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Too often students leave their first statisticsreeuwith at best a fuzzy understanding of basic
statistical concepts and procedures. A disconcglyinhigh proportion cannot adequately
describe or perform a t-test, for example, whenngilsubsequent courses. This suggests that a
different approach to teaching and learning is res@ey, particularly for graduate students who
will need statistical tools in their research. Ratemorization of facts does not provide the
preparation requisite for graduate research. A domdivist approach in course design could
provide a learning environment in which studentsvendeyond lower level cognitive skill
development. Initial implementation of this apptwabas produced encouragingly positive
results.

INTRODUCTION
Constructivism in instructional design originatedm the work of Benjamin Bloom and
others (Bloom, 1981) and identifies levels of coigei development. Bloom’s taxonomy lists six
levels of cognitive skills:
* Knowledge
* Comprehension

* Application
* Analysis
* Synthesis

» Evaluation
In examining the hierarchy of cognitive skills, see that the skills needed by graduate
students are clearly the higher level skills. Tfanes a course appropriate for graduate students
must facilitate achieving mastery at the higheelsv
The constructivist view of learning is based oa finemise that learners construct their
own personal meaning out of a given educationalee&pce. This view seems particularly
relevant in educating graduate students to prontoge development of their own personal
paradigm for creative work. A broad spectrum ofthé@ag opportunities is heeded so that students
from diverse backgrounds and heading in differex@damic directions can construct his or her
personal meaning. Constructivist practice is charazed by complex learning environments,
authentic tasks, multiple representations of cantrared responsibility of learning, constructed
knowledge and student focused instruction (WoolfaB01). Constructivists further contend that
learning is social and embedded in a particulaucall setting (Cobb and Bowers, 1999).
Research from neuroscience in how the human breonepses information through
experience and reflection supports the constrgttivieory of educational design. For example,
Sousa (2001) and Zull (2002) show how the braimnedy making connections from prior
knowledge to new knowledge. Learning can be vieaga physical process of “constructing”
new connections within the neuronal network oflth&in. Additional references on constructivist
theory and the neuroscience of learning are prohvidéhe references.
The constructivist approach is consistent with imedrporates the principles of statistical
education recommended by Garfield (1995):
» Students learn by constructing knowledge
» Students learn by active involvement in learningvaes
e Students learn to do well what they practice doing
* Students learn better if they receive consistestifack
* Students learn to value what is assessed.
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COURSE DESIGN

We have implemented the constructivist approaatiesigning an introductory statistics
course for graduate students preparing for thesithor dissertation research. The students are all
non-statistics majors and come from academic disep spanning the social and physical
sciences. We have structured the course aroundrBda@axonomy, rich in learning experiences,
and set in the cultural context of scientific resba

For each topic area in the course, specific legraictivities are provided to the students
through which they can learn the course contentdgmdonstrate mastery of the cognitive skills at
each level of Bloom’s taxonomy:

* Quizzes are used to assess the students’ knowtédge vocabulary and facts of
statistical topics. The quizzes are taken in ckas$ can be repeated in lab at the
student’s election.

* The student’'s write a concept paper in memo forfoateach course topic to
show their comprehension. The students write tkemcept paper from the
viewpoint of how a statistical topic could be usadhis or her own academic
area.

* The students do homework exercises to demonstnaie ability to apply the
course material and they do mini-projects (handexgeriments) in lab to show
their analysis capabilities. A report on each expent is prepared by the
students using the research method as the outlirtad write up. The homework
and mini-projects are done in groups of two stusleach.

* To demonstrate they have synthesized the courserialainto a new and
personal whole, they take an essay exam at thefetidk course. The essay is a
description of the personal research paradigm saatent has developed during
the course.

» Each student demonstrates his or her evaluatidis ¢k submitting a written
evaluation of a research paper from his or her fogld of study.

The relationship between the learning activity #mel cognitive skill level is identified
for the students. The learning activities often boma skill mastery and skill assessment in the
same activity. The students have the opportunitgpeat iteratively each learning activities until
they are satisfied with their mastery of each t@pid each cognitive skill level.

LEARNING ORIENTATION

Martinez (1999) shows that students’ orientatitmvgard learning can be parsed into four
categories. Learners are either:

* Transforming — Assertive, highly self-motivateddsats who are innovative and
seek to transform themselves to meet high perstaatards;

* Performing— Self-motivated students who implemtn@ course content to
meet above-average group standards when theytismddurse
appealing;

* Conforming — Extrinsically motivated students wisedearning to conform to
easily achieved group standards; or

* Resisting — Resistive students who avoid usingilegrto achieve academic
goals assigned by others.

According to Martinez (2001), transforming studepisfer a learning environment with
occasional mentoring, while performing studentdesrérequent coaching and interaction, and
conforming students prefer continual guidance asidfercement. The resistant students need
compellingly attractive learning environment to nter previously conditioned apathy,
frustration, discouragement and fear. The constigttapproach permits the instructor to
accommodate all four of the learning orientatio@nsequently, we used a questionnaire
developed and scored by Martinez to determine eshotlent’s learning orientation and then
assess if he or she had been able to performighartevel in the constructivist-designed course
than might have been expected based on his oeaetihg orientation.
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RESULTS

Based on the students’ learning orientationsjriti@al results show that students do tend
to perform at a higher level as measured theirativereadth of mastery of course content and by
their grades in the course. We have observed hiastudents generally cover more material in
the constructivist-designed course. Specific instanof students achieving higher grades than
they might not have otherwise are identifiable, e students report that they perceive a deeper
understanding of the course content than theyipated.

Overall student reaction has been positive, pdaibufrom students who recognized the
constructivist approach in the design of the cautsefact, students heading for a career in
academia have often stated, “This is how | am gtarigach.”

At the end of the course, two important outcomesuess we have noted are:

» Each student can identify his or her specific “talnay” from of the course; and
* Students express greater satisfaction with theseoand place greater value on
their experience in the course.

When queried about their experience in the counsethe personal meaning about the
course content that they have constructed duriegtlirse, the majority of students describe that
they:

» Can “now see the big picture” of statistics;

» Recognize they have a greater ability to thinkicaity;

» Have improved their decision-making skills; and

* Can relate statistics directly to their academiakywaheir professional careers
and their personal lives.

Interestingly, the students see the mastery oisttall tools as a “given” in the course
and as a secondary outcome. They say, “Of coulsarmed how to do the statistical tests, but
more importantly | learned why and when to use thdrhis is a highly positive outcome since in
the previous course design students often showmsiiel mastery of the tools of statistics,
frequently missed the “big picture” and expressesatisfaction that they could not “see the
relevance of statistics” to their work.

LESSONS LEARNED

We have learned two important lessons from impldémgrithe constructivist approach in
an introductory statistics course for non-majors:

First, we have observed that students must denatestrastery at the lower level before
moving on to higher levels. We also observed thastery at one level cannot compensate for
lack mastery at a lower level. Otherwise, studeatshot build a foundation of cognitive skills
before attempting to develop higher levels skilBonsequently, a precedent relationship is
necessary between cognitive levels when assedsidgrg mastery (mastery at one level must be
demonstrated before mastery at the next highet)letleerwise students attempt to “short cut”
the process to the detriment of their cognitivél skdvelopment.

Second, the most critical factor for success wiliils aipproach was observed to be the
feedback system. In a more traditional course de$agpdback to the students is typically delayed
by days or even weeks. With this approach, it waskly revealed that feedback must be a rapid
as possible. Immediate feedback is, of coursepmpti. Without immediate feedback, students
are unable to determine their current level of ergsand to make adjustments in their learning
strategies and techniques. The students’ neecéalbiick is accentuated by the fact that delaying
learning to the end of the semester is not prdctingen if a student can “make the grade” with a
push at the end in another educational settinghénconstructivist setting, such an approach
becomes logically as well as pedagogically

CONCLUSION

At the end of the course, students generally disgl@ater understanding of statistical
concepts and their application in research thanldtessh observed previously. Students display
cognitive skills beyond rote memorization. Thishighly encouraging. However, the results are
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still preliminary and largely anecdotal. Longitudinstudies are needed to measure student
retention over time.

Students from each semester are being surveyedm@osth intervals over the following
two years. An individual student is only surveyatt® during the follow-up period, so that the
survey itself is not producing a conditioned resgem the students. One-fourth of the students
are surveyed at the end of each six-month period.

The “acid test” of mastery and retention of statedtthinking concepts we use is a
student’s ability to explain the concept behind tHest and to describe the mechanics of
conducting d-test. We chose the t-test since it is a foundatistatistical tool for research.

In addition, a control comparison is needed to pl@wstronger evidence of improved
learning. Therefore, the same follow-up surveyasb conducted with similar students who have
taken a similar course. Although the results of garing and contrasting the two groups will be
gualitative in nature, it is hoped that they witbpide meaningful support for or against the null
hypothesis of “no difference” between the groups.

REFERENCES

Anderson, L. W. (2000)A Taxonomy for Learning, Teaching and AssessindRefision of
Bloom’s Taxonomy of Educational ObjectivBsston, MA: Allyn and Bacon.

Bloom, B. S. (1981)All Our Children Learning: A Primer for Parents, deéhers and Other
EducatorsNew York, NY: McGraw-Hill.

Brooks, J. G. and Brooks, M. G. (1998).Search of Understanding: The Case for Constvistti
ClassroomsAlexandria, VA: Association for Supervision andr@culum Development.

Cobb, P. and Bowers, J. (1999). Cognitive and t@tlgerspectives in theory and practice.
Educational Researche28(2), 4-15.

Cuseo, J. B. (2002)gniting Student Involvement, Peer Interaction dremamwork: A Taxonomy
of Specific Cooperative Learning Structures and |l&xarative Learning Strategies.
Stillwater, OK: New Forums Press.

Dick, W. (1991). An instructional designer’s view @onstructivism.Educational Technology
31(5), 41-44.

Garfield, J. (1995). How students learn statistiagernational Statistical Reviev63(1), 25-34.

Martinez, M. (2001). Key design considerations foersonalized learning on the web.
Educational Technology and Sociefy1), 26-40.

Martinez, M. (1999)Investigation into Successful Learning: Measurihg tmpact of Learning
Orientation, a Primary Learner-Difference Variablen Learning,Doctoral Dissertation,
Brigham Young University, Provo, Utah.

Marzano, R. J. and Guskey, T. R. (20@2¢signing a New Taxonomy of Educational Objectives.
Thousand Oaks, CA: SAGE Publications.

Savery, J. R. and Duffy, T. M. (1995). Problem-lihkearning: An instructional model and its
constructivist frameworkEducational Technology5(5), 31-34.

Sousa, D. A. (2001How the Brain LearnsThousand Oaks, CA: Corwin Press.

Wilson, B. (1996).Constructivist Learning Environments: Case Studiemstructional Design
Englewood Cliffs, NJ: Educational Technology.

Woolfolk, A. (2001).Educational Psycholog8" edition). Boston, MA: Allyn and Bacon.

Zull, J. E. (2002).The Art of Changing the Brain: Enriching the Praetiof Teaching by
Exploring the Biology of Learningterling, VA: Stylus Publishing.



