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Abstract

The continual improvement of higher education is a concern for anyone who believes that students
should be completing their higher education experience with a well-developed ability to think critically at
higher levels of cognition. While research has been conducted that assesses the role of teacher behaviors
and characteristics and instructional methods in the development of students cognitive ability, little has
been done regarding the types and the cognitive design of the academic challenges, written work assigned
as an extension of lecture, provided to students.

The focus of this study was to use Bloom's Taxonomy to examine the academic challenges provided
to students. Specifically the researchers sought to assess how students were being cognitively challenged
and how students were being rewarded in the grading scheme for higher cognitive academic challenges.

The results of the cognitive analyses varied by course and by type of academic challenge. The
observed variation provides examples of the range of possibilities for using academic challenges. Because
of differencesin the content and structure of the courses, comparisons between the courses should not be
made except to provide examples of the different ways to structure academic challenges and the different
types of academic challenges that can be provided

Introduction and Theoretical Framework chdlenged to learn) is a key component of the
education process. The National Center for
One of the gods edablished by The Postsecondary Teaching, Learning and Assessment
National Education Gods Pand was that, “The reported that “Sudents classroom experiences
proportion of college graduates who demonstrate have the mogt impact on creding intelectud
an advanced ability to think critically, curiogty” (Racliff, 1995 p. 8). These “classroom
communicate effectively and solve problems will experiences’ include both the professors teaching
increase subgtantialy” (1991, p. 5). To meet this and modeling and the academic challenges
goal, professors must place greater emphasis on provided a a pat of ther course |If
the development of students permanent thinking undergraduate students are to develop their ability
skills and go beyond the learning of facts, theories, to think a higher levels of cognition, they must be
and information. Undergraduate ingtruction should chalenged to do so by both professors in-class
focus not only on providing students the content indructional techniques, and by the academic
knowledge of their chosen disciplineg, but dso on chalenges provided throughout the course.
fecilitating the development of dudents critica
thinking sills Studies have examined faculty teaching
characterigics and indructiond methods with
How dudents learn (i.e, how they are regpect to critica thinking skills and opportunities
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provided by professors for students to engage in
higher order thinking (Bowman & Whittington,
1994; Pickford & Newcomb, 1989; Whittington,
1995; Whittington & Newcomb, 1993). Additiona
Sudies have shown that effective use of academic
chdlenges can increese dudent achievement
(Foyle & Baily, 1985; Ziegler, 1986) and can
contribute to challenging both students
progresson through the thought processes and
ther devdopment of thinking skills (Cooper,
1989; Meyers, 1986; Terenzini, Springer,
Pascardlla & Nora, 1995). However, there are few
dudies which have examined the cognitive level of
academic chdlenges or which provide a system for
assessing academic chdlenges (eg. Newcomb &
Trefz, 1987; Pickford & Newcomb, 1989; Ratdliff,
Jones, Guthrie & Oehler, 1991). Because
academic  chdlenges  represent additiona

opportunities for learning and the development of
thinking skills, it is important that they are
included in the search for ways to improve
undergraduate education.

One of the mog frequently cited and
applied sysdems for categorizing cognitive
proceses has been the cdlasdfication system
proposed by Bloom et d. in the Taxonomv of
Educational Objectives, Handbook I: Cognitive
Domain (1956). This taxonomy identifies Sx
hierarchicd levels of thinking based on the type of
cognitive processes required to complete the
objective or answer the question. It is important to
note that the cognitive levds are cumulative in
gructure as each leve integrates and builds upon
the cognitive ectivities of the levds bdow it,
implying a type of sequence, or a hierarchy, to the
levels of thinking. The Sx levds ae

Knowledge - Involves the recal of specific
facts and theories, methods and processes. This
levd empheszes remembering learned materid
(Bloom, 1956). Common action terms include: ligt,
define, label, match, and designate who, what and
when.
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Comprehenson - Represents the lowest
level of underganding. The individud knows the
information which is being communicated and can
meke use of the materid without rdaing it to
other information or seeing its fulles implications
(Bloom, 1956). Common action terms include:
explain, pargphrase, summarize, rewrite, and give
examples.

Application - Focuses on having students
apply what has been learned to different Stuations
and learning tasks, requiring sSudents to use
information that they know and understand
(Bloom, 1956). Common action terms include:
compute, demondirate, use, predict, discover, and
solve.

Andyss - Involves bresking down the
information or dtuations and separding them into
their component parts, focusing on the
relationships of these parts with each other and
with the whole gtructure (Bloom, 1956). Common
action terms include differentiate, discriminate,
rlate, diagram, and distinguish.

Synthes's - Focuses on the combination of
learned elements and parts to form a new whole.
This includes working with pieces and dements
and arranging them so as to creste a new form,
pattern or dructure of the information (Bloom,
1956). Common action terms include creste,
compose, produce, and develop.

Evduaion - Involves making judgments
about the value of materia and methods for given
purposes. Judgments are made based on standards
or criteria, either established by and provided for
the sudent or those determined by the Student
(Bloom, 1956). Common action terms include:
judtify, compare, contrast, evaluate, and interpret.

The first two levels, knowledge and
comprehenson are typicdly referred to as lower
order thinking and the four highest levels
(application, andyds, synthess, and evauation)
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represent higher order thinking as they involve
more complex cognitive processng. Although
Bloom's Taxonomy is recognized as not being
perfect (Furst, 1980), it has been widdly accepted
and used by many educators and researchers.

Purpose and Objectives

The purpose of this study was to use
Bloom's Taxonomy to assess the cognitive level of
academic challenges that were incorporated into
sected courses offered within the College of
Agricultura Sciences a the Pennsylvania State
Univergty. The following objectives guided the

study:

L To describe the various types of academic
chdlenges and the frequency with which
each type was used in College of
Agriculturd  Sciences courses.

2. To determine the cognitive level a which
the students were chalenged to think for
each academic challenge.

3. To examine the cognitive levels of
academic chdlenges, and assess their vaue
to the students find grade.

Procedure

Eleven faculty members from nine
departments/schools within the College of
Agriculturd  Sciences  (agriculturd  economics,
agricultural  education, agronomy, animad and
veterinary science, dairy science, entomology,
foredry, horticulture, and plant pathology)
participated in this project. Each participant
provided copies of every academic chdlenge used
in their course. The participating professors were
consulted when necessary, to provide
background/content information and to darify any
questions raised during the andyss.

The collected academic chalenges for each
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course were examined and categorized by type of
chdlenge. The resulting categories were: activities,
problem sets, written reports (individud and
group), presentations (individua and group),
laboratory tests, quizzes, midterms, and finds.

Each individua task, question, problem, or
action within dl of the academic chdlenges was
andyzed to determine the cognitive chdlenge it
provided to students. A data collection worksheet
was desgned to assst the researchers in the
andysis. In addition to space for recording data,
the worksheet contained descriptions for each of
the levds and a lig of action terms common to
that level, compiled from the reaed literature
(Bloom, et d., 1956; Newcomb, & Trefz, 1987,
Bowman & Whittington, 1995). A number
corresponding to one of the sx levels of Bloom's
Taxonomy (i.e, 1 = Knowledge, 2 =
Comprehension, 3 = Application, 4 = Analyss, 5
= Synthesis, and 6 = Evduation) was assgned.
The andyss was based on the highest levd that
Sudents would be cognitively chalenged in order
to answer the item.

In addition to the assessng the cognitive
level provided by each academic chdlenge, the
researchers aso caculated the degree to which the
chalenge related to the students course grade.
This caculaion was based on the grade-weighting
informetion provided in esch course syllabus
(which detailled the vaue of dl the academic
chalenges provided to the students find grades).

The reaulting cognitive andyds describes
the portion of each cognitive leve induded in the
academic chdlenge. For example, a problem set
may have a cognitive distribution of 0%
knowledge, 7.1% comprehension, 71.4%
application, 7.1% andyss, 0% synthess and
14.4% evauation. In other words, 7.1% of this
example was written to chalenge students a the
lower cognitive levels while 92.9% chalenged the
dudents at the higher cognitive levels. To obtan
the gradeweghted cognitive didribution, the
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initiad cognitive didribution for each academic

chdlenge was multiplied by its vdue to the .

dudents find grade.
Results

Tvpes of Academic Chalenges Provided

As can be seen in Table 1, there was a
wide range of both the totd number of academic
chdlenges and the number of different types of
academic chdlenges provided to students. The
total number of academic chdlenges ranged from
6to 29withameen of 13.

The number of different types of chdlenges
provided dso varied (i.e., 3 activities, 2 midterms,
and 1 fina exam). On the low end, two professors
utilized 3 different types of chdlenges The
grestest number of different academic chalenges
(6) was provided by four professors (i.e., 2 written
group reports, 1 group presentation, and 1 fina
exam). The mean number of different types of
academic challenges provided by professors was
4.6.

Cognitive Didribution

The mean cognitive didribution for dl of
the courses by academic chalenge category was.
10.7% at the knowledge level, 17.7%
comprehenson, 22.3% application, 15.8%
andyss, 16.7% synthess and 16.4% evauation.
Overdl, the academic chdlenges were written
284% at the lower cognitive levels while 71.6%
of the items chdlenged Students a the higher
cognitive levels,

The grade-weighted cognitive distribution
was also calculated by academic challenge
category. Activities and problem sets were worth
4.8% of student’s find grade; written reports, and
presentations were worth 34.5% of the fina grade;
and quizzes, laboratory tests, midterms and finas
were worth 60.7% of the find grade.
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Conclusions

Types of Academic Chdlenges

Research has shown tha providing a
vaiety of learning chalenges is a podtive sep
toward addressing the needs of sudents with
different learning dyles (Raven, 1993). Overdl,
the professors involved in this study provided a

vaiety of both type and number of academic
chdlenges (Table 1).

The mean of 4.6 types of academic
chalenges provided per course, indicates that the
professors were providing severd different types
of chalenges for students. The actud number of
challenges per course (mean of 13.2) indicates that
multiple challenges of the same type were
frequently provided. The most frequently utilized
types of academic chdlenges were activities,
individua written reports, midterm exams, and
find exams The types of academic chdlenges
utilized the least were lab tests and individud
presentations.

The variety of types of academic
challenges used across the different courses may
be attributed to differences in course content,
curricular demand, teaching methodologies, course
educational objectives, and the professors’
personad experience in teaching the course
Currently, there are no standards or guides for
professors to use when determining the types and
number of academic chdlenges to provide in a
course. The courses in this study as a whole
though, provide examples of the range of posshble
combinations of academic challenges.

Vdue of Academic Chdlenges to Students Find
Grade

The contribution of an academic chalenge
to sudents find grade depends on how the
professor decides to structure the course.
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Table 1.

Academic Challenges Provided by Course

Courses |
AC Categories A B C D E F G H I J K

Activities 1 2 1 7 6 19 3
Problem sets 5 14 1 1
Written reports, ind. 4 4 10 1 1 1 4 4
Written reports, grp. 2 7 1 2 1
Presentations, ind. 4
Presentations, grp. 1 1 1
Quizzes 3 3 2 3
Laboratory test 1
Midterm exams 1 2 1 2 1 2
Final exam 1 1 1 1 1 1
# of AC provided 9 12 17 7 15 21 9 13 29

mean = 13.2
# of categories used 6 4 4 4 6 6 3 4 6 3

mean = 4.6

Traditiondly, more weght has been given to
midterm and find exams than any other type of
academic  challenge.  Although the courses
examined in this sudy used a variety of grading
schemes, find exams and midterms made the
largest contribution to dSudents find grades
(means of 24.5% and 17.2%, respectively). This
was followed closdly by the four courses in which
the group presentations were worth a mean of
16.6% of students final grade.

In addition to the differences in how the
categories of academic challenges contributed to
gudents find grade, there were differences within
the academic chalenge categories themselves. For
example, in course |, students were challenged to
write four individua written reports. The vaues of
each of the four reports were 2.7%, 4%, 12.8%
and 20.2% (not in the order assgned to the
sudents) for a totd of 39.7% of students find
grade. The differences in the vaue of the reports
to the dudents find grade were a result of the
emphass the professor placed on the individua
assgnments. This paitern of different grade vaues
can be seen throughout al of the courses and dl of
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the academic chalenge categories.

Examining the vaue of the academic
chdlenges to dudents find grade reveded the
different reward structures for the courses, It is a
common practice for professors to weight certain
academic chalenges more than other chalenges in
determining students  find grades. While the grade
vaues of the academic chdlenges are interesting
and vauable, they become more so when they are
combined with the corresponding andyss of the
cognitive chdlenge.

Coagnitive Levd of Academic Chdlenges

The cognitive analysis by academic
chdlenge type reveded the differences between
the categories in the cognitive level reached. While
there were fluctuations within the categories,
certain types of chalenges tended to be written to
chdlenge students more a the higher cognitive
levels than other types.

On average, the individud presentations,
quizzes, midterm exams, and finad exams tended to
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emphasize lower cognitive challenges for students.

This emphass on the lower cognitive levels of .

knowledge and comprehensionin tests and quizzes
is gmilar to the findings of Newcomb and Trefz
(1987). However, within each of these categories,
there are examples of challenges that were written
to emphasize the higher cognitive leves.

The other academic chdlenge categories
(activities, problem sats, individud and group
written reports, group presentations, and
laboratory tests) tended to be written to emphasize
the higher cognitive levels. Problem sats placed the
grestest emphasis on the higher cognitive leves (a
mean of 97.2%). Based on the cognitive anayss,
it appears that these non-exam types of academic
chalenges, by their nature, are more conducive to
chdlenging sudents a the higher cognitive levels
of gpplication, andyss, synthess and evaudtion.

The cognitive analyss by course provided
information on where the cognitive emphass was
placed within each course. However, because of
differences in the content and dtructure of the
courses, comparisons between the courses should
not be made except to provide examples of the
possible ways to structure academic challenges
and the different types of academic chalenges that
can be provided.

Leve of Chdlenge and Vdue to Grade

Idedly, the grading Structure of a course
should place more emphass on the academic
chdlenges tha are written a the higher cognitive
levels. The examination of the types of academic
chdlenges did lean toward rewarding students
more for completing academic chalenges written
a the higher cognitive levels and less for lower
cognitive work, but not entirely.

Ovedl, the individud and group written
reports, the group presentations and the laboratory
tests were written with an emphags on the higher
cognitive levels and when combined, they were
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worth a totd of 45.6% of students fina grades
(7%, 7%, 16.6% and 15%, respectively). Quizzes
and individua presentations tended to emphasize
the lower cognitive levels and were worth a tota
of 7.9% of sudents find grades (4% and 3.9%,

respectively).

However several types of academic
challenges were counter to the ided. As was noted
previoudy, the midterm exams and find exams
tended to emphasize the lower cognitive levels but
they were worth 4 1.7% of students find grades
(17.2% and 24.5%, respectivey). Activities and
problem sets were worth a total of 4.8% (3.5%
and 13%, respectively) although they were
written to emphasize the higher cognitive leves.
This paralels Pickford and Newcomb's study
(1989) which concluded that activities tended to
chalenge sudents more but were rewarded the
least.

The andyss by course showed smilar
fluctuations in the grade vaues of the academic
chalenges. Several courses rewarded students
more for the portion of academic chalenges
written at the higher cognitive levels. For example,
the academic chdlenges provided in Course H
emphasized the higher cognitive levels (a mean of
82.9% written a the higher cognitive levels) and
the course's grading structure was set such that
over 94% of the sudents grades came from the
work a the higher cognitive levels. Smilar grading
structures were observed in Courses B, E, F, I,
and J.

Conversdy, in Courses A, C, D, G, and K
the opposite occurred; students work at the lower
cognitive levels was worth more than ther initid
portion of the cognitive distribution. For example,
16% of the academic chalenges in Course G was
written a the lower cognitive levels, but that 16%
was worth 39.5% of the students find grades.
Much of the shift observed in Course G was due
to the weight of the quizzes, midterms, and the
find exam (these emphasized the lower cognitive
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levds but were worth a total of 80% of the
sudents fina grades).

Discussion

The results of the cognitive anadyses varied
by course and by type of academic chdlenge as
they should, given the variety of course subjects
included in the sudy. The observed variation
provides examples of the range of posshilities for
usng academic chdlenges. Research has shown
that well desgned academic chalenges can
contribute to the development of students
thinking skills (Terenzini, e a., 1995; Cooper,
1989). The question, however, is what makes an
academic chdlenge effective? Creeting effective
academic chdlenges involves 1) conscioudy
sdecting the type of academic chdlenge most
gopropriate for the lesson and materid; 2)
deliberatdy condructing the academic chdlenge
such that it requires students to think a the higher
cognitive levdls, and 3) creating a grading
dructure that rewards students for completing
work at the higher cognitive levels.

This study examined the academic
chdlenges written by deven college of agriculture
professors. The participating professors were
sdected by their depatment heads as “good”
teachers. As such, they may not be representative
of college of agriculture teaching or higher
education. Personal interviews with the
participants indicated that the professors spent
much time specificaly developing their curricula to
chdlenge the dudents to think and learn. The
participants dso indicated their dedre to improve
as teachers.

This assessment process is intended to
result in benchmark information which may assst
professors in evauding the cognitive leve of thar
academic chalenges, specificaly, how they are
written, and how they reward students. The study
provides an opportunity for professors to question
whether or not their academic chdlenges ae
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accomplishing what they are intending.

Recommendations for Educators

Criticdly examining the number and type
of academic chalenges included in each course
will assg professors in answering  important
questions. Do the academic chalenges contribute
to meeting the course's educationa objectives? |Is
there a combination of academic chdlenges that
would be more effective for facilitating the
development of dudents thinking ability?

Asssing the level of cognition & which
eech item and thus each academic chdlenge is
written will ad professors in making decisons
about the items included in the academic
chdlenge. Are the academic chalenges written at
the desired cognitive levels? CavShould they be
re-written to contribute more toward the
devdopment of gtudents thinking ability?

Examining the grading dructure of the
course can be indghtful for thinking about why
values are chosen. How are students being
rewarded for the work they are doing?
Can/Should the grading structure be adjusted to
revard students more for completing academic
chdlenges written a the higher cognitive levels?

Recommendations for Additiona Research

Is there a specific combination of types
and/or number of academic chalenges that would
be most effective for developing students' thinking
ability within a particular course?

Given the recognized importance of
developing students ability to think at the higher
cognitive leves and given the hierarchica nature
of Bloom’'s Taxonomy, is there a “best”
digribution of the Sx cognitive leves for writing
academic chdlenges?

Does rewarding students more for work
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completed at the higher cognitive levels encourage
the devdopment of thar thinking ability?

How do student variables (such as titude,
motivation, challenge acceptance) affect the
development of dudents thinking ability?

What interventions can be used to improve
how professors are writing academic chalenges to
increase the cognitive chdlenge to students?

Can this cognitive andys's process be used
as a tool for dealing professond teaching
activities and therefore be used in promotion and
tenure reviews?

Find Thoughts

Writing effective academic chalenges may
be more difficult than it appears. Most professors
dready have edablished course curricula and
academic chdlenges and change (if needed) is
frequently more difficult than the status quo. The
barriers noted by Bowman and Whittington (1994)
relative to the cognitive level of professors
discourse in the classsroom may aso be involved in
desgning effective academic chdlenges. These
bariers include: professors lack of knowledge
regarding  techniques for writing academic
chdlenges a higher cognitive leves, professors
lack of time to write or re-write their academic
chdlenges, and frudration and/or apprehension
asociated with making changes to established
curricula

To facilitate improvement, this study
establishes a framework that educators can use to
andyze ther academic chdlenges and to assess
whether or not they are chdlenging students at the
cognitive levels to which they aspire. It is hoped
that this framework will assst educaors to
improve thelr effectiveness a developing students
ability to think at the higher cognitive leves.
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