less supportive of their programs
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by changing requirements in a way unfavorable to them. A strong
attempt was made to anticipate these concerns and alleviate them as
efforts progressed. Fortunately, enough encouragement and good will
were received from outside the university that other departments be-
came convinced that the changes would be for the good of all.

Letters of support were amassed from alumni; graduate schools;
industry (mostly environmental engineering and soil analysis firms);
representatives of local, state, and federal governmental agencies, in-
cluding the County Environmental Coordinator’s office, State
Departments of Health Services and Food and Agriculture, U.S.
Forest Service, Soil Conservation Service, and Environmental Pro-
tection Agency. The proposed concentration in environmental science
and technology was strongly endorsed in 1988 by the Soil Science
Department Five Year External Review (Ludwick et al., 1988, un-
published data). Moreover, representatives of each of the groups men-
tioned reviewed draft proposals and made recommendations.

In 1988, Cal Poly’s student chapter of the Soil and Water Con-
servation Society hosted the annual California conference, with the
theme Hazardous Waste in California’s Soil and Water. The meet-
ing brought in influential speakers and attendees who provided valu-
able advice, supported the efforts, and offered jobs to students.

. Identify courses and resources, including faculty, facilities, and equip-
ment, at Cal Poly that were not being utilized by soil science, and
which could help strengthen and expand the program into three con-
centrations.

The land resources concentration was developed from the tradi-
tional curriculum by rearranging certain support courses and provid-
ing students a sizable block of restricted electives from which to
choose. Students thereby are allowed greater freedom in selecting their
course of study, and in pursuing any of several minors offered by
other departments. ‘

The environmental management concentration was added
through an agreement with the Natural Resources Management
(NRM) Department to dual-list the program, which that department
had offered for several years. The agreement opened another aca-
demic opportunity for soil science students and increased the enroll-
ment in NRM classes.

The environmental science and technology concentration was
created with the cooperation of the Departments of Chemistry, Phys-
ics, Mathematics, Statistics, Agricultural Engineering, and Environ-
mental Engineering. This is the most scientifically demanding of the
three concentrations (Table 4-1).

. Locate and recruit potential new students.

As one of the most popular campuses in the California State
University system, Cal Poly must deny admission to many well quali-
fied applicants each year because the degree programs to which they
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Table 4-1. Quarter units in major and support categories in each of the three concen-
trations.

Land Environmental Environmental
Subject areas resources management science & technology

Soil science 43 43 43
Biology, crop science 16 12 12
Geology ) 7 1 7
Chemistry, physics 24 24 39
Math, statistics 14 13 18
Irrigation-hydrology 4 4 3
Computers 3 3 3
Environmental analysis - 10

Law - -
Planning, administration - -
Internship -
Environmental engineering - - 5
Restricted electivest 23 - 4

t Students may choose restricted electives from a list of =100 courses. which includes
those required for a minor in another discipline. Soil science courses are not included,
even though several additional soil science courses are taught.

apply are full. These programs are those that are well known by
guidance counselors and the public at large.

With the cooperation of the university admissions director, the
dean, and appropriate department head in the College of Science and
Mathematics, the Soil Science Department invited applications from
those biological science applicants who were unaccommodated but
well qualified, and who, on the basis of their application statements,
might have an interest in soil science if they knew about it. As a result,
32 new students were admitted that year, increasing the enrollment
from 44 to 76.

The faculty anticipated that most of these students would transfer
out of soil science at their first opportunity, but this did not happen;
nearly all stayed in the program. Most of these new students were
entering freshmen from metropolitan areas—a very different student
population from that of a few years earlier.

CURRENT SITUATION

The goal was to increase the soil science enrollment to 90 students 5 yr
after implementing the revised program. By the end of the first 2-yr catalog
cycle (1990-1992) the enrollment had reached 120 students, all of whom are
expected to have professional opportunities upon graduation. The faculty
are confident that the enrollment could have been raised to 200 students or
more if the great budget crisis of 1992 had not struck, forcing a great loss
of resources and a cap on enrollment. Nonetheless, the Department began
the Fall 1993 term with 160 undergraduate students, including several who
had transferred from chemistry, biological sciences, natural resources, and,
for the first time, environmental engineering. These students were attracted,
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not by a facile curriculum and promise of easy grades, but by a demanding
program, one designed to serve them well over the long term, and by a friend-
ly, open faculty committed to helping them excel in a competitive world.

WHAT NEXT?

Once new directions have been charted and new programs have been
implemented, the faculty must make them work. Contacts with industry,
government, universities, alumni, and kindred professions must be strength-
ened and continually reinforced. Promising new students must be recruited
and made to feel welcome. Current students must be nurtured. Standards
must be kept high, firm, and reasonable. A dynamic unity must be main-
tained among faculty. Professional certification and registration programs
must be supported so that future soil scientists will be fairly recognized to
do work for which they are qualified.

Finally, soil scientists must strive to enhance the integrity and flexibility
of their profession. University faculty must resist pressures to dilute the cur-
riculum, or to surrender professional recognition in the name of reorganiza-
tion. All soil scientists must work to create new opportunities and to retain
ownership of their expertise. If the soil science profession is to remain viable
and dynamic into the coming millennium, opportunities and expertise must

not be forfeited or relinquished to other professions, either willingly or by
default.
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ABSTRACT

Many analytical models exist in the field of education to explain differences in
the way that individual students learn. One area of research that has been studied
extensively is cognitive styles, specifically field independence-dependence (FI-FD).
The F1-FD model encompasses a continuum of learning approaches that has specif-
ic applications to making teaching more inclusive in the science classroom. Current-
lv, many science courses are taught in a manner that primarily favors field independent
students hence possibly discouraging field dependent students from participating in
or succeeding at science. The FI-FD model has specific applications to soil science;
by nature of its cross-disciplinary and practical applications to real life problems,
soil science often attracts students from a wide range of backgrounds, many of whom
may be more field dependent than students from traditionally hard science back-
grounds. Increasing diversity in the classroom in the 1990s also indicates that there
may be more of a need for FD instruction. We will explain how the FI-FD model
can be successfully applied to the soil science classroom by: defining cognitive styles,
explaining how to identify what typc of learners you may have in your classroom,
outlining how to determine what type of an instrucior you are, and evaluating a soil
science syllabus that will show how to teach to a range of students.

Researchers in the field of education have shown that students receive and
process information in numerous ways and have developed many different
models to explain these various approaches to learning. One widely employed
model, cognitive styles, specifically the field independent-dependent con-
struct, is particularly useful for understanding learning styles and hence im-

Copyright = 1994 Soil Science Society of America, 677 S. Segoe Rd., Madisonr. W1 53711,
USA. Soil Sctence Education: Philosophy and Perspectives. SSSA Special Publication no. 37.
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proving teaching for many reasons; students and teachers can be easily as-
sessed for their preferred style, it is well accepted [almost 4000 studies have
been conducted on the subject (Moran, 1985)], it can be applied cross cul-
turally, it parallels many other educational theories, and finally, once un-
derstood, it is easy to incorporate into classroom instruction.

For the most part, FI teaching strategies, which include analytical, im-
personal, and abstract approaches to learning, have dominated in university
science classrooms across the USA. The soil science classroom is no excep-
tion, and in the past, this approach has proven relatively successful with a
population of students who have traditionally been white, male, and from
rural and farm backgrounds, with a strong training in agronomic sciences.

Today, however, the soil science classroom is quite diverse and the FI
model may no longer be appropriate. Students taking scil science may be
from cities, they are female, they often come from foreign countries, and
they are of various ethnic backgrounds. Many of the current students in soil
science also come from a wide range of academic backgrounds such as en-
vironmental science, natural resources, forestry, science and technology, bio-
logy, or ecology, where previous instruction may have been less FI. As all
of these groups become more prevalent in soil science classes, the needs of
this changing student population must be addressed; instructors who are con-
cerned with improving the quality of undergraduate education can begin to
meet this challenge by employing more field dependent strategies.

We will explain that FI-FD is a useful model for teachers to understand

and incorporate into classroom instruction. Although simple, the FI-FD con-
struct enables instructors to utilize strategies that allow them to teach to a
broader range of students, while still maintaining a customarily high level
of educational instruction. By including an FI-FD approach to their teach-
ing, instructors will hopefully facilitate the learning of a greater range of
students. ’

INTRODUCTION TO COGNITIVE STYLES AND FIELD
INDEPENDENCE-FIELD DEPENDENCE

Research on cognitive styles began in the 1940s and grew out of phys-
iology research on perception. The original impetus came from the observa-
tion during World War 11 that some fighter pilots, when losing sight of the
ground, would fly upside down or sideways (Ramirez & Castaneda, 1974).
In daily experience, two standards normally work together directing a per-
son to the same upright. First, a person generally knows which way is up
based on cues from the visual environment, such as vertical lampposts or
vertical door jams in the room. Second, cucs are also received from internal
sensations as one’s body adjusts to gravitational pull in an atttempt to stay
upright and in balance.

Curious about the flying pattern of these pilots, and the dynamics of
cach of these standards in influencing orientation to the upright, Herman
A. Witkin, a psychologist, developed laboratory tests to measure how people
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locate the upright in space. (Witkin, 1978). Eventually, three tests were de-
veloped: rod and frame, body alignment, and rotating room (Witkin, 1949,
1952; Witkin & Asch, 1948).

In the rod and frame test, a subject sits on an upright chair in a totally
dark room. The subject sees only a luminous rod inside a luminous square
frame, both of which pivot around the same center. The rod and frame are
tilted at various angles relative to each other. The subject’s task is to move
the rod until he or she experiences it to be in the true upright, while the frame
remains in its initial tilted position. In the body alignment and rotating room
tests, a subject is placed on a chair in a room and either the chair or the
room is tilted at various angles. The subject is then requested to align his
or her body with the true upright.

Experiments over the course of many years yielded an extreme range
of responses from subject to subject. The results seemed to indicate that,
when presented with the perceptual paradox of visual cues from the environ-
ment that contradicted the bodily cues from within, many people chose one
set of cues and denied the other. Witkin concluded that people seem to have
a preferred style of perceiving that is utterly compelling and difficult to over-
come (Witkin, 1978).

Furthermore, research showed that particular subjects consistently
preferred the same style of perception in all three tests. A subject (Alpha)
who experienced the rod as vertical only when aligned with the frame was
also likely to tilt his or her body far off true upright in order to align with
the tilted room and, predictably, have no difficulty in adjusting his or her
body to the true upright when the chair was tilted. In contrast, another sub-
ject (Omega) who adjusted the rod to the true upright regardless of the posi-
tion of the frame also was likely to align his or her body with the true upright
regardless of the tilt of the room in which he or she was sitting, and again
predictably, he or she would experience his or her body as vertical on the
tilted chair even though its whirling forced his or her body tar off true up-
right (Witkin et al., 1977, p. 6).

The key for Witkin that provided a synthetic explanation of an individual
subject’s consistency of perceptual style was the essential and protean no-
tion of embeddedness. In all three of Witkin’s laboratory tests, the subject
was forced to employ a perceptual strategy in regard to disembedding. For
example, in the rod and frame test, the rod is embedded in the field created
by the tilted frame and must be isolated from that field in order to adjust
the rod to true upright. In the body alignment test the subject him or her-
self, i.e., the body, is embedded in the visual field of a tilted room and the
internal cues of bodily sensations must be disembedded from the cues of the
external environment in order to move the body to true upright. In the rotating
room test, again, the body is embedded in the visual field of the room,
however, in this case, the body must remain embedded in the visual field
in order to find the true upright. '

A later test also developed by Witkin most clearly illustrates the notion
of perceptual embeddedness: the embedded figures test. This test is a paper
and pencil assessment that presents subjects with a series of complicated
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geometric figures in which a simple figure is hidden. The task is to find the
simple figure and abstract it from its complicated field. A/phas have difficulty
disembedding the simple figure, whereas Omega easily disembed the simple
figure. Witkin posited that A/phas were exhibiting their consistent style in
which perceptual experience was dominated by the organization of the field
as a whole. The part, i.e., the embedded simple figure, was experienced as
fused to the field as a whole, and was thus not perceived as isolatable. Omegas
were exhibiting their consistent style in which perceptual experience was domi-
nated by the distinctness of the parts, and thus the simple figure was isolata-
ble from the whole. Statistical agreement across the four tests discussed is
somewhat variable, yet always significant (Witkin et al., 1971; Ramirez &
Castaneda, 1974).

For people akin to Alpha, who tended to prefer visual cues from the
environment over bodily cues and perceived parts embedded in the whole,
Witkin eventually coined the descriptive category field dependent cognitive
style. People akin to Omegas, who tend to prefer internal sensations over
visual cues from the environment, and who perceive parts distinct from the
whole, Witkin described as exhibiting a field independent cognitive style.

Educational relevance to Witkin's studies grew out of his own realiza-
tion that an adequate understanding of a person’s perceptual style *‘could
not be achieved without putting the person’s characteristic way of process-
ing information into the formula. .. " (Witkin, 1978). In other words, a per-
son’s perceptual style was based cn how he or she approached learning and
information, i.e., his or her cognitive style. Witkin eventually adjusted his
research to this link between perception and cognition and conducted numer-
ous studies that showed that the way in which people process information
from their immediate environment and their bodies was also revealing the
way in which people processed nonimmediate or symbolic information, i.ec.,
cognitive representations (Witkin et al., 1971).

So eventually, although Witkin’s research found its creative seed in the
laboratory study of perception, he did not coin the phrase as Sfield
dependent-independent perceptual style, but rather as cognitive style. After
years of research, Witkin concluded that cognitive styles are the characteris-
tic, self-consistent modes of functioning that individuals show in their per-
ceptual and intellectual activities (Witkin et al., 1971).

During the last 40 yr, volumes of research have been published linking
field independent and dependent perceptual styles with cognitive styles. Cog-
nitive styles are critical to the field of education in that they determine how
individuals interpret and approach problems, and how they process infor-
mation. (Witkin et al., 1977). For example, Alphas, or field dependent peo-
ple, learn material better that has a contextual basis, take a holistic approach
to problem solving, and prefer structured material. Omegas, or field indepen-
dent lcarners, prefer.to think through new maierial alone, and to structure
their own material. Field dependent Alphas prefer group work, aided by a
narrative from a personable teacher. Field independent Omiegas prefer ab-
stract ideas, delivered in a lecture by a teacher at a professional distance (Wit-
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kin et al., 1977; Anderson, 1988; Davis, 1991). Appendix A lists more charac-
teristics of FD and FI learners.

APPLYING COGNITIVE STYLES TO THE CLASSROOM
IN THE 1990S

In New Directions for Teaching and Learning, Anderson and Adams
(1992) indicate that more attention than ever is being focused on how to meet
the challenge of increasing diversity in the classroom. ‘‘One of the most sig-
nificant challenges that university instructors face is to be tolerant and per-
ceptive enough to recognize learning differences among their students. Many
instructors do not realize that students vary in the way they process and un-
derstand information. The notion that all students’ cognitive skills are iden-
tical at the collegiate level smacks of arrogance and elitism by sanctioning
one group’s style of learning while discrediting the styles of others.”’ (An-
derson & Adams, 1992).

Resear=h has shown that cognitive styles are not biologically determined
but rather socially constructed. Since carliest information processing skills
are taught to individuals by primary caregivers, one’s cognitive styles are cul-
turally conditioned (Anderson, 1988). Societal expectations and perceptions
may also have an impact on how one is socialized to learn, especially once
children enter the school system. Thus some researchers believe that FI-FD
styles often break down among ethnic and gender lines; minority learners
and women process information more along FD styles, while white males
tend to be more Fl (Ramirez, 1982).

Much research has been conducted to study whether ethnic minority
learners are more FD than anglo learners, For example, some work has shown
that African-Americans gain knowledge more effectively through tactile
senses and verbal descriptions, and are socialized to concentrate on people
rather than nonpeople types of information (Shade 1984). They also have
the ability to succeed better working in groups (Shade, 1984). Ramirez and
Castenada (1974) reported that Chicano students also indicate a preference
for FD cognitive strategies such as relying on holistic skills, unlike middle
class Anglo children, who have a preference for FI strategies.

If this is the case, then cognitive styles used by ethnic minorities are some-
what incompatible with current pedagogical practices, especially in math and
science in the U.S. school systems, since so much of the teaching is F1. Eth-
nic minority learners specifically have a hard time trying to fit into the science
domain because the learning in science requires analytical skills, abstract and
impersonal orientation, and independent work. Consequently, the current
methodology of teaching science attracts few minority learners.

This reasoning could well explain the high attrition rate of minority stu-
dents in math and engineering at large universities, as well as account for
the high retention rate of programs that emphasize FD instruction. Success-
ful programs include the Academic Excellence Workshop at Colorado Univer-
sity, which encourages group learning, personal interaction and role modeling
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to help minority students succeed in math and sciences (Scott, 1991), and
the premed-science program at Xavier University, a predominantly African-
American school, which has emphasized cooperative learning strategies
(Anderson, 1988).

Much research during the past 40 yr, has shown that women in the
western world, upon reaching aduithood, tend to exhibit FD styles of learn-
ing, whereas adult men exhibit FI styles of learning (Demick, 1991). This
research is further complicated by the fact that women, while having to con-
tend with the above noted learning challenges presented by the FI science
classroom, must also face a whole range of culturally created impediments
associated with gendered role expectations. In this culture, an incongruency
exists between the role of being a true scientist and being a true woman. Scien-
tists are objective, logical, and impersonal, whereas women are contextual,
intuitive, and personal. Thus, by the negative force of these role expecta-
tions, women at an early age are discouraged from the pursuit of science
education beyond the introductory level (Fennema & Aver, 1984). And, if
certain enduring women do manage to enter collegiate science majors, they
will, by the negative force of F1 science pedology, be constrained in the ex-
pression of the FD cognitive style.

ROLE OF COGNITIVE STYLES IN SCIENCE EDUCATION

A wide range of studies show that FI students overwhelmingly do bet-
ter in hard science classes such as chemistry, mathematics, physics, and
biology. (Fields, 1985; Niaz, 1987, Davis, 1991). This issue, however needs
to be framed in terms of the old chicken and the egg question. Do FI stu-
dents do better because they are more intelligent and have a higher aptitude
for science? Or rather, do they succeed more readily because in most educa-
tional settiags the science curriculum favors FI learners?

This question itself is difficult to answer, so researchers have studied
the relationship between cognitive styles of instructors and students to see
if matching would improve FD student’s performances in the classroom. For
the most part, results indicate that pairing of FI and FD teachers with like
students does not necessarily enhance learning. McDonald (1984) showed that
FI-FD matching of students and teachers would only benefit a small num-
ber of college students, while Garlingher and Frank (1986) in a review of
experiments on the subject, concluded that there was only a slightly higher
level of achievement when students and teachers were matched. Riding and
Boardman (1983) and Mahlios (1982) showed no improvement from
matching.

Research has shown, however, that when teachers become aware of their
cognitive styles and adjust their teaching methods-—not their actual cogni-
tive styles—to teach to both FI and FD students, both types of students show
better performance. For example, Frank (1984) found that FD students who
were given a structural outline of lecture notes (advanced organizers) from
a beginning educational psychology class improved on a multiple choice test,
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as opposed to those who only had their own notes to study from. Crow and
Piper (1985) showed similar improvements in a college geology-class where
the treatment group of FD students were (i) shown slides of geological fea-
tures after being given verbal definitions, (ii) saw outlines drawn over the
slides and projected onto the chalkboard, and then (iii) viewed the slides again.
The control group of FD students received standard instruction of verbal
definitions and slides and showed nonsignificant improvement. These studies
suggest that it is not so much the actual personal cognitive style of the teacher
that influences the success of the instruction, but rather, how that teacher
designs his or her own instruction to meet the needs of both types of learn-
ers, that has a positive influence on the learning of the students.

HOW TO TEACH TO THE WHOLE SOIL SCIENCE
CLASSROOM

Teacher Activities

In order to teach to the whole classroom, an instructor must be willing
to assume that he or she is faced with a wide range of FI and FD learners
in the classroom. Although research has shown gender and ethnic differences,
instructors must not stereotype their students based on these characteristics,
but rather treat each student as an individual.

1f an instructor doubts that there is a range of FI-FD students, the stu-
dent self-evaluation (Appendix A) may be given to the students along with
or in place of the group embedded figures test {test booklets and a manual
for administration are available from Consulting Psychologists Press, 3803
E. Bayshore Road, Palo Alto, California 94303). Chances are there will be
a continuum of FI-FD learners in the classroom.

The instructor should also do the teacher self-assessment (Appendix A)
to determine his or her own learning style. Since so many science teachers
have been instructed in an FI manner, it is possible that they have automati-
cally incorporated FI techniques into their instruction without careful thought
as to why or if these techniques are really essential. Gross (1991) also indi-
cates that one’s own thinking style may influence one’s approach to teach-
ing more than one realizes. If this is the case, then instructors may very well
instruct predominantly in the manner in which they prefer to learn.

As well, teachers need to be aware of their own biases in the classroom
when grading, testing and calling on students. Research has shown that
““people with similar perceptual styles tend to describe each other in highly
positive terms, while people whose perceptual styles are different have a strong
tendency to describe each other in negative terms. Field independence teachers
perceive their FI students as being smarter than FDs, while FD teachers see
their FD students as more intelligent’* (Witkin et al., 1977). Renninger and
Snyder (1983) also found that FD teachers perceived their FD students as
learning more as did FI teachers with their FI students.
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Ciassroom Activities

Within the classroom, teachers can better reach all of their students by
guiding their classroom exercise format by what may be called reaching to
the poles. Teaching to the poles refers to designing instruction to reach the
students who are at the extremes of the continua of FI and FD styles. This
approach helps ensure that more students will be reached, since the instruc-
tional method will include exercises for the entire range of FI-FD students
(Felder & Silverman, 1988), which will by necessity also include those stu-
dents in the middle of the continuum. Many instructors may already have
an intuitive sense that there are different types of learners and to some ex-
tent may structure courses that have elements of FI and FD components,
but without a clear sense of why they are doing it or how. By designing a
course with the extremes of the FI-FD continuum in mind, instructors will
offer the opportunity to succeed to both types of learners in a manner that
is more clearly defined for both the student and the teacher.

Teaching to the poles entails dividing a course into sections and evalu-
ating F1 and FD instruction methods for each. For every classroom interac-
tion, generally four to six FI-FD styles continua are most salient. (A full
list of 15 styles continua are presented in the Cognitive Styles Assessment
in Appendix A.) To determine the overall FI-FD nature of a course, the in-
structor needs to locate where each exercise sits on the continuum and deter-
mine if the course is heavily weighted toward FI or FD instruction.

As an example the authors have broken down a course into three areas:
(i) communication of information, (ii) student information gathering and
processing (laboratory and discussion) and (iii) evaluation of student learning.

Communication of Information

Since most introductory science courses necessitate conveyar.« ¢: Nasic
principles, a specific amount of lecture must occur. Since mos-. vrogie tond
to have a style of lecture that is relatively fixed, the authors d*; not “ece-sar-
ily recommend that instructors change their lecture style. Witnin1he - ntext
of lecturing, however, FD and FI strategies can be incorporated, especially
if it is apparent that the overall structuring of one’s lecture is more FD or FI.

Field independent teaching styles might include lecturing in a fairly im-
personal manner, utilizing key words and equations on the chalkboard, and
proceeding in a linear, sequential format. Lecture content would be fairly
abstract, and relate strictly to scientific principles. The instructor would
respond to questions, but most likely not ask the audience for answers.

Field dependent strategies for lecturing, on the other hand, might in-
clude a more personal lecture touched with humor, repeated use of slides,
graphs, and chalkboard outlines. The lecturer would put the content in a
social context, i.e., names of people who made major discoveries, or how
a principle is currently in use in the modern world. For successful FD in-
struction, the professor could hand out a lec.ure outline or notes (advanced
organizers) at the beginning of each class, or put a lecture outline on the
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board each day and leave it up for students to follow along. Or, the instruc-
tor might give the students a detailed course outline, rather than just a sylla-
bus in the beginning of class. If possible, the instructor might engage students
in the lecture, asking questions or asking the students to come up with the
information themselves.

Student Information Gathering and Processing (Laboratory
and Discussion) :

Field independent work in the lab would be primarily individual and
emphasize direct scientific principles. Laboratory work would probably be
strictly quantitative and involve measurements and principles of basic science.
The teaching assistant or professor would mostly lecture.

A more FD oriented laboratory and discussion would engage students
in discussion, or have students do outside research and present information.
Laboratory work would be group work, and experiments would be directly
linked to subject matter in lecture as well as real life problems. Laboratories
would also include observations as well as field trips to observe real-life struc-
tures and organizations.

Evaluating Student Learning

Field independent tests or problem sets would contain primarily quan-
ticative, abstract problems. They would possibly be multiple choice, or short
answer, fill-in-the-blank type of questions. The emphasis would be on offering
questions that primarily have one right answer. Take-home work might be
individual problem sets that would allow students some room to structure
the problems. The entire course might be curved, to foster competition.

Field dependent assignments might consist of lab write-ups or research
projects which would show how work is relevant to their own lives. Assign-
ments could be given as group projects, tests would be long or short essay
and the answers would be open to interpretation, or have a range of answers
that could be considered correct. Quantitative problems would have a social
context (“‘farmer Jill goes to check her field one morning and discovers some
of her tomato leaves are green while others are yellow. She had applied 100
Ib/ha of N as ammonium nitrate...’’). The course or tests would not be
curved, to foster cooperation.

EVALUATING YOUR OWN SYLLABUS FOR FIELD
INDEPENDENCE-FIELD DEPENDENCE

Because each instructor has a different teaching style and offers vari-
ous types of assignments, laboratories, discussion, and tests, a universal quan-
titative evaluation form for a syllabus would be extremely difficult to design.
Table 5-1, however, models a syllabus for an introductory soil science course
where each exercise is labeled F1 or FD. Table 5-1 also shows one possible
format of organization that instructors can use for evaluating their syllabi.
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Table 5-1. Model Syllabus for Introduction to Soil Science.
Lecture

Lecture content/outline:

Section 1—Principles—first two-thirds of semester

Introduction to Soils—what is a soil?

Soil processes {genesis, formation, soil texture, etc.)

Soil physical properties (water, volume, bulk density)

Soil chemistry (ion exchange, liming)

Soil biology (organic matter, major and minor nutrients, and microbial
transformations)

Soil fertility (integrate biology and chemistry)

Soil management (integrate physics and processes)

Section 2—Contextual Problems and Applications—last one-third
Comparative farming systems (conventional and organic)
Waste disposal and soil contamination
Site evaluations for development/preservation

Lecture style:

1. Give out syllabus as well as course outline along with syllabus in be-
ginning of class, and refer to it each lecture
2. Convey ideas first as abstract, then in context whenever possible

3. Give handouts of graphs wherever possible so students have visual
reinforcement to study from

4. Assume large impersonal lecture

Evaluation of Student Learning (60%)

1. Three full hour exams (at 15% of total grade each) with mixture of
multiple choice. short answer, qualitative problem solving, short
essay

2. A, One optional final exam, more essay and contextual questions.
B. 5-10 page original research paper using at least four original

research references on applied environmental problems (effect of
acid rain on soils, effect of tillage on soil erosion, etc.).

Laboratories and Discussion

Laboratory LKxercises

1. Five observations and minor experiments
Individual exercises {standard lab activities: testing pH. texture,
bulk density, water movement)

2. Three field trips
compost station, farm, agency (USDA-SCS extension), soil observa-
tions (catenas, erosion, and genesis)

3. Three two-week experiments with write-ups as group activities (testing
fertilizers. microbial activity, and water infiltration)

Evaluation of Student Learning (40% for lab)

. Three lab write-ups encompassing two labs each
(2-4 pages with materials and methods section as well as results and
discussions) FI-FD

2. Three quizzes (short answer, some problem solving)

3. One group presentation on preapproved subject

T FI - field independence: FD = field dependence.
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For this model syllabus, the course was broken down into two sections,
lecture, and laboratory and discussion. Both of these sections were then fur-
ther divided into sub sections, the lecture into content and outline, style and
evaluation; and the laboratory and discussion into exercises and evaluation.

Each of these subsections was then evaluated to determine if it had FI
and FD components. For example, the Principles part of the lecture content
and outline would be considered mostly FI, because it is abstract and non-
contextual. The second part, the contextual part, is considered both FI and
FD, FI because it involves the application of abstract ideas to concrete
problems and FD because it is more global, and involves problems within
a real life context. The laboratory exercise part has FI and FD components
as well. The field trip and longer experiments are FD exercises because they
entail contextual problems and group work. The shorter experiments are more
FI because they entail individual work, and deal with more abstract ideas.

After labeling each subsection FI or FD, the author then counted the
number of each to see if the course was balanced. In this case, the FI and
FD parts of the course were weighted as they were tallied. For example, since
the FI in the Principles section of the lecture content or outline part was for
two-thirds of the semester, it would get weighted more heavily than the FD
component of the Contextual Problems and Applications section, which was
only one-third of the semester. The rest of the syllabus was then tallied in
the same method.

Although this model syllabus offers one way of evaluating a syllabus
or course for FI and FD, each instructor will of course have to make adjust-
ments based on his or her own criteria. The two assessments of cognitive
styles in Appendix A are meant to offer a guide to instructors as they de-
velop their own criteria for evaluation.

While this model has offered some quantitative tools, instructors should
also take a qualitative look at one’s course and syllabus. Perhaps one of the
most important considerations for evaluating a syllabus is to look at the self-
assessments in Appendix A and the characteristics of Fl and FD learners and
then ask: does the course plan and evaluation method really allow for both
types of learners to shine? Do the reading list and the lecture technique have
both FI and FD components? Do both types of learners have an equal chance
of getting an A? If an instructor can answer yes to these questions, and the
numbers of F1 and FD components in the course are relatively close, then
chances are the entire class will have the potential to succeed.

CONCLUSION

We have tried to provide an overview of cognitive styles and offer some
practical tools and models for adjusting classroom techniques to meet the
needs of differcnt types of learners. In soil science, university instructors are
in a unique position because they may receive students who are still trying
to decide whether to go into social science, or natural, physical, or biologi-
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cal science. Because cognitive styles are generally fixed by adolescence, soil
science instructors will be facing many FD students who have been condi-
tioned to believe that they probably cannot succeed at science, although it
holds some interest for them. By expanding teaching styles, instructors can
successfully teach to these students, and possibly bring in a whole new seg-
ment of people who will add to the richness and diversity of soil science.

The notion that science is only for a particular type of learner or thinker
can no longer be used to justify the unidimensional manner of science in-
struction under the guise of tradition and quality. The world is changing too
fast for that, and in the context of learning styles, it is very easy to see how
this can be construed as an ethnocentric and gender biased argument. In bi-
ological sciences, diversity is considered necessary for the survival of
ecosystems and the environment. Likewise, the field of soil science can only
be enhanced by bringing in larger groups of people who will bring different
ways of viewing the world, solving problems, and new ways of thinking.
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APPENDIX A

Even though the embedded figures test appears to be a valid and reliable instru-
ment for determining cognitive style, two seemingly important criticisms in regard
to its being used as the sole instrument for assessing cognitive style have lingered during
its 40-yr life span. First, it really only measured field independence directly. If a sub-
ject can quickly disembed the simple figures from their complicated ground, he or
she scores as highly field independent. Subjects who lack this ability are designated
field dependent. Second, the performance of any group of subjects will array in a
normal distribution, with most falling in the middle of the continuum, with a range
from extreme field dependence to extreme field independence. Therefore the test is
not agile enough to determine the specific perceptual or intellectual situations where-
in those subjects in the middle range may prefer one cognitive style over the other
(Ramirez & Castaneda, 1974).

In response to these criticisms, we have developed the Cognitive Style Assess-
ment instrument for learners and teachers. This instrument is designed to directly
assess preferences for both ficld dependence and field independence as well as assess
specific situations where in subjects may apply alternate styles. The test may be ad-
niinistered alone, or, as the authors recommend, along with the embedded figures test.

Please note: this assessment is still in the experimental stages. If you use it in
your classroom, we would appreciate feedback on how it worked and how you used
it. Please contact Dr. Rodney Parrot, Office of Instructional Support, 14 East Avenue
Cornell University, Ithaca, NY 14850.
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Cognitive Style Assessment
Introduction

These instruments chart the cognitive styles of learners and teachers. They are
primarily intended as tools for self-assessment, but, by altering the descriptions to
emphasize behavior, could be easily adapted for observation also.

The instruments are designed to teach as well as assess. The 15 descriptions that
form a column at the left of the dotted continua lines are all associated with field
dependence, while those on the right are associated with field independence. Thus,
at the same time that the student or teacher is determining his or her personal cogni-
tive style, the instruments are introducing the test taker to the essential fruits of cog-
nitive styles research in regard to field dependence-field independence as expressed
in the educational enterprise.

The instruments are formatted such that, when completed, the array of bold
X marks provide an at-a-glance impression of an individual teacher or learner’s pro-
file of cognitive styles. You may suggest that test takers use a felt-tipped pen to en-
hance this visual effect. Or the instruments can also be applied to groups of teachers
or learners. Simply assign numbers 1, 2, 3, or 4 to the bubbles on the continua (left
to right), tabulate and distribute on a curve for comparative study, or for statistical
analysis.

Please note: These are suggested tools for cognitive styles assessment. Trials are
now underway o investigate their reliability and validity. The authors would gladly
entertain any suggestions for their improvement.

Directions for Use

Read descriptions at the left end and at the right end of the cognitive style con-
tinuum no. 1. Mark a bold X through the bubble that best locates you on the con-
tinuum, as a learner in Assessing the Cognitive Style of Learners or as a teacher in
Acsessing the Cognitive Style of Teachers on the following pages.

Mark only one bubble. Continue in the same manner for all 15 continua of cog-
nitive styles.
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Assessing the Cognitive Style of Learners

1. Prefer group
interactive learning

2. Socially oriented
in learning groups

3. Prefer to cooperate
for rewards

4. Very sensitive to
criticism from others
5. Prefer informal,
personal teacher

6. Very attentive to
teacher’s gestures

7. Prefer teacher to
model material

8. Prefer to minimize
distance to teacher

9. Prefer ideas rooted
in specific context

10. Prefer to validate
material

11. Prefer structured
learning exercises

12. Prefer ideas in
context of a story

13. Prefer narrative
style writing

14. Prefer holistic
problem approach

15. Prefer to talk
through problems
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1. Prefer solitary -
learning

2. Task oriented

in learning groups

3. Prefer to compete
for rewards

4. Not influenced by
criticism from others
S. Prefer formal
rofessional teacher
6. Very attentive to
teacher’s words

7. Prefer teacher to
explain material

8. Prefer to maximize
distance to teacher
9. Prefer abstract
ideas

10. Prefer to critique
material

11. Prefer to find
own way to learn

12. Prefer ideas in
context of debate
13. Prefer analytical
style writing

14. Prefer sequential
problem approach
15. Prefer to think
through problems
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. Assessing the Cognitive Style of Teachers

1. Prefer facilitating 1. Prefer delivering
group discussions < - O e Omn | =- O =men O --om- > lectures
2. Emphasize sccial 2. Emphasize task
orientation in groups < - o e L > orientation in groups
3. Stress cooperation 3. Stress competition
for rewards < - Qs O-mn | =20 -0 -me- > for rewards

4, Very sensitive to 4. Very sensitive to
criticism by students & - OweeOQ e | ee 0= 0——---> self-criticism

5. Prefer informal, 5. Prefer formal
personal delivery & e O-eemO-mn | sm Q= O emm > professional delivery
6. Very attentive to 6. Very attentive to
student’s gestures < - O=-=-0Q-= | === 0=---- O -=mo- > student’s words

7. Prefer to 7. Prefer to

model material & e Lo R T« N < e > explain material

8. Prefer to minimize 8. Prefer to maximize
professional distance & e [ R R [ RN e > professional distance
9. Convey ideas as 9. Convey ideas as
contexts < - O--s-O=en | ==- O -on O -mmm- > abstract entities

10. Guide students to 10. Guide students to
value material < - Q-0 | eei G e O e > critique material

11. Assign structured 11. Allow students to
learning exercises < e OO e | =mm O =m-- O -men > find own strategies
12. Convey ideas in 12. Convey ideas in
context of a story < e 0--0-c | - 0-em O - > context of debate

13. Stress narrative 13. Stress analytical
writing assignments & --eee Oer- O mn | == O == O -ooen > writing assignments
14. Encourage holistic 14. Encourage lienar
problem approach < e O -eem Oen | === O -eme O -ome- > problem approach

15. Favor students who 15. Favor student
talk through problems <----- O----0umn | == Q-mm O mmes > who thinks for herself
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6 Private Sector Experience
of a Soil Science Graduate

Frances A. Reese

Larsen Engineers, Rochester, New York
State University College, Brockport, New York

ABSTRACT

This chapter focuses on the writer's experience as a graduate s0il scientist work-
ing in the multidisciplinary environment of a consulting engineering firm. The utility
of a soil science background will be related to professional experience in land use
planning, environmental assessment, and solid waste management. Suggestions are
offered to make soil science education more relevant to understanding complex en-
vironmental issues.

At the November, 1992 ASA-SSSA-CSSA-CMS meeting in Minneapolis,
much discussion was focused on the topic of the future of the soil science
profession. We heard how jobs with the traditional employers of soil science
professionals, including government, academia.and agribusiness, are
diminishing. Government agencies are consolidating services and downsizing
to accommodate tight budgets. University enroliment in traditional agricul-
tural disciplines such as soil science are dropping. Businesses are downsizing
and streamlining operations. Developments such as these affect profession-
al employment opportunities for recent graduates and experienced soil scien-
tists alike.

How do soil science professionals make the transition from government
service and academic pursuits to the private sector? How do we educate (or
reeducate) ourselves to compete in the changing job market? How does a
soil scientist function in a nonazricultural business setting? As teachers, how
do we help our students prepare for nontraditional careers?

Many soil scientists grapple with these questions at some point in their
careers. I offer some ideas and potential answers to these questions.

BACKGROUND

This chapter is written from the perspective of one who is both a soil
science educator and an environmental scientist in the private sector. I am

Copyright ‘&> 1994 Soil Science Society of America, 677 S. Segoe Rd., Madison, W1 53711_.
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an adjunct instructor in the Earth Science Department at the State Universi-
ty College at Brockport, NY. The Department offers undergraduate degrees
in geology, earth science, water resources, and meteorology. The course I
teach is an introductory soil science class for upper level undergraduates and
master’s level graduate students. At the present time, the course catalogue
lists no prerequisites for the course, although I generally discourage enroll-
ment for students who have had no chemistry or biology coursework. Ap-
proximately two-thirds of the students are earth science, geology, biology,
and meteorology majors, with the remainder being graduate education majors
returning to college to obtain a certification to teach middle school and secon-
dary level earth science, or, very infrequently, undergraduate education
majors.

As an educator and as a project manager at a small environmental engi-
neering consulting firm, | am aware of the importance of a sound scientific
education for those considering careers in the environmental field. My mul-
tidisciplinary graduate stu.dies in soil science and water resources, and an un-
dergraduate degree in biology have given a good basic understanding of many
complex environmental issues and problems. The discipline of soil science
is unique because it incorporates knowledge from many other disciplines:
biology, chemistry, physics, meteorology, and geology. If a student really
wants to comprehend what is happening in the environment, he or she should
study soil science. Serious study of several other scientific disciplines is re-
quired to understand the chemical reactions, biological activity and physical
principles of soils thoroughly.

One disturbing trend | have noticed among students is that the general
level of scientific understanding is declining. A second trend is the inability
of many students to communicate adequately either in writing or orally. To
combat these trends, students in my class are required to prepare a research
paper using primary sources of information, and to present the paper orally
at the end of the semester. Students are encouraged to write about any sub-
ject that interests them as long as it is somehow related to soil science. Many
education majors and graduate teacher-students write lesson plans. Students
are rcquired 1o submit an abstract of their paper =3 wk into the semester.
The abstract seives as a barometer about students’ abilities, knowledge, and
organization skills. From the research paper exercise, students learn biblio-
graphic skills, organization, and technical writing. Because the oral presenta-
tions arc short, they must be verv focused and well organized.

Many students are intimidated by the prospect of having to write and
present a paper in front of their peers. 1 have received many complaints about
writing and presenting a paper in a science class. From my own experience,
I respond that an individual cannot function in a professional employment
environment without technical writing and oral communication skills. If an
individual cannot communicate his or her results so that an employer, a read-
cr, or a client can understand the significance of the work, the work itself
i1s mcaningless.

Soil scientists viici have a difficult time being recognized as real scien-
tists (Simonson, 1991). Simonson noted several instances in his career where
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his soil science background made him invaluable to his geologist colleagues.
He also noted that the soil science discipline lacks the respect and recogni-
tion given to other disciplines such as chemistry and geology because soil
science research has traditionally been empirical in nature and geared to the
needs of the agricultural community. Soil scientists have not traditionally
gotten involved in interdisciplinary activities or professional societies out-
side of soil science.

With the development of interdisciplinary societies such as the Society
of Wetland Scientists, the American Planning Association, the Air and Waste
Management Association, the Association for the Environmental Health of
Soils, and the American Water Resources Association, soil scientists have
more opportunities to become involved with disciplines outside the traditional
agricultural realm of soil science. Two relatively new fields where soil scien-
tists are finding employment are the fields of environmental assessment and
site remediation. These fields are currently dominated by engineers and
geologists; however, soil scientists are quite well equipped to tackle them.
Field training in soil mapping, and coursework in remote sensing technolo-
gy, air photo interpretation, and soil morphology, genesis, physics, and
chemistry is especially useful in these fields. Most agen-ies require remedia-
tion plans to be prepared by a professionally licensed engineer; however, ac-
tual project design and management can be, and often is, done by others,
including soil scientists. Soil scientists with experience in site assessment and
remediation can be especially valuable in consulting activities because they
often have more field experience and more training in chemistry and physics
than many engineers. Firms with soil scientists on staff can compete very
favorably for projects with consulting firms who only employ licensed en-
gineers. -

The growth of the number of private sector soil scientists in SSSA Divi-
sion S-5 (Soil Genesis, Morphology, and Classification) has been documented
by Miller and Brown (1987). These authors also note that *‘public sector soil
scientists cannot possibly . . . meet all the day to day interpretive needs of
clients.” They also note the decreasing number of Ph.D.s in this field. A
very recent paper by Boyle (1993) stresses the need for the soil science dis-
cipline to be revamped to meet the needs of the environmental industry. Boyle
also comments on the tendency of the majority of soil scientists to stay within
their traditionally funded roles.

Much debate has been centered on the need for professional certifica-
tion in soil science. 1 support the national effort to certify soil scientists, but
professional recognition of the credential has.been slow, perhaps because
there are so few soil scientists in comparison with the number of engineers
and geologists.

I have not personally pursued American Registry of Certified Profes-
sionals in Agronomy, Crops, and Soils certification for one main reason.
Experience requirements for the Certified Professional Soil Scientist (CPSS)
credential seem to be heavily weighted toward individuals with academic or
government service backgrounds. Individuals with soil science training work-
ing in the private sector find it difficult to meet the CPSS requirements
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without prior professional experience in government service or in an aca-
demic-extension setting. My 15-yr career did not include academic teaching
until recently. My professional work experience in the private sector has not
been strictly limited to the soil science discipline. In the private sector, par-
ticularly in the consulting field, one must function in many disciplines. My
observation is that the government-academic experience requirement may
be difficult for private sector soil scientists to achieve, unless they have had
several years of prior government or academic service.

USE OF SOIL SCIENCE TRAINING IN THE PRIVATE SECTOR

My professional experience includes wetland delineation and mitigation
studies, water quality studies, preparation of environmental impact analyses
and statements, land use planning studies, natural resource inventories, de-
velopment of local government ordinances and codes, permitting for solid
waste facilities, and environmental site assessment for real estate transac-
tions. Coursework in soil science was essential to many of the projects. This
chapter summarizes three areas in which soil science training has been used:
(i) wetland studies, (ii) siting and operation of a solid waste management
facility, and (iii) environmental assessments for real estate transactions.

Wetlands Studies

Since the mid-1970s, the U.S. Army Corps of Engineers has regulated
certain activities in waters of the USA under the authority of Section 404
of the Clean Water Act (U.S. Army Corps of Engineers, 1987). Wetlands
are considered waters of the United Stares. | mapped federal jurisdictional
wetlands using the 1987 Corps of Engineers Wetland Delineation Manual
as part of the design and environmental review of two highway projects lo-
cated in Erie and Niagara Counties in Western New York.

Because both projects were federally funded, the project team was re-
quired to determine the location of both federal and state-regulated wetlands
within the project area. New York State regulates wetlands 5.1 ha (12.4 acres)
or larger. State-designated wetlands are mapped on U.S. Geological Survey
quadrangle base maps using aerial photography and ground reconnaissance
to verify boundaries. Under New York regulations, the presence of certain
species or genera of vegetation is the primary criterion to determine whether
an area is a state-designated freshwater wetland . The presence of hydric soils
is not always required to designate a wetland under New York State regu-
lations.

A threc parameter approach is used to determine the presence of feder-
al jurisdictional wetlands. Federal jurisdictional wetlands must show a
predominance of hydrophytic vegetation, or be capable of supporting
hydrophytic vegetation, and must show strong indications of hydric soils and
wetland hydrology during the growing season.
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One of my professional responsibilities is to manage the wetland ser-
vice sector of our business. Expertise in assessing hydric soils, wetland hydrol-
ogy, and field identification of plants is required to map wetlands efficiently,
and to evaluate a site’s mitigation potential. Engineers sought to minimize
the impacts of the highway projects on wetlands in the project areas by shift-
ing the highway alignment. Some wetland impacts and losses, however, were
inevitable. The New York State Department of Transportation was required
to mitigate wetland acreage losses.

I worked closely with the engineers to locate suitable mitigation areas
within and adjacent to the project construction area, and to develop work-
able goals and objectives for the mitigation sites. An intimate knowledge of
soil stratification, water movement, and the types of vegetation likely to sur-
vive in the proposed mitigation areas was required to accomplish this task.
Soil test pits were dug throughout the proposed mitigation area, soil horizons
were described, and periodic observations were made of water levels and
movement patterns were made during a 2-yr period. Careful notes were made
of vegetation species inhabiting the wetland area to be impacted. Observa-
tions were discussed and evaluated with agency staff from the U.S. Army
Corps of Engineers and the New York State Department of Environmental
Conservation. Mitigation goals and objectives were developed to guide the
design process. Most of the area consisted of northern hardwood swamp and
poorly drained, shrubby old agricultural fields. No open water habitat was
available within the project area except for three small perennial streams.
Because most of the habitat area was wooded, it was impractical to design
an hectare for hectare, habitat replacement wetland mitigation area. Instead,
the existing wetland values of wooded wetland habitat were enhanced by

adding open water area, and creating a variety of water depths, shoreline
and island areas, and emergent marsh complexes adjacent to the wet woods
habitat. Approximately 2 ha of wetland mitigation area were created for ev-
ery hectare of wetland lost to highway construction. Preliminary indications
are that significant water quality and wildlife benefits are being provided by
the mitigation area.

Siting and Operation of a Yard Waste Composting Facility

In 1988, New York’s Solid Waste Management faw (6 NYCRR Part 360)
banned yard waste (grass clippings, wood chips, and leaves) from sanitary
landfills. Communities were mandated to develop alternatives to recycle and
reuse yard waste and other organic waste stream components by 1992. As
a result, municipalities all across the state hastened to develop alternatives
to landfilling yard waste materials.

My employer is currently designing or conducting preliminary tests on
five compost sites in western New York. I am involved in several aspects
of compost facility design, operation, and management. Graduate course-
work in soil chemistry provided a basis for understanding the principles of
organic matter decomposition and pesticide behavior in the soil-compost
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medium. This kriowledge was applied to a problem experienced at one of
the compost sites.

The site in question received yard waste materials from a variety of
sources: private refuse haulers, golf courses, and nurseries. The site opera-
tor had little knowledge of or control over the application of pesticides and
fertilizers to the materials to be composted. The composting site was located
in an old gravel pit because it was in a sparsely settled, agricultural area and
access to the site could be controlled. The site’s owner was seeking an eco-
nomic use for a property that was no longer suitable for either agriculture
or mining. The site was located within an economical travel distance of the
western suburbs of Rochester, NY. The site operator hoped to use the com-
post material as a soil amendment to reclaim mined out areas of the site,
and other sand and gravel pits in the area. Negative siting factors included
permsable sand and gravel subsoils. The depth to seasonal high water table
was =1.3to 1.9 m. The area selected for composting was located =608 m

. away from the nearest house, and =456 m away from a pit pond. No public

water supplies were available to the area.
LLocal government officials expressed a concern about the impact that
composting operations might have on a local pond and nearby private wells.
To address the concerns of local officials and residents, we monitored
the nearby pond for ambient concentrations of commonly used pesticides,
PCBs (polychlorinated biphenyls) and solvents. We had no funding avail-
able for groundwater monitoring. One of the realities of working with small

- businesses and entrepreneurs is having to work within very tight budget limits.

In addition to budgetary restrictions, little information was available about
the concentrations of pesticides and herbicides typically found in vard waste
materials.

We obtained valuable assistance from a local landscaper and lawn ser-
vice in addressing this question. We assembled information from the New
York State Cooperative Extension and from our landscaper to develop a list
of compounds that might be found in yard waste compost materials. We
discovered the cost of laboratory analysis for these compounds prohibitive.
From a iiterature review and inquiries to industry, I was aware of a field
immunoassay test that might be used to detect the presence of low concen-
trations of a pesticide commonly used on lawns, 2,4-D (2,4-diphenoxyacetic
acid). 2,4-D is commonly used to kill broadleaf weeds in lawns. We expect-
ed to find a residue of this compound in yard waste materials brought into
the compost site.

We decided to use the immunoassay test to monitor compost product
for the presence of 2,4-D and other related herbicides. We were faced with
the problem of developing an appropriate method for extracting the target
pesticide compound from a largely organic medium (compost), and develop-
ing reasonable dilution factors. This task was accomplished by working closely
with industry personnel to adapt a method previously used on grains. Prelimi-
nary results indicated that raw yard waste compost contained measurable
amounts of 2,4-D and related compounds. The field test used was not sensi-
tive enough to determine actual compounds or exact concentrations. The
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method, however, was capable of detecting the family of compounds on an
order-of-magnitude basis. We found this information useful for monitoring
purposes. We tested the compost material when it was first brought in, at
the mid-point of the composting process (= 4 wk), and at the end of the com-
posting process. Our results showed that the concentration of 2,4-D and re-
lated compounds decreased rapidly during the decomposition process so that
it was nondetectable in finished compost product.

This assignment required a knowledge of soil chemistry and biology.
Soil science training provided the background to be able to ask the right ques-
tions and to find the resources needed to accomplish the task. Soils expertise
was used to develop the list of compounds that might be found in the yard
waste materials, to find an appropriate and affordable test method that could
monitor the concentrations of a commonly applied pesticide through the com-
posting process, to assist in the adaptation of the test method, and to ex-
plain the results to nonscientists involved in the decision making process.

Soil scientists have a niche in the field of solid waste management. Their
expertise is best used in developing operational parameters for biological treat-
ment systems. and in siting facilities.

Environmental Audits for Real Estate Transactions

During the late 1970s, Love Canal raised public consciousness about
environmentai pollution and contamination resulting from past or present
misuse of property. The Comprehensive Environmental Response, Compen-
sation and Liability Act (commonly known as CERCLA or Superfund) was
enacted in 1980. This law made all current and former property owners,
tenants, lessees, and financing institutions responsible for clean-up of con-
tamination (Bureau of National Affairs, 1993). It created a firestorm of pro-
test from banks and others who claimed they had no involvement or
responsibility for creating environmental problems. The law quickly resulted
in the need to develop a means of assessing a property’s potential for en-
vironmental liabilities. Banks, attorneys, realtors, and property owners be-
gan requesting environmental audits of properties for potential environmental
liabilities. Environmental audits are now required for all transactions involv-
ing industrial, commercial and multiple family residential real estate.

Environmental audits are designed to determine environmental liabili-
ties that may be associated with real estate. The essential components of an
environmental audit include review of the abstract of title; historic aerial
photographs and maps; site plans; building plans and specifications; local,
state, and federal environmental data bases and regulations; interviews with
local government and regulatory agency officials; current and former own-
ers, tenants, or lessees (where possible); and a site inspection, which may
include environmental sampling. :

Once the initial review and inspection are completed, the environmen-
tal audit report summarizes the scope of work, the resources and references
used, the findings of the investigation, and details areas of potential or actu-
al environmental liability. Further investigation and environmental sampling
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may be needed to characterize suspected problem areas, such as leaking under-
ground storage tanks and piping or deteriorated storm sewers.

Environmental auditing became one of my project areas because it re- .
quired many skills that 1 had already developed: air photo interpretation,
the ability to use and understand environmental data bases and regulations,
plan review and interpretation, and site assessment.

Environmental audits require a variety of skills and expertise. Complex
environmental audits require a team of specialists, which may include en-
vironmental, mechanical and civil engineers, hydrogeologists, chemists, bi-
ologists, and soil scientists. | often function as a team leader and project
manager on complex environmental audits b..cause the job requires a gener-
alist. My background in soil science has included training in chemistry, biol-
ogy, and toxicology, disciplines that are not typically explored in depth in
traditional engineering curricula. As a soil scientist working in a multidis-
ciplinary environment, I have acquired a working. knowledge of many dis-
ciplines. With years of experience, [ have developed an understanding of many
of the engineering facets. The project manager must be able to understand
and integrate the information generated, to organize and direct the work ef-
forts of project teamn members, and to communicate the results of the inves-
tigation to the client.

SUMMARY

Overall, I have found that soil science training provides a greater under-
standing of environmental problems and issues. It enables me to assist my
engineering and scientific colleagues from other disciplines to develop prac-
tical solutions. The reason that soil science provides this advantage is its in-
terdisciplinary nature. One cannot understand what happens in soil without
having a good foundation in other scientific disciplines, such as biology,
chemistry, physics, and meteorology. I do not regret my decision to study
soil science, and in fact, would encourage others to do so. The respect problem
outlined by Simonson (1991) is real, but one that can be addressed by im-
proving our curriculum and teaching abilities, setting high academic stan-
dards for our students, and by getting actively involved in projects with other
scientific and engineering disciplines.
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ABSTRACT

One of the most important, satisfying, and challenging aspects of an academic
position is the advising of graduate students. A very important part of graduate studies
is the training of M.S. students, the primary focus of this chapter. I will discuss the
following: advisor-advisee relationships, differences in advising M.S. and Ph.D. stu-
dents, the role of the advisor in the student’s research and professional development,
and the importance of graduate student interactions with other graduate students,
postdoctoral associates, and faculty.

One of the most satisfying, yet challenging aspects of a career in academia
is the advising of graduate students. In my own case, there is nothing in my
career that I have enjoyed more than advising graduate students and seeing
them advance in their careers. Proper advisement is extremely important since
the careers of future leaders in soil science will be greatly impacted by the
quality of advisement they receive at the M.S. and Ph.D. levels. In Nielson
(1970), Dan Hillel stated that the advisor should *‘encourage the develop-
ment of a scientist and independent critical thinking rather than to teach the
gospel sanctified because it happens to be the instructor’s opinion.’" A very
important part of graduate studies in colleges and universities is the training
of M.S. students. Many of the points that will be discussed, however, are
equally applicable to the training of Ph.D. students. I will discuss the fol-
lowing: advisor-advisee relationships, differences in advising M.S. and Ph.D.
students, the role of the major professor in the research and the profession-
al development of graduate students, and the importance of graduate stu-
dent interactions with faculty, other graduate students, and postdoctoral
associates.
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' ADVISOR-ADVISEE RELATIONSHIPS

Perhaps the most important aspect of graduate education is the type
of relationship that exists between the advisor and the graduate student. For
the relationship to be a good one, the advisor and the student must be com-
patible with each other. Compatibility will be enhanced if there is a careful
and thoughtful system of selection and guidance of students that takes into
account the abilities, personality traits, and expectations of the faculty mem-
ber and student and matches each student to an advisor with whom there
will be compatibility.

Moreover, the student must respect the advisor and the advisor should
serve as a mentor to the student. A mentor can be defined as a close, trusted,
and experienced counselor and guide. In a recent soil chemistry (Division
S-2) newsletter, Dr. M.E. Sumner well stated the importance of mentors:
*‘Take great care in selecting your mentors. They place an indelible stamp
on you." As a mentor, one should act as a teacher to enhance the student’s
skills and intellectual development. Additionally, the mentor through his or
her own personal achievements and reputation can serve as a person whom
the student or protege can admire and emulate.

To be an effective mentor to graduate students, the advisor must lead
by example and be competent and respected in the field, active and produc-
tive in research and in the profession, and familiar with the scientific litera-
ture. The advisor should also be industrious, self-disciplined, organized,
creative, honest, enthusiastic, optimistic, humble, amicable, cooperative, pa-
tient, compassionate, and professional. I cannot overemphasize the impor-
tance of advisors being industrious, self-disciplined, and organized and the
need for them to emphasize these characteristics to their advisees. These are
truly necessary keys to a successful career and ones that advisees should
possess. Advisors should stress to graduate students the need to be dedicated
and to study and work long hours. Students should clearly understand that
graduate studies are not just an 8 h a day job.

While it is important that students and advisors have a relationship that
is characterized by mutual respect, compatibility, affability, and cordiality,
it must be professional. Sorenson and Kagan (1967) found that many stu-
dents desired a closer relationship with their advisors. Many desired to in-
teract more with their advisors socially. For example, those students who
were invited to their advisor’s home felt that the professional relationship
was enhanced and as a result, that they received better advisement and that
there was greater progress made in their studies. I have seen some cases,
however, in which advisors attempted to become one of the graduate stu-
dent’s peers and. consequently, the relationship and quality of advisement
suffered.

Perhaps it would be instructive at this point to discuss what graduate
students believe are the most important aspects of graduate student-advisor
relationships and, particularly, graduate student advisement. There are few
studies in the literature on this topic. Rugg and Norris (1975) conducted a
survey of psychology graduate students on faculty supervision. Ten factors,
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listed below, were identified by the students as significantly affecting their
satisfaction with the advisor. The advisor should be (i) flexible, fair, open-
mined, and supportive of student creativity and independence; (i) provide
structure and guidance; (iii) be a productive researcher and participate in
research projects; (iv) have expertise in methodologies; (v) exhibit excellent
interpersonal rapport by being friendly, relaxed, pleasant, and supportive;
(vi) be a stimulating teacher both in the classroom and as an advisor of gradu-
ate students; (vii) be accessible to graduate students; (viii) be highly com-
petent in one’s field and be familiar with the current scientific literature,
because this will facilitate discussions between the student and advisor on
the research project and assist in interpreting the student’s research findings;
(ix) be mature and experienced in advising students; and (x) stress communi-
cations training for the student such as technical writing and public speak-
ing courses, presentation of research results at meetings and conferences,
and writing scholarly papers. The students surveyed felt that the latter was
very important in their advancement and recognition.

In short, the findings of the survey by Rugg and Norris (1975) clearly
indicate that graduate student advisors should not view their role as requir-
ing little of their time, effort, or personal guidance. Rather, students want
them to be actively involved in their overall graduate experience.

DIFFERENCES IN ADVISING M.S. AND Ph.D. STUDENTS

Many of the aspects of advising M.S. students are similar to those for
advising Ph.D. students. There are, however, some fundamental differences.
It is important at the M. S, level that students in soil science obtain excellent
backgrounds in mathematics, chemistry, physics, microbiology, geology,
statistics, and soil science, and that they become proficient in the use of com-
puters for word processing and data analyses. A strong background in
mathematics and the physical and biological sciences is particularly impor-
tant if M..S. students in soil science plan to pursue Ph.D. degrees. For exam-
ple, if a student wishes to pursue a Ph.D. in soil chemistry, he or she should
take physical chemistry courses during his or her M.S. studies and not dur-
ing the Ph.D. studies. Regardless of one’s plans for the future, however,
it is always useful to have fundamental training in mathematics, statistics,
and the physical and biological sciences.

I feel that it is important that M.S. students have courses in quantita-
tive and instrumental analyses. Moreover, they should become familiar with
routine chemical, mineralogical, and physical methods for soil analyses
through their research and coursework. I also believe that M.S. students
should take courses in technical writing and public speaking since excellent
oral and written communication skills are imperative for success.

Another aspect of advising M.S. students that differs from Ph.D. stu-
dent advisement is the level of input into the research program and the degree
of supervision by the advisor. Most M.S. students have not had significant
experience in developing and conducting rescarch projects. Therefore, it is
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imperative that the advisor be actively involved in the development of the
research plan and meet with the student often about his or her findings,
problems, and progress. I meet with my own M.S. and Ph.D. students at
least every 2 wk to discuss their research and to exchange ideas. If this is
not done, one may find that midway through the degree program, the stu-
dent is floundering and no meaningful results have been obtained. The ad-
visor should also ensure that the student is attempting to balance coursework
and research. This is something that most M.S. students find different, since
they have not had to manage their time to accommodate both coursework
and research.

The degree of supervision at the M.S. level will also depend on the stu-
dent’s abilities. In the beginning of the research, more supervision may be
needed; it can be reduced with time. The advisor should not spoon-feed M.S.
students. If excessive supervision is given and an advisor's own ideas are im-

-posed too much, a student’s development is impeded and the student be-

comes a technician.

ROLE OF THE ADVISOR IN THE RESEARCH AND
PROFESSIONAL DEVELOPMENT OF M.S. STUDENTS

The role of the advisor in the student’s research is very important. The
advisor should be in the forefront of his or her research area and expose

the student to new information, hypotheses, and findings. Alexander (1970)
notes that the student’s work should focus on reSearch and not REsearch.
The M.S. thesis should be original and not a reinvention of the wheel. To
ensure this, the advisor should stress the importance of thoroughly review-
ing the scientific literature and acquaint M.S. students with the major scien-
tific journals. The student should be encouraged to read not only the
contemporary literature, but also the older work in the field. Additionally,
the advisor should recommend that the student read literature pubiished in
international journals, as well as those outside one’s own field. A thorough
literature review should be conducted and incorporated into the research
proposal that is presented during the first semester or quarter of graduate
studies.

In developing and deciding on the research project it is important to
ask several questions (Bargar & Duncan, 1982): Is the research problem in
concert with the student’s developmental endeavors and creative capacity?
Is the student excited and interested in the research problem? Will the research
complement and broaden the student’s abilitics and insights?

At the outset of the M.S. student’s studies the advisor should let the
student know what his or her expectations are and cncourage the student
to communicate frequently, Such expectations should be the same for both
foreign and U.S. students. The advisor should also make realistic and time-
ly queries about the research progress. This lets the student know that the
advisor is interested and also that he or she has expectations that progress
be made. Advisors must be accessible to students and willing to talk and coun-
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sel with them. There should be regular meetings with students to review, evalu-
ate, and discuss student progress. This will help in maintaining motivation
and product-oriented behavior (Brown, 1968). The advisor should provide
thoughtful criticisms of the research, both negative and positive, in a diplo-
matic and fair manner. .

In turn, the student should strive to enhance his or her understanding
of the research topic and methods that will be employed, analytically examine
the research problem, critique his or her own work before seeking critical
reactions from the advisor, and be responsive to criticism. If the student re-
lies too much on the advisor, he or she could lose control of the research.

Thus, ownership of the research is important. It is shared between the
student and the advisor, but the student must not lose control of tiie research.
Ways to tell if ownership is being lost by the student include (Bargar & Dun-
can, 1982): (i) if the advisor discovers his own solution to a difficult part
of the research and feels the solution is correct and that the student must
accept the solution; (i) if the advisor feels that the student has lost control
of the research; and, (iii) if the advisor is more satisfied with his solution
to a research problem than the student's solution.

The advisor should encourage the student to do the initial writing of
the research, and then carefully provide input by meeting with the student
and explaining point by point what is good and bad about the writing. The
advisor should also have the student practice seminars and paper presenta-
tions, and stress the importance of publishing the research in a timely man-
ner. The research should have a high degree of success and have a high
probability of being published. The latter is important in advancing the stu-
dent’s career.

To enhance the success of the research, the advisor should be certain
that there are financial and personnel resources and equipment available so
that the student can carry out the research. The advisor should make sure
that the student is exposed to modern equipment and learns new methodol-
ogies. It is a mistake, however, to allow a student’s research to be overly
dependent and structured around a piece of sophisticated equipment. Such
instruments should be viewed as tools (Low, 1970). It is particularly impor-
tant that adequate funds be available for laboratery, greenhouse, and field
supplies, and travel to experimental sites and professional meetings. Advisors
should ensure that M.S. students attend and present at least one paper at
a professional meeting.

The advisor must also play an important role in the professional de-
velopment of the graduate student. He or she should piomote their adviseces
by nominating them for awards, introducing them to other scientists, assist-
ing in job placement, providing information on job interviews, and stress-
ing the importance of collegiality and image. While we usually do a fine job
technically training graduate students, we do not spend enough time on de-
veloping our students professionally. One effective way that advisors and
departments can assist graduate students in professional development is to
offer a course that deals with grantsmanship, writing and reviewing
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manuscripts, resume prepzration, job interviewing, and planning a work
schedule.

IMPORTANCE OF INTERACTIONS WITH OTHER GRADUATE
STUDENTS, POSTDOCTORAL ASSOCIATES, AND FACULTY

T enhance the experiences of M.S. students, it is important that they
interact with other M.S. and Ph.D. students and postdoctoral associates both
in and outside their research group. The advisor should also encourage M.S.
students to discuss their research and their career goals with advisory com-
mittee members and with other faculty within and outside the student’s
department.

Students at the M.S. level in particular can benefit immensely from Ph.D.
students and postdacs concerning methodologies and relevant scientific liter-
ature, and by engazing in discussions on their research. Also, the friendships
and collegiality that are developed between fellow graduate students and
others in the rescarch group can be important throughout one’s life. Thus,
it 1s beneficial if the student’s advisor has several graduate students of differ-
ent academic levels. Having said this, [ wish to point out that it is a mistake
for advisors to have so many graduate studeats that they do not have time
to advise each of them and provide input and guidance into their research
and professional development. This is particularly important in advising M.S.
students.

A
CONCLUSIONS

The future of soil science is bright. While there have been many impor-
tant past successes in our field, numerous challenges and opportunities re-
main. These include: increased and more efficient food and fiber production,
enhancement and preservation of environmental quality, and education of
the public and elected officials about the importance of soil science. To be
successful in these areas, we must have well-trained graduate students. The
academic advisor is crucial in this regard.

DEDICATION

This paper is dedicated with admiration and appreciation to my out-
standing graduate advisors, the late H.H. Bailey, who guided by M.S. studies;
and D.C. Martens, and L.W. Zelazny who supervised my Ph.D. research.
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ABSTRACT

The training of Ph.D. graduate students in soil science depends greatly on the
proper selection of intellectually superior candidates and the identification of research
topics suitable for a high degree of self-direction on the part of each student. Selec-
tion of a broad range of basic and applied study courses inside and outside of a given
specialized field of soil science is also an important advisory function in the develop-
ment of breadth. Paramount is the early and continuing development of a warm col-
legial and creative relationship between the teacher and the Ph.D. candidate in the
out-of-doors, laboratory, office-conference room, and home. Collegiality should be
used to smooth the potentially demoralizing transition of each student growing in
personal life interdependent with growing professional responsibilities. The over-all
aim of the supervision of Ph.D. soil science graduate students is the early promotion
of the development of a strong personal and professional stature of maximum in-
tellectual breadth.

Considerable interest has been expressed concerning the training of gradu-
ate students who become candidates for the Ph.D. degree in soil science. The
process includes care in the selection of the candidate, selection of a research
topic suitable for considerable self-direction, and the strategic selection of
study courses. Success depends on the development of collegial and creative
relationships that promote the development in the candidate of a strong per-
sonal and professional stature and intellectual breadth.

STUDENT SELECTION PROCESS

Success in advising Ph.D. graduate students begins with recruitment of
candidates of superior qu itics of inteilect, personality, and personal drive.
Obtaining the appropriate information will begin with the prospestive stu-
dent’s application form that includes vital statistics and a single-page narra-
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tive of iis or her interests and qualifications. The applicant normally will
arrange for one to three reference letters from qualified persons to be sent
forward separately. This preliminary screening procedure greatly aids in the
student selection process. Finally, the telephone often facilitates the recruit-
ment of the best qualified prospective students.

In the early years, a young professor may be dependent on the reputa-
tion of his department and school to help attract good students. Very soon
his own professional reputation built on research papers and student output
will become the attractor, based on performance in the early years.

Occasional failure to make a favorable selection of a student will re-
quire weeding out later with attendant frustration and loss of time, money
and self-esteem (Sorenson & Kagan, 1967). Besides student qualification
difficulty, a poor interpersonal relationship between student and advisor often
may be the cause of failure of the student. A success rate of Ph.D. comple-
tion of 90 to 95% can be expected if the selection process is effective, and
the supervisor is competent in the subject matter, teaching expertise, and
charisma (Rugg & Norris, 1975).

CHOICE OF RESEARCH TOPIC

The research topic will be selected through a matching of the advisor’'s
interest and competence with the student’s interest and career objective. To
illustrate the breadth of opportunities offered to the soil science Ph.D. can-
didate, four examples are given:

1. Soil acidity and liming, the apparent dichotomy as earlier seen by
E. Truog and R. Bradfield (H *) and C.E. Marchall and H. Jenny
(AL>*), soil was seen as a proton donor through Al bonding (Jack-
son, 1963), AI(OH,;)s of pX; = §, and quantum mechanical tunnel-
ing, a unifying concept of the soil acidity.

2. Soil adsorption of CQ, by algal photosynthesis in soils has relevance
to the role of CO, in possible global warming (committee on global
change, 1988; Huang & Schnitzer, 1986; Arnold & Wilding, 1991;
Kerr, 1992; Revkin, 1992) vs. the cooling effects of volcanic aerosols
(Bryson, 1989).

3. Mineralogical analysis of a soil has scientific relevance only in the
context of the soil landscape geomorphology over millions of years
(Jackson, 1987). .

4. Depletion of a soil-derived nutrient such as Se affects human health
because an inadequacy of it in the food chain affects human longevity,
heart disease rates, and cancer rates (Jackson, 1988).

In agricultural colleges in the USA there are frequently several sources
of financial support for graduate assistants, some from the institution, fed-
eral agencies, and companies. Some agencies may be interested in having work
done about the crop response to a product or its effect on the environment.
The advisor tries to match the graduate student’s interest to the agency in-
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terest. That matching often goes forward into the vocational selection that
will be made after the Ph.D. is earned. Experience shows that research sup-
port from various sources can, with care, be successfully matched with stu-
dent interests and background. .

COURSE WORK

The advisor guides the soil science Ph.D. student’s choice of a broad
range of basic and applied academic courses, with the consideration of the
student’s interests, but also the requirements of science in general. Under-
standing of the soils is inherently a holistic and interdisciplinary challenge.
But to provide for creative thinking, while avoiding the weakness of sensa-
tionalism, an adequate scientific grounding in course work is mandatory.
Thus, the course selection must include basic subjects such as chemistry, phys-
ics, geology, climatology, plant physiology, microbiology, and mathematics
as required to round out the course program already taken in undergraduate
and M.S. programs.

The courses will cover a much wider subject-matter range than the thesis
topic. Likewise, the scientific career will also cover a much broader spec-
trum of subject matter than the Ph.D. thesis. The Ph.D. thesis is thus only
an early phase of a soil science career.

Extensive course work is an extremely efficient way of acquiring the need-
ed breadth of learning through the accumulated experience of each of sever-
al instructors and course textbooks. Granted that a whole scientific career
will be spent in learning, course work sets an efficiency paradigm for lifelong
effective use of journals and books on a broad range of subjects. Primary
and secondary school and college work have long proven their worth in ac-
celerating the learning process. Courses taken in graduate school also have
a large role in continuing the learning process. The Ph.D. stage is a fairly
elaborate transition from formal schooling to self-teaching (Candy, 1991),
not a guick-jump to it. .

THE RESEARCH MEETING

A useful means of assisting the professional growth of the Ph.D. candi-
date is participating in research meetings with peers. A small group of 6 to
12 mcet weekly at a set hour. Each one of the group can have a turn of lead-
ing the discussion of his or her research at a given weekly meeting. A one-
page rescarch report summarizes the long range objective and a second state-
ment points out the objective of the immediate report being presented. A
note on method, a few new data, and one or two references to related pub-
lished literature round out the presentation. The next week a second student
rotates through a similarly structured presentation. The research meetings
thus markedly differ from a seminar series. Before the Ph.D. thesis is finished
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the student usually confides, ‘“‘thank goodness for those weekly research
reports.”’

As the home institutional work is progressing, regional and national
professional meetings are attended and become increasingly meaningful in
the growth of a peer network (Bargar & Mayo-Chamberlain, 1983). After
a couple of years, the better Ph.D. candidate will be ready to offer a paper
under the careful guidance and the help of the advisor. Thus, gradually the
Ph.D. candidate will acquire a professional attitude and the formal require-
ments of the American Registry of Certified Professionals in Agronomy,
Crops and Soils (ARCPACS) will be met (Bertramson, 1990).

CREATIVITY

The Ph.D. degree in soil science requires a segment of original research
work performance, to bring out creativeness of the student. Essential read-
ing in the library will then become increasingly more interesting, relevant,
and significant. As Reason and Marshall (1987) have summarized, the ad-
visor’s intervention may foster growth in such categories as perspective, in-
formation, comfort, catalysis, and support. But in no case will the Ph.D.
student expect to be told step-by-step what 1o do, beyond the initial days,
as emphasized by Candy (1991).

ftis important for the soils Ph.D. candidate to gain intellectual momen-
tum by hands-on research in the laboratory and in the field. The supervisor
can and should help these processes along. He will head a group of students
out to examine instructive landscapes, to examine crops and soils in natural
grassland and forest landscapes. Some samples will be brought back for
lakoratory analysis. Questions should be directed to the candidate, and some
answers supplied as well. Once some momentum has been gained, the Ph.D.
student may be surprised or even alarmed when items of specialized
knowledge bring the student a step ahead of the advisor, which actually is
to be expected. The doctoral thesis will reflect scholarship developed in these
various ways (Bargar & Duncan, 1982).

PROFESSIONAL RELATIONSHIPS

The secret of success in advising Ph.DD. students lies in the creation from
the very first day onward of a warm interpersonal teacher-student relation-
ship by one-to-one discussions in the out-of-doors, laboratory and office.
Congeniality will be used to smooth the potentially demoralizing transition
of the student growing into professional responsibilities (Bargar & Mayo-
Chamberlain, 1983). The professor is anxious that the Ph.D. student show
up well initially, and on to the final oral cxamination (defense of the thesis).
To the extent possible, the advisor should be the student’s SpONSOr Or represen-
tative rather than an adversary. Having the student realize this helps to
decrease the feeling of anxiety or panic that commonly threatens. A daily
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coffee break provides an opportunity for exchanging ideas between advisor,
his student, and other students on an informal basis. A Saturday afternoon
picnic or cook-out in the park or backyard at home does the same. On occa-
sion, there will be a dinner at the professor’s home. Departmental parties
further extend the opportunity for congenial growth. A married graduate
student family later on generally returns dinner invitations.

As the degree work progresses, the successful Ph.D. candidate and the
advisor will have directed their thinking closely together. By graduation time,
they will be peer colleagues, a relationship that will endure and grow with
others at regional, national and international meetings. Not infrequently a
coming together to continue studies or even for a sabbatic leave will ensue
over the years. Former students’ students (grandchildren, so to speak) also
will become colleagues and friends. Society field trips will be enriched, as
former students are in attendance—an extended-iamily effect.
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ABSTRACT

The Ph.D. represents the culmination of formal education for most research scien-
tists in soil science. Thus it is imperative that the doctoral experience be positive,
supportive and constructive. The interactions of Ph.D. candidates with their advisors
can profoundly shape their perceptions of the scientific method, the scientific com-
munity and their future careers it soil science. Historically, much of this was con-
veyed to students through frequent contact with their advisors. Students were often
allowed to develop at their own pace and could rely on their advisors for extensive
guidance. Unfortunately the growing demands for increased extramural funding, the
need to meet contract deadlines, and the national trends of increased teaching work-
loads for university faculty are potentially damaging to this relationship. Neverthe-
less, Ph.D. advisors must recognize the developmental aspects of the doctoral
experience and provide for sufficient time for the establishment of constructive
advisor-advisee relationships with their graduate students.

The Ph.D. degree represents the culmination of formal education in soil
science. As such, the doctoral experience can have a profound influence on
the professional and personal development of students. We have long recog-
nized that the choice of course work and research topics can set the founda-
tions for the technical skills on which an individual builds his or her career,
but how much attention do we pay to the topics of scientific creativity and
freedom, intellectual risk, and ownership of research ideas? What is the ex-
tent to which these issues impact on our role as advisors of Ph.D. students
in soil science? What influence is the changing role of agriculture and soil
science in academia and our society having on these interactions? I will at-
tempt to discuss these topics in the context of the formal education litera-
ture and from my own personal perspectives.

In a treatise on the cultivation of creative endeavor in doctoral research,
Bargar and Duncan (1982), indicated that formal discussions and presenta-
tions of research in texts, articles, and papers do not convey the true nature
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of scientific inquiry. Such literature tends to portray scientific creativity as
a linear progression of logical thought based on careful extrapolation of ex-
isting knowledge. This is particularly true when one considers the develop-
ment of a hypothesis. Yet as these authors point out, there is no discussion
of the psychological means of how a sound hypothesis is created. Where do
good hypotheses come from? How do we account for their originality, and
their ability to stimulate the creative mind. How do we decide which hypoth-
eses to work on? Traditional dogma would suggest that all of these issues
are dealt with by linear, logical thinking, but this may not always be the case.
Biographies of scientists, deemed creative and eminent by their peers often
contain accounts of nonrational or intuitive insights into a given problem
(Bargar & Duncan, 1982). This intuitive thinking leads in turn to the develop-
ment of an apparently logical hypothesis. Kekule discovered the structure
of the benzene ring during a dream of a serpent biting it’s own tail. Whereas,
this is perhaps the most renowned example of intuitive scientific thinking,
it is by no means unique. It is not suggested thai intuition and fonrational
insight should replace the formal deductive approach to scientific inquiry;
but rather that it is a critical part of the entire process of “‘creating new scien-
tific thought.”” A rigorous, ratioale development of linear logic may best serve
to test, evaluate, clarify, and amplify a hypothesis. But creative intuition is
still required to guide investigators in their search for knowledge. As Bargar
and Duncan (1982) point out

With emergent scientific insight often comes a sense of excitement and a valu-
ing of the meaning and potential implications of the insight. This excitement
and sense of value helps stimulate the commitment and dedication necessary
to fruitful and sustained creative work.

It is our task as advisors to facilitate the development of this insight and
creative excitement in our students. This is a formidable task and there are
no clear cut and simple ways in which to accomplish it. Yet the advisor can
do much to create an environment conducive to creativity. Graduate students
must be strongly encouraged to delve into the scientific literature. These ex-
cursions should not be limited to narrow confines of their advisor’s discipline,
but should extend to many different areas in the physical and natural sciences.
Often some of the most creative ideas involve transferring an approach or
logic structure from one discipline to another. Concomitantly, doctoral stu-
dents should be strongly encouraged to attend seminars and discussion groups
in a broad range of subject areas. Exposure to many different concepts and
perspectives can do much to stimulate the creative process.

Change itself, can have a profound influence of the ability of a doctor-
al student to act creatively. Bargar and Mayo-Chamberlain (1983) stress that
“‘entering a graduate program often involves considerable dislocation of per-
sonal life, including a geographic move and a lowering of income. The per-
son’s daily activities and schedule may have changed drastically, and the
psychological environment may be sufficiently different to generate culture
shock. It is natural for these conditions to prompt anxiety and raise doubts
about whether the change in life-style is worth it. Students often feel at sea:
Challenged and determined on the one hand and uncertain and anxious on
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the other.” They look to us as advisors for professional and academic
guidance and encouragement. It is our responsibility to provide the proper
environment conducive to the development of creative, intuitive thinking,
while at the same time allowing each individual the time to find their own
equilibrium in their new environment.

The first point at which the doctoral advisor can aid in a student’s edu-
cation is in the development of his or her course program. Whereas, it can
be assumed that all graduate students in soil science require a strong back-
ground in the fundamentals of mathematics, statistics, and the physical and
natural sciences, specific subject arcas of emphasis should be chosen jointly
by the student and the advisor. Barrage and Mayo-Chamberlain (1983) feel
that “‘creative individuals see themselves as having the authority to behave
with independence, to venture beyond the accepted into new terrain, and to
be responsible for the outcome. They must summon the courage io act on
that vision.’’ Such a vision is particularly relevant to the rapid changes oc-
curring in the ¢*scipline of soil science. In the last few years, we have seen
a diminishing of the perspective of soil science as a subdiscipline of agricul-
ture. In its place we have begun to recognize the significant contributions
that soil science can make to the fields of ecology, environmental science,
land use, and many other disciplines. This warrants a careful examination
of each course program, to insure that it meets the needs and aspirations
of both the advisor and the student. It is important to recognize that while
an advisor may be concerned about the image projected by their students,
and the impact that their courses may have on their immediate research ac-
tivity, it is the student that must live with the consequences of the course
choices throughout his or her career. They must be sufficiently vested in basic
knowledge to allow them to accommodate changes in research focus through-
out their lifetimes, but they must also be adequately educated to enter the
work force upon completion of their degree. Overall, it is crucial that the
advisor and the advisee arrive at a mutually shared perception of what
represents an acceptable course program. Enrollment in classes offered by
a variety of other disciplines, should not only be encouraged, it should be
required. In the present climate of restricted university budgets and declin-
ing enrollments this may seem at odds with departmental needs; neverthe-
less, it is critical that we provide the greatest opportunity to foster creative
thinking in our graduate students. This necessitates that they extend their

formal education beyond the confines of soil science, and that they are readily

able to communicate and interact with a broad scientific and public com-
munity.

Perhaps the most important aspect in developing creative thought
processes in dissertation research is the selection of a research topic. Stu-
dents come to this point through a number of different paths. Some enter
graduate school with a clear and well charted research topic in mind, but
most simply know that they wish to pursue graduate studies in a general sub-
ject area such as soil genesis. Choice of a dissertation topic should begin early
in the degrec program so that the student’s classes and readings may con-
tribute as much as possible to the development of a viable hypothesis. Topic
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development can be viewed as a problem solving process in which advisors
take a facilitating role in helping students articulate and assess alternatives.
The advisor should insure that the student chooses a research topic that is
rigorous and warrants investigation. It is also highly desirable that consider-
ation be given to what future employment opportunities may be available
to the student upon completion of his or her research. At the same time,
the advisor must maintain a degree of distance from the thesis topic to avoid
excessive influence on the student’s choice. Bargar and Duncan(1982) sug-
gest that this can be accomnplished by:

I. encouraging the student to talk openly about all presently relevant
aspects of the research endeavor;

2. listening thoughtfully to the student’s accounts;

3. explicating at appropriate times the advisor’s understanding of what
the student has said; and

4. asking the student to confirm or disconfirm the advisor’s understand-
ing of the student’s present view of the creative research endeavor.

This inodel clearly suggests that the choice of a research topic should be made
after careful consideration by the student and his or her advisor, but that
the primary choice of subject area should be made by the doctoral student.
Such an approach represents an ideal model of doctoral education. Unfor-
tunately, there are many pressures that make complete adoption of such an
approach quite difficult.

One such pressure is funding. Since about 1985, agricultural research
in general, and soil science research specifically, has experienced some dra-
matic changes. Formula funded research supported by Agricultural Experi-
ment Station moneys has greatly diminished in many academic institutions.
To some extent, this has led to a decline in agriculturally oriented soil science
research. Perhaps more importantly, American universities nation-wide are
facing moderate to severe budget cuts and financial set-backs. 1n many in-
stitutions this has led to a reduction in institutional graduate student sup-
port. Many departments that conduct graduate education in soil science have
tess dollars for graduate student assistantships. Concomitant with these reduc-
tions in institution dollars, has been an increase in the number of opportuni-
ties for extra-mural research in soil science. Much of this research is driven
by concerns about land use and the environment. Issues such as nuclear and
hazardous waste disposal, surface and ground water contamination by in-
dustrial and agricultural chemicals, global climatic change, and sustainable
agriculture are all taking soil science in new directions. These new funding
opportunities can open many doors for us as research scientists that allow
us to broaden the perspectives and experiences of our students, and provide
them with research stipends; but what do they do to our student’s scientific
creativity? If we as principle investigators write grant proposals with clearly
defined specific hypotheses, can we let our students conduct these projects
as their dissertation research? If so, what has happened to the student’s in-
put in hypothesis development, and how are we as advisors fostering their
creative thinking. One answer to this potential dilemma would be to prepare
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grant proposals cooperatively with graduate students, however this is often
difficult due to logistical constrains (funding and time). Clearly the changes
in funding sources will continue to change the research that we conduct as
soil scientists, which in turn may change the creative freedom that we can
allow our students to have in choosing their research topics. The challenge
then is to maintain sufficient input from the student, so that the doctoral
research truly contains their creative ideas, while addressing the needs and
goals specified in a research contract.

On the topic of conducting the dissertation research, Bargar and Mayo-
Chamberlain (1983) indicate that *‘advisors can be of genuine assistance dur-
ing the research process with a variety of activities ranging from the prac-
tical aspects of research methodology to the more subtle aspects of synthesis
and critical review.”” The stimulation of students to arrive at their own criti-
cal thinking and synthesis is stressed. This ideal model must also be evalu-
ated in light of the changes in our discipline. How much freedom can we
give a student that is working on an external sponsored research project for
his or her dissertation research? Graduate students must be allowed to make
mistakes and find their own solutions to problems in their research. They
must be encouraged to take risks and to explore new directions. This can
cause an enormous amount of self doubt and introspection. If they are work-
ing on a truly new area, doctoral students can feel as though they are stand-
ing alone, on the edge of a frontier, possibly in opposition to established
scientific dogma. On these points, advisors must encourage their students
to follow their visions, while simultaneously guarding against truly wrong
directions. This can be a timely process. ‘‘Creative individuals, cannot com-
mand, cajole, or force their own minds to be productive but must in fact
learn to cooperate with processes and forces that move by their own timing
and not at the will of the conscious ego,’’ (Bargar & Duncan, 1982) or in
the case of graduate students, at the will of their advisors. Yet, to insure
continuous and future funding the graduate advisors must file research reports
to externa! funding agencies in a timely manner. They must conduct good
and judicious research. In the absence of external funding, inadequate
research results can remain internal to the educational institution. In the worst
cases a graduate student may not complete his or her degree. While such
incidents are ciearly tragic and undesirable they generally have stronger im-
pacts on the advisee than the advisor. If a given research activity is funded
by an external agency, however, the doctoral advisor will probably bare
primary responsibility for its outcome. Principal investigators generally can-
not abdicate responsibility for research conducted under their guidance by
blaming it on an inadequate student. So we have a quandary. Students need
to be able to make mistakes, but advisors need error free, rapid research.
This is an issue that is not readily resolved, and is likely to be a growing
problem in our discipline as we continue to shift away from formula funded
to competitive research activities. As advisors, we must approach this issue
with open and directed caution.

Ownership of research ideas is a topic related to graduate student free-
dom and creativity. ‘‘For all practical purposes, in doctoral work, owner-
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ship is shared; but students must be given every reasonable opportunity to
take responsibility for a problem and its solution’’ (Bargar & Mayo-
Chamberlain, 1983). How is this readily accomplished if the student’s research
topic is part of a grant proposal written by his or her advisor? Does not the
advisor have vested interest in the ownership and outcome of the research.
Under these conditions, it is possible for an advisor to discover their own
solutions to some aspect of the student’s research problem and to believe
that their solutions are the correct approach, as opposed to some solution
that the student may propose. In such instances, the advisor has assumed
intellectual ownership of the student’s research. This can lead to feelings of
intellectual inadequacy in the student and possibly future conflicts with the
advisor. Ownership of research concepts is a difficult issue, perhaps best
described by Bargar and Mayo-Chamberlain (1983), “‘Given the dynamics
of the mentor-mentee relationship in advising, the problem of ownership can
be subtle and potentially troublesome.’

What then is the ideal role of the professor in advising doctoral stu-
dents in soil science? The advisor must serve as both a resource and a role
model for the student. In the former case, the advisor makes available to
his or her students, their previous experience, their research methodologies
and expertise and their perspectives on the future of the discipline. In doing
so they must maintain a strong interest and involvement in the student’s
research, while being distant enough to provide objective evaluation. In the
later case the advisor can share with the student their excitement and en-
thusiasm for science, and the ways in which they balance their careers and
their personal life. Additionally, the advisor must play an ever increasing
role as grantsman and employer, obtaining external research dollars to sup-
port the financial needs of the student. As discussed above, this can provide
additional sources of strain for the advisor-advisee relationship, regarding
issues of timeliness and quality of the student’s research activities. In some
instances, it can also reduce the advisors role to one of a fund-raiser, rather
than an educator. Ideally, the advisor maintains a balance between research
director, intellectual guide and confidant, and employer, keeping both his
or her interests and those of the graduate student in focus.

Perhaps the greatest contributions that we can make to our profession
as soil scientists is the successful education of doctoral students as soil scien-
tists. The development of human potential can far exceed the impact that
we might make through the development a new postulate or theorem., It is
our responsibility as educators to insure that this is a positive and suppor-
tive process. We must give our students the freedom to develop their own
scientific creativity, and to stumble through the pitfalls and setbacks at their
own pace, while at the same time recognizing our commitment to funding
agencies and to society as a whole to produce quality scientific information
in a timely fashion. This can be an arduous task, but the rewards far exceed
the effort.
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ABSTRACT

Two different questionnaires were sent separately to soil science graduate stu-
dents at U.S. and Canadian universities, and to their faculty advisors. Among other
things, these questionnaires were meant to serve as a basis for an analysis of various
aspects of the advisor-advisee relationship. This analysis revealed a numbe, of areas
that are prone to misunderstandings and miscommunication. They include the level
of directiveness of the advisor, the preparation of the students for their future career,
and the difficult issue of the ownership of the research output. In spite of frequent

divergences of perception on these points, advisees and advisors nevertheless, expressed
views on each other's performance, that were generally positive.

For many graduate students, the quality of the human relationship they have
with their advisor is an essential component of their M.S, or Ph.D. program.
Sorenson and Kagan (1967) considered it so essential that they suggested that
instead of selecting among applicants for graduate studies solely on the ba-
sis of academic attainment, ‘‘what is needed instead is a system of selection
and guidance that takes into account the abilitics, personality traits and ex-
pectations of faculty members and students, and matches each student to
a sponsor with whom he or she will be compatible.’’

Without going necessarily as far as this psychological inatch-making,
it scems important, for the graduate experience to be successful, to make
sure that the adviscr-advisce relationship be positive, open, frank, and sup-
portive. Of course, as in any relationship, one expects that the student and
his or her advisor will not always see eye-to-eye on everything. In some cases,
it may take several or even many years for the student to understand his or
Lier advisor's viewpoint on certain issues. Nevertheless, it seems important
for both parties involved to be willing to spend the amount of time needed
to establish a good dialogue, so that each knows precisely where the other

Copynght 1994 Soil Science Society of America, 677 S. Segoe Rd., Madison, W1 S3711,
USA. Soil Sctence Education. t'hilosophy and Perspectives. SSSA Special Publication no. 1.
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stands. Concerted efforts should be made by both parties to quickly resolve
any misunderstanding or miscommunication that may, and often does, arise
during the course of M.S. or Ph.D. programs. Diagnosing these gaps in per-
ception is not always straightforward, however.

The primary objective of the research described in the present chapter
was to identify the aspects of the advisor-advisee relationship that are most
prone to misunderstandings or communication gaps. This required us to solicit
input both from students and from their advisors, an exercise that apparent-
ly had never been done previously in this particular context. It is hoped that
the research findings reported in the next few pages will be of interest and
of some help to soil science graduate students and to their advisors.

MATERIALS AND METHODS

The objective outlined in the introduction above could have been reached
in a number of ways. We decided to have recourse to survey instruments.
They suffer from a number of drawbacks (e.g., Wiersma, 1969; Best, 1970),
not the least of which is the necessary assumption that the individuals sur-
veyed have a sufficient grasp of English to understand the survey questions
(several faculty supervisors argued that it was not true of their advisee). Sur-
vey instruments, however, have the definite advantage that they allow inves-
tigators to work with large samples, representative of the whole population.
To minimize some of the very real difficulties associated with the design of
these survey instruments, we chose to modify an existing instrument, con-
ceived and thoroughly tested to meet objectives similar to ours, even though

its authors (Rugg & Norris, 1975) were concerned only with students’ per-
ceptions.

Survey Instruments

The 51 item supervisor rating instrument developed by Rugg and Not-
ris (1975) was used as a starting point in the elaboration of two survey in-
struments appropriate for the purposes of this study. Some of the items in
Rugg and Norris’ (1975) instrument were slightly modified whereas others
were entirely climinated. Also, a number of new items were added to cover
specific aspects not addressed in Rugg and Norris’ (1975) survey. The stu-
dents’ survey instrument was pretested within the Department of Soil, Crop,
and Atmospheric Sciences at Cornell. Various comments and suggestions
resulting from this pretesting were taken into account in revising the initial
instrument format.

The final survey instruments that were sent to the 300 students and to
their faculty supervisors consisted of threc parts: (i) a list of 33 statements
on various aspects of the supervisor-student relationship; (ii) a series of state-
ments on the level of satisfaction of the supervisor with the student or, for
the student, with the faculty supervisor, and (iii) two questions concerning
the major function of the faculty advisor.

>




ADVISOR-ADVISEE RELATIONSHIP

In the first part of the survey instrument sent to the faculty supervisors,
the 33 statements, listed in sequence from 1 to 33, were as follows (the per-
centages after each question will be referred to in : later section of this
chapter).

RM: Research Methods Expertise
15.

n

RS: Respect for students

2. You encourage independent work on the part of the student.

3.9%

8. You decide in detail what is to be done in the research and how it
is to be done. 30.9%

20. You have difficulty communicating in meetings with the student.
16%
22. In publications and talks, you take personal credit for the student’s
work. 22.9%

23. You have little confidence in the student’s ability and integrity.
11.1%

SG: Structure and Guidance
4. You give appropriate constructive criticism of the student’s work.
16%
6. You help to relate the student’s project to the student’s short term
and long term goals. 19%
12. You help to clarify specific objectives to be met by the student dur-
ing the research. 16.4%
16. You are willing to recognize the limits of your knowledge, expertise.
16.3%
18. You direct the student to other relevant resources or individuals with
expert knowledge. 13.3%
24. You are uninterested in and unenthusiastic about the student’s
project. 10.4%
26. You recognize work well done by the student. 11.2%
29. You are concerned about the overall value of the experience for the
student. 18.4%
30. You schedule consultation-progress report meetings with the student.
19.3%
31. Youinvolve the student in the entire research process, from writing
the proposal to publishing the results. 10.7%
RP: Research Productivity

5. You are actively engaged in research. 11.6%
28. You frequently submit articles and manuscripts for publication.

9.1%

You are very familiar with research design principles. 13.3%

DJ
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IR: Interpersonal Rapport

10. You treat the student like a collaborative colleague. 17.2%

i4. You pay attention to other aspects of the student’s life besides the
student’s studies. 28.7%

ST: Stimulating Teaching

9. You enjoy supervising graduate students. 14%

19. You are familiar with the content of a wide variety of specialty areas
and related fields. 10.2%

25. You confront the student with alternate procedures, interpretations,
and ways of expressing ideas. 22.8%

: Supervisor Accessibility

7. You often have difficulties, because of other constraints, to sched-
ule time for meetings with the student. 10.1%
21. You are willing to provide help when the student needs it. 8.8%

> Subject Matter Expertise

1. You demonstrate comprehensive knowledge on topics of interest to
the student. 11.6%

11. You are familiar with current developments in the student’s field
of interest. 13.2%

17. You have professional and research interests that overlap with the
student’s. 13.2%

> Communications Training

3. You heip the student to give better lectures/seminars. 15.3%
27. You provide helpful critiques of the student’s writing style.
14.2%

. Career Preparation

13. You help the student to make contacts that could be useful for the
student’s career. 27.3%
32. You are concerned about preparing the student for all aspects of
the student’s future career, not just for the research 29.84%
33. You are willing to provide financial support so that the student can
attend scientific conferences. 22.1%

The headings in this list were not included in the survey instruments.
They correspond to nine of the 10 first-order orthogonal factors identified
by Rugg and Norris (1975), supplemented by a new fuctor labeled Career
Preparation. The Faculty Maturity factor of Rugg and Norris (1975) was
not used. In the research described in the present chapter, no attempt was
made to carry out a factorial analysis similar to that of Rugg and Norris

AU
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LEVEL OF SATISFACTION

Itemn . N Very Very
M How satisfactory do you find: unsatisfactory satisfactory

34 the overall performance of the student ogoooans

B progress made to date by the student
toward his/her research objectives Ooo00oOooOod

3% the student as learner Oggoogoggag
37 level of independence of the student oooogogaoada
38 your social relation with the student oooocoOong

39 the response of the student to your

supervision OOo0o0oooo

Fig. 10-1. Second part of the survey instrument sent to the faculty advisors.

(1975). The headings should, therefore, not be looked at, at this stage, as
more than a convenient, but very approximate, way of classifving the sur-
vey questions.

In the survey instrument sent to the graduate students, the 33 statements
above were suitably modified to address the students’ viewpoint, without
however changing their meaning in the least. For example, the first state-
ment (no. 2) in the list above became: ‘‘Your faculty supervisor encourages
independent work on your part’’.

The students and their faculty supervisors were asked to react to the
33 statements via a seven-point Likert scale ranging from no/almost never
to yes/almost always. As in the survey instrument of Rugg and Norris (1975),
there was no systematic arrangement of the statements, aside from the fact
that negatively worded statements (e.g., no. 24) or statements normally in-
viting negative responses (no. 20) were interspersed with positively worded
items to discourage the respondents from adopting automatic response
patterns.

The second part of both survey instruments was a short series of state-
ments concerning the level of satisfaction of the student with the faculty su-
pervisor, or vice versa. In the survey instrument sent to the advisors, there
were six such statements (Fig. 10-1). The student’s survey instrument, on
the other hand, had nine statements directly inspired by the work of Rugg
and Norris (1975). They addressed such issues as faculty supervision (no.
34), subject matter (content) learned (no. 35), supervisor’s interpersonal style
{no. 36), overall value of the experience (i.e., your current degree program)
(1r0. 37), supervisor’s subject matter expertise (no. 38), rescarch skills learned
(no. 39), supervisor as teacher (not only in classroom!) (no. 40), progress
toward your initial goal for the experience (no. 41), supervisor's research

method expertise (no. 42). In both survey instruments, seven-point Likert
scales were used.
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GENERAL PERCEPTION

According to Brown (1968), the faculty supervisor has three major functions:

(1) to identify references and resource individuals appropriate to the student’s
project concerns
(2) o provide constructive feedback to the student on the plan of action
developed to achieve project goals

(3) to meet regularly with the student to review, evaluate, and discuss student
progress in order to maintain motivation and “product-oriented” behavior.

Which of these functions would you rank as most important?

m Q0 o 6]

Which one would you rank second?

m [ @ @& d

Fig. 10-2. Third part of the survey instruments, sent both to the advisees and to their advisors.

The third part of both survey instrumens (Fig. 10-2) consisted of two
questions concerning the major functions of the faculty supervisor, as de-
fined by Brown (1968).

Before raailing them, both survey instruments were identified by three-
digit numbers, which allowed us eventually to match each student’s responses
to those of his or her advisor. In the cover letter we sent with the survey
instruments, we assured students and faculty advisors that their identity we uid
never be revealed to anyone, in other words that our analysis of the data
and our reporting of the results would be strictly name-blind.

Students List

Sixty-six institutions in the USA and Canada currently offer graduate
degrees in soil science. A request was made to all of them, in early 1992,
for a list of their M.S. and Ph.D. students in this field, along with informa-
tion on these student’s gender, nationality, and degree program, as well as
on the name of their advisor. All institutions except five responded to this
initial survey, providing data on a total of 1280 students. Summary statistics
for this preliminary part of the research are available in Baveye and Ver-
meylen (1993).

In this initial list of 1280 students, but at the exclusion of the Cornell
graduate students, three hundred names (i.e., 23.4%) were sclected randomly,
using a random number generator, undzr the constraint that no two students
in the short list would have the same graduate advisor. In practice, when
a violation of this requirement occurred, the name of the second student
chosen was discarded and the random selection process was repeated one
more time. The random nature of the sampling as well as the relatively large
size of the sample, compared with the total population, insured the absence

!
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Supervisor's response

Fig. 10-3. Schematic illustration of the three regions
used in the analysis of differences in perception
Student's response between advisees and advisors.

of significant bias. Indeed, the composition of the sample of 300 students
closely approximated that of the total population (comparison in Baveye &
Vermeylen, 1993).

Method of Analysis

In order to identify possible diverzences of perception between faculty
supervisor and student, a graph like that of Fig. 10-3 was plotted for each
one of the first 33 statements of the survey instruments. These graphs were
then divided into three regions. A point falling in Region B means that the
response of the advisor and of the student differed by at most two units on
the Likert scale, suggesting a reasonable concordance of views. In Regions
A and C, the differences are strictly larger than two and indicate a nonnegligi-
ble divergence of perception.

Which one of Region A or C was retained in the final analysis of the
data varied from statement to statement. For most of the positively-worded
statements, the points in Region A were retained because they were the only
ones that were considered to have the potential to lead to conflicts. On the
other hand, for these same statements, the points in Region C have proba-
bly little negative impact on the advisor-advisee relationship. This situation
was of course reversed in the cases of the negatively-worded statements (no.
7 and 24) or of the statements inviting low responses on the Likert scale (no.
20 and 22). There, Region C was retained instead. In two cases (no. 8 and
14), both Regions A and C were retained because both were considered to
have the potential to lead to misunderstandings between advisor and student.
For example, for statement no. 14, severe miscommunication would occur
if the advisor considers that he or she pays a lot of attention to the student
as a person, while the student feels that his or her advisor could not care
less. On the other hand, there is a risk of perceived intrusion if the advisor
considers that he or she pays little attention to the student’s life, while the
student feels exactly the oppasite.

For cach statement in the first part of the survey instruments, the final
result of the above analysis was expressed as the percentage of critical points
(in Region A or Region C, or in Regions A and C) ccmpared with the total
number of data points for that statement.
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Other statistical analyses, like the Pearson correlation analysis, were also
carried out on the data. Further details on the methods used and on the results
obtained are provided in Baveye and Vermeylen (1993).

RESULTS AND DISCUSSION

The average rate of return of the students’ survey instruments was 55%,
while that for the faculty supervisors was significantly higher, at 72%. Vari-
ous reasons for this difference are analyzed by Baveye and Vermeylen (1993).
They include the much higher mobility of the students as well as the fact
that some departments do not seem to update their students lists on a regu-
lar basis. In 139 cases, survey instruments were completed and returned by
both the student and his or her advisor. Elimination of pairs where, for var-
ious reasons (e.g., low proficiency in English, minimal interaction between
official advisor and student), the responses were not considered very relia-
ble, reduced the sample number to 128. The composition of the student body
in this pool was reasonably similar to that of the total population (Table
10-1). Except for Group 1, all the female groups were more represented in
the sample than they were in the general population. This translates into a
gender bias of 5.3% in favor of the female students. In comparison, the na-
tionality and degree biases were very small; the first was only 0.6% in favor
of the foreign students, while the second amounted to 1.5%, in favor of the
M.S. students.

On a number of the forms, comments had been written in the margin,
indicating that some of the statements had been considered ambiguous or
unclear. Whenever this was the case, the responses to the particular state-
ment in question were not entered in our database, to avoid any confusion.

With respect to the major functions of the faculty supervisor, as de -
fined by Brown (1968) (Fig. 10-2), there is a remarkable similarity of views
among advisors and students. In both populations, slightiy more than one-
half of the respondents chose Function 2 (Fig. 10-2) as the most important

Table 10-1. Composition of the sample and of the total population of soil science gradu-
ate students. (Nationals are defined as Canadians in Canada and U.S. citizens in U.S.
institutions).

Soil science students
Group Description population Sample

Female, national, M.S. . 7.0
Female, foreign, M.S. 3. 8.6
Male, national, M.S. . 25.8
Male, foreign. M.S. . 8.6
Female, national, Ph.D). 5.6 9.4
Female, foreign, Ph.D. . 5.5
Male. national. Ph.D. " 18.0
Male, foreign. Ph.D. . 17.2
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function, with =40% choosing Function 3 instead. The responses of the ad-
visors and of the students were not significantly different.

The results of the analysis by regions have already been provided earli-
er. In the list of 33 statements in the previous section, we have written next
to each statement the percentage of responses that suggested a strong diver-
gence of perception between advisee and advisor.

Since the statements were classified according to 10 general factors, one
way to analyze these percentage data would be to calculate their mean for
each factor and to rank these means. In this case, career preparation would
come ahead (with a mean of 26.4% of disagreements), followed by interper-
sonal rapport (23%) and respect for students (17%). Surprisingly, supervi-
sor accessibil 'ty is at the bottom of the pack, with only 9.5% of disagreements.
As informative as this quick analysis may be, it is, however, limited by the
fact that, as we have already mentioned earlier, the factors used above to
classify the 33 statements are to a large extent arbitrary.

A better approach consists of analyzing individually the statements with
the highest percentages of disagreements. The five statements with the highest
percentages of apparent disagreements are:

8. The advisor decides in detail what is to be done in the research and
how it is to be done. 30.9%
32. The advisor is concerned about preparing the student for all aspects
of the student’s future career, not just for the research. 29.8%
14. The advisor pays attention to other aspects of the student’s life be-
sides the student’s studies. 28.7%
13. The advisor helps the student to make contacts that could be useful
for the student’s career. 27.3%
22. In publications and talks, the advisor takes personal credit {or the
student’s work. 22.9%

As with any survey instrument, part of the disagreements may stem from
the way the statements are worded. One should therefore interpret these
results with caution. Nevertheless, the disagreements are in some cases SO
severe, with a 7 mark for the advisor and a 1 for the student, or vice-versa,
that it is hard to imagine that they could be ascribed entirely to a problem
of semantics. While the actual numbers should probably be taken with a grain
of salt, the above percentages suggest that the aspects of the advisor-advisee
relationship addressed by these five statements should be the object of a
special effort of communication.

In the five statements above, it is interesting to note that two (no. 32
and 13) deal specifically with preparing the students for their future career.
io some extent this may be a reflection of the current economic crisis; the
bleak job market makes students somewhat nervous about their future em-
ployment, after they leave the university. They feel apparcently that their ad-
visors arc not doing sufficiently to address their concerns in this respect.

Almost 23% of the studics surveyed disagreed, sometimes strongly, with
their advisor concerning the level of personal credit the latter takes for the
student’s work (statement no. 22). This difficult question of ownership of
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Fig. 10-4. Distribution of the number of apparent disagreements per student, based on the stu-
dents' and advisors’ responses to the 33 paired statements of the survey instrument.

the results of the graduate research has been addressed in the past by a num-
ber of authors (e.g., Bargar & Duncan, 1982). They suggest that in practice
ownership of the research often is shared. It is therefore as unrealistic for
the student as it is for his or her advisor to claim all the credit, as tempting
as it may be for either of them to do so. The above result suggests that in
close to 25% of the cases, advisees and advisors have not reached any kind
of consensus on their respective level of ownership of the research outputs.

A possible criticism of the above percentages is that they are perhaps
the result of a fraction of the students having a very conflictual relationship
with their advisors, while the vast majority of the students have no commu-
nication problems whatsoever. If we plot the number of apparent disagree-
ments per student (Fig. 10-4), it appears however that the students having
a large number of apparent disagreements with their advisor are a small
minority. At the other end of the spectrum, the students with absolutely no
apparent disagreements with their advisors are also in a minority (at 13%).
The majority of the students have a small (< 5) number of disagreements.
The latter, " first analysis, do not seem correlated with gender, nationality
or degree program (further details in Baveye & Vermeylen, 1993).

The above analysis suggests clearly a number of areas where there is
room for improvement in the communication between advisees and advi-
sors. On the basis of these results, one would expect that, in the satisfaction
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Fig. 10-5. Distribution of students’ responses to question no. 34: How satisfactory do you find
faculty supervision?. The level of satisfaction ranges from very unsatisfactory (1) to very satis-
factory (7). All available students’ responses were used to establish this diagram.

part of our survey, the students would appear dissatisfied or at least some-
what dissatisfied with the relationship they have with their advisor, and vice-
versa. In fact, it is surprising to find that the opposite is much closer to the
truth. In a vast majority of the cases (Fig. 10-5), students declared them-
selves satisfied and, for 30% of them, very satisfied with their advisor’s su-
pervision. At the same time, the advisors were in general very pleased by
their relationship with their students and with the latter’s performance. For
example, in response to the statement nc. 37 (Fig. 10-2), 42% of the faculty
supervisors found very satisfactory the level of independence of their stu-
dents (Fig. 10-6). Similar results were obtained for all other statements in
the second part of the survey instruments. These observations, however, have
to be taken with caution at this stage. Further analyses (reported in Baveye
& Vermeylen, 1993) are needed to assess whether this euphoric outlook is
real or only apparent.
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ABSTRACT

A questionnaire was mailed to 216 current and former graduate students who
had received or were pursuing degrees in soil and crop sciences from five U.S. univer-
sities. The objective of the questionnaire was to obtain an expression of opinion on
pertinent issues refated to graduate and continuing education from current and former
students from developing countries. The questionnaire was divided into four sections,
namely, purpose and support, background, graduate program, and follow-up.
Responses were received from 127 people from 49 countries. Most of the respon-
dents were satisfied with their classes and thesis research training. From the ques-
tions and the narrative comments it was apparent that they would have profitea ‘rom
a broader experience in the USA. Better exposure to the Land Grant University sys-
tem of teaching, research, and extension is needed. Few had training or experience
in communicating with farmers and almost vne-half said they had no exposure to
practicat U.S. agriculture. Some thought that training or additional experience in class-
room teaching would have been desirable. ~ number thought that they would have
profited from working with their advisor and in the department in a leadership role
so that they could apply that experience in their home country. After returning to
their home country they felt closer contact with U.S. universities would be extremely
helpful. Sabbaticals, visits to the USA, exchange visits to their country by U.S. scien-
tists, attendance at internatiornai meetings, newsletters, and exchange of reprints were
suggested. Clearly, U.S. university faculty need to be alert for opportunities to broaden
student experience while in the USA and to continue contact with the degree recipients
after they have returned home.

Meeting the needs of a quality graduate education for agronomic students
from both developing and developed nations has long been a challenge for
U.S. universities. While training procedures in basic science, research and
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teaching are fundamentally the same for all students, the backgrounds of
students from the developing countries, and future application of their train-
ing are often quite different when compared with students from developed
countries. In agronomy, a natural resource profession, agroecological differ-
ences among regions of the world. as well as social, cultural, and political
differences make application of information to solve human and environ-
mental concerns extremely complex.

Many questions have arisen over the years as to how graduate programs
in agronomy should be structured to meet the needs of international students.
One group of concerns includes the degree to which trainipg in basic vs. ap-
plied science, use of expensive equipment vs. practical equipment, field vs.
laboratory research, and research vs. teaching should be emphasized. In decid-
ing what emphasis should be given to an individual student or to a graduate
program, one should consider the needs of the country or geographical region
in which the scientist is going to work.

A number of studies have addressed the educational needs of students
from developing countries, both at the graduate and undergraduate levels
(Williams et al., 1963; Lee et al., 1981; Arnon, 1989a, b; Caddel, 1991). While
educators’ experiences and thoughts have most often been reported, some
have also included results of student surveys (Lee et al., 1981); however, none
of the surveys to our knowledge, have been solely concerned with the need
of graduate education for students in soils and crops.

QUESTIONNAIRE

To help us in analyzing the educational needs of graduate students from
developing countries, we designed a questionnaire for current and former
students from developing countries to obtain an expression of their opinion
on pertinent issues related to graduate and continuing education. The issues
included in the questionnaire were based on the authors’ experience with in-
ternational students and graduate programs. Because of time limitations be-
tween the invitation and manuscript due dates, the questionnaire was
purposely brief to ensure a good return rate. The questionnaire was sent to
216 individuals from 49 countries, all of whom were students or former stu-
dents in soil and crop sciences at the Univesity of Minnesota, Cornell Univer-
sity, North Carolina State University, Texas A&M University, and the
University of Hawaii.

The questionnaire was divided into four sections: A. purpose and sup-
port {2 questions); B. background (6 questions); C. graduate program (15
questions); and D. follow-up (5 questions). In addition, a request was made
for narrative opinions and suggestions as to how graduate programs could
be improved.

Responses to the questionnaire were received from 127 individuals (59%).
All questions were completed by most respondents, and 57% offered writ-
ten suggestions. Table 11-1 summarizes the number of questionnaire respon-
dents from different areas of the world; there was a good global distribution.
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Table 11-1. Number of questionnaire respondents from areas of the world.t

Currently in graduate Have received a

Geographic area degree program graduate degree Total
Africa 7 20 27
Asia 8 13 21
Pacific, Australia

New Zealand 0 4 4
Europe 9 4 13
Central and South America 14 28 42
North America

(Canada, Mexico} 5 6 11
Southeast Asia 1 8 9

Total 44 83 127

+ Tf the student had received a M.S. degree from a U.S. institution and was now working

on a Ph.D., the student was counted as being a current student.

The responses to the questionnaire were not compared by areas or degree
status because the numbers did not represent an adequate statistical sample.
A cursory examination of the responses, however, suggested no major differ-

ences betweern regions or degree status.

Table 11-2 presents a profile of the respondents broken down into crop
and soil scientists and current and former students. A total of 53.4% were
soil scientists and 46.5% were crop scientists. Thirty-two percent were cur-
rent students and 68% were former students. Of the former students, 50.8%
of the total’s terminal degree were a Ph.D. and 17.0% were a M.S. degree.
Most of the current students are working toward a Ph.D. degree.

Table 11-2. Profile of questionnaire respondents.

Clagsification Percent
Soils
Current students working on: M.S. 2.5
Ph.D. 11.9
Total 14.4
Past students receiving: M.S. 6.8
Ph.D. _32.2
Total 39.0
Crops
Current students working on: ~ M.S. 3.4
Ph.D. 14.4
Total 178
Past students receiving: M.S. 10.2
Ph.D. 18.6
Total 28.8
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RESULTS AND DISCUSSION

The results of the questionnaire, our interpretation, and discussion fol-
low in the order of the sections of the questionnaire. Each section first sum-
marizes the results of the questionnaire and then presents the authors’
interpretations and comments (interpretation). The questionnaire and a tabu-
lation of the results are given in Appendix |.

Purpose and Support

Results and Questionnaire

The purpose of Question 1 (Q1) was to test whether the student’s primary
interest initially was to be a problem solver in his or her home country or
his or her aim was to become a scientist or teacher who could compete on
the international market.

Sixty percent of the respondents considered that their pursuit for an ad-
vanced degree in a foreign country was to enhance their skills as a scientist
or teacher; 33% to learn skills to better tackle agricultural problems in their
home country.

Funding support for students (Q2) was predominantly fron either the

employer in their home country (26%) or the host institution in the US
(44%). :

Interpretation

Because the responses were not exclusive of each other, we interpret the
answers to Q1 to indicate that students want to be able to compete as an
international scientist, while also helping to solve the problems of their home
country,

We did not try to determine the sources of support provided by the host
institution that funded their education; the original source of funds for many
may have been a government agency such as USAID.

Background

Results of Questionnaire

The objective of this section (Q3-8) was to obtain an expression of the
proportion of students who felt handicapped at the start of their graduatce
study because of inadequate command of the English language or scientific
background.

Most of the respondents (88%) did not have English as a native lan-
guage. Fifty-four percent had language training before starting graduate work
in the USA. Most of the respondents met all English requirements (70%),
and were not required to take additional English training after entering gradu-
ate school in the USA. Understanding English in classes or communicating
with faculty was either a minor problem or not a problem from the outsct
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(90%); however, 10% indicated communicating in English was a major
problem. A large majority of the students felt that they had an adequate
background in basic sciences (91%) and in crop or soil sciences (81%). In
the .arrative responses, a number recommended a light classroom schedule
be taken during the initial months so that more time would be available to
improve their English and to become oriented and adjusted to the institu-
tional and cultural environment.

Interpretation

Our experience is that communicating in English is less frequently a
major handicap than it was a few decades ago, however, to a few students
it is still a severe problem. Faculty should be alert to the need for additional
formal training in English as well as the need for language practice with other
students and faculty. S.rting graduate work without an adequate knowledge
of English can be traumatic. A few respondents felt that American profes-
sors should have more familiarity or appreciation of laniguages other than
English.

It is sometimes difficult to determine accurately a student’s adeptness
in basic science because of difficulty in interpreting the curriculum from their
home country. While our survey was not extensive enough to quantify the
data by countries or sections of the world, our experience is that there are
differences. In case of doubt, advisors should query or test the student’s skills
and suggest remedial classes, if necessary.

Graduate Program

This section consists of 15 questions. They can be grouped into the fol-
lowing interrelated categories: experience and preparation at the start of their
graduate education (Q9-10), quality of their research experience (Q11-15),
research location (Q16-18), other experiences (Q19-23). Since some of the
questions may have implications to more than one aspect of graduate pro-

gram, our commentaries have not always been limited to the categories under
discussion.

Experience and Preparation

Results of Questionnaire. 1n Q9, we queried the respondents as to their
experiences when they first started graduate school. Our hypothesis was that
11.S. faculty could provide additional help when the students first arrive.
About one-half of the respondents indicated they were not given sufficient
orientation to U.S. graduate educational programs. Improved counseling by
their advisors could have mitigated the problem greatly.

In the narrative, some respondents felt that U.S. university faculty could
do more to help the international students get settled when they first arrive
in the USA. Housing, shopping, local customs, language, schools for chil-
dren, local transportation, and other important concerns were mentioned.
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Faculty committees, student committees, peer mentoring groups, written
material, and group orientation sessions could help.

The U.S. graduate programs generally have more emphasis on formal
classroom training with less time for thesis research then European universi-
ties. In Q10, we queried the respondents as to their perception on the balance
between classes and research. Although a majority of respondents felt that
the balance between formal classes and thesis research in the U.S. university
they attended was about right (69%), 23% thought that more emphasis should
be placed on thesis research, and only 6% thought more emphasis should
be placed on class work.

A common narrative suggestion was that classes, colloquia, and discus-
sions on international and tropical agriculture should be incorporated into
the U.S. curriculum. This suggestion offers benefit to both U.S. and inter-

national students, who learn from one another as they contribute to lectures
and discussions.

Interpretation. Graduate students from developing countries are often
required to make major adjustments when entering graduate school in the
USA. The socioeconomic conditions, educational system, differences between
undergraduate and graduate training as well as language often require major
ad)ustments Perhaps our emphasns on synthesis rather than rote learning
is most different. Our experience has been that students often do not know
what is expected of them when first entering graduate school.

We agree with the respondents that the balance between class and thesis
time is about right, although the balance may vary with the student. Some
foreign Ph.D. students come to the USA with considerable research ex-
perience. Their need may be greatest in formal classes.

Many U.S. professors need more familiarity with the culture an~ gricul-
ture of developing nations. The ecosystems of the nations ~ .uch the
students came were often tropical with both dry and humia ...mnates. Land-
scapes were often characterized by steep slopes. Crops from these regions
are different with a wider variety of species requiring different nutritional
and cultural practices than in the USA. Field units are sometimes small and
are tilled with implements that are powered by small tractors, animals, or
humans. Farming practices, such as intercropping, fertilization, and residue
management are often very different. First hand experience with these con-
ditions would aid materially in selection of more appropriate thesis research
projects and examples for classroom discussion. An appreciation of the cul-
ture of the developing nation by Americans makes the student feel more at
ease and offers a rich background for discussion. As they should be, stu-
dents are proud of their native culture. We are supportive of this suggestion
made in the narrative comments that each international student be given an
opportunity to present a seminar on his or her home country during their
first year in the USA.

After returning home, many students from developing countries were
placed in responsible positions and were required to develop broad research
or teaching programs. Caddel (1991) suggests that the U.S. land grant sys-
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tem of teaching-research-extension partnership works well, but is often not
understood by international students. A number of respondents felt that stu-
dents should be given more opportunities to participate in the planning and
conducting of their advisor’s or department’s programs so that they could
carry out these responsibilities in their home countries. This can be an im-
portant learning experience that is often overlooked. How to plan a multi-
year program, how to secure and allocate resources, and how to prepare
research grant proposals and user reports are a few of the items that many
students are faced with when starting a career position.

Research Experience

Results of Questionnaire. The purpose of Q11 through Q14 was to de-
termine the respondents’ feelings about the quality of thesis research coun-
seling and to explore their thoughts on selection of a research topic. Most
students felt counseling by their advisor in choosing classes, thesis topic, con-
ducting research, and in writing a thesis was adequate; however, = 36% felt
counseling in preparing for preliminary exams was insufficient (Q11). Stu-
dents seemed to feel that the approach to their research needed to be both
basic and applied, and that both are important to their education as well
as to the welfare of their country (Q13-14). Students did feel technological
differences (equipment, instrumentation, and facilities) should be considered
(Q195). In choosing a graduate school, students were somewhat divided as
to whether agroecological differences between regions of the USA and their
home country were important (Q16).

Interpretation. Occasionally, U.S. universities are criticized for having
foreign students work on basic research requiring the use of sophisticated
equipment, when the need in their home countries is for applied research
that can have a more immediate impact. While individual cases vary greatly,
students from developing countries should obtain experience in solving cur-
rent problems, and their thesis research should attack applied problems in
a fundamental way. Basic understanding of research necessary to soive an
applied problem should be emphasized, but the research should be carried
through to fulfill a practical need.

A few students commented in the narrative that students should select
universities located in similar agroecological situations. On the other hand,
the perceived quality of the university in the student’s area of interest and
the reputation of the advisor were often the overriding consideration. If
special curricula are wanted, obviously a school with that specialty should
be sought.

Research Location

Results of Questionnaire. We asked the respondents in Q16 through Q18
about the importance of being at the same location as their advisor during
the (i) planning, (ii) data gathering, (iii) interpretation, and (iv) writing stages
(Table 11-3). Students felt strongly that they must have close contact with
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Table 11-3. Importance of the student being at the same location as their advisor dur-
ing four stages of theses research.

Very Moderately Not very
Stage important important important

% of respondents
Planning 9
Data gathering 48
Interpretation 217
Writing 40

their advisor during the planning stage (91 %, very important). During the
data gathering state, 23% said very important, and 48% said moderately im-
portant. Seventy-one percent indicated it was very important to be with their
advisor during the interpretation stage and 97% felt it very important or
moderately important to be at the same l