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Prologue

This work is a documentation of the process and product called the ITowa Chemistry
Education Alliance. Four central Iowa high school teachers had a vision of what could be an
exciting addition to the secondary school chemistry curriculum for them and for their
students. They jumped into the task of making their vision a reality, drafted an outline,
assumed their creative roles, and never looked back.

Through the marvels of technology, they spent hours together, whether virtually (via
electronic mail) or in face-to-face real time interactive audio-video exchanges. By sheer
tenacity and determination, the outline became a draft, the draft was implemented,
modifications were made, and the final product was finely crafted. At the end of eighteen
months, the creative process yielded a worthy outcome —eight supplemental instruction
modules with three supporting videotapes for the high school chemistry curriculum.

The product was so good that other high school chemistry teachers wanted to use it,
not one or two locally, but twenty-five teachers across the state of lowa. Not a few hundred
students, but 1600 of them! Not one year, but three succeeding years under federal funding
and another three without funding! The original four teachers in Phase I shared their
enthusiasm with eight new teachers in Phase II. Those twelve recruited fourteen more in
Phases III and IV. Each veteran group mentored the novices. And all communicated the
"right chemistry" to their students.

Words cannot convey the good will, collegiality, and professionalism that have
sprung from their Project. For each successive new group of students, however, the
wellspring of the "right chemistry" was tapped and the excitement of statewide collaboration

began again. This is their story...
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ABSTRACT

The lowa Chemistry Education Alliance, ICEA, supported by Department of
Education Star Schools funding (R203F5000198), was both a Process and a Product.

The Process included:

a. Design and support of high school teacher training sessions that incorporated
distance learning techniques, cooperative learning and guided inquiry strategies,
and a constructivist, student-centered classroom focus;

b. Design and incorporation of eight supplemental learning modules, corresponding
assessment rubrics, and supporting videotapes into the existing lowa high school
chemistry curriculum;

c. Adaptation of the learning modules throughout the course of the academic year
while the units were being integrated into the existing curriculum;

d. Modification and final editing of the curriculum modules and videotapes.

The Product consisted of eight supplemental ICEA learning modules with

corresponding assessment rubrics, and three supporting videotapes.

To integrate ICEA materials into the existing curriculum, students at high schools
around the state of lowa conducted cooperative, guided-inquiry laboratory exercises. Via
electronic mail and Iowa's two-way interactive audio-video system, the lowa
Communications Network (ICN), they discussed strategies for experimentation and shared
results obtained. Invited guest experts also visited student groups via the ICN. Teachers
conducted regular biannual on-site face-to-face planning meetings. These were augmented
and supported by weekly or biweekly "staff" meetings conducted via the ICN.

From the original three hundred students in four central lowa high schools (rural,



Xvi

urban, and suburban), by its third and fourth year, the Project evolved to include over 1500

students in twenty-five high schools statewide.



IOWA CHEMISTRY EDUCATION ALLJIANCE MISSION STATEMENT

The mission of the lowa Chemistry Education Alliance is to provide Iowa high school
chemistry students and their teachers with supplemental hands-on activities with which to
network, collaborate, and share results via the lowa Communications Network, the Internet,

electronic mail, FAX, and CUSeeMe.



I. CHAPTER 1. INTRODUCTORY OVERVIEW DESCRIPTION
OF THE ICEA PROJECT

A. The Problem

Iowa chemistry faculty teaching at the secondary and post-secondary levels are
geographically too far apart and too committed to their own schedules to be able to drive the
distances required to meet with one another on a regular basis. They are generally recognized
as practicing a state-of-the-art high school curriculum (Cary, 1984). In an attempt to ameliorate
the problem of distance, two statewide interactive collaborative projects utilized the Iowa
Communications Network (ICN), Iowa's two-way interactive fiber optic communication
technology. The ICN system allowed real-time video and voice exchange among users. It
provided participating members with the opportunity to network with one another and to
communicate on a regular basis without having to travel any farther than their local high
school, community college, or college/university ICN classroom (Greenbowe and Burke,
1995: Burke and Greenbowe, 1998; Burke and Greenbowe, 1999).

B. The Iowa General Chemistry Network

College chemistry faculty members of the lowa General Chemistry Network (IGCN)
(Greenbowe and Burke, 1995; Burke, Greenbowe, and Partin, 1998; Burke, Greenbowe,
Partin, and Woo, 1998) took advantage of the availability of the ICN technology to convene
every two months during the academic year from 1994-1998 (supported first by the Funds for
the Improvement of Post-Secondary Education, FIPSE, and then by the National Science
Foundation) to discuss project-associated issues, topics of curricular modification and/or
change, and simple matters of importance to their project (planning, dissemination, etc.).
These meetings were coordinated with annual or semiannual face-to-face gatherings (1993-
2002).

C. The Iowa Chemistry Education Alliance, ICEA

The ITowa Chemistry Education Alliance Project (ICEA), funded in Spring Semester

1996 by a United States Department of Education Star Schools Grant R203F50001-95,



included a group of four master high school chemistry teachers, and advisory faculty and staff
at Iowa State University. The Project incorporated distance education as a form of curriculum
enhancement.

The Iowa Chemistry Education Alliance was a S1-month opportunity (June 1996-
September 2000) to study the dynamic nature of student-student, student-teacher, and teacher-
teacher interaction via the lowa Communications Network. Master high school chemistry
teachers at four locations in central Iowa developed and implemented eight supplemental
modular units to complement the existing high school chemistry curriculum. Lessons were
simultaneously shared among the four high schools using the two-way interactive capabilities
of the ICN as curriculum enrichment. Collaborative exercises included use of electronic mail,
CUSeeMe cameras, and Internet capabilities. In addition to sharing the results of classroom or
laboratory activities, students used the ICN to discuss experimental strategies or to interview
guest speakers. Teacher-prepared materials developed for the Project were modified through
the course of the academic year and during the following summer. Changes were made and the
finalized version of the modular materials (including implementation rubrics), was made
available to all of Iowa's high school chemistry teachers the following fall semester.

The Towa Chemistry Education Alliance Project focused on cooperative strategies in
local and distant learning groups and a collaborative exchange between these classrooms.
When planned and orchestrated correctly, the distance-learning classroom allows for student-
centered and cooperative group work with the same ease as any locally-based classroom (Cyrs,
1997; Paterson, 1999; Gosmire and Vondrette, 2001; Schopp and Rothernel, 2001; Simonson
and Sparks, 2001). These multi-site interactive exchanges among students or their teachers are
the fundamental cohesive force that continues to make the ICEA a dynamic and evolving entity.

No two inter-school exchanges were identical. Similarities may have existed, but each
exchange had its own lively brand of uniqueness. Students at one school may have tried to talk

directly to their distant peers, while students at another school may have incorporated more



skits to convey their message. It is part of what characterizes the use of the ICN in lowa—the
ability to maintain local control while participating in a statewide networking (Simonson,
personal communication, June, 1998). School district borders are opened to expand dialogue
between students of diverse backgrounds (Paterson, 1999).

As a part of the Iowa Chemistry Education Alliance (ICEA) (Burke and Greenbowe,
1998 and Burke and Greenbowe, 1999), Iowa high school chemistry teachers held bi-monthly
ICN "staff" meetings to undertake the planning of collaborative interactive ICN sessions that
were held concurrently among several Iowa high school chemistry classes around the state.
Communication among teachers via the ICN was critical to the successful planning and
execution of the Project. Faculty shared information via electronic mail and CUSeeMe
technology, small cameras integrated with a computer that allowed real-time visual
communication at 10 frames per second (for reference, videotapes run at 30 frames per
second), in addition to using "live" ICN sessions. Three times each year, ICEA teachers
gathered at Jowa State University for face-to-face discussions (in August to prepare for the Fall
semester of the upcoming academic year, in December to debrief from the Fall semester and to
prepare for the upcoming Spring semester, and in early June to debrief from the Spring
semester and prepare a working draft of a strategy for the next academic year). Project
Managers Charlie Schlosser (1996-1997) and Kathy Burke (1997-2000) organized and
facilitated these meetings. Drs. Mike Simonson (distance education) (1996-1998), Gary
Downs (curriculum and instruction) (1996-2000), Tom Greenbowe (chemistry) ( (1996-2000),
and Gary Phye (curriculum and instruction) (1998-2000) contributed guidance and content area
expertise.
1. The use of interactive technology

It is the purpose of this document to show the networking background and dynamic
evolution of the lowa Chemistry Education Alliance. Student and teacher participants resided

in a rural state, but utilized cutting edge communication technologies. Use of two-way



interactive audio-video ICN technology provided participants with the opportunity to reach
outside the confines of their individual classrooms to collaborate with distant peers. Critical
thinking skills were fostered by using real-world hands-on laboratory experiences to
investigate problem-solving techniques. The result was the advancement of social
communication skills as well as the promotion of a student-centered chemistry curriculum that
reached statewide. Students found the ICEA curriculum to be highly motivating.

It was impossible for those who conceived the idea of the ICEA to believe that students
and their teachers could actively use technology (electronic mail, Internet "surfing", video
games, computer simulations, etc.) outside of their school environment (i.e., at home or at
gaming arcades), but would fail to take advantage of its use inside the classroom. Herring
(1997) noted that a transition from home to school use was not likely to be difficult. Miller
(1996) concurred: "Due to the interactive character of distance learning technologies, students
and instructors alike have access to tools that are adaptable, investigative, and open to a myriad
of uses, both academic and nonacademic in nature. Their availability for use in life contexts
can change the way students and teachers operate, think, perform, and acquire information. |
Students hone their communication and presentation skills as they learn about chemistry", p.
57.

The ICEA Project overcame the geographical isolation of the individual teachers and
their classes, bringing groups together to collaborate. Teachers were enthusiastic about using
the ICN and its potential for both teacher networking and student interactions. Paterson (1999)
favors using the term interactive technology, placing the emphasis on interaction facilitated by
technology rather than using the term distance learning as many do when referring to classroom
studies involving the ICN. Use of the ICN by its nature changed the methods by which
students and teachers interacted. The more teachers successfully encouraged interactivity, the
more equivalent the learning environment became for students at a distance compared to those

who were on-site learners (Simonson, Smaldino, Albright, and Zvacek, 2000).



2. Communication

The design of interactive technology/distance education should be focused on fostering
social interaction and communication. The purpose of the interactive technology/distance
education environment is supporting the social, distributed, and situated construction of new
knowledge (Herring, 1997). Participants in the ICEA Project acquired the ability to
communicate in a variety of different ways. Students honed their communication and
presentation skills as they learned and talked about chemistry by being immersed in the
problem-solving skills required by their interactive lessons.
3. Interactive learning environment

A learning environment must reflect student needs and encourage investigation (Moore,
2003). Willis (1994) emphasized that teachers needed to design learning experiences that
necessitated student involvement and participation. A learning environment designed to
reproduce authentic and legitimate work, i.e., "real world" experiences or activities, provides
students with opportunities to learn within environments attached to the world outside the high
school classroom (Herring, 1997) or in disciplines other than the one students are studying
(Moore). The relevance of these settings seemed to provide motivation because students
interpreted them as real life experiences related to their own experiences or goals (Moore),
instead of the rote memorizing of meaningless tidbits of information. Learning modules
created for the ICEA Project provided this environment to the students involved. They were
especially motivated by the charge of solving a crime in the Forensics Unit, Module 4.

Teachers adapted their traditional teaching style to enhance the ICN teaching/learning
experience for the best results for their students. It was important to develop effective methods
in interactive classrooms that encouraged active student involvement with their own learning
(Schoenfelder, 1997). It was crucial to create an interactive environment appropriate for the
technology to keep students attentive and engaged, helping them to learn better, and retain the

information longer (Gosmire and Vondrette, 2001; Schopp and Rothernel, 2001; Simonson



and Sparks, 2001; Anderson and Kent, 2002). The goal of the ICEA Project was and
continues to be to enhance the traditional curriculum, not simply add the bells and whistles of
the ICN, electronic mail, the Internet, or CUSeeMe technologies.

Teachers needed to be trained to incorporate the use of technology where appropriate in
knowledge construction. Instructors needed to learn to incorporate interactive distance learning
technologies in such a way that they became seamless and that their students were encouraged
to actively construct their own knowledge (Lochte, 1993; Herring, 1997). Students became
proficient at integrating use of the ICN system into their collaborative work and network
presentations. As participants in the ICEA Project, they were enthusiastic, especially about the
Forensics learning module, because they learned a great deal in the process of analysis, sharing
their results, and conversing with guest experts via the ICN.

The tools used to investigate these "real world" experiences are important. Today's
technologies have an increasing ability to support and facilitate learning. Use of the Internet
and electronic mail, because they have become a regular part of daily life, are recognized as
legitimate learning tools (Cyrs, 1997; Frizler, 1999; Simonson et al., 2000).

4, Product and process

The ICEA was both a product and a process. A Department of Education Star Schools
Grant was drafted to create a more active and motivating learning environment among high
school chemistry students while at the same time utilizing cutting-edge interactive
communication technologies. Four high school chemistry teachers, recognized as innovators
and leaders in Iowa high school chemistry education, were invited to undertake the challenge of
drafting a series of interactive learning modules that could be incorporated into an existing high
school chemistry curriculum The charge was simple—produce activities that would motivate
students to construct creative problem-solving strategies in the laboratory and communicate

their results with distant classmates via interactive communication technologies—two-way



interactive television, electronic mail, and real-time computer video interaction using CUSeeMe
cameras.

The process of the ICEA was the development, implementation, and modification of a
set of learning modules. The process also included the effective training and teacher
preparation necessary to facilitate student interactive communication sessions. Once the
teachers were comfortable with the system, they were able to train their students to use the
equipment as well.

The product was a set of eight learning modules and three accompanying videotapes
capable of being integrated into any existing high school chemistry curriculum. Although
modules were designed to be used at the secondary level, materials could be adapted to middle
school science (and perhaps elementary school if appropriately modified) as well as to post-
secondary chemistry classrooms.

5. The ICEA Project—Phase I

The ICEA Project is dynamic and on-going. Conceived in the Fall of 1995, Phase I of
the Project began in the summer of 1996. Four teachers and a dedicated support staff at Towa
State University (Charlie Schlosser, Project Manager; Gary Downs, Curriculum Development;
Mike Simonson, Distance Education; Tom Greenbowe, Chemistry) worked three weeks to
draft a skeletal outline of the product modules. The team worked feverishly to create a working
model of the first four modules before the actual beginning of the academic year 1996-1997.
Teachers were trained in the use of interactive communication technologies including the two-
way interactive audio-video capabilities of the lowa Communications Network, CUSeeMe
video cameras, and electronic mail/the Internet. (At the beginning of the Project, none of the
four master teachers had used the ICN and one had used CUSeeMe. At least two of the four
teachers did not have access to electronic mail/the Internet in their classrooms the first year of

the Project.)



Teachers trained their students in the use of interactive communication technologies,
supervised student laboratory experiences, facilitated interactive communication sessions, and
conducted interactive weekly "staff meetings" to keep the Project on course. As the Fall
semester progressed, teachers implemented the first four modules while they created the next
four that would be used during the Spring semester, 1997. This was challenging, rigorous
work. But, student reaction was strongly favorable, providing teachers with the motivation to
work through their exhaustion and implement the second set of four learning modules. At the
end of the academic year, student focus groups enthusiastically commended the teachers and
the Project and recommended the continued use of the ICEA "curriculum". The four teachers
worked together that ensuing summer to modify the eight units to increase their flexibility and
adaptability to any existing curriculum After 18 months of unceasing devotion to the Project,
the four teachers and the Iowa State support staff (Charlie Schlosser, Gary Downs, Mike
Simonson, Tom Greenbowe, and Kathy Burke) had created a commendable product.

Whatever the success of any given study has been, it cannot be exactly replicated with
different students—the results will inevitably be different because different classes have
different compositions, therefore different personalities, responses, approaches to interaction,
etc. (Felder, Felder, and Dietz, 1998). Phase I instructors were enthusiastically supportive of
implementing the ICEA learning modules again, this time incorporating what they had learned
during Phase 1.

What was learned from Phase I of the ICEA Project? The idea of integrating interactive
supplemental curricular materials into Iowa's high school chemistry curriculum was a good
one. Teachers and students reflected a revitalized enthusiasm. But, the frenetic pace of
implementing all eight modules in one year was too taxing. Phase I teachers recommended that

only four of the eight modules be implemented in any one academic year.
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6. The ICEA Project—Phase II

Officials of the United States Department of Education, impressed with the success of
Phase I of the ICEA Project, promised refunding for the academic year 1997-1998. The main
stipulation required of Phase II of the ICEA Project was an expansion to include another eight
high schools. The four original teachers, aided by Iowa State University support staff, invited
a new group of energetic and enthusiastic teachers to participate. There was a minor problem:
funding for Phase II was not procured until November, 1997. By that time, the Fall semester
was well under way.

The new group of eight Phase II teachers joined the original four to learn about the
process of the ICEA. Phase I teachers served as mentors to the eight new teachers. They
explained the module packet and its use, they modeled the use of interactive communications
technologies and worked with the new teachers to practice, and they encouraged their new
colleagues through the challenging scheduling process of when and how twelve schools could
work simultaneously on the same learning units as well as utilize the statewide interactive
telecommunications network. The result? Another success!

However, student focus groups revealed that the success was not without its struggles.
Due to the late start, some students perceived the learning modules as "add-ons", taking
valuable classroom time and attention away from the traditional curriculum, which they
perceived to be more "valid". Some students feared this supplemental curriculum would be
detrimental to their preparations for college. Also, beginning to integrate the four ICEA
learning units into the curriculum as of January of 1998 (rather than the planned August 1997)
was akin to implementing four modules in a semester, something that had been deemed too
demanding during Phase I. Due to the delay in funding, this was unavoidable, but caused

problems. What was learned? To be recognized as valid in the eyes of the students, the ICEA

Project

(a) Must be integrated into the existing curriculum;
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(b) From the first day of the fall semester; and,

(c) There should be, at most, two modules implemented during any one semester.
7. The ICEA Project—Phase 111

Teachers from both Phase I and Phase II were enthusiastic about seeking Star Schools
funding to expand the ICEA group to include more Iowa high school chemistry classrooms.
The group extended a statewide invitation to double the number of schools. Phase III of the
ICEA included twenty-five schools and impacted over 1500 students. Officials at lowa State
University arranged to avoid the previous year's delays in program funding. The desire was to
make the ICEA Project viable from the outset of the 1998-1999 academic year.

New Phase III teachers met in August 1998 to explore the ICEA learning modules and
to practice using interactive communication technologies. From the first day of classes during
the Fall of 1998, students were introduced to the ICEA Project. By now the Project had a
good reputation in the original four schools. Students in those schools looked forward to
becoming a part of it just as older siblings or peers had been. At other Phase II and Phase I11
schools where the idea was newer, students considered it just another aspect of their "regular”
chemistry class.

The Phase III academic year went smoothly with students experiencing the benefits of
interacting with peers at distant schools more effectively and efficiently than had previous
groups in the ICEA Project. The ICEA, product and process, was an acclaimed success, both
in the eyes of students and teachers (Burke and Greenbowe, 1998).

8. The ICEA Project—Phase IV

The emphasis of the fourth and final year of official Department of Education Star
Schools funding (1999-2000), evolved away from dissemination of the ICEA materials and
philosophy, to look instead at several different aspects of the Project. What was the process
that made the Project "work"? What was the impact of the Project on student learning? Efforts

were made to capture the essence of the organization, training, mentoring, and implementation
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aspects of the ICEA Project. In addition, ICEA teachers and support staff drafted and
administered a diagnostic instrument to students statewide at the start and finish to the academic
year. Statistically significant improvements in student learning were documented.
9. The ICEA Project after funding

What was it about the ICEA Project that so energized participating teachers that they
took it upon themselves to secure appropriations at their individual schools to continue the
ICEA Project into Phases V, VI and VII, without funding from the Department of Education?
With the offer from Iowa State support personnel to be of whatever help they could be without
a source of federal monetary assistance, the ICEA Project successfully continued through
academic years 2000-2001, 2001-2002, and 2002-2003. (In the years that have followed,
teachers have incorporated modules in their local curriculum, but have not collaborated between
schools.) Fewer schools participated as time went on, but there was still an enthusiasm for the
concept that could not be dampened by lack of outside subsidizing. Committed teachers
petitioned administrators to provide the necessary ICN time to permit students with the
continued opportunity to interact with distant peers across the state.

D. Dissertation Goal

It is the goal of this dissertation to document the detailed history of the Project from its
inception to the present to try to convey the dynamic evolutionary spirit that characterized the
Iowa Chemistry Education Alliance. In addition, it will examine the role of the Iowa
Communications Network (ICN) as a communication tool for faculty in the ICEA, particularly
during critical developmental stages. All work was conducted with the approval and support of
the Iowa State University Human Subjects Review Committee. A yearly review and revision
was conducted for each period the grant was renewed.

E. Author's Role in the ICEA Project as a Whole
The author of this document was invited to participate during the initial discussion and

drafting of the grant that was submitted for Star Schools funding of the ICEA Project (late Fall
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Semester, 1995). At this time, her role was minimal—simply someone interested in the
Project's proposed scope and concept, who might be able to offer some ideas or suggestions.
She was not assigned to become a member of the ICEA Project's Iowa State University
personnel staff until after the beginning of the academic term, Fall Semester 1996. For the
next fifteen months, she served as a research assistant for the Project, gradually becoming
more involved in answering questions about subject matter content, advising other ISU ICEA
staff members about ordering scientific equipment (e.g., water test kits) requested by the four
Phase I teachers, and similar duties related to her usefulness as a subject matter resource
person. She attended and documented all ICEA Project "staff" meetings, either via the ICN or
on campus at Iowa State University. She traveled with Charles Schlosser, the Project Manager
during Phase I and Fall Semester of Phase II, to make observations in multiple classrooms of
student groups as they conducted work on each of the eight learning modules, to facilitate
videotaping sessions, and to conduct focus groups at participating high schools.

The four Phase I teachers prepared the original written module units and accompanying
videotapes. The author of this document helped in the editing of ICEA Module materials and in
the planning, development, and editing of two supporting videotapes for the ICEA Project
materials, Statistics and the Tour of the Iowa Department of Criminal Investigation, but the
four teachers did most of the work. Another graduate student assembled all of the written
materials into the ICEA notebook.

The Principal Investigators (PIs) (Drs. Downs, Simonson, and Greenbowe—Phase I,
Drs. Downs, Simonson, and Greenbowe—Phase II, Drs. Downs and Greenbowe—Phase 111,
and Drs. Downs, Greenbowe. and Phye—Phase IV) drafted the original idea and re-crafted the
ICEA Project each of the years the grant was renewed. The author's input was requested by
the Project's PIs during each set of meetings for the creation and later revisions of the ICEA
Project grant. The PIs made the major decisions about strategies and budgeting for each

successive Phase of the Project, while the author worked to implement the strategies with the
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teachers and keep the daily workings of the Project within the prescribed budgetary

allowances.

At the outset of the second semester of Phase II, the author was appointed ICEA

Project Manager when Charles Schlosser turned his attention to completing his graduate work.

As ICEA Project Manager, the author managed the day-to-day workings of the Project during

Phases II, III, and IV. This included

Each year of the Project, scheduling three teacher gatherings (August, December, and June)
on the ISU campus (overseeing paperwork for teacher stipends, reserving motel rooms,
arranging meals [catering, transportation, shopping], preparing written materials for
distribution, organizing and conducting teacher focus groups, collecting Project artifacts for
the ICEA archives [student materials teachers contributed, any videotapes of past classes or
meetings for the overall ICEA video library]);

Arranging regularly scheduled ICN teacher sub-group staff meetings (approximately every
three weeks throughout the academic year—teacher volunteers helped with this);
Scheduling and conducting yearly statewide ICN informational meetings (when trying to
recruit new teachers);

Conducting student focus groups (with a partner or a trained focus group team) in selected
schools, then analyzing and reporting the results;

Conducting teacher focus groups (with a partner or a trained focus group team) during
three yearly ICEA teacher meetings, then analyzing and reporting the results;

Preparing regular written reports documenting yearly ICEA events—these were kept for the
ICEA archives but were also submitted to U.S. Department of Education Star Schools
Grant personnel to include in their yearly report;

Making yearly presentations about the ICEA Project at local, state, and national meetings

(sometimes with one of the PIs, sometimes alone); these events are listed in Appendix A.
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* Supervising of miscellaneous small projects related to the ICEA Project (e.g., the
reproduction, packaging, and statewide shipping of the ICEA Module Package for [owa
Public Television; preparing a document for the U.S. Department of Education
summarizing which of the National Science Education Standards was met by the eight
ICEA Modules and three supporting ICEA Videotapes; cataloguing the ICEA videotapes
contributed by different ICEA teachers for the ICEA archives; helping to design and
integrate the ISU Materials Sciences Scanning Electron Microscope (SEM) with the ICEA
Project, including providing forensic samples to the microscopists, helping to design the
ICEA SEM web pages, and helping to arrange use of the SEM.

* Helping with the design, drafting, and editing of the ICEA brochure, the ICEA videotapes
for the ICEA Module Packet, and the 23-minute ICEA overview videotape, "The Right
Chemistry".

Throughout this document, from the outset of the second semester of Phase II until the
Project's end, whenever mention is made of "Project personnel” undertaking some task,
conducting a meeting, etc., those efforts are under the direct guidance of or are actually
being conducted by the author of this document. Manuscripts produced during the course

of this Project were written primarily by this author. Co-authors provided editorial advice.
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II. CHAPTER 2. LITERATURE REVIEW

The two most important aspects of the ICEA Project have been the focus on student-
centered learning opportunities and distance education communication technologies, especially
the use of two-way interactive television and electronic mail to overcome the geographical
isolation of the individual teachers and their classes, bringing groups together to collaborate
and communicate. Student-centered active-learning classrooms and distance education
communication technologies (two-way interactive telecommunications, electronic mail, and the
Internet), therefore, are the focal point of this literature review. Input concerning all aspects of
the Project was obtained via qualitative focus group interviews with teachers and students. A
discussion of the use of focus groups and focus group protocol is also included in this chapter.

A. Communication Technologies and Distance Education

In empirical terms, distance education is “an organizational and technological
framework for providing instruction at a distance...When the teacher and student(s) are
separated by geography, technology is used to bridge the gap” (Boling and Robinson, 1999, p.
169). Even more, "...the interactive classroom bridges rather than creates distances, facilitates
communication among geographically diverse groups, and encourages an interactive teaching
and learning style that utilizes camera, computer, and video technology to enhance both
teaching and learning for its widely dispersed participants" (Paterson, 1999, p. 20). Further,
an interactive classroom can "...bridge geographical, social, cultural, and developmental
distances; to provide immediate access; and to open the classroom walls to the world"
(Paterson, 1999, p. 20). Simple consideration of this idea alone provides a myriad of
possibilities for investigation. This review of the literature will be confined to the use of
distance learning technologies as instructional and communication tools without concentrating
on the sociological ramifications.

One of the most obvious characteristics of the distance education literature is the

anecdotal nature of many of the reports (Hanson, 1997). The vast majority of what is written
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about distance learning is qualitative in nature: opinion, case-related, how-to articles, and
second-hand reports that do not include original research (Merisotis and Phipps, 1999;
Paterson, 1999).

1. Factors in distance learning research

The usual factors investigated by distance learning research (Hanson, 1997; Cyrs,
1997; Simonson, Smaldino, Albright, and Zvacek, 2000) include:

a. Student outcomes (grades, examination scores);

b. Student attitudes about learning through distance education;

c. Overall student satisfaction toward distance learning;

d. The distant learner's equivalent learning experience to the local student;

e. Distance education theory;

f. Technology.

Video-based interactive instruction is a generally accepted technology. Cyrs (1997)
cites comparison studies looking at the learning outcomes of students in traditional and
television learning classes. It was found that the students in televised learning classrooms had
no significant differences in learning outcomes from their traditional counterparts. Cyrs (1997)
further notes that analysis of the role of television in leaning found it to be a delivery system
that provides the opportunity to deliver material to more than one location without changing it
an any manner. There is no influence on the quality of instruction by the technology used to
deliver it. In fact, Clark (1983) offered the argument that "...media are mere vehicles that
deliver instruction but do not influence student achievement any more than the truck that
delivers our groceries causes changes in our nutrition," p.445. (Clark's 1983 statement did not
take into consideration interactive media.) In point of fact, telelearning provides students at a
distance with the same learning opportunities as the students on site (Cyrs). This presumes

media as a delivery mode, without considering the possibility for interactivity.
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In a follow-up study, Cyrs (1997) notes that related research determined that the
proximity of the instructor did not influence the outcome of learning. Students learn from an
organized, quality curriculum that is well-facilitated. Simonson and Schlosser (1995) verified
that students learning at a distance achieve at an equivalent level to those learning on site in the
more traditional setting with an instructor on site. Simonson and Schlosser further note that
students actively engaged in distance learning sessions have demonstrated a higher level of
knowledge of the subject following instruction. The quality of the learning depends largely on
the ability of the participants (both instructors and students) to effectively cooperate and
communicate (Lochte, 1993). "Technology is not as important as the interface between it and
the human beings involved," (Lochte, p. 59). But. it should be noted that different
technologies foster different interfaces.

Because technologies as delivery systems have been so crucial to the growth of distance
education, research has reflected rather than driven practice (Mclsaac and Gunawardena,
1996). All of these factors make encompassing conclusions difficult. But it is also these
aspects that provide countless interesting studies for consideration. There is still a lot to learn
about distance education and the implications of its use.

2. Mpyths about distance learning

Television is a part of life that has helped to shape the twentieth century—commerce,
politics, and a view of the world (Srivastava, 2002). Most viewers are passive consumers of
televised information, entertainment, and advertising as controlled by media moguls.
Interactive telelearning breaks away from the paradigm of passivity and focuses on dynamic
human communication. Participants are actively involved in creating the telelearning
environment. Interactive television is more like a two-way interpersonal communication device
similar to a telephone than traditional one-way television delivery is (Lochte, 1993).

Cyrs (1997) refutes a series of myths about telelearning.

a. Telecourses promote passive learning.
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b. Students cannot learn as well or as much over instructional television.
c. Instructors can teach over television the same way as they do in their traditional
classes.

d. Telecourses are simplistic and watered-down versions of traditional courses.

e. Telecourses are a passing fad.

f. Telecourses are not cost effective.

g. Telecourses dehumanize students.

h. Packaged telecourses are not of the same quality as traditional courses.

i. Students learn more effectively in a live classroom with the instructor physically

present.

j- Instructors lose control when a telecourse is videotaped.
3. Some facts of distance learning

Comparisons of the achievements of distance learners with traditional learners or
comparing distance learners to traditional learners using different technologies show no
statistically significant difference between the two learning groups (MclIsaac and Gunawardena,
1996; Maushak, 1997). Although no technology can replace face-to-face mentoring, modeling
of communication and interpersonal skills can be similar. Lochte (1993), Schlosser (personal
communication, October, 1994), Maushak, Merisotis and Phipps (1999), Felder and Brent
(2000a and 2000b), and Simonson et al. (2000), report the distance learning literature
suggests:

a. Distance education is just as effective as traditional education with regards to learner

outcomes.
b. Regardless of technology employed, distance learners generally have a more
favorable attitude toward distance education than traditional learners.
c¢. Distance learners feel they learn as well as if they were in a regular classroom, and

maintain scores and grades comparable to their local learning peers.



20

d. Successful distance learners tend to be abstract learners who are intrinsically
motivated and possess the ability to focus on their studies without outside
intervention.

e. While interaction seems intuitively important to the learning experience, interaction
should not be added without some intended purpose or goal.

f. Focusing on building collaboration and group interaction may be more important
than focusing on individual participation. This takes additional instructor effort.
Working via electronic mail or videoconferencing, virtual teams can almost
duplicate face-to-face interactions.

g. Each form of distance education technology has its own advantages and
disadvantages in making contributions to the overall quality of the learning
experience. The instructor should adjust accordingly.

h. Passive instruction using technology does not promote much learning no matter
how dynamic and entertaining the "talking head" is or how appealing the graphics
are.

The focus in any ICN session must be on optimization of the learning experience for the
students, both local and distant. The learner must be engaged in the process. The student
becomes more active and cooperative in the learning process during interactive television
sessions (Cyrs, 1997).

4. Shortcomings of distance education research

Merisotis and Phipps (1999) cite shortcomings of current distance education research,

contending there is more work to be done.

a. Much of the current research does not control for extraneous variables and therefore

cannot show cause and effect—cannot rule out differences other than the

technology.
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b. Most subjects of the studies are not randomly selected, using instead the more

convenient intact groups available by virtue of classroom apportioning (i.e., distant

vs. local learners).

c. The validity and reliability of instruments used may not measure what is

purported or what reflects the purpose of the instruction.

d. Studies do not control for the attitudes between student and faculty participants.

5. Gaps in distance education research

Merisotis and Phipps (1999) further contend that there remain gaps in the research.

These include the following ideas:

a. Research investigates student outcomes for individual courses rather than for total

f.

academic programs. Would a total distance-learning program be equivalent to a

total traditional academic program?

. What are the differences among students besides whether they learn in a traditional

setting or at a distance? Are they equivalent groups before the learning experience?

Is there any control for this in the analysis of the studies?

. Why is the dropout rate higher for distant learners than it is for local learners?

Are they less engaged in the class due to the distance? Do they not form
relationships with distant classmates or the instructor that might otherwise retain

them in class?

. How do student learning styles relate to the use of technology?

Is there variation?

. In what way could the use of multiple technologies affect student learning?

Could an instructor capitalize on this?

Is the current research theory-based?

g. Does the research investigate the role of on-line digital resources (i.e., their

availability, adequacy, and usefulness)?
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6. Concerns for secondary teachers

Texley (1993), Cyrs (1997), Kennephol and Last (1997), Miller (1996), Sorenson
(1997), Tillotson and Henriques (1997), Gosmire and Vondrette (2001), Schopp and
Rothernel (2001), Simonson and Sparks (2001), and Boschmann (2003) provide a list of
possible concerns for secondary teachers considering using the ICN. They include:

a. Coordination of schedules between schools (Iowa’s TEN different bell schedules
present challenges);

b. ICN scheduling problems (the network is not always available on demand);

c. Laboratory sessions (the hands-on experiential component cannot easily be
transmitted via the ICN—perhaps making science the most challenging subject to be
taught at a distance) ;

d. Distributing materials between sites (requires adequate pre-planning);

e. Lack of local support staff (only availability, willingness, time, and more training
can remediate this problem);

f. Costs associated with using the ICN (manageable at this time, but if the ICN is
privatized, all of this could change);

g. Lack of training (teachers or students who have not practiced using the equipment

will struggle and fumble—viewers will be bored);

h. Preparation time needed by teachers (more preparation time is required to prepare
smooth and seamless ICN usage than is required for traditional classroom
preparation);

i. Teachers are too busy to teach via the ICN (the preparation time required is more
than they are ready to accept);

j. Lack of incentives (either monetary or in the form of release time) for teaching (why
use the ICN which requires more pre-planning and preparation time when it would

be simpler to conduct "business as usual"?);
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k. Most administrators do not understand ICN teachers’ needs (the equipment, extra

preparation time, and training considerations);

1. Difficulty in establishing cooperative relationships among schools (scheduling issues
due to disparate bell schedules, vacation times, teacher in-service days, parent
teacher conferences, etc.);

m. Negative attitude of teachers towards the ICN (it is a different kind of teaching

tool—why change from the status quo?);

n. Lack of student interest (does it mean more work? what do we get out of it?).

o. Relationships between local and distant teachers and students (does the distance
affect the rapport among local and distant teachers and their students?)

p. Reaching distant students (can teachers “read the faces” of distant students?)

q. The feel of the course (can there still be a feeling of informality and interaction
between teachers and students when using the ICN?)

7. Evaluation will guide practice

Evaluation of the effectiveness of a telelearning project is necessary and feedback must
be immediate (Lochte, 1993; Sorenson, 1997). Usefulness to the learner group, user
acceptance, user comfort are all issues to consider to make the learning experience as effective
for students at a distance as for local peers. Both faculty and students should complete an
evaluation, using both objective and subjective questions (Lochte). Project design can be
modified in light of feedback from both faculty and students.
8. Technology is a teaching and learning tool

Two-way interactive telelearning creates an effective leaming environment. Although
nothing can replace two people interacting in the same classroom, distance interaction is a
viable alternative when learning experiences compare favorably. This is influenced by

instructor competence, student motivation, lesson design, and logistics.
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The ICN environment allows teachers to improve their pedagogical skills and to use
technology as an enhancement tool within existing curricula (Flemister, Sexton, and Beach,
1994; Merisotis and Phipps, 1999). Charron and Obbink (1993), Cyrs (1997), and Paterson
(1999) note that the distance learning experience intensifies and motivates good teaching when
sensible teacher-learner pedagogies are utilized. Exemplary teaching and productive learning
may be made easier in distance education classrooms without walls where socioeconomic,
regional, and physical obstacles to accessing education are substantially surmounted
(Paterson).

9. Two-way interactive distance learning

Much has been written about the use of two-way interactive television as a distance-
learning tool (Lochte, 1993; Willis, 1994; Hanson, 1997; Cyrs, 1997; Simonson et al., 2000).
Once considered a special form of education, two-way interactive distance education practices
have become part of the accepted modes of delivery (McIsaac and Gunawardena, 1996).

There are a plethora of technologies available to the public for the facilitation of distance
learning. Choosing the correct tools is part of what is important in the design of a curriculum.
The ICN was designed to be a two-way interactive means of communication. Garrison (1990)
stated: “Education, whether it be at a distance or not, is dependent upon two-way
communication. There is an increasing realization in the educational community that simply
accessing information is not sufficient. In an educational experience, information must be
shared, critically analyzed, and applied in order to become knowledge” (p. 13). Srivastava
(2002) further observes that the value of the interactive television experience lies in the effort
that the participants make to become engaged in the interactive communication process. This
same effort is not required of passive consumers of static video.

Using two-way interactive video for distance learning is a form of educational
communication that permits teachers and students, separated by distance, to synchronously

see, hear, and talk with each other from classrooms equipped with cameras, television
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monitors, microphones, and speakers (Myers, 1994). Interactive technology classrooms are
efficient cost effective additions to the widening community of learners (Paterson, 1999).

Technology issues of access—the "haves" vs. the "have-nots"—can influence a
program. All sites must have equal access to technology to be equally involved in the learning
process (Schoenfelder, 1997). It is important to remember that a guiding tenet in distance
learning is that technology cannot replace the human factor in education (Merisotis and Phipps,
1999). There can be substantial interaction among students and distant peers or students and
teachers at a distance. Students perceive that it is easier and more enjoyable for them to learn
using face-to-face interactivity (Srivastava, 2002). This is possible using the ICN's two-way
interactive video. But these meetings cannot replace quality on-site face-to-face encounters.

Although much of the distance education literature focuses on the role of technology in
learning, other factors still retain a large degree of importance. These include meaningful
learning tasks and objectives, learner characteristics, and motivation of the student and the
instructor (Lochte, 1993; Merisotis and Phipps, 1999). The technology may influence
perceptions of these characteristics. For example, due to the novelty effect of using
technology, students might be more inclined to become involved in coursework than they
would have been without the enhancement of the tools. Teachers report that students who
previously might have dropped out of their courses after the first term of the academic year
were staying in the course in part because of the ICN component (Ehlers, Hartman, Hepburn,
and Murphy, personal communication, January 1997).

If learning tasks are not perceived to integrate well into the curriculum, students will not
embrace their use. They will vocalize their dissatisfaction. A teacher who is not well prepared
in a traditional classroom setting will find adapting to a distance-learning environment to be
difficult (Merisotis and Phipps). A teacher who prepares well to teach in a traditional
classroom will not find herself or himself challenged to prepare well to teach in a distance-

learning classroom.
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Little information appears in the literature concerning the use of two-way interactive
video systems as a tool primarily for interactive networking among faculty (i.e., use beyond
that of a teaching tool).

B. The Iowa Communications Network, ICN
1. Overview of the ICN

A variety of technologies have characterized the history of distance education in the
United States. Two-way interactive fiber optics communications systems developed in the
latter 1980s and early 1990s have provided the technologies for the lowa Communications
Network, a system that delivers the high quality desirable for synchronous, interactive distance
learning opportunities (Maushak, 1997; Simonson et al., 2000). Travel time and travel
expenses are eliminated as the ICN provides a communication network for Iowa’s high school
chemistry teachers, offering them the opportunity to extend their information base and develop
individual information and communication networks (Texley, 1993; Cyrs, 1997; Merkley,
Bozik, and Oakland, 1997; Sorenson, 1997; Anderson and Kent, 2002).

The greatest numbers of distance students in the past have been adult learners
(Sorenson, 1997). The U.S. Department of Education’s Star Schools Program has opened
distance learning to high school students. Distance education theory and practice is, by its very
nature, constantly evolving and adapting itself to ever-emerging technologies, especially that of
electronic communication (Hanson, 1997).

Distance learning as outlined by Coldeway's Distance Learning Quadrant (Simonson et
al., 2000) can be:

a. Same time, same place;

b. Same time, different place;

c. Different time, same place;

d. Different time, different place.
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Distance education as promoted by the lowa Communications Network is a same time,
different place scenario. Students receive materials synchronously and are able to interact with
each other and their instructors in real time. Students are able to learn at the same time in a
variety of different locations using one or more technologies (the ICN, electronic mail, the
Internet, and CU-SeeMe).

The ICN can be adapted to a variety of specific needs. Because there are over 775 ICN
classrooms across the state, the ICN has the ability to improve facilities available to specific
audiences through this vast network. The distance learning classroom supplies students on all
sites with essentially equivalent access to all the learning experiences created in any one of the
linked classrooms (Paterson, 1999).

2. The ICN classroom

a. ICN technology

The ICN classroom technology spoils a teacher (Schlosser, personal communication,
August, 1994; Graf, personal communication, September, 1995; Tillotson and Henriques,
1997; Simonson et al., 2000). There are a variety of tools at her or his fingertips. The
instructor can use a quality overhead display camera system, a videotape player, a slide
projector, a computer linked to the Internet, and cameras directed at the teacher presentation
station, as well as at the local students in attendance. In most ICN classrooms, there is also a
telephone and routinely a FAX machine as well. There is usually nearby access to a photocopy
machine. No traditional classroom has these same desirable facilities collected in one
classroom location for the teacher (although the current classroom begins to approach this level
of technology availability and clouds the distinction between distance and traditional education
as classrooms become more multimedia-centered (MclIsaac and Gunawardena, 1996)).

b. Students

Students are not self-selected, which means that there is a great range of abilities across

the distinct classroom groups (Paterson, 1999). The ICN is a tool for the many, not
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specifically limited to any one school district, any particular school type (i.e., rural, suburban,
or urban), or any particular type of student (e.g., honors or advanced placement, AP).

The ICN classroom provides many electronic resources for student use.
Students value the ability to use the equipment and the fact that they are trusted to do so. When
students use the equipment, they feel like a partner in the learning process (Lochte, 1993). It is
also motivating and enjoyable. As the school year progresses, ICN interactions became more
and more natural for them. Students report no fear of the challenges of using distance
technologies. They learn how to use the technologies with enthusiasm. They become
proficient at maneuvering camera control as they integrate video segmenté or presentation
software components into their telepresentation sessions. Use of the equipment never
intimidates students as it sometimes does teachers.
3. Suggested changes for ICN classrooms

Tillotson and Henriques (1997) suggest changes that could be made to the current ICN
interactive distance learning classroom:

a. Make the equipment more flexible to allow more mobility around the classroom

rather than the feeling of being tethered in one spot.
b. Design the classroom with more flexibility making it possible to install laboratory
equipment.

Miller (1996) recommends devising pilot programs that include a laboratory component
integrating the interactive ICN technologies to illustrate practical alternatives to traditional
methods of facilitating laboratory activities.

4. Professional development

Providing teachers with equipment and staff development opportunities to learn to use
the ICN technology are equally important (Clark, 1993; Lochte, 1993; Cyrs, 1997; Merkley et
al., 1997; Schlosser, 1997; Sorenson, 1997; Tillotson and Henriques (1997); Burke, 1998;

Burke, 1999; Anderson and Kent, 2002). Until someone uses the equipment, they have no
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idea what it entails or how quickly they will adapt to its use (Lochte, 1993); therefore, novices
need to start teaching as soon as possible for maximum benefit. Teachers need to assume some
level of ownership of the ICN to be relaxed using it as a communication tool (Merkley et al.).
Not only is the appropriate training required for teachers at a distance, but it is critical for
aspiring distance educators to be given local and project-wide administrative support that
substantiates backing of the importance of the role of distance education.

Merkley et al. (1997) recommend that ICN-oriented staff development must include:

a. Methods to establish and maintain effective communication between interacting sites;

b. Methods to increase interaction;

. Strategies for encouraging motivation among presenters and receivers;

[¢]

d. Techniques for planning and managing organizational details, etc.;

e. Awareness of the time demands of distance-delivered courses.

Proper training accommodates differences in awareness, comprehension, comfort, and
learning styles. "Ultimately, it is the opportunity for meaningful involvement, professional
development, and institutional support that are the key factors in promoting faculty receptivity
and significant contributions to distance education programs" (Merkley et al., 1997, p. 39).
The amount of time required for training depends on the aptitudes and attitudes of the people in
each class, the number of participants, and the level of expertise required. Anderson and Kent
(2002) recommend extensive training prior to the first day to decrease any inherent reluctance
or anxiety that a teacher may have about teaching via interactive television technology.

Teachers can benefit noticeably from interaction with mentoring colleagues as they
grapple with the teaching nuances of distance education (Felder, 1993b; Merkley et al.).
Transfer of knowledge and skills is effective when instruction takes place shortly before
teachers begin teaching their own classes (Lochte, 1993; Myers, 1994). But, as Paterson

(1999) notes, the distance learning classroom provides easy access to technology. With simple
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training and practice, the equipment becomes as natural for teachers and students to use as the
chalkboard is.

Beyond teacher training for ICN use, teachers adopting new classroom practices would
benefit from a concerted, experiential training program in those new methods. McNeal (1998)
observes that most instructors do not adopt new teaching strategies by simply learning about
them—it is better if they experience being taught in this manner. Training may be more
sophisticated than they have experienced (Herman, 1998). They should practice, get feedback,
and obtain support from their associates. The most successful contemporary classroom
practices engage students through the spontaneity of hands-on participation in the learning
process. They endeavor to learn together. Faculty should become comfortable with facilitating
rather than directing these kinds of group sessions. They can do so by experiencing the
sessions themselves (Crowther, 1999).

McNeal (1998) outlines an active workshop process to help faculty achieve this comfort
level. Training workshops should provide active exercises to engage participants. A facilitator
guides activities at the proper level of challenge and engagement that encourages dynamic
interaction as well as the possibility for faculty bonding. The workshop environment parallels
classroom organization and structure as well as the active learning strategies that the faculty
may want to adapt to their own classroom. Within their workshop role as learners, teachers
can reflect on both the value of collaboration and what their own role is in their group.

From the outset, the facilitator must set the tone of collaborative problem-solving. A
well-crafted, engaging opening activity avoids faculty passive observation, disengagement or
skepticism. Good ice-breakers need to be hands-on exercises that use faculty members'
previous knowledge and skills and are complicated enough to provide challenge. They should
be outside the expertise and experience of most participants and open-ended enough so that
there is more than one possible approach to the solution of the problem. The small groups

should present their findings to the entire group. After discussion, there needs to be closure.
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The group should discuss what they have learned about the collaborative nature of the activity
both as learners and as teachers. These kinds of activities encourage positive interaction, as
well as increase faculty motivation to use similar activities themselves. The more familiar the
process is, the more likely the instructor is to try the method.

5. Mentoring

As one very important aspect of professional development, mentoring among teachers
is recommended (Bullard and Felder, 2003). Mentors provide the support network that
novices require at the outset of undertaking a different instructional approach. A person cannot
become comfortable with an alternate approach to instruction during a one semester course, let
alone a three-day (or less) training workshop (Felder, 1993b). Mentors can help novices find
an individual approach suited to their own teaching strengths, personalities, student
populations, and school and district administrative constraints. Felder recommends that
mentors should in some way be compensated.

When a novice is challenged with some problem, the mentor may suggest a way of
devising a solution, but should then withdraw, remaining at a distance and observing how the
novice copes rather than trying to interfere to solve the problem (Felder, 1993b). Bullard and
Felder (2003) cite multiple benefits that the mentee derives from a mentor-mentee relationship.
The mentee:

a. Receives frequent demonstrations of good teaching practices and has the opportunity

to implement them;

=x

. Is provided effective feedback on her/his performance;

. Has some reprieve from the responsibility of developing content materials from

o

scratch;
d. Does not experience as much apprehension of "going it alone";

. Discovers a sounding board for new ideas;

o

=

. Receives help with questions and problems;
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g. Is able to teach class at a higher level the first time;

h. Finds a colleague who has her or his best interest at heart;

i. Is in a position to offer the mentor new ideas from the novice perspective.
Mentoring team debriefing sessions provide instructors with the opportunities to discuss what
strategies, activities, etc. are being contemplated or what has already been accomplished. As
the novices become more experienced, they gradually assume more autonomy, and are less
dependent on mentors.

6. Teacher preparation time

Teaching goals remain the same whether teaching at a distance or in the traditional
classroom (Tillotson and Henriques, 1997). But, planning for teaching at a distance involves
time for the modification of current materials and creation of new materials (Graf, personal
communication, March, 1995; Cyrs, 1997; Merkley et al., 1997; Sorenson, 1997; Simonson et
al., 2000). The amount of time dedicated to planning and reorganizing traditional curriculum to
adapt it to two-way interactive distance learning environments impacts the quality of
telesessions as well as how thoroughly students learn (Cyrs). Although the role of the teacher
tends to be that of facilitator, the amount of work to keep all of the interactive groups
interrelating can easily more than triple the traditional tasks of the teachers (Flemister et al.,
1994). Support personnel and guidance are needed to provide instructors with the time to
adapt traditional materials and to devise new materials designed to utilize the flexibility of two-
way interactive ICN technologies. One cannot simply walk into a distance education session
and “wing it”. A concerted effort is required to prepare an organized cohesive lesson plan.
Teachers considered principles of visual thinking, student engagement, use of study guides,
presentation skills, telecourse organization and planning, and technical skills essential for
producing two-way interactive modules and ICN sessions (Schlosser, 1997). Any

developmental efforts on the design and implementation of interactive telelearning materials can
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lead to the improvement of a teacher's performance in the traditional classroom as well as
improved communication with students and colleagues.
7. Development of materials

It is important to pay special attention to the development of strategies and curricular
materials to be implemented at a distance. Learning modules must be designed and modified
for implementation as tools to be used with synchronous interactive cooperative ICN sessions.
Materials must be prepared in a more detailed way for students working to understand the
strategies that they need to employ to communicate effectively using the two-way interactive
communications system (Cyrs, 1997). Project activities must be organized well—a systematic
approach to educational coordination and implementation is crucial (Myers, 1994). "Down
time" is magnified on television (Lochte, 1993).

Further, Myers (1994) notes that educational planning requires developing a
coordination plan (membership, timeline, milestones and completion dates, and problem-
solving strategies), establishing committees and their responsibilities (goals and objectives,
membership and responsibilities of the committees, and schedules), resolving instructional
issues (who will teach on the system, how materials are exchanged), developing policy
(remote-site discipline, coordination of grading policies, student attendance, teacher absence,
preparation time, training to use the ICN classroom and ICN equipment, school bell and
calendar schedule coordination, module offerings and schedule, distance learning policy,
extracurricular access to the network and classrooms), and defining teacher training
requirements (so that the most efficient and effective use of the network occurs).

8. Principles and strategies for effective teleteaching

Lochte (1993), Cyrs (1997), and Boaz (1999) summarize principles of and strategies

for effective teleteaching and telelearning. Boaz advises that the focus should be on the

individuals, not the technology. The outcome(s) of the interactions is what is important, not
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the means by which they occur. The technology should become invisible to the communication
process.
A teacher should:
a. Encourage active learning by creating an active teleclassroom that engages students,
and gets them involved in their own learning.

Activities must relate, be meaningful, and be doable. Students must be
engaged in the learning process. The emphasis is on higher level application and
critical thinking skills. To keep their attention, students should be involved
in interactive exercises between 30-50% of the time.

Students must learn through discovery and exploration. The teacher must be
the guide or catalyst who facilitates this process. A mixture of technologies, both
synchronous and asynchronous allow the most opportunity for interaction.

Instructors prepare the experiences and activities to allow the students to have
fun as they learn so that they want to pursue the topic(s).

b. Communicate high expectations that students perceive to be achievable.

Cyrs recommends that the students be convinced that they can
succeed in learning activities and can use what they have learned. This
is the reason real world tasks should be designed to connect with discipline-
oriented concepts.

c. Emphasize time spent on learning tasks.
d. Respect diversity in the classroom and different methods of learning.

Instructors encourage tolerance, discourage snide remarks, criticisms,
sarcasm, or any types of remarks or behavior that might embarrass any student.
Students must remember that although the push to talk microphones may not pick
up harsh comments without being depressed, the teacher microphone might.

Students who are unfamiliar with a distance learning environment are unaware of
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communication protocols and prefer to be provided with guidelines for what is
appropriate behavior.
e. Encourage student/instructor contact before and after class.
The teacher must remember that instructor impact on the students is actually
greater before and after class than it is during class.
f. Promote cooperative learning among students.
The premise of cooperative learning is that knowledge is socially
constructed. Collaboration over a distance promotes a sense
of unity. No one individual on the team contributes more than the team as a whole.
The strength of the team is the sum of its parts. Critical thinking is fostered by
teamwork. Evaluation has a two-fold emphasis: the group project provides a
common grade for each team member and the individual is assessed via
contribution to the group effort by both instructor and peer appraisal.
g. Provide punctual feedback to students on learning achievement.
Positive timely input from instructors to their students is recommended. In
addition, instructors are encouraged to solicit feedback on how the class is going
for the students.
h. Communicate and link teaching and learning goals and objectives in ways that
students understand them.
In order for student-centered learning to be effective, students should have
some idea of their own learning goals.
i. Scaffold and connect newly acquired information to prior knowledge.
J. Present the information in personally meaningful ways. In designing the telecourse
organization, syllabus, and handouts, employ analogies and metaphors to show
the content structure.

Anything that classmates both on-site and at a distance can do to help one
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another to organize their learning experiences in a better way is beneficial to the
success of learner outcomes across schools.

k. Provide adequate and appropriate practice for transfer and application of skills.

A student might know information, but not know how to apply what is
known. Learning opportunities to explore this are recommended.

1. Motivate students in any conceivable way. Explain why they should learn
something, what the benefits are to them if they learn it, and how they can apply the
skill or data immediately.

m. Advocate elevated processing of learning through tests, questions, activities, and
exercises that are based on high-level learning performance objectives—students
learn as they are assessed.

Students who are assessed on the basis of higher order critical thinking skills
and application of concepts are apt to recall more than those tested over memory
recall alone. They will also retain it longer.

n. Visualize key concepts and ideas and share the visual picture.

Students play with technology every day. They are comfortable “Internet
surfing”. They play video games and computer games. They communicate via
electronic mail. Their parents have videotaped them for posterity since
infancy. Itis, however, somewhat novel to them to apply these technologies to
their school work. Teachers should capitalize on this familiarity to encourage them
to utilize as many of these technologies as they are able to prepare visually-based
collaborative lessons for ICN presentation. Students have a marvelous ability to
create presentations which their instructors could not even imagine. They are
intrigued and motivated by the opportunity to explore and have fun, with the excuse
of learning. Just as cleverly-prepared commercial advertisements catch their

attention, if lessons are prepared creatively, students will find them appealing and
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remember the "point(s)" of the lesson.

o. Articulate your instructor philosophy and model of teaching and learning—students
are "in charge" of their own learning.

p. Know who you are as a teacher and the priority of teaching in your career.

Students intuitively know if an instructor has a genuine interest in them and

what they are accomplishing, or whether the instructor is serving as a care provider
merely marking time until the end of the class period (or the end of a career).

q. Take best advantage of in interactive telelearning environment.

1) Consider the camera to be just another student and include it in all
conversations and interactions.

2) Use a good visual aid to interpret a lesson, focus attention, alleviate
monotony. Look at visual aids at the greatest distance on the poorest
television monitor available before using them.

3) Practice with the equipment so that there is no fumbling. It is best to
demonstrate competence.

4) Have a contingency plan—it is a must in case of network down time.

5) Design and develop purposeful tactics or methods for good student
engagement.

C. Electronic mail
Electronic mail is a non-confrontational electronic delivery system offering service
twenty four hours a day, seven days a week that can be used in synchronous or asynchronous
mode for communications with correspondents located anywhere in the world (Cyrs, 1997).
E-mail is ideal for clear communication (Marbach-Ad and Sokolove, 2001). Messages can be
sent to groups of persons or to individuals. Messages can be stored or archived. The

unstructured nature of e-mail provides a simple, convenient means of communication.



38

Electronic mail is the most common asynchronous communication tool (Simonson et
al., 2000). Electronic mail provides correspondents with the opportunity for collaboration. It
allows direct one-on-one interaction for those communicating. Students can interact with other
students, with their own teacher, or with other teachers; and teachers can interact with their
own students, other students, or with other teachers.

The use of e-mail is beneficial to students. It provides an alternate means for
interaction, thereby expanding student learning environments. Continued use of e-mail allows
improvements of reading, writing, and communication skills (Hedges and Mania-Farnell,
1998; Pence, 1999); discussions are expanded beyond the actual classroom; there is a
motivation for writing and for natural communication (Frizler, 1999). Advantages of electronic
mail are that it allows for self-pacing of collaborations and allows time for reflection before
response (Angelo and Cross, 1993; Marbach-ad and Sokolove, 2000; Simonson et al., 2000).
For example, students are assigned to read a text and then to write corresponding questions
about the material. Composing these questions serves to help them realize what they do and do
not understand about what they have read.

Use of electronic mail encourages student questions because it is private, secure, and
essentially non-threatening (Marbach-Ad and Sokolove, 2001). Because it is asynchronous, e-
mail allows students to compose messages and review them before sending them. This yields
more understandable, better-crafted questions and answers. And, the act of writing itself is a
good way to make ideas clearer and improve comprehension. Using electronic mail, every
student has an equal opportunity to share thoughts (assuming every student has equal access to
a computer able to send and receive electronic mail) (Angelo and Cross; Mania-Farnell;
Frizler).

Pence (1999) believes that cooperative electronic mail interactions are an effective
communication technology for introductory chemistry. Electronic mail bolsters and can even

enhance active learning (Marbach-Ad and Sokolove, 2001). The combination of cooperative
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learning and electronic mail provides a new means of allowing students to interact. They feel
they can disclose their feelings with relative anonymity. At the same time it encourages them to
improve their social and communication skills via technological interactions. Electronic mail
increases the opportunity for interactions, both student-student and student-instructor. Using
e-mail helps students feel more comfortable asking questions. They can include inquiries of a
more personal nature (procedural questions, questions about examinations, quizzes,
assignments, and questions about grades). The students who would never ask a question in,
during, or after class are not as hesitant to pose it via e-mail (Marbach-Ad and Sokolove,
2000). During e-mail communication, an instructor who notes that a student holds some kind
of misconception is in a position to make an immediate correction (Marbach-Ad and Sokolove,
2001). Cooperative learning implementing electronic mail as one means of enhanced
communication has a positive effect on student learning and retention (Dougherty, Bowen,
Berger, Rees, Mellon, and Pulliam, 1995; Palmquist, 2000).

Disadvantages of e-mail are few (beyond the lack of access), but may include the lack
of immediate feedback and the length of time required to carry on an asynchronous
“discussion” (although synchronous communication is possible), whereas ICN communication
is always a synchronous process (Simonson et al., 2000) .

D. The Internet

Internet-based activities should not be assigned simply to make use of the Internet as a
resource. Research questions can be designed to use other more traditional reference sources
(such as an encyclopedia, etc.).

Frizler (1999) recommends assessing the comfort and skill levels of students in regards
to technology to know how to pair students who have technology experience, with students
who do not. Not unexpectedly, students seem to assign themselves in working groups like

this, without teacher intervention.
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Designing viable Internet activities necessitates several considerations by the instructor
(Frizler, 1999):

a. Do the students have a place to work on their Internet task? Are there open

computer labs for students?

b. Is there a computer classroom that could be used to demonstrate Internet search

techniques for an entire group?

Frizler (1999) advises putting together Internet materials by collaborating with a group
of instructors. Teachers can design and critique their materials among their group prior to
using them. Modifications of materials can be accomplished in the same way, via use,
evaluation, and assessment by a teacher group.

Frizler (1999) recommends that an Internet-based learning package should be evaluated
from the perspective of teaching and learning. Students should be questioned as to how they
felt they benefited from having an Internet component in their class. In concert with the
dynamic nature of the Internet, once a set of materials has been designed and implemented,
teachers should constantly ask themselves how activities can be revised to improve them.

E. Focus Group Evaluation

Conducting focus group interviews can provide critical qualitative input that shapes the
development of research.

1. What is a focus group?

A focus group is a type of topical interview (i.e., deal primarily with explaining an
event or describing a process) that addresses questions to a group of individuals who have
been specifically assembled for the purpose of interacting with a questioner and fellow group
members about a particular set of topics of interest to the researcher. Topical interviews seek
detailed factual information and pertain to what happened, when, and why (Rubin and Rubin,
1995). Techniques for focus groups were designed in the 1940s and 1950s (Esterberg, 2002).
Gall, Borg, and Gall (1996) and Francisco, Nakhleh, Nurrenbern, and Miller (2002) define a
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focus group as a “carefully planned discussion” designed to obtain perceptions on a defined
area of interest in a “permissive, non-threatening environment”. It is conducted with a small
group of people by an experienced interviewer who attempts to elicit a variety of perspectives.
There should be no fewer than four nor more than twelve participants (Morgan 1988;
Greenbaum, 1998). The discussion is relaxed, comfortable, and often gratifying for
participants as they share their ideas and perceptions. Group members influence each other by
responding to ideas and comments raised in the discussion. Ideas flow from a guided
interchange. The data evolves from group communication.

Focus groups are comparatively easy to conduct and are one means of collecting a large
amount of qualitative data. The research can be done relatively cheaply and quickly. A larger
variety of responses can be collected via focus group protocol than by individual interviews.
Feminists feel that focus groups especially empower women, permitting them a voice by
equalizing the power balance between researcher and interviewee (Esterberg, 2002).

Interactions among the participants encourage them to share their thoughts, explaining
feelings, perceptions, and convictions, opinions, and attitudes that they might not otherwise
reveal or think to share if they were interviewed as separate individuals (Rubin and Rubin,
1995). These multi-faceted dialogues can probe issues more deeply than simple interview
responses. This serves to "maximize the benefits and minimize the limitations of group
dynamics" (Greenbaum, 1998, p.27 ). There is safety in numbers. Participant ideas work off
of one another. The format is not rigidly structured, in order to encourage respondents to
express their own ideas in their own words. The interview questions are relatively broad in
nature. This holds the discussion on track but allow for spontaneity; it places no limit on the
scope of the conversation and is an effort to garner as much information as possible from all
respondents.

Conducting focus group interviews is a highly effective method for collecting

information (Morgan, 1988; Chudowsky and Behuniak, 1998; Greenbaum, 1998; Francisco
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et al., 2002). The use of focus groups is a dynamic research method that provides a rich
source of contextual information about selected specific topics not available via the less flexible
survey approach. The primary characteristic of focus groups is the intentional use of the group
interaction to produce data and insights that would be less available without the contact found
in a group—the synergy of the group provides a richer response than would be available from
the individuals—the whole is greater than sum of the parts.

Group interviews can produce valuable data with relatively little overt input from the
researcher. Focus group interviews should pay attention to the difference between what
participants find interesting and what they find important. Interaction is integral to success and
must be encouraged to maximize the quality of the output from the session. If a session does
not contain significant interaction, one of the most important benefits is lost. Differences in
perspective are uncovered by how questions are posed and answered. Issues are explored
about how focus group participants agree and disagree. The moderator encourages the
participants to discuss a topic until their points of agreement and disagreement become evident.
The moderator facilitates efforts to resolve differences and build consensus.

2. Advantages and strengths of focus groups

The strength of focus groups lies in their capacity to explore topics and engender
hypotheses. The most important factor is finding a group of participants who are comfortable
interacting with one another and who are not hesitant to share their opinions without constraint
(Esterberg, 2002). There are several advantages that focus group interviews have over survey
methodology (Morgan, 1988; Chudowsky and Behuniak, 1998; Greenbaum, 1998; Esterberg,
2002; Francisco et al., 2002).

a. Focus groups provide the opportunity to gather unanticipated responses. Group
members have the opportunity to comment in response to the opinions of other respondents.
From these unexpected responses, ideas that had not previously been considered can be

investigated. A paper and pencil survey is limited to the questions asked. There is not a
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possibility to clarify or explore other related or even unrelated ideas. During a focus group,
one idea engenders another or series of others.

b. Focus groups are a practical approach to gain an insight into the character and
intensity of the emotional response of the participants. Focus groups are better suited to topics
of attitudes and cognitions than other kinds of qualitative research. Cognitive processes are
revealed through focus group interaction in ways that it would not be possible to observe
otherwise. No computer analysis of survey responses can gauge the feelings of respondents in
the same way as the unbiased conductor of a focus group who can pay attention to the
nonverbal aspects of the interactions and observe body language along with respondent
interactions. Audiotaped recordings of the transcript are able to depict emotional nuances that
written surveys could not detect.

c. The anecdotal evidence collected through group interaction may provide significant
points and added appeal and interest for the reader. This is part of a larger effort to triangulate
different forms of data collection on the same topic. The independent self-contained nature of
the focus group is a crucial feature of its ability to contribute to triangulation. Focus groups
treat the perceptions of participants as the basis for a discussion among a collection of
individuals whose ideas may be subtly or widely different from one another. Survey
compilations may provide a skeleton of information pursuant to an issue or issues, but focus
group responses fill out the skeleton multidimensionally.

d. Interactions within the group may produce insights not otherwise obtained using
other methods. Scripted questions (called the moderator guide) lead the discussion, ensuring
that a set common core of questions is asked of all participants; but there is a freedom to
explore other issues. Respondents may raise some points not considered by the focus group
organizer or facilitator and not available by a set of one-dimensional survey responses. Focus
groups are useful when it comes to investigating WHAT participants think, but they excel at

uncovering WHY participants think as they do (Morgan, 1988; Greenbaum, 1998).
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The focus group approach avoids putting interviewers into a leadership role. They
introduce themselves in such a way as to establish trust and rapport among the participants.
Prior to conducting the formal focus group, they converse with participants to create a relaxed
atmosphere. But it is the participants who "run" the focus group.

3. Features of the focus group

The three most important features of the focus group (Greenbaum, 1998) are

1. The choice of moderator;

2. The moderator guide;

3. The recruiting of appropriate participants.

a. Moderator

The moderator is the most important element in the focus group process (Greenbaum,
1998). She or he works to develop a comfortable atmosphere so that those participating are
willing to talk in front of people they may not already know (Rubin and Rubin, 1995). The
moderator is responsible to conduct research in advance to prepare for conducting the focus
group, to prepare the moderator guide, to set the tone and implement the focus group in such a
way as to accomplish the research objectives, and finally, to complete a post-focus group
analysis and report.

Moderators facilitate discussion without interjecting opinions or comments. Neither
does their tone of voice or nonverbal response give any indication of their own opinion. They
must also be prepared to ask probing questions if a response is not clear or to redirect
discussions that stray too much from the topic under consideration. Leaders should also be
acutely attuned to make note of nonverbal information that might be shared during the focus
group. They should be prepared to read body language that might communicate respondent
opinions. They are trying to elicit overall participant reaction to their questions. In addition,

moderators try to determine participant concerns, suggestions, and recommendations
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participants have for future work. Deviations from the moderator guide can be made in order
to foster a productive topic of discussion; but no pre-planned topics should be abandoned.

Greenbaum (1998) likens the focus group moderator to an orchestra conductor. She or

he give overall direction while encouraging the participants to do most of the work (talking)
(Rubin and Rubin, 1995). The selection of an appropriate moderator makes the difference
between a successful group that provides exceptional information and a group that provides
mediocre or ambiguous information.

1) Moderator characteristics. Morgan (1988), Greenbaum (19998), and Glesne

(1999) outline a number of characteristics that a good focus group leader should have. Some
characteristics can be learned, others are inherent personality traits.

A moderator should be:

a) Personable. The moderator should be congenial in order to encourage rapport with
participants who should want to become actively involved in the discussion to
please the moderator. If this is not achieved, participants may not discuss openly
and the worth of resultant discussions is not equivalent.

b) Well-organized. The moderator should adequately prepare prior to focus group
sessions by reviewing the moderator guide, as well as any questions that the
research team has, to be certain that all is understood.

¢) A good listener. The moderator guides the discussion based on what has already
transpired.

Glesne (1999) suggests that a skilled moderator should be able to

a) Anticipate how to phrase questions for the audience—i.e., students require different
treatment from instructors.

b) Play the role of being naive—the moderator should make no assumptions nor
interject any opinions, but rather, encourage the participants to provide these.

¢) Be non-directive—probe without sharing opinion, guide without dictating.
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d) Be therapeutic—provide the participant with a forum to share opinions but also

unburden themselves of strong feelings that they have kept suppressed.

The successful leader should have a high energy level from start to finish-to avoid the
boringness that could develop if the group interaction is not dynamic or members are not highly
engaged in the process of discussion. Some degree of experience with the process of
conducting a focus group is advantageous. Experience with the project or topic(s) under
discussion is beneficial, but not essential. The leader should be a quick learner—an
accomplished moderator should be able to quickly acquire enough information about the topic
at hand to create an effective moderator guide as well as facilitate successful group sessions
while always remaining objective. The moderator should have good communication skills—
via input in composing the moderator guide, asking questions during the process of conducting
the focus group, and in drafting the final report.

One very important skill the moderator should possess is a good short-term auditory
memory. This is so that the leader can remember comments made earlier in a session in order
to relate them to later statements. Morgan (1988) and Greenbaum (1998) recommend that a
good moderator should be able to

a) Paraphrase, restate, or clarify participant comments.

b) Sequence comments logically to tie them together.

c) Interpret results.

d) Draw conclusions, make recommendations beyond the scope of the group.

e) Identify key points in a topic and focus on them.

f) Listen and search for points to elicit from participants.

The focus group moderator asks questions to launch the dialogue, but then simply
facilitates or guides, letting participants take primary responsibility for sharing their views and
eliciting the views of others in the group. The topic is introduced in a general fashion. The

focus group leader is there to learn from the group. All questions are asked in clear terms and
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investigate only one idea. Initial questions are non-controversial and uncomplicated, in order
to set the tone and build trust. The moderator moves at a pace sufficient to accommodate all
topics thoroughly without hindering discussion in any one area. Pragmatically, the skilled
focus group leader will end the focus group session within 10 minutes of the agreed time.

Esterberg (2002) suggests that if the focus group moderator is of the same racial or
ethnic background as the members of the group, rapport may be more easily achieved, leading
to a more successful focus group. There were no observations made about the gender of the
moderator and successful focus group interviews.

2) Moderator involvement. Low levels of moderator involvement are important
when goals include doing full-scale content analysis. If not, the results could characterize what
the moderator, rather than the participants, thought was exciting or of consequence.

High levels of moderator involvement are more appropriate when there is a strong
externally generated agenda. The moderator can

a) Guide interaction in the group.

b) Steer irrelevant conversation back on track.

c) Initiate new discussion when the group dynamic begins to lag.

d) Guarantee that the group does not quash convictions that differ from the majority.

e) Discourage dominant participants.

f) Include reticent participants.

b. Moderator guide.

Moderators work from a draft outline called the moderator guide, designed to
accommodate and accomplish the research objectives. The moderator guide should be prepared
with as much time and attention as a questionnaire for quantitative study would be prepared.
External stimuli need to be adequately incorporated. For example, participants may need to be
reminded of the different aspects of the topic to be discussed before the beginning of the focus

group. The summary should be brief but thorough—if it is insufficiently presented, the
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results are not useful. The summary should be communicated to the participants as clearly as
possible but without bias.

The goal is to have the participants do most of the talking, cued by probes from the
prepared guide.

¢. Participants

1) Time. The duration of a focus group is usually fixed at one to two hours. There
is only a finite amount of time that volunteer (or paid) participants can continue to pay attention
to the topic at hand and make meaningful contributions. After too much time, attention wanes
and results lose value.

2) Number of groups. The number of groups is the primary dimension of
variability in planning focus group research studies. Researchers can establish a target number
of groups in the planning stage, but should be flexible when making the decision about the
final number. The more homogeneous groups are, the fewer will be needed. The goal is
homegeneity in background, not in participant attitude. If the moderator can anticipate what
will be said next in a group, then the research is done and there is no need for a focus group
interview. Getting to this point usually requires the analysis of three to four groups (Morgan,
1988). The moderator can adjust the number of groups by gauging whether additional
discussion s producing new ideas. If the research goal is a detailed content examination with
relatively unstructured groups then six to eight or more groups will be necessary (Morgan,
1988).

3) Members. Members of the focus group are selected to provide the highest
quality feedback on the topics being explored. Focus groups can be composed of members of
a pre-existing group. When participants are members of an already established group, the
members must all be relatively homogeneous (Morgan, 1988; Greenbaum, 1998) and on an

equal basis (Gall et al., 1996).
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4) Group size. Only a relatively restricted range of group sizes is pragmatic for an
interview session. Focus group size is relatively small, on average, seven to ten members in
order to allow for a variety of opinions to be sampled without precluding the opportunity to
share among any of the participants. Four is the smallest size for a successful focus group and
the upper limit is about 12. It is important to over-recruit by 20% , although the actual extent
of over-recruitment depends on several aspects: where the groups are held, who the
participants are, whether they are being compensated for taking part, and how critical the size
range is for the overall strategy of the research (Morgan, 1988; Greenbaum, 1998; Esterberg,
2002). The more participants who are included, the more difficult it is to manage their
discussion. Larger groups characteristically require a higher degree of moderator involvement
and it requires an experienced moderator to control a larger group without constant efforts at
keeping on task.

5) Timely arrival. All members must be together at the same time and place for the
focus group to be effective. When members of a pre-existing group are missing, the focus
group may not have the breadth and depth that would be possible with all members present.
Respondents who arrive late or leave early also deprive the facilitators of their express opinion
about the issues that they are unable to discuss during their absence.

d. Record of the focus group

1) Audiotaping. Both audiotaping and handwritten note taking strategies can be
used to record focus group comments. Gall et al., (1996) note that audiotaping has several
advantages over note taking. Audiotaping provides a complete documentation of the focus
group conversation. It can be played and replayed to elicit pertinent information. There could
be an unconscious bias in the process of note taking wherein the recorder fails to record all
comments, having decided that they may have been irrelevant, unimportant, or the like. With

an audiotape system, all comments can be retrieved. Using an audiotape protocol also speeds
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up the interview process. Finally, audiotaped comments can be analyzed by more than one
evaluator (for purposes of confirming interrater reliability).

Choice of physical facilities must be made with tape recording clearly in mind.
Transcripts of the audiotape are the basic data that the research produces. It is essential to
ensure the quality of the recorded data. Few respondents have any qualms about the need to
audiotape to collect a record of the discussion. It should be noted, however, that for some
participants, if they feel that an audio record of their comments is being made, they might
hesitate to share ideas and feelings about controversial topics.

2) Handwritten notes. Handwritten note-taking organizes the data as it is being
collected. Gall et al., (1996) observe that note taking may distract the respondents during the
interview process, especially if participants are discussing controversial or sensitive issues.
Watching someone transcribe their comments could serve to unnerve them.

3) Dual recording. To attempt to eliminate some of these difficulties associated
with note taking and audio taping, two focus group facilitators can worked together. The first
(leader) engages in the dialogue with respondents, the second acts as recorder. The “leader”
posed the questions; the recorder simultaneously monitors the audiotape system and takes
notes. Respondents interact with and pay more attention to the “leader”, while the recorder
conducts the business of data collection, becoming essentially transparent to the process.
Participants pay little or no attention to the recorder unless she or he turns a page while taking
notes or turns over the audiotape at the halfway point in the interview.

This dual recording method (note-taking and audio-taping) ensures the collection of
the desired information. One method supports the other (Esterberg, 2002).
e. Problems with focus groups
The use of focus group interviews themselves can be problematic (Chudowsky and

Behuniak, 1998).
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1) Small sample sizes limit the generalizability of the results. It is difficult to use large
samples for focus groups because of the time required to provide each participant with the
opportunity for adequate reflection on the issue. A reasonable group size (12 or less) promotes
respondent interaction that can be more naturally conversational.

2) Participants need to raise issues themselves. If the group does not raise an issue, it
may exist but just not be voiced. The researcher would not be aware of a major point because
it has not been mentioned. If an issue suggests itself to the facilitator as the focus group
progresses, she or he is in a position to introduce the idea to the group.

3) Determining the degree of concern raised within the focus groups can be difficult.

A strongly expressed view at one or two focus group sites could be particular to those
individual sites or could be indication of a much more widely held concern. Facilitators need to
elicit elaborating comments to clarify this.

Any limitations in using focus groups could be remedied by combining focus group
methodologies with other data collection techniques. These combinations could provide a
strategy such as the following:

1) Conduct a limited number of targeted focus groups to get at or evolve the ideas.

2) Use the feedback generated from the focus groups to devise a proper survey for a

more global inquiry.

3) Conduct a random sample survey of test sites.

4) Summarize all results to provide the broadest basis for validating the assessment.

It should be noted that supplementing focus groups with questionnaires may have
disadvantages. The two methods may be mutually contaminating to one another. For
example, completing a questionnaire prior to a focus group can tend to direct group discussion,
while conducting the focus group first may change participants' attitudes.

Using questionnaires can also introduce complications. It is more difficult to

accommodate participants who arrive late when using pre-questionnaires. If the participant has
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not completed a questionnaire similar to fellow members of the focus group, information is
missing for one of the participants who is an influence on discussion in the whole group. If,
instead, there is a post-questionnaire, there may be those participants who leave prior to
supplying the necessary post-interview data.

The use of questionnaires has its advantages. Collecting background data provides a
more complete picture of the group participating. The information can help constitute the
moderator notes after each session.

f. Group dynamics

The moderator must be able to enhance group dynamics during the session. The group
dynamics that occur when people interact about a given topic generate more information than
one might get from individual interviews. There is a synergy among participants. The sum of
their interaction as engaged participants in the focus group is greater than the additive value of
individual interviews with each of them would be. An effective moderator can motivate the
people in a session to communicate with each other as a way of exploring issues of common
agreement or disagreement, generating a more complete picture of attitudes than from each
individual. Unresponsive interactions could impede the productivity and effectiveness of a
focus group.

A few participants should not be allowed to affect the participation of others. Unless
special care is taken by the moderator during the discussion, some members can significantly
influence other participants' reactions to specific questions or in their reporting their own ideas.
The presence of others is helpful in the focus group but also may hinder the smooth flow.

g. Participant authenticity

Some participants provide only positive feedback in order to please the moderator. One
solution to this problem is to have participants write down their own opinions before beginning
the focus group. If participants are encouraged to articulate their beliefs before progressing,

they come to better realize their own perspective on the matter. They remain truer to their
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original opinion and are not as easily influenced by other members of the group. This results
in more honesty when individual viewpoints are shared.

h. Dominant personalities

One vocally opinionated person could dominate a focus group session and influence the
contributions of others. Some participants will hesitate to speak in this kind of situation (Rubin
and Rubin, 1995). When dominant personalities threaten the productive dynamics of a focus
group, some action must be taken to ensure an unbiased final product. The moderator takes
active control and reminds the group that their objective is to hear from everyone about how
they each feel. The leader can directly call on quieter members to solicit their opinions.

Another tactic used is enforced silence—the moderator essentially ignores the dominant
person. Although a strategy of this sort can create some resentment on the part of the group as
a whole, the moderator can explain the problem by sharing the conviction that it is important
for everyone in group to participate and that each view is as important as the next (trying to do
this without alienation).

i. Session descriptions

The room chosen for the focus group must be large enough that participants do not
have to sit too closely to each other. If they are not comfortable, the entire focus group
dynamic will be less effective. The room should be as soundproof as possible to eliminate
potential distractions.

j- Ground rules

Esterberg (2002) recommends that the moderator speak to the issue of confidentiality so
that participants are aware that they should not discuss what they have seen and heard during
the focus group once they leave the room. All focus group members are encouraged to
participate, with no one person dominating. There can be only one person speaking at a time.

No one can carry on side conversations with neighbors.
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k. Bias

A focus group is highly subjective. Observers must strive for impartiality. All
observers may not interpret what happened during the focus group session in the same way.
Biased observers may interpret comments through preconceived disposition that allows only
the input that fits the bias and no other input. If results are reported on this basis, the resulting
research is tainted.

Biased moderators produce data that reproduces those biases. Moderators should have
“understanding empathy and disciplined detachment,” (Morgan, 1988, p. 50). The moderator
must maintain a completely objective perspective throughout the process so that final report
accurately and objectively summarizes the factual information and provides independent
interpretation. This account could be used in the future to refer back to results of past focus
groups.

I. Interest level

The moderator may find it helpful to begin the focus group with questions that will be
of most interest to the participants, not necessarily those of most interest to the researcher. In
this way, the participants become engaged in sharing their thoughts and the focus group
dynamic is assured.

m. Analysis

Focus group data embodies the words and evidence of all participants interviewed, but
they are interpreted by the researcher. A focus group analysis should not try to quantify results
of focus group session, it should utilize them to elaborate on quantitative results. It must not
overemphasize the opinions shared by those who seem to provide the "desired” input. It must
try to get a general overview of the major strengths and weaknesses of the concept.

Focus group analysis is of two basic types, ethnographic summary and systematic

coding. An ethnographic summary relies more on direct quotation of group discussion points.
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Systematic coding via content analysis produces numerical descriptions of the data. Although
either could be used effectively, there is additional efficacy from combining the two. For
example, it is useful to include characteristic quotes in a quantitative summary of data. In
reporting and summarizing, the moderator is challenged to strike a balance between the direct
quotation of the participants and a summary of their discussion(s). Too much quoting is not
preferred (could be seen as filler) nor is too much summarization (too dry). It is important to
distinguish which topics are more significant and concentrate on thorough portrayal of only
what is most important.

Painstaking analysis of the results of one or two focus groups elicits themes leading to
a general idea of what has been learned. More than one person can examine the transcriptions
and the two analyses can be compared. Morgan (1988) and Greenbaum (1998) recommend
that the focus group report include about one-third participant quotations, with the rest divided
between setting the stage for quotations and interpreting the implications of the quotations.

F. The Changing Emphasis in the Classroom—
Away from ‘“Coverage” to ''Understanding'

1. The learning process
We begin to learn when we are born and ideally continue to do so until we die. Hooper
and Hannifin (1988) outline three stages of learning:
a. Students can discriminate between examples but are unable to apply their knowledge
to new situations or provide in-depth explanations.
b. Students undertake restructuring—some transfer of knowledge is possible, but they
are not able to thoroughly explain.
¢. Students able to solve novel problems as well as explain them.
These parallel Jean Piaget's four stages of cognitive development (Pressley, 1996):
a. Sensorimotor (0-2 years) when intelligence takes the form of motor actions (not
connected to things outside the child);

b. Preoperational (3-7 years) when intelligence is intuitive in nature; children can think
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in symbolic terms—pretend, verbalize, understand past and future; however, cause
and effect, and concepts such as time and comparison are not attainable;

c. Concrete operational (8-11) when the cognitive structure is logical but depends on
concrete referents; trying to reason through a problem with several aspects is still a
reach at this stage;

d. Formal operational (12-15 years) when thinking involves abstractions, such as
mathematical problem solving, understanding methodology, proposing hypotheses.

The way we learn adapts to different stages in our lives. Much of what is first learned
by an infant is task-oriented; there is an interest in learning for the sake of learning. The leamner
does self-evaluation, deciding whether or not performance is adequate, and whether the effort
expended has been appropriate (Ward and Bodner, 1993). If not, the learner strives to achieve
at what is personally deemed an acceptable level. Deep learning strategies are developed.

With maturity comes a shift away from task orientation to ego-orientation wherein
success or failure is self-attributed to ability. Ego-oriented learning is more superficial.
Students learn more effectively in a task-oriented mode. Task orientation also encourages life-
long learning. An instructor can encourage task orientation by emphasizing the process of
learning and de-emphasizing grades, competition among peers, and comparisons among
students (Ward and Bodner, 1993). Grading on an absolute scale rather than on a "curve" can
foster cooperative learning—students are not competing against each other for grades. Curve
grading makes students reluctant to work together (Paulson, 1999; Greenbowe and Burke,
2003). Curve grading supports competition. Self-improvement merits reward and final grades
reflect it.

McDermott (1991) notes that the curriculum is not well-matched to students. A large
number arrive inadequately prepared for the level of instruction the instructor is prepared to

provide. Students will learn by direct experience with several different methods and the
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process of inquiry. Learners need a curriculum that can involve the widest spectrum of
students (Bodner, 1992) and accommodate the widest variety of learning styles (Bretz, 2004).
2. A new path

Why design curriculum to be activity-based collaborative hands-on experimental
modules and interactive sharing via the ICN rather than a “talking-head” lecture-based delivery?
Boling and Robinson (1999) observe that student learning is enhanced by the use of post-
lecture cooperative learning activities. Student discussion of results and sharing of ideas
following a chemistry laboratory experience have occurred in classrooms that have been less
didactically oriented, i.e., where the teacher has promoted it. But, typically, these interactions
have not extended outside the classroom. Inter-classroom exchanges for students could help
them to capitalize on their mutual enthusiasm and to become aware of the commonalty of their
overall learning experiences. Technology is integrated into the curriculum through
collaboration, cooperation, and communication in a setting where computers and classrooms
linked through a fiber optic network is common (Flemister et al., 1994).

It is generally recognized that changes should be considered in chemistry course
offerings at the secondary and post-secondary level. The curriculum of chemical education has
been under intense scrutiny for the past twenty years. Many capable students are driven from
science by their inability to tolerate the traditional lecture approach and by the student passivity
observed in many introductory level science courses (Tobias, 1990; Dinan, 2002). This has
been especially noted with nontraditional students (Dinan and Frydrychowski, 1995). The
"disappointment” of college science (Soja, 1992, p. 4) rests in a number of factors:

a. The focus is on how not why;

b. Material seems irrelevant or too difficult;

c. There is too much stress or focus on abstract problem solving and not enough

opportunity for significant hands-on tasks;
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d. Too often, there is little prospect to propose, plan, and complete experiments;

e. The competitive atmosphere is disagreeable.

In the chemistry curriculum, it has long been recommended that fewer topics be treated
(Gillespie, 1991; Rickard, 1992; Spencer, 1992) with more emphasis placed on learning and
understanding rather than the "cult of coverage" (Stucke, 1996; Klionsky, 1998; Paulson,
1999). There is evidence to suggest that less is more—covering less material, but doing it
well, may produce better students. Felder (1992) believes the emphasis should be shifted from
"What do I want to cover?" to "What do I want students to be able to do when they have
finished with a class session?" Seymour (2002) recommends a shift in emphasis from teaching
to learning, centering classroom practice on making advances in student understanding,
reasoning, application, and learning retention.

There is more of a focus on the way material is taught rather than what the curriculum
is. Rather than trying to implement substantial curricular change, the way material is presented
should become of prime concern (McDermott, 1993; Bodner, 1992). Much of the way
teacher-centered chemistry courses have been conducted produces knowledge without
understanding. Students memorize a plethora of facts that they cannot use to explain real world
situations. For example, after a lesson on specific heat, students cannot explain why the
temperature of the water in a nearby lake will not be "warm" to the touch until weeks after the
outdoor temperature seems to be warm and summer-like. The system continues to self-
perpetuate unless there is some kind of intervention (Ewell, 1997). Faculty and administrators
involved in the redesign of existing curricula appropriate too much time for the discussion of
what should be "covered" and not enough time is dedicated to looking at how leaming theory
impacts this (Klionsky, 1998).

Passive learners are in part to blame. Students who merely sit in class trying to
determine what it is they must know "for the test", spend precious little time thinking about

what it is they could actually be learning. After taking an exam, 50% of what was memorized
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is lost (Crowther, 1999). Over a period of weeks, the amount of material forgotten is closer to
90% (Crowther). Mere listening and passive absorption are reasons for poor performance
(Worrell, 1992). Rote memorization is the typical strategy for students when the amount of
material is excessive. Students find it to be difficult to distinguish or differentiate between
what is important and what is not. They are overwhelmed by what appears to be the sheer
magnitude of facts and problem types. This leads to a lack of comprehension. Memorization
takes over when understanding cannot be achieved.

Instructors spend so much time building the basic "nuts and bolts" with students, that
little attention is directed to why these basic concepts are important, or how the individual
topics and concepts fit together. An instructor can provide some guidance in this respect, but
students must assume responsibility to construct meaning. Moore (1999) asserts that learning
is a “do-it-yourself” activity (p. 723). The learner must be active, working to think and learn
for herself or himself, not because it is for a grade or to please the teacher (Johnson and
Malinowski, 2001). Learning needs to be conceived of as something a learner does, not
something that is done to a learner (Johnson, Johnson, and Smith, 1991 and Johnson and
Johnson, 1996; NSES, 1996; Mazur, 1997). Active tasks that focus student attention on
mastering important skills and ideas, provides better understanding than massive transmission-
type instruction (Worrell, 1992).

3. Lecture is not the answer

Much of what transpires in a traditional classroom is the product of custom, economics,
and tradition rather than the result of pedagogical research (Spencer, 1993). Conventional
lecture is not the preferred mode of teaching for student success (Lagowski, 1990; Francisco,
Nicoll, and Trautmann, 1998; French and Russell, 2001; Meltzer and Manivannan, 2002;
Clark and Smith, 2004; Cooper, 2004; Fitzpatrick, 2004) . Formal lectures are inefficient and
large class sizes distance the student from the mentor (Bunce and Hutchinson, 1993). Wink

(1999) notes, "Faithful presentation of material is not an effective creating of a learning
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experience,” (p.315). It may be more efficient in terms of "covering" material. It may take
less time. "Lecture is not teaching, nor is listening learning," (Lagowski, p. 811).

Substantial learning does not occur via the lecture method (Birk and Foster, 1993;
Crowther, 1999). The degree of learning that occurs in chemistry is independent of the
lecturer; attendance at a lecture has only marginal effect on student performance (Dinan and
Frydrychowski, 1995; Hake, 1998) . Historically, lectures are the least effective way of
building conceptual knowledge, and "often provide students with answers to questions they
don't understand” (Herron, 1984, p. 850). Lecture does not allow a student the time for
enough reflective thinking to confirm her or his own comprehension. Students may seem to
follow and "understand" a lecture at any given time, but are not be able to explain the
concept(s) at a later time. They are unable to make the transition from "understanding" to
application (Klionsky, 1998). Less than 15% pay attention to the information shared and what
is imparted does not initiate active learning in a lecture situation (Frey, 1997).

There is an old adage, "You can lead a horse to water, but you cannot make it drink."
In a teacher-centered environment, the instructor may "cover" a large amount of material
efficiently (Klionsky, 1998). This does not guarantee that the students learn or understand
what is being presented (Francisco et al., 1998). Information is not transmitted intact. Telling
is not teaching. "Teaching by telling is an ineffective mode of instruction for most students,"
(McDermott, 1993, p. 295). Static lecture is not the answer (Spencer, 1999). Focusing on the
content material itself produces a relatively inert learning environment.

"Students, especially those in the sciences, do not learn as efficiently from the
traditional lecture method as they do when they are presented with interactive or experiential
learning opportunities," (Leonard, 2000, p. 387). Lecture does not stimulate active learning,
but rather, encourages passive learning and requires only minimal student interaction (LLeonard,
2000; Buxeda and Moore, 2000). It is easier for most students to attend a lecture in passive

mode: "...they need only to be able to take notes, memorize rather than understand and
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synthesize," (Klionsky, p.336). The instructor has already pre-processed the information and
transmits it in some way to the students (Reeve, Hammond, and Bradshaw, 2004). Klionsky
shares a student comment : "Education is the only business where you can give customers less
product and they'll be happier" (p.336). Passive students are not independent learners nor are
they active problem solvers (Mazur, 1997; Fitzpatrick, 2004). There needs to be a shift from
an instructional, knowledge transmission paradigm to a learning paradigm with students as the
focus of activity in the classroom (Wink, 1999). Changing the focus from content to the
learner can create a more dynamic learning environment (Miller, 1993).

The focus of teaching is about how students learn. And students learn in a variety of
ways (Lagowski, 1990) including: seeing, hearing, reflecting, acting, reasoning logically,
reasoning intuitively, memorizing, visualizing, drawing analogies, building mathematical
models, steadily, or in bits. Teaching and learning are not synonymous (Herron, 1984). The
gap between what is taught and what is learned is frequently a larger one than most instructors
are prepared to admit (McDermott, 1993). “We can teach—and teach well—without having
students learn. People who don't want to learn usually don't; people who want to learn, may
[sic]" (Bodner, 1992, p. 187). Instructors can teach about a topic, teach how to accomplish a
task, but might not be able to get students to do it (Lederman, personal communication, April,
1996).

Mere attendance at and inactive observation of a lecture presentation does not advance
involvement in learning, because observing and learning are two separate processes (Moore,
1996). In the usual lecture, 5% of students are actively involved, 95% of students are not
(Felder, 1992).

Felder (1991) asserts that "What routinely goes on in most college classes is not
teaching and learning but stenography” (p. 133). "Such records of lectures can be created by
rote process...There may be little learning potential in this process because there is only weak

association between recorded symbols and the concepts," (Dougherty, 1997, p. 723). In
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preparing for delivery, the instructor interacts with the subject matter. In class, the teacher
orates rather than interacts, and the student transcribes (Caprio and Micikas, 1997). Crowther
(1999) notes that students to not exert much energy to understand what they are learning
because they are too concerned with trying to take notes instead of trying to internalize what is
being shared. Most of them file away their notes until the next examination. "Anything you
can do to reverse this and there's success" (Felder, 1992, p. 19).

In a formal lecture situation, students retain 70% of the first ten minutes-worth of
material; this falls off to 20% during the last ten minutes (Felder, 1991; Felder, 1992; Felder,
1995e; Williams, 1995). Even if an instructor speaks at the recommended rate of 100-120
words per minute so as not to overwhelm students (Peters, 2002), attention wanes after the
first twenty to twenty-five minutes of a lecture presentation (Cooper, 1995; Olmsted, 1999;
Cooper, 2005). Cooper (2005) cites studies of heart rate, note-taking, and factual recall
supporting this phenomenon. Cronin Jones (2003) notes that students in cognitive overload
experience dilation of the pupils of the eye which instructors observe as a "glazed expression".
Spencer (1999) contends that usually no more than half of the students are attentive at any one
time. Crowther (1999) believes this number is less than 15%. Lord (1994) believes that
several days after the class, students remember only 20% of what they have heard during a
traditional lecture.

This does not begin to address the poor note-taking skills even the brightest students
may have. A large proportion of students have not had prior training for learning these
strategies. At the pace that material is delivered, students are frantically scribbling to write
everything and may miss half of what is said. As they are writing, they do not know how to
identify main ideas or organize information (Cronin Jones). The best note-takers are students
with the best backgrounds and these students rarely capture more than 30% of the information
shared during the class period; the biggest problem for instructors is that all students take notes

at different rates (Rowe, 1983).
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Johnstone (1993) notes, "To learn, students have to unpack what is taught to them,
then repack it in a way that suits their previous knowledge and their own learning style"
(p. 704). The brain stores information at the rate of 5-10 seconds per chunk of information
(Rowe, 1983). Lecture material enters a student's short-term memory, is sorted, organized,
and sent to long-term memory. The more unfamiliar the new facts and information are, the
more quickly short term memory is saturated. The more elaborate or complicated the new
material is, the more time is required to handle it and store it. Usually, the flow of ideas in
lecture is at a more rapid pace than the rate of this somewhat complicated mental processing.
Students can be quickly overwhelmed.
Rowe (1983) provides further insight into the difficulties encountered by students via
the lecture model. There are four kinds of mental lapses students experience.
a. Short term memory is overloaded with too many ideas bombarding the student at
one time.
b. The more complex the idea is, the more time it takes to make meaning of it and store
it appropriately.
c. Symbols, terms, and explanations used in the text may differ from those used in the
lecture.
d. Something said in class may divert a student's thought process from the matter at
hand.
This makes the constant barrage of ideas "delivered" in a typical lecture situation to be
somewhat overpowering for the average student.
4. Focus on students
a. Student learning
Traditional teaching of general chemistry has followed a didactic forum, focused on the
teacher and the subject, not on the students. Students are better served when the focus is on

them as learners, not copying what the teacher puts on the chalkboard or overhead projector
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(McDermott, 1993). Student learning, not teaching, is the most important aspect of the course
(Moore, 1999). Students, not teachers, are in control of their own learning (Hand, personal
communication, 2004). This is to say that students must learn for themselves—learning cannot
be done for them.

The thrust of activity in the classroom should be on facilitating learning, not on teaching
(Woods, 1998). Learning is facilitated when the instructor spends less time talking and more
time listening to what students say (Herron, 1984). Students should be made responsible for
parts of the learning process (Woods). They are more successful when they are actively
engaged in investigating and constructing their own understanding (Redish, Saul, and
Steinberg, 1997; Johnson and Malinowski, 2001; Reeve, Hammond, and Bradshaw, 2004).
Research has demonstrated that learning is more permanent and meaningful when done actively
(Sojka, 1992). Students should do active work at least every twenty minutes (Felder, 1995¢).
Active learning techniques can make the "lecture” session more interactive (Herron, 1983;
Anderson, 1997; and Russell, 1997) and the learning more meaningful. Active learning is
more effective than passive attendance (Buxeda and Moore, 2000). Meaningful learning for
students must be the goal. Only when students are actively involved with their own learning
does the class take on a dynamic nature (Hartman, 1996). Motivation in any form encourages
student active learning (Mazur, 1997).

McDermott (1993) observes, "Meaningful learning, which comes from the ability to
interpret and use knowledge in situations different from those in which initially acquired,
requires that students be intellectually active. Development of a functional understanding
cannot take place unless students themselves go through the reasoning involved in development
and application of concepts. Moreover, to be able to transfer a reasoning skill from one context
to another, students need multiple opportunities to use that same skill in different contexts. The

entire process takes time. Inevitably, this constraint places a limit on both the breadth of
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material that can be covered and the pace at which instruction can progress. New topics cannot
be added without omitting others. Choices must be made," p.298.

Some small group work is more effective than a lecture-only format (Springer, Stanne,
and Donovan, 1999). A facilitator should guide students to an understanding of concepts
(French and Russell, 2001). Lecture emphasis should shift toward the instructor modeling
good techniques of problem solving and concept development, explaining more of the dynamic
thought processes being used as well as what the results mean. The goal is for the student to
apply thinking and reasoning skills along with content knowledge to solve problems. The
strategy is to engage the entire group in construction of science concepts and principles rather
than relying on a straight lecture presentation. Students appreciate the opportunity to think
about their learning during lecture (Steiner, 1980). Solutions to problems are developed and
the critical thinking process modeled, rather than shown in an algorithmic manner.

One major focus in chemical education is cultivating student reasoning and critical
thinking ability in the context of problem solving and decision making ability (Zoller, 1993).
Prevalent teaching methods do not reflect much insight into effective problem-solving strategies
and reflect the need for improvement (Reif, 1983). Algorithmic exercises do not improve
students' critical thinking skills (Spencer, 1999). They may even thwart them. “Chemical
knowledge is conceived by students as rigid body of facts revealed by an authority (the
professor or text) and the student role is to return knowledge, without processing, to the
authority” (Zoller, p. 195). The strategies Zoller suggests are important to foster higher order
cognitive thinking skills include team work in class, in the laboratory, on homework exercises,
and active participation in the learning process. To this end, the instructor can ask higher level
cognitive questions that have been developed to encourage involvement and to guide thinking.
Good questions are more effective than good answers when it comes to learning (Matlock,
1994; Moore, 1999). The students must reflect on what is said—their responses determine the

direction the session takes, what material is undertaken, and in what order. The instructor
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should be effective at involving all of the students in a discussion in order that meaningful
interactivity and learning have an opportunity to occur. This is the challenge in a large group.
If a teacher can redirect a student's question to back to the individual, or to a cooperative
group, the students have more opportunity to think and process, to arrive at their own answer,
and therefore to learn.

Matlock (1994) further reminds us that we do students no favors by directly answering
their questions. Doing so stilts their inquisitive spirit. By directly providing students
information that a teacher thinks is vital to transmit, students depend on the instructor to dictate
what is important and interesting, and do not develop the ability of being able to distinguish the
important from the trivial information that they have gathered in their class notes. This
obfuscates their ability to think critically (Oliver-Hoyo, 2003). They try to memorize
everything as being important.

Moving from a teacher-centered course to a student-centered environment begins with
the teacher's attitude (Bunce, 1993). There must be respect for the learner, especially the
student's inherent desire to learn. Instructors must know their students, what about chemistry
is difficult for their learners, and what can be done about alleviating or lessening that difficulty.

The use of multiple learning methods in an interactive student-centered forum
endeavors to promote student success. Participation is enhanced. Different modes of
interactivity develop metacognitive skills among students. They learn to contemplate, and
develop and improve their own thinking strategies.

b. Learning styles

Most instructors teach using their own predominant learning style (Leonard, 2000).
Students may have a different learning style from their instructor. Many college-age people are
visually oriented (Lagowski, 1990). Visual learners remember what they see (pictures,

diagrams, symbols) and prefer visual demonstrations. Auditory learners recall what they hear
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and then say. They prefer discussions, verbal explanations, and learn by explaining to others.
Finally, kinesthetic learners depend on the senses and learn by feelings, tastes, and smells.

Stice (1987) reports that students retain 10% of what they read, 26% of what they hear,
30% of what they see, 50% of what they see and hear, 70% of what they say, and 90% of
what they say and do. This provides the argument for interactive participation of some kind.

Today's more diverse populations require more variety in teaching methods in order to
effectively address a variety of student learning styles (Pressley, 1996; Uno, 1999; Leonard,
2000). Integration of new knowledge is impacted by prior knowledge and science experience,
but also by learning style (Bretz, 2004). This can sometimes lead to difficulties with
communicating ideas (Spencer, 1999; Francisco et al., 2002). The closer the learning style of
the instructor and learner, the more the learner tends to retain information longer, interpret and
employ it effectively, and have a better attitude (Felder, 1993a). Conversely, students who
encounter a learning style that does not come close to matching their own are bored, do not pay
attention, may perform poorly on quizzes and examinations, are discouraged about their
classwork, their program of study, and themselves (Lagowski, 1990). This results in low test
scores, indifferent students, low attendance, and an elevated drop rate.

The challenge is how to reach students whose learning style is poorly matched with that
of the instructor (Felder, Leonard, and Porter, 1992). For example, as Francisco et al. (1998)
note, students with deductive passive learning styles benefit more from a traditional approach
by the instructor, while those with a more inductive active learning style benefit from
cooperative learning. Students learn best through different senses. Concrete learners learn
through touch, taste, and smell; intuitive or abstract learners use the senses of hearing and sight
(Leonard). There is much work to be done in this area. It is encouraging to note that the
student's preferred learning style is not permanent (Bretz, 2004) and may be adaptable to the
learning environment provided. For example, by deciding what to assess and how to assess it,

the instructor is actually more influential on student learning strategies than the student's
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learning style preference may be (Bretz, 2004). The effective instructor should stretch students
to encourage them to expand their learning style inventory beyond the comfortable and familiar.
However, when a number of students are involved, it is still advisable to attempt to
accommodate as many different learning styles as possible to provide students with the help
they need to learn how to learn. The primary focus of education must be learning to learn.
Stretching learning styles may be more important than learning the content in many courses.

(There is a paucity of information regarding student learning styles and the use of
interactive television [Anderson and Kent, 2002]. Independent learners achieve more and seem
to hold a higher opinion about distance education. Frequently, however, the choice of
education at a distance is a matter of saving travel and time, not a means of accommodating a
particular learning style.)

Not all students learn information the first time it is presented to them. Students have
different needs and difficulties, and this affects retention of learned information (Felder,
1995a). Alternate approaches or presentations help reinforce the material; reiteration of
concepts, especially via peer interactions, helps to promote mastery of material. It is not
necessary to completely refrain from lecture—lecture is sometimes useful (Orzechowski,
1995). Short lecture presentations can highlight important concepts and can direct students'
attention to key areas. Supporting follow-up cooperative group discussions can help students
to identify and clarify points of confusion.

The majority of students are willing to take responsibility for their own success or
failure. They know that their success is influenced by factors in their own control (Carter and
Brickhouse, 1989; Orzechowski, 1995). Students realize that lack of attendance and
participation, and failure to work assigned exercises are detrimental to their success. As one
student observed, "We should be made to take some responsibility for our education and not

just have information spoon-fed to us and spit it out" (Orzechowski, p. 348).
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An instructor in a student-centered classroom encourages students to take responsibility for
their own learning not just in their class, but across the curriculum and throughout life.

The chemistry learning process includes three facets—demonstration, exploration and
discussion (Miller, 1993). Each facet is equally important in its own right, yet there is overlap.
Students participate in demonstration and exploration activities. The instructor may
demonstrate or the students share demonstrations among themselves, such as in laboratory.
The inquiry process is more important than the final answer because it promotes critical
thinking via exploration, evaluation, creation, and synthesis (Uno, 1999). Students practice
the scientific method: observation and discovery, formulation of hypotheses, and testing of
hypotheses. Discussions lead them to question, create, invent and expand their knowledge
base. Working in cooperative groups, they learn to respect diversity of methods and opinions.
Perhaps, most importantly, they gain an appreciation of the fact that doing chemistry is a
cooperative human activity (Miller).

5. A student-centered classroom

a. Students must be actively involved in the learning process

The logical beginning is how students' minds work (Spencer, 1993). Understanding
of the learning process has evolved. Cognitive and behavioral research has begun to provide
more information about how the learner's mind works, as outlined earlier in this chapter
(Rowe, 1983; Lawson, Benford, Bloom, Carlson, Falconer, Hestenes, Judson, Puburn,
Sawada, Turley, and Wycoff, 2002). The learning process must complement the material
being studied (Spencer). For example, highlighting material from students’ majors helps
students to have more interest as they learn; accessing prior knowledge can provide a scaffold
for students on which they can build, a hook to capture more information to tie into existing
knowledge. This strategy makes useful applications easier to tailor course content to select

disciplines.
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Rather than reflecting the progress that has been made in pedagogical research, too
often many of the common chemistry classroom practices and teaching strategies (homework
problems, instructor demonstrations, working example problems on the chalkboard) do not
stimulate student processing skills. Simply stating a fact to a learner causes little cognitive
demand on them. Students can passively copy information or make an observations without
becoming actively engaged, without absorbing any of it. Encouraging them to reason requires
them to engage in higher level cognitive processing. The more engaged in processing a student
is, the more likely the person will retain something of what has been processed (Lyle and
Robinson, 2002). "Keeping students mentally active is the key to successful teaching,"
(Brooks, 1984).

Learning is better achieved interactively rather than by a one-way transmission process
(Haller, Gallagher, Weldon, and Felder, 2000). When learning is a dynamic process, students
and instructors, as well as students and peers, exchange information and ideas. The process is
also more enjoyable for students (who are doing something) and their instructors (who are
participating in learning in action) (Caprio and Micikas, 1997). Active learning connects
instructors more closely with students and their learning (Miller, 1993). Students active in the
learning process who can give explanations to others will achieve at a higher level because
explaining requires making connections between new and existing information (Hooper and
Hannafin, 1988).

A student-centered, non-threatening learning environment, helps students become
active learners. The teacher must be willing to relinquish "control” of the class. In a student-
centered classroom, the relationship between teacher and learner is altered. The instructor is no
longer the source of knowledge and center of activity. Students are partners in the teaching and
learning. Students are more involved both time-wise and in the depth to which they interact

with concepts and ideas. All students are engaged and participate more successfully. They pay
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closer attention to peers. They learn that they can creatively and correctly generate ideas among
themselves, with guidance from the instructor if and when needed.

Student-focused active learning promotes student success at several levels—academic,
sociological, and psychological. Active learning engages a student not just at the content level
but in higher order thinking skills, moving up Bloom's taxonomy (Bloom, 1956; Johnson and
Malinowski, 2001) to the levels of application, analysis, synthesis of ideas, and evaluation of
results. (As a review, Bloom's taxonomy includes [from lowest to highest levels]):
knowledge, comprehension, application, analysis, synthesis, evaluation).

More interactive hands-on experiences generate enthusiasm among students. They are
challenged by the activities and have a more positive attitude toward their learning experiences
(Dinan, 2002). As partners in the learning process, students are responsible for their own
learning and suffer the consequences if they are not proactive. An effective active learning
environment furnishes students with the support, tools, and resources they need to be
successful. Student active learning models the working world where the responsibility for
learning rest squarely on the individual. Attendance is an important factor—students determine
that their own learning cannot take place when they are absent.

b. Teacher adaptations

Felder (1993b) contends that "College teaching may be one of only two vocations for
which neither experience nor training is presumed necessary—parenting is the other" (p.288).
Most teachers teach as they were taught, with an emphasis on supplying instruction rather than
generating active student learning (Felder, 1999; Spencer, 1999; Lawson, Benford, Bloom,
Carlson, Falconer, Hestenes, Judson, Puburn, Sawada, Turley, and Wycoff, 2002; Seymour,
2002; Tien, Roth, and Kampmeier, 2002; Bretz, 2004; Cracolice, 2004). The more pre-
service teachers are encouraged to focus on student-centered strategies and techniques, the

more this obviously will impact successive generations of teachers and their students.
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Buxeda and Moore (2000) advise that the teacher should evaluate her or his teaching
style. She or he should be aware of the diversity of learning styles in the classroom and enrich
teaching accordingly. Once an instructor knows what areas need change, engaging learning
activities should be developed to meet these needs. Active learning methodologies should be
tailored to a course and appropriate for various types of student learning styles. New
instructional objectives engender new activities requiring different kinds of assessment.

A student-centered classroom does not imply a chaotic meeting of novices trying to
learn all by themselves. Instructors who make an attempt to understand the source of student
difficulties and adapt to them in their curricular development and assessment procedures focus
on the student-centered classroom. Carter and Brickhouse (1989), report there may be a
disparity between student and instructor views of what makes chemistry difficult and what can
be done about it. Right or wrong perceptions are not so much a concern as are disparate
perceptions of the chemistry classroom and how these views influence what is learned. If
instructors are not aware of what causes students difficulties, it is less likely they will create a
classroom environment that is able to remediate those difficulties. In active learning, both
teachers and their students think, ask questions, and propose strategies as they talk about
science. Generally, instructors concerned with student success focus their energies on
providing learning opportunities to foster correct conceptual understanding of chemistry.
Caprio and Micikas (1997) note that "this is not a trivial challenge” (p. 220).

For some instructors, the matter of teacher control is an issue. Although superficially it
appears that the teacher has lost control of a student-centered classroom, instructor importance
is much more subtle. As she or he coaches and guides students, the instructor still exerts a
definable influence on the group.

c¢. Learning theory

Novice chemistry students are expected to gain an understanding of the concepts

underlying chemical principles. But, learning is a process of integrating incoming information
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with previously constructed knowledge (Bunce, 1993; Novak, 1993; Leonard, 2000). "The
most important single factor influencing learning is what the learner already knows" (Ausubel,
1968, p. 12). This includes both declarative knowledge (knowing zhar) and procedural
knowledge (knowing how).

Von Glaserfeld (1987) defines constructivism as the theory that knowledge is not
basically acquired or obtained but dynamically built and that the functional role of cognition is
adaptive and assists in the organizing of a person's experiential world. Constructivism
promotes and encourages a meaningful grasp and comprehension of science.

Knowledge construction is in the mind of the learner. Shiland (1999) suggests five
postulates of constructivism:

1) Leaning requires mental activity—knowledge cannot simply be presented;

2) Naive theory affects learning—new knowledge must be related to information the
learner already knows; but, a learner's preconceptions or misconceptions may
interfere with her or his ability to learn something new or make unbiased
observations; the learners personal theory must be made explicit to allow her or him
to compare incoming information with this existing theory;

3) Because learning occurs from dissatisfaction with present knowledge,
students need experiences to create cognitive conflict and dissatisfaction with their
present conceptions; until existing concepts are able to predict the outcome of
experience, the restructuring of present understanding is impossible;

4) Social component—meaning is constructed in fruitful dialog with others;

5) Learning needs to be applied in new ways to new situations to depict the usefulness
of new concepts.

The National Science Education Standards (NSES, 1996) support a constructivist

approach. Shiland (1999) outlines those aspects of constructivism reflected in the NSES:

1) Students who are actively engaged take responsibility for their own learning;
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2) Student preconceptions are detected by whatever means the instructor can devise;

3) The instructor creates exercises to challenge and conflict with present knowledge;

4) Cooperative group work is essential;

5) Students find enhanced applications.

Both students and their instructors must acknowledge that effective constructivist learning is an
active, student-centered process if integrating newly acquired concepts into existing individual
knowledge frameworks (Preszler, 2004).

Learners build upon prior experiences. The student's personal neural network
organizes and relates previously-learned knowledge. New understanding is constructed by the
learner as an outcome of new experiences. Each learner interprets new experiences and
constructs new knowledge based on the previously existing network (Gabel, 1999; Leonard,
2000).

A student's culture, prior knowledge, past experiences, and interests are important to
the design of curriculum (Crowther, 1999). He recommends including:

1) Hands-on investigative laboratory experiences, if they are problem-centered;

students must use their own schema to ihterpret what is perceived.

2) Active cognitive engagement.

3) Work in small groups stimulating higher level thinking and providing extended

opportunities for cognitive restructuring.

4) Higher level assessment—an assessment causing students to reach higher levels of

cognition is what binds all portions of the learning experience together.

Knowledge is increased when the information that students confront interacts with
existing perceptions (Lord, 1994). They make sense of the new by association with the old.
Peers are important in the learning process; by explaining to some other person, students
ascertain whether they understand (Gabel, 1999). With colleagues, they learn more

information, remember it for a more extended period of time, and value the social approach.
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d. Diversity in learning techniques

Using student active learning techniques in science education reinforces lifelong
learning and communication skills (Tessier, 2004). Implementing active learning requires
much more than just the volition to do so. An instructor must establish an active learning
environment rather than simply employing "active" techniques (Johnson and Malinowski,
2001). Sustaining such a student-centered learning atmosphere demands concerted,
continuous effort and thought. "The students are not necessarily going to enjoy the experience
of good teaching theory," p. 120 (French and Russell, 2001). Once a new learning strategy is
tried, if not rejected, it is tried again and again to make it work for the group and the learning
situation. Thus, teacher preparation for active learning has a higher intensity level, is more
time-consuming and rigorous, but more enjoyable, and stimulating (Lord, 1994; Kovac, 1999;
French and Russell, 2001; Johnson and Malinowski, 2001).

Learning is not so much a function of the professor doing the teaching, as it is the
student's doing the work to understand and learn the material (Birk and Foster, 1993).
Traditionally, information is provided by the text and the professor, and it must be integrated
into a student's pre-existing knowledge base. To do this, the learner must be actively
involved. Knowledge acquired by rote learning will not be absorbed (Novak, 1993). In a
traditional lecture, particularly in a large group setting, success may be difficult to assess—
there may be a mismatch between the ways the instruction is presented and the way the learner
learns. Learning experiences matched to student learning styles are key (whether in a
behaviorist or constructivist learning environment).

Instructors may overlook the fact that most students learn better in different ways from
traditional approaches. They should try to diversify their teaching methods to accommodate the
needs of a diverse group of students. Leonard (2000) lists recommendations:

1) Use more active learning exercises. Make learning opportunities

attractive and stimulating to both teachers and students. Provide learning based on
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experiences by which students make connection to the world.

2) Create a constructivist learning environment—ask questions to encourage inquiry.
This allows conceptual processing time.

3) Provide opportunities for students to experience or be exposed to concepts in the
laboratory before lecture so that students learn by an progression from the concrete
hands-on to the abstract minds-on aspect. This furnishes students with a conceptual

framework and advanced organizers, by helping to introduce new information into
existing neural networks.

4) Accommodate the methods by which different students learn by different learning
approaches. For example, use visuals and manipulables for making the abstract
more concrete.

The use of student active learning strategies is one of the goals of education (Hatcher-

Skeers and Aragon, 2002) and is becoming more prevalent in college classrooms (Kovac,
1999; Wimpftheimer, 2002) along with pre-college learning environments. Active learning
encourages students to learn how to learn (Johnson and Malinowski, 2001). In order to
maximize student success, the central focus in the classroom must be on the active learner and
what can be done to enhance student achievement and creativity (Miller, 1993). One way to do
this is to promote collaborative learning activities.

Meaningful learning is tied to experience. Interactive lecture, group learning, or
experiential learning (e.g., laboratory) provide more opportunities for students to process,
interpret, internalize the concepts experienced. Lack of appropriate learning strategies
(especially student-centered ones) are the largest variable in contributing to attrition in science
majors (Leonard, 2000).

Student work in collaborative groups is central to constructing an effective learning
environment because it provides the opportunity for students to make their understanding clear

through interaction with one another (Leonard, 2000).
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Most learning gains occur when the responsibility for learning resides with the students
(Thomas, personal communication, March, 1995). "Teachers do not cause learning; learners
do" (Novak, 1993, p. 53). Teachers cannot "control" learning, students do (Hand, personal
communication, August, 2003). Success rests on the concerted efforts of an instructor or an
instructional team to facilitate rather than dictate how students learn (Bodner, 1986; Birk and
Kurtz, 1996; Raber, 1998). The focus of instructional efforts should be on comprehension
rather than on rote memorization. As the teacher employs active learning techniques, the
learning session becomes more interactive. Learners are encouraged to think critically. Each
student has something to contribute (Howell, 1996). Students are more motivated (Ward and
Bodner, 1993). The teacher is a guide for rather than a purveyor of information. This is
interactive constructivism—students make meaning out of their reflections on interactions with
the physical world and other people (Henriques, 1997).

Student active learning strategies are not integrated overnight. Success is not automatic
or immediate Felder (1995f). There can be resistance among teachers and students alike.
Dinan and Frydrychowski (1995) list several instructor assumptions and fallacies about the
student-centered classroom and group work:

1) If a professor has not lectured on material it has not been “covered”.

2) The use of small groups to cover course material is inefficient and results in

decreased coverage.

3) Use of small group methods lead the instructor to have less control.

Students do not enthusiastically support and pursue these non-traditional teaching and
learning techniques at the outset because understanding requires more time and effort than
merely getting by with an adequate or acceptable grade (Moore, 1998). Given the time to
develop an understanding, students eventually prefer pursuing the skills they acquire via group

collaboration (Felder, 1996), rather than passively taking notes in lecture.
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6. Cooperative and collaborative learning in groups

The circumstance of learning can be competitive (students operate against one other
with a goal that only one or two can achieve), independent (students work alone with
objectives disconnected to other students) and cooperative (students work jointly to attain a
mutual goal, each relying on other(s) for success). Of the three, cooperative learning is the
most important (Johnson, Johnson, and Holubec, 1986). As early as 1945, the American
Chemical Society Committee on Professional Training mandated the inclusion of team work
into existing curricula (Cooper, 2004).

Students who learn by doing and becoming involved are able to retain and comprehend
more than those who merely listen (Cooper, 1995). Teachers need to incorporate into learning
exercises a sense of inquiry, critical thinking, communication and teamwork, and development
of life-long learning skills. Cooperative learning is an instructional technique whereby students
work together in small fixed groups on a structured task (Cooper; Nurrenbern, 1995).

From as early as the end of the 19th-century, more than 1000 studies have been done
on the effects of cooperative learning on student learning outcomes (Slavin, 1995). Johnson,
Johnson, and Smith (1991) note that more is known about the effectiveness of cooperative
learning than is known about lecturing or almost any other aspect of education. "The best
answer to the question, "What is the most effective method of teaching?' is that it depends on
the goal, the student, the content, and the teacher. But the next best answer is, 'evidence that
peer teaching is extremely effective for a wide range of goals, content, and students of different
levels and personalities™ (McKeachie, 1996, p. 159). “Links between cooperative learning
theory, research, and practice have been characterized as one of the greatest success stories in
the history of educational research” (Springer et al., 1999, p. 21). Results are based on a
variety of age levels, subject areas, diversity, and ethnicity (Johnson & Johnson, 1985).

This approach is effective for diverse student groups of heterogeneous learning styles,

personality types, genders, and ethnicities (Felder, 1993c). Nontraditional students, and
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minorities especially benefit from cooperative group learning (Hanson and Wolfskill, 2000).
There are strong positive results for women engaged in cooperative group learning as long as
there is not gender bias in their groups (i.€., there must be an equal number of women and men
OR more women than men in the learning group [Haller et al., 2000]). Women prefer
cooperative group work over competitive classroom situations (Felder, 1996; Frey, 1997).
Both introverts and extroverts are facilitated (Felder, 1995a).

Springer et al. (1999), Snodgrass and Bevevino (2000), and Shibley and Zimmaro
(2002), and Cooper (2004) draw the distinction between collaborative and cooperative
learning. Cooper (2004) describes them as opposite ends of the collaborative spectrum with
the distinction being the amount of structure present in each learning situation. Cooperative
learning is a more structured endeavor wherein small groups work together toward a common
goal. The group members take specific roles and each member is accountable for her or his
own learning. Collaborative learning assumes that students participating in activities are
competent in the social skills required to work in peer groups. This implies that they have a
cooperative-type learning background (Snodgrass and Bevevino). Collaborative learning is a
much less structured process wherein participants negotiate their goals, define their problems,
develop their procedures, and construct their knowledge in small groups. Evaluation in
cooperative groups is usually done as the entire group. In collaborative groups, evaluation is
more often individual.

The use of cooperative groups encourages active participation among students, creating
an environment where students actively engage in learning the material by sharing insights and
ideas. The best way to learn is to teach yourself or someone else (Haller et al., 2000). Active
learning strategies may incorporate transfer of knowledge sequences during which some
students take the role of teacher and others take the role of student. They provide each other
with feedback and teach one another in a cooperative, non-threatening environment. They

develop communication skills, becoming not only peer learners, but teachers as well
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(Henderson and Mirafzal, 1999). Cooperative learning provides students with more thorough
learning and more pleasure in teaching peers (Klionsky, 1998). Students who actively provide
explanations to peers show higher achievement themselves (Hooper and Hannifin, 1988).
This is true within an individual group, or across groups within a learning environment
(Windschitl, 2001). They develop listening skills in a group and group work helps them to
improve their language skills, especially those who are international students (Paulson, 1999).
Students work together to maximize their own and their group mates' successful learning
(Martin, 1996).
7. Learning to use cooperative strategies
Cooperative learning is not just group work. Johnson, Johnson, and Smith (1991)

observe that merely putting students into learning groups is not the same think as structuring
cooperation between them.

The following listing outlines the differences between group work and cooperative

learning (Snodgrass and Bevevino, 2000).

Group work Cooperative learning
Students work on their own. Students are dependent on each other.
Some students do all of the work. Each student is accountable for the work and

the learning.

Group competition is not related to task. Groups are formed based on task to be
completed.

Social skills are not taught. The teacher provides instruction in social
skills.

The teacher does not participate in the group ~ The teacher closely supervises groups.
work.

a. Instructor role

Many faculty have no training in small group activities (Dinan and Frydrychowski,
1995). To successfully implement cooperative learning requires time, patience, and some
preparation by the instructor. Simply putting students together in a group and telling them to

do a task does not work. A portion of the class period must be devoted to teaching students
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how to work effectively in groups. Constant vigilance, clear student-teacher communication,
and instructional guidance are critical to success (Kogut, 1997). It does take more instructor
time to plan and administer a course with cooperative learning. As noted previously, the
teacher surrenders a certain amount of control of the classroom dynamics over to students.
This can be a daunting undertaking for someone schooled in traditional methods of didactic
instruction (Felder, 1996; Thomas, personal communication, October, 1996). This feeling of
disequilibrium is overcome relatively quickly once the instructor realizes the overall benefit to
students.

Felder (1995b, 1995¢, and 1995d), Felder, Felder, and Dietz (1998), Felder and Brent
(2000b), and Seymour (2002) recommend that the instructor use a series of guidelines to create
a student-centered classroom. Certain of these items will later be elaborated.

The instructor should:

1) Set the stage making it clear from the first class meeting what group work entails,
why it is useful, and therefore why it is required.

2) Implement student active learning strategies by making changes gradually—the
more features of cooperative learning a teacher uses, the more improvements will be
observed. This is limited only by the instructor's imagination. Students have an
infinite ability to learn when effectively motivated.

3) Form heterogeneous teams of three to four students who are balanced in knowledge
and skills.

4) Provide introductory team-building exercises to develop team camaraderie, the
ability to work together, and cohesiveness.

5) Share pointers and advice from previously successful students.

6) Give clear directions with regards to assignments and communication tools.

7) Assign the groups to write team goals.

8) Clarify students' learning goals and align them with course assessment.
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9) Monitor team progress, be available to consult or to provide coaching when teams
have trouble. A team coordinator is needed to keep each team on task.

10) Intervene when necessary to help the teams to overcome interpersonal problems.
One suggestion is an active listening exercise—one side must repeat the case to first
side's satisfaction without any attempt to counter what has been shared.

11) Collect peer ratings of individual participation and use them to adjust team
assignment of grades. Rewarding exceptional team members and penalizing non-
contributors helps to avoid conflicts and resentments that may occur when students
work on group projects.

12) Anticipate problems, get feedback and respond to it, get help when necessary.

13) Redesign assessments to engage students in their own learning and design a
component of the assessment that will give feedback to the instructor about the
effectiveness of the work.

b. Student response

There may be initial student resistance to the process of active learning because students

must take responsibility for their own learning. This may be new to some. Felder (1995f) has
observed that students go through the steps associated with trauma or grief.
1) Shock: The old way is ouz?72!!!

2) Denial: This, too, shall pass.

3) Strong emotion: This CANNOT be happening!

4) Resistance: I am NOT going to do it.

5) Surrender and acceptance: It may be stupid, but since it IS my grade...

6) Struggle and exploration: Others get it, I WILL get it, too.

7) Return of confidence: T AM getting it!

8) Integration and success: Aha!
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Resistance is natural. Providing instructor help during the transition from traditional
dependent learning to autonomous independent learning is valid and recommended as outlined
above. The entire class should be involved in strategies for dealing with common problems
(Haller et al., 2000). Students will be happier relying on themselves to puzzle through a
challenge. Asking a question of the group and soliciting a group response is not as threatening
to the students and they are more likely to answer. Metacognitively, they learn by engagement
and action, not by observation.

Group work supports a larger range of learning styles. Dougherty, Bowen, Berger,
Rees, Mellon, and Pulliam (1995), report higher retention and improved student performance
using structured cooperative groups. Students spend less time studying alone, and more time
studying and discussing class work with peers. There is a change in focus from individual
knowledge acquired singly to public knowledge constructed by a group of students. The
classroom becomes a knowledge-building community that empowers students to contribute to
each other's learning by social construction of collective knowledge (Gilbert and Driscoll,
2002).

Students learn better through interaction (Spencer, 1999). A Vygotskian sense of
social community develops (Tingle and Good, 1990; Felder, 1996; Towns, 1997). Learning
occurs as a socially negotiated collaborative process—Ilearners learn from their group
interactions (Collis and Smith, 1997; Hand and Keys, 1999; Keys, Hand, Prain, and Collins,
1999; Rudd, Greenbowe, and Hand, 2001; Rudd, Greenbowe, Hand, and Legg, 2001).
Social negotiation of knowledge is the purpose of collaboration—groups of learners can
collaboratively construct more meaningful knowledge than individuals can alone (Jonassen,
1996; Spencer, 1999). The main focus is the development of a collective knowledge base and
improving the problem-solving expertise of the learners (Gilbert and Driscoll, 2002). The use
of groups that require peer interaction to construct a concept provides insight and direction for

the weaker students and reinforcement for the stronger students (Worrell, 1992).
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Social discourse is the crux of the collaborative knowledge building community
(Slavin, 1991) and is an effective strategy for developing conceptual understanding. To
explain to another person, one must understand a concept or idea oneself; the combined
knowledge of two or more contributors makes generating solutions to problems easier (Duch,
1996). Those receiving help show significant improvement, as do those who provide the help
(Hooper and Hannafin, 1988). The ability to cooperate is a building block for success in life.
Cooperative group deliberation assists students in confirming or changing their current
understanding to construct new knowledge (Lyle and Robinson, 2002). Felder, Felder, and
Dietz (1998) note that there are obviously more peer interactions with cooperative classroom
work than in a traditional setting. And, more students become involved over time (Howell,
1996). "The more people you have thinking about a problem, the more likely someone is to
have an idea that will lead to at least beginning to solve it. "Two heads are better than one."
(student focus group comment, 2000).

8. Student groups

Various procedures for assigning students to small groups seem not to affect student
achievement (Springer et al., 1999). Group performance improves with time—the longer the
group works in concert, the more efficient and effective they become (Sherman, 1988; Felder,
1996; Felder et al., 1998). Student reaction to group work positively favors group homework
and in-class work instead of individual tasks (Felder, 1996). Group work reduces the isolation
some student feel in science (Duch, 1996). Students put more resolve and effort into group
work. Receiving help in a group may instill more personal feeling into the situation, therefore
more effort may be expended (Hooper and Hannafin 1988). Whereas alone they might
abandon their own independent efforts in less time, students are reluctant to disappoint their
fellow group members (Felder). Students perform well in group work because they may be
embarrassed not to perform when peers are depending on them. They can elicit encouragement

from their fellow group members, and will persevere longer working with their group. When
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asked midway through an academic term whether they would like to be reassigned to different
groups, students prefer to stay with their assigned groups (Shibley and Zimmaro, 2002).

The work world depends on teamwork and group interactions, while education has
emphasized a focus on individual performance in the classroom, the laboratory, and by written
assessments (Frey, 1997). Students entering the workforce must have communication and
problem-solving skills and be independent thinkers who can perform well as team members
(Buxeda and Moore, 1999). Industrial recruiters seek students who have had the experience of
the teamwork required in collaborative groups (Felder, 1996; Lair, personal communication,
March, 1997; Towns, 1998). In fact, a major concern of industrial chemists is the lack of team
experience among new college graduates (Paulson, 1999).

Collaborative exercises enhance the preparation of students for later professional
collaborations (Towns, 1998; Paulson, 1999; Spencer, 1999). The interpersonal and
communication skills that develop during group work are important to employability,
productivity, and career success (Towns). A background in team problem solving is desirable
in an industrial setting (Lair, personal communication, 1997; Towns). For a number of well-
recognized industrial leaders, the literature provided to prospective job candidates highlights
corporate team work across all levels. More individuals are fired from positions because of an
inability to work with others than because they are unable to do their work (Uno, 1999).
Cooperative group work rather than competitive individual work is the approach taken in many
careers outside of academia; cooperative learning activities and skills, therefore, prepare
students to be better communicators and listeners in future collaborative situations (Cooper,
1995). Listening to lecture does not nurture the interactive skills necessary to an industrial
career (Buxeda and Moore, 1999). Too many graduates of fine academic programs go out into
the world unprepared to think on their feet because no one has taught them to reason critically

or to engage in problem-solving exercises that would stretch them beyond what is outlined in
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class as being important to know. Neither is there a prolonged motivation for continued or life-
long learning (Springer et al., 1999).

a. Group tasks and strategies

Cooperative groups of students formed to solve problems undertake exercises that
challenge them more than the example problems presented by the instructor. Tasks must be
chosen that require the active engagement of all group members in order to achieve success—if
not all contribute, group success is imperiled. Cooperative groups assigned a clearly defined
task with vague guidelines (as opposed to a vaguely defined problem with clear guidelines) are
required to engage themselves in fruitful discussion in order to outline a feasible solution to a
learning problem. The scope and framework of the task is restricted only by the teacher's
creativity and the student's rising to the challenge. The undertaking is created (designed and
drafted) so that group members depend on each other to accomplish it (interdependence)
(Nurrenbern, 1995). Typical problems are not algorithmic, but, rather, require students to
disembed information.

The group is encouraged to work collaboratively to investigate multiple alternatives to
solving the problem. Each member of the group is engaged in the process; the group must
determine how to accomplish the stated objective of the undertaking; and both the group and
the individual participants are responsible to each other and to the instructor for the end
product(s) of the work. In the process, they learn to rely on themselves and each other to
reason through a solution. For meaningful learning to occur, students must think through the
ideas for themselves (De Jong, Acampo, and Verdonk 1995). To that end, the teacher serves
less as the source of knowledge, but more as a guide. The less the outside guidance and input,
the more ownership and pride the group feels and the more they will ultimately learn. Students
develop a collective sense of self-reliance as they formulate higher order metacognitive skills.

In collaborative learning, students each contribute significant portions of information.

Strategies applied as effective instructional tools encourage all students to participate by actively
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making meaning. Collaborative learning promotes the quantity of knowledge students are able
to accumulate, and provides for the development of more quality through depth of
understanding.

It is imperative that heterogeneous cooperative groups assigned by the instructor are
used from the outset of a semester. Waiting too long to establish groups interrupts already
functioning social units or interferes with the class functioning "normally". Immediate
formation of groups makes the groups as much a normal part of the class as any other learning
strategy or tool (Sherman, 1988). It trains students to understand that group work is a division
of responsibility, not just a division of tasks and sub-tasks (Nurrenbern, 1995). There must be
interdependence between members as well as personal responsibility and accountability among
members. It is interesting to note that May (1993) suggests that interdependence is a higher
order skill than independence (which is higher than dependence).

b. Some direct instruction

In order to provide sufficient background to guarantee laboratory safety, their instructor
may transmit certain information directly. Chemistry faculty members must help students
concretely understand the nature of matter, developing appropriate concepts about the
microscopic world and other models of chemical behavior (Robinson, 1997). But, for
"regular”" material, the instructor teaching less may result in the student learning more and in a
more timely fashion. Teacher guidance in problem solving provides input for the active
learners who are in the process of constructing their own knowledge (Banerjee and Vidyapati,
1997). Internal construction of knowledge is preferable to external passive reception of
knowledge (Herron, 1983).

9. Cooperative Laboratory Experience

Science education is both content (lecture) and process (laboratory). A grave

shortcoming of many introductory science courses is that students learn a minimum about how

to "do" science (Lawson, Rissing, and Faeth, 1990). They can regurgitate facts, but do not
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experience science as a process of describing and attempting to explain nature. If they can be
taught how to "do" science, they will learn to learn, a central objective of the educational
experience. They will be more motivated and interested.

Science instruction should include a quality laboratory experience (Lazarowitz and
Tamir, 1994; Freedman, 1997; Bodner, 1992; Gallet, 1998; Herman, 1998; Oliver-Hoyo,
2003; Oliver-Hoyo, Allen, and Anderson, 2004). Taking a chemistry course without an
appropriately designed laboratory component is similar to reading about playing basketball, but
never actually dribbling a ball on a court, making a shot, or playing a game.

Lab should be more than just an experience of process skills—it should be an integral
component of understanding science (chemistry). Progress is incremental (Shiland, 1999).
The laboratory is the ultimate environment for both active and cooperative learning (Hass,
2000). Students must use active modes of learning—they must use experimental learning that
actively engages their senses. If a formal laboratory component is not a well-coordinated part
of the learning experience (i.e., integrating the material being studied in class), it is a waste.

a. Hands-on, minds-on inquiry vs. verification exercises

People discover and leamn in real life through the process of inquiry, basing their new
understanding on what they already know (Lord, 1999). Most of the time, this is through
collaboration with friends or coworkers.

Students learn little from laboratory experiences the way they are commonly structured
(Ricci and Ditzler, 1991; Lagowski, 1998; Gabel, 1999). Students who perform verification
laboratory exercises spend the majority of their time following traditional cookbook directions
and have minimal time left for peer discussions (Hilosky, Sutman, and Schmuckler, 1998).
They learn how to complete laboratory tasks, but not much more (Lazarowitz and Tamir,
1994). Hands-on minds-on exercises make it possible for students to observe chemical
phenomena on the macroscopic level and relate this to the symbolic and microscopic level

(Pavelich and Abraham, 1979; Gabel, 1993). Gathering data in a laboratory format is the most
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effective introduction to a concept for a student (Abraham, 1988). Using the laboratory
experience before encountering a concept in the lecture provides instruction from the concrete
to the abstract. Students discuss their findings during the laboratory and develop concepts
during discussion. Pseudo-laboratory experiments or laboratory activities depend on hands-on
investigative experiences. Concepts first discovered through pseudo-laboratory or laboratory
experiences can later be explained in the more formal classroom setting—the instructor can help
to facilitate student understanding more effectively if the students first have generated or
experienced the concept. Hands-on learner-centered activities promote direct student learning
experiences from which construction of a deeper understanding of chemical principles and
concepts evolves (Blakely, 2000; Burke and Walton, 2002). Students actively engaged in
laboratory exercises achieve greater understanding of concepts than a lecture demonstration or
description could provide them (Uno, 1990), especially if the students interact cooperatively
(Herron and Nurrenbern, 1999; Hass, 2000; Oliver-Hoyo, Allen, and Anderson, 2004).
Group dynamics are important (Selco, Roberts, and Wacks, 2003). The "laboratory first"
strategy introduces students at the concrete and descriptive level of cognitive awareness (the
macroscopic world) and then moves them to more abstract (microscopic) and symbolic levels
(Abraham, 1988; Rickard, 1992).

1) Verification. This is fundamentally opposite to current traditional practice,
sometimes referred to as verification laboratories, during which students confirm in the
laboratory what they have been or will be told in the lecture, concepts to which they have been
exposed prior to the laboratory experience (Pavelich and Abraham, 1979; Ward and Herron,
1980; Abraham and Renner, 1986; Renner, 1988). In the typical verification laboratory
experience, the students read an introduction to the laboratory (some background and a
description of the concept(s) to be explored) as well as a “cook-book” or step-by-step
procedure before going to the laboratory. It is assumed that they have understood to some

extent what they have read. The procedure for the experiment, the data to be collected, and
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results to be obtained are all neatly outlined. Students like these kinds of experiments because
they know exactly what to do (Adams, 1998). Teaching assistants and instructors rarely allow
students to go astray and so they never really get to try to solve an experimental problem
(Brooks, 1984). The only input from the student is to execute each segment, carefully logging
measurements taken. They may not understand the concept being studied or the results
obtained. But, if they can follow directions or copy what a peer is doing, they can accomplish
the task, without any true understanding of what they have done or learned. Students
themselves recognize this.

Pickering (1987) notes: "One of the worst features of most laboratory manuals
seems...to be that the students' results are rarely used for much. Never are the students forced
to reconcile results or confronted with a challenge to what is naively predictable," (p. 522).
Traditional verification laboratory exercises serve to benefit the instructor more than they
benefit the student (Montes and Rockley, 2002). Because they are more structured, they are
easy to supervise and help students understand (in terms of the mechanics), are quieter, and are
normally found to be successful for the student—she or he will be able to get some kind of
results. The teacher is familiar with the expected outcome. Often the students are also familiar
enough with the outcome that they are sometimes able to fabricate data. The disadvantages
cited by Leonard (1991) and Montes and Rockley (2002) are that passive students find
verification labs can be boring. Because the procedure is "spelled out", there is little
opportunity for students to practice separating relevant from irrelevant information and
procedure. This prevents students from building a conceptual framework to which new
learning experiences connect. They do not make the appropriate mental connections because
there are usually an onerous number of steps to the procedure that they must complete in a
given amount of time. They usually pay more attention to "getting through" these steps than
paying attention to what they have learned. There is no flexibility in procedure, nor is there

any individualization. With the uniformity of procedure, there is no excitement of discovery.
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All student's perspectives are the same, there is no need for discussion of results. It can be
easy for students to manufacture data or copy from one another. There is no learning from
unexpected results because there are none.

2) Incorporating constructivism and inquiry. Because learning requires
mental activity, laboratory experiences should be modified to capitalize on this aspect. To do
this, Shiland (1999) shares ideas including the following:

a) Let student groups

i) determine pertinent variables
ii) draft procedures;
11i) list their predictions before the laboratory experiment;
iv) draft data tables;
v) craft a standardized format to organize report work; and
vi) identify sources of error or propose modifications to experimental
procedures;
b) Prepare laboratory exercises so that the approach and solution are not obvious form
the outset;
c¢) Conduct laboratory exercises before discussing concepts in the classroom to
generate interest and detect existing misconceptions to be addressed by a more
formal discussion;
d) Focus on the social negotiation of meaning by emphasizing group interactions;
e) Provide learners with the chance of incorporating the new ideas in a different
situation.
The ultimate laboratory experience would be one for which students are not provided
instructions and must decide their own procedure (Pickering, 1989). It has been found that
guided or open inquiry laboratory situations are enthusiastically embraced by students, even

those with poor backgrounds (Pavelich and Abraham, 1979). Students like the challenges that
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discovery or guided inquiry labs present (Adams, 1998). Guided inquiry laboratory exercises
begin with specific (or sometimes nonspecific) experimental instructions rather than a
conceptual introduction. The single most important ingredient in a successful inquiry-based
laboratory is active student involvement (Crandall, 1997; Uno, 1999; Seymour, 2002). Once
they take ownership, there is more interest and engagement (Haller et al., 2000). This can be
achieved when the content is varied, connected to real-world applications, and involving
substances outside the students' usual real of experience (i.e., not water, salt, sugar, or some
other relatively common household substances) (Howard and Boone, 1997).

Students are motivated. They know which problem they are trying to solve and devise
the procedure(s) used to do so. The work they do to arrive at their strategies must be graded
for them to take it seriously (Mazlo, Dormedy, Niemoth-Anderson, Urlacher, Carson, Haas,
and Kelter, 2001).

Unlike those who complete traditional verification labs, those who have done an
inquiry exercise are more able to describe what they have done (Uno, 1990), and more able to
evaluate the process as well as propose changes to the experimental procedure (Berg,
Bergedahl, Lundberg, and Tibell, 2003). They experience more of a sense of self-satisfaction
and accomplishment (Uno). This implies that they think about what they are doing and do not
simply perform rote procedures with no thought given to the results.

Uno (1990; 1999) and Howard and Boone (1997) observe that students engaged in
inquiry-style activities develop skills that include:

a) Constructing questions;

b) Asking good questions;

c) Observing;

d) Hypothesizing;

e) Predicting;

f) Designing investigations to solve problems;
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g) Measuring accurately;

h) Processing and interpreting data;

i) Drawing conclusions;

j) Inferring (deductive reasoning);

k) Generalizing (inductive reasoning);

1) Recognizing assumptions;

m) Understanding limitations;

n) Relating cause and effect;

0) Making rational judgment;

p) Mastering principles;

q) Explaining;

r) Applying knowledge to new situations;

s) Working to share information and learn together

t) Formulating conclusions.

Not all chemistry concepts should be taught via inquiry methods. Those that are
facilitated in this way should have an experimental approach, operate smoothly (error-free), be
well-paced, use easily learned techniques, and should provide dependable and reproducible
results (Crandall, 1997; Howard and Boone, 1997). Effective inquiry exercises (Uno, 1990):

a) Demonstrate cause and effect relations (the instructor guides the effect and has the

students attempt to determine the cause or the instructor describes the cause and has
the students predict the effect);

b) Can be used to compare and contrast; or

¢) Can be used to discover patterns.

Students are asked questions about the data they collect as they proceed. They analyze
and explain the data themselves, i.e., the teacher does not do this for them. This may be done

alone, with a partner, with a group, or by consulting with the instructor who will act as guide
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to their inquiries. The fruitfulness of open discussion benefits all parties—learners share new
ideas or think more deeply about existing ideas. The more thorough the discussion, the more
likely all students are to come away with a deeper understanding. Students learn what
negotiations are necessary when "doing science" (Montes and Rockley, 2002).

The purpose of hands-on minds-on activities is to present the student with the subject
matter, supplying concrete experiences with the concepts before they are encountered in a more
abstract fashion in the formal discussion period. The hands-on activity period could easily be
the first time learners would be made aware of certain concepts. It serves as the learning
environment where the initial understanding of a concept can be constructed by the students. .
The opportunity to undertake authentic research is something that high school chemistry
students can do (Hapkiewicz, 1999).

Uno (1990) advocates inquiry strategies because they:

a) Pique student curiosity and may, if only briefly, return learners to a time in their life

when they were curious about everything;

b) May help students to become less close-minded, take risks, and assume more

responsibility in their learning;

¢) Be more unbiased and accurate in their work.

d) Help students to learn that science is a dynamic process of investigation not an inert

accumulation of established or inalterable facts.

b. Cooperative work in the laboratory

Cooperative learning is important to science because of the prevalent use of group
instruction and the practice of science involving working collaboratively with others (Watson
and Marshall, 1995). In addition, the cooperative approach has a positive effect on laboratory
learning experiences (Smith, Hinckley, and Volk, 1991). Students work together to find
success and improved understanding in their work. Concepts are constructed that can then be

successfully applied in the formal classroom (Hand and Keys, 1999; Keys, Hand, Prain, and
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Collins, 1999; Rudd, Greenbowe, and Hand, 2001; Rudd, Greenbowe, Hand, and Legg,
2001). Cooperation is better on immediate achievement and retention (Watson and Marshall).
Students benefit from activities that relate both the scientific method and team work (Shibley,
2001). This encourages scientific reflection—students incorporate a sentence or two in each
laboratory report to summarize what worked well in their group and what required refinement.
(Shibley). What knowledge students gained about chemistry in addition to inclusion of student
opinion of group dynamics, provides an instructor with information about the group's progress
and their ability to function (Shibley). If a group is not functioning well, according to student
reflections, the instructor can intervene and supply aid to ameliorate group dynamics.
10. Focusing on the group and group dynamics

Human society, as we know it, is built on the ability to cooperate with others (Slavin,
1995). There are many overlapping cooperative groups in daily life: family members,
neighbors, work colleagues, clubs, and teams. In modern society, cooperation in face-to-face
groups is increasingly important. Scientists must be able to cooperate effectively with other
scientists (peers), with technicians, and with both graduate and undergraduate students. A
corporate executive must cooperate with superiors, other executives, salespersons, suppliers,
and those for whom the executive is a superior. Politicians must be able to negotiate with other
peer leaders as well as communicate with members of their constituencies. Instructors must be
able to work effectively with students, colleagues, institutional staff personnel, and, at times,
parents. Each of these relationships may also have competitive components to them. But,
cooperative teams outperform competitive individuals (Qin, Johnson, and Johnson, 1995).

Frequently, episodes in the home and at the workplace revolve around the
interdependence of coworkers. Traditional family life is frequently cooperatively based.
Therefore, students are able to accept cooperative work because they have seen it modeled
outside the school environment. Use of cooperative learning helps students to develop

professional life skills—community-building and team-building. This is relevant to the career
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goals of many (Felder, 1995d). "Team work is a way of life in the real world. It is a major
factor of how you are 'tested' at work" (Felder, 1999, p. 238).

In cooperative learning situations, subject matter knowledge increases—the sum of the
parts working together are beneficial each to the other. Group work creates a rapport among
members. Students in a group become a support system to one another—they see where they
"fit in", they rely on one another, they trust each other, and they develop positive
interdependence (Ross, 1994; Towns, Kreke, and Fields, 2000). Students develop
appropriate attitudes toward challenging work on shared tasks—tasks are more accessible,
more doable when group members share their expertise and are willing to take risks. They
learn to "think on their feet" (Ross, 1994). With the feeling of group community, students will
undertake more challenging tasks because they expect to succeed based on the group effort
(Katz, 1996; Wright, 1996; Towns, 1998). They become more independent learners. There is
more group processing of information (Martin, 1996).

Children enter school having varying familiarity with, and ability to engage in
cooperative group work (McCaslin and Good, 1996). Gallet (1998) and Towns (1998) cite
two fallacies of cooperative group work for the uninitiated: first, that students even know how
to work together and, second, if they do know how to work together, that they will.
Successfully operating cooperative groups do not happen without significant work on the part
of the instructor and the group members themselves (Felder, 1995f).

a. Facilitating effective cooperative learning

Johnson and Johnson (1985), Schmuck (1985), Sharan (1985), Hooper and Hannafin
(1988), Slavin (1995), and Martin (1996) outline principles of and goals for facilitating
effective cooperative learning.

1) Appropriate grouping. A heterogeneous group is more productive (Johnson
and Johnson, 1985). Interaction and achievement are positively related in heterogeneous

groups (Hooper and Hannifin, 1988). Heterogeneous group variables include ability,
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achievement, gender (equal numbers of women and men or more women than men), ethnicity,
age, attitude to subject, and leadership ability (Watson and Marshall, 1995). Heterogeneity
allows for more elaborative thinking, repeated exchanges of explanations, and more open
dispositions resulting in superior reasoning, enhanced profoundness of understanding, and
improved retention (Johnson, Johnson, and Holubec, 1986). Students must learn to
collaborate with teammates with whom they would not necessarily choose to work or who
might be different from them in capability, learning style, or background (Uno, 1999).

a) Formal or informal. The cooperative groups are either formal (students work
together for from one class period to several weeks) or informal (students work together for a
few minutes up to one class period). Emphasis should be placed on the idea that some
individuals learn by explaining their own understanding of a concept or problem to their peers.
Groups can also serve as stress reducers for the more anxious student—peer help is available
to them. Especially important to the student is to be cognizant that they will be held personally
accountable for learning as well as for understanding that all members of the group contribute
something (Cooper, 1995). Positive interdependence among group members while retaining
personal responsibility are two important features of cooperative groups (Hyde and Kovac,
2001).

b) Forming groups. It is best that groups are selected by the instructor (Nurrenbern,
1995; Shibley, 2001), accommodating all variables of heterogeneity possible. In
heterogeneous well-designed groups, each individual group is a microcosm of the entire class
in academic achievement level, gender, ethnicity, etc. (Slavin, 1985). Self-selected groups
tend to be homogeneous, socially oriented, and less work oriented (Johnson, Johnson, and
Holubec, 1986; Hooper and Hannifin, 1991; Trautwein, Racke, and Hillman, 1996). Hagen
(2000) notes that one factor to consider if groups are to work outside of school time is their

work schedules. The instructor should make this a very real part of the grouping process.
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There is no statistically significant difference between individual problem solvers and
heterogeneous group problem solvers. Therefore, heterogeneous grouping is usually
recommended despite the fact that Tingle and Good (1990), Hooper and Hannifin (1988),
Okebukola and Ogunniyi (1984), and Watson (1995) provide evidence that refutes this. It has
been found that although low achievers may benefit from group work, high achievers may not.
For example, in a 1988 study, Hooper and Hannifin found that higher ability students in
heterogeneous groups performed at a level 9% lower than high ability students in
homogeneous groups.

Okebukola and Ogunniyi (1984) did confirm that low and medium achievers in
heterogeneous groups learned from high achievers, improving their cognitive achievement
level. Those students of lower ability in heterogeneous groups can gather more individual
explanations from peer group members than would be possible from the lone instructor
(Hooper and Hannifin, 1988).

¢) Group size. Groups should be large enough for significant interaction, but not too
large (Fraser, 1993). Teams of three or four students who are balanced in knowledge and
skills are desirable (Felder and Brent, 2000a). Nurrenbern (1995) recommends groups have
from four to seven members. Instructors can try several strategies, always remembering that
group size should make it possible for all members to be actively engaged in mutual discussion
and achieving the goals set for them (Johnson, Johnson, and Holubec, 1986; Carpenter and
McMillan, 2003). Loss of motivation associated with social loafing increases with larger
group size (Hooper and Hannifin, 1988). Shibley (2001) and Oliver-Hoyo, Allen, and
Anderson (2004) suggest that groups of three provide enough work for all to contribute, allow
members to meet challenges without deferring to more aggressive students, while still
providing sufficient diversity.

d) Physical space. Room design is important to encourage student engagement and

work (Fraser, 1993). An instructor should arrange the cooperative classroom so that student
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groups are in circles close enough to see one another's work and hear one another speak.
There should be a clear walkway for the facilitator to move among the groups. But, the
groupings should be far enough apart to afford privacy. (Johnson, Johnson, and Holubec,
1996). Fraser prefers to see students work together around a common table.

2) Distributed leadership.

a) Roles. It is important for all members to have assigned group roles (that can include
some variations on each of the following: scribe, encourager, praiser, equipment purveyor,
gatekeeper, checker, timekeeper or taskmaster, reflector, and group tension-reliever) and to
rotate those roles regularly. Each individual must be an active contributing part of the team.
There is equal sharing of tasks; taking turns in different group roles. To do this takes
forethought by the instructor in creating an environment where the students actively engage in
the material by sharing insights, providing each other feedback, and teaching each other in a
non-intimidating, non-competitive atmosphere. This fosters the three important aspects of
group work—cooperation, collaboration, and communication.

It is imperative that the instructor explains to the students why it is important to learn to
work cooperatively as well as trains them how to do so (Towns, 1997; Towns, Sauder, Stout,
Long, and Zielinski, 1997; Felder, 1995c; Felder and Brent, 2000a; Snodgrass and Bevevino,
2000). The instructor who models cooperative behaviors whenever possible will teach more
than the subject matter of the course (Felder; McCaslin and Good, 1996).

b) Design of work. Group work should be designed to build from each student's
experiences, talents, and abilities, encouraging dynamic participation from each group member
(Towns, 1997; Shibley, 2001). Student responsibility lies in part in keeping each other on
task, and in part in using higher level critical thinking skills. Group work must be
worthwhile—it cannot be simple busy work (Nurrenbern, 1995). It should be comprised of
opportunities for active construction of concepts via discussion and should foster team

development (Uno, 1999). The combined expertise of group members must be valuable to
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solve problems (Haller et al., 2000). Cooperative group work must be well designed with
appropriate incentives (and penalties) or students can spend more time carrying out tasks than
reflectively thinking about the meaning of the process. Setting aside time for in-class group
work is best (Nurrenbern). It should also be valued by including it as part of overall student
assessment (Uno). Nurrenbern recommends that it should comprise up to 20% of the course
grade.

3) Team building. A group member's sense of belonging to the group instills trust
and collegiality. It increases motivation to perform and promotes learning better than
competition (Slavin, 1995). Students learn to rely on group experts rather than professors
(Martin, 1996).

College teams are predominantly first year students who are facing a rigorous course
load along with adapting to life in college (Hanson and Wolfskill, 2000). It is of some
consolation for students to share common experiences, interests, dilemmas, worries, and
resources to help each other (Hanson and Wolfskill). Peer mentoring can be more effective
than faculty help (Hanson and Wolfskill). Students should promote peers' efforts, provide
encouraging feedback, and involve all members as part of the learning process.

4) Positive interdependence. Achievement is derived from positive
interdependence (Nurrenbern, 1995; Uno, 1999). It is an essential prerequisite to effective
group interaction and learning. Members of the group depend on one another for critical bits of
information or for the execution of tasks crucial to group success. Students should be
periodically reminded that they are working together and that their joint efforts produce the
desired outcome. A group is successful only when each individual is successful. There is no
product if each member does not contribute. If student-student interdependence is structured
properly, students value the subject area more, achieve at a higher level, and use a higher level
of reasoning strategies more frequently (Tingle and Good, 1990). Johnson, Johnson, and

Holubec (1986) and Martin (1996) suggest that positive interdependence is the central factor in
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the group's interaction, productiveness, perseverance, sustained motivation, camaraderie, and
sense of community. Interdependence structured to foster cooperative group tasks is meant to
guarantee that everyone has learned the material and ensure each individual's success (Martin).
Activities are structured so that a group is needed to accomplish the intended goal(s) better than
any one individual could. No student does every component of the overall task. Rather,
students are accountable for coordinating their efforts to be certain that no stone is left
unturned. Positive interdependence can be generated in a number of ways including positive
goals, rewards, resources, or assigned roles and tasks.

5) Skills acquisition. It is important to address social skills in the process of
implementing collaborative learning strategies in the classroom (Snodgrass and Bevevino,
2000). Social awareness of acceptance and interpersonal support should evolve in the group.
Learning the social skills essential for peer interaction helps students to determine that it is more
suitable at times to lead and at other times to follow. This provides students with good lessons
in lifetime skills. The quality and characteristics of the cognitive processing that occurs as
students attempt to clarify or illustrate an idea or try to understand explanations offered by
peers, helps those students to employ elaborative and metacognitive strategies and higher level
reasoning more regularly than they would as independent learners (Herron and Nurrenbern,
1999).

Skills are identified and acquired with appropriate guidance. Hooper and Hannifin
(1988) recommend that training in effective interaction helps to improve efficacy of group
work. For example, an introductory activity is necessary to facilitate team building (Shibley,
2001). Any non-threatening activity to allow students time to observe how group dynamics
work is satisfactory. At the same time, group roles should be explained.

6) Group autonomy. Students make their own decisions within their group

without outside intervention. Because each group has a different blend, different groups may
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approach their objectives in a variety of ways. Instructors should respect this group autonomy
and intervene only when necessary.

7) Individual responsibility and accountability. Attendance is required
(Fraser, 1993). Activities are designed to help students feecl some degree of ownership and
control (Katz, 1996). Each group member must prove that she or he has learned without the
assistance of others; this ensures that each student demonstrates academic and social growth.
Facilitators can promote interaction by high individual accountability. Grading is designed to
ensure individual accountability and reward group performance (Dinan and Frydrychowski,
1995). This encourages better quantitative and qualitative interactions. It may also motivate
higher achievers to help the lower achievers to make an effort to contribute more (Hooper and
Hannifin, 1988). For example, one strategy to motivate all members of a group is to award a
bonus of five points on an exam if all group members score an average of 75 points or more
(Oliver Hoyo, Allen, and Anderson, 2004).

8) Teacher as facilitator. Teacher and student roles are flexible in well-
functioning groups (Haller, Gallagher, Weldon, and Felder, 2000). In the most directive role,
the teacher supervises, guides, and coaches learning rather than delivering information. In her
or his least directive role, she or he serves as student advocate (Katz, 1996), consultant (Uno,
1999), or just another accessible resource (Caprio, 1994). The teacher role is to support,
encourage, and sometimes to act as a catalyst (Orzechowski, 1995). The teacher listens to
each group to find out what individual and overall student needs are. In cooperative learning,
the teacher masters better how to set the pace. One challenge is to set the correct amount of
pressure to keep student moving but allow them adequate time to process the material (Hyde
and Kovak, 2001). Teachers distribute attention more equitably when mentoring than when
dispensing information (Herron, and Nurrenbern, 1999). As noted earlier, students learn to

help in teaching or do the teaching themselves (Felder, 1993c; Martin, 1996).
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9) Group processing and self-evaluation. The effectiveness of group learning
depends on the amount and kind of interaction among members (Peterson and Swing, 1985).
Both those who are willing to provide explanations and those willing to receive explanations in
a group setting are higher achievers. The more detailed (higher order) the explanation, the
better the achievement. Better listeners are expected to demonstrate higher achievement.
Attitude is important—if a student perceives a peer's explanation to be good, achievement is
increased. If a student judges her or his own explanation to be good, she or he achieves at a
higher level (Peterson and Swing).

Students are involved in monitoring their own progress and assessing their own group
performance. Members should be aware of whether they are appropriately carrying out their
responsibilities and whether they are learning.

Shibley (2001) suggests that students reflect on the group dynamics and ponder the
following questions:

a) Were there differences of opinion about the solution?

b) How did the group come to final decision?

¢) Did everyone have the opportunity to contribute to a final decision?

The class can discuss methods used by each group to determine whether changes are needed.
Desired behaviors can be specified in a group contract at the start of the term (Johnson,
Johnson, and Holubec, 1996).

It is difficult for students to objectively evaluate the advantages and disadvantages of
collaborative work. They can only compare to traditional didactic classes they have taken in the
past. Students should evaluate their experience at the end of their course, and also after they
have progressed in a coursework sequence or program (after more experience with later
coursework in their field of study [Klionsky, 1998]).

10) Equal opportunities for success among all members. No member

should have any advantage over another (Cohen, 1994). If all are working toward the
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common goal of learning together and there is no underlying competition, all members should
help one another to achieve. Group incentives are preferable to individual incentives. (Hooper
and Hannafin, 1988).

11) Team competition. Although cooperative learning fosters collaboration,
students are accustomed to comparing performance levels and are used to competition for
grades (Okebukola, 1985). If there is to be any competition in cooperative learning
classrooms, it should be good-natured and inter-group (between members of different groups),
but not intra-group competition (between members of the same group). The two aspects can be
combined so that there is cooperation within groups but competition between groups
(Okebukola). But, there should be inter-group cooperation as well (Johnson, Johnson, and
Holubec, 1996).

12) Individual needs adaptations. As best they are able to do so, group
members accommodate the special needs of any one member. When necessary, an instructor
may suggest how this can be accomplished.

13) Social relationships in a cooperative group. Group work is a way to
achieve equity among learners on the team (Cohen, 1994). Students encounter a number of
different kinds of social relationships in cooperative groups.

a) Intragroup diversity relationships: when group members of different ethnicities
interact at equal levels within the group, they develop supportive relationships, because group
members work toward a mutual objective (Slavin, 1995). Cooperative groups break down the
dichotomy in minority groups between work and peer relations (Fraser, 1993). While learning
academically, students simultaneously learn that they can interact with persons of different
ethnicities and have fun doing so. These kinds of group interactions may be the first
encounters some students have had with others outside their ethnic group. Most of these

relationships are successful, harmonious, and persist outside the classroom.
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b) Self-esteem: students experience increased self-esteem as an outcome of cooperative
learning. Students feel more liked by their classmates when they interact with them, and they
feel more academically successful when they interact with classmates to achieve the solution to
a common problem. Students are more motivated because of supportive peer evaluation
(Felder, 1993c). In cooperative learning, the frequency of group work has a positive
correlation with most areas of self-rated satisfaction and all areas self-reported growth (Felder).

¢) Retention: students who work together cooperatively like school more than those
working competitively. They like their fellow students more. They are more likely to help
other students, to cooperate well, and to have the attitude that cooperation is useful. They will
have the supportive attitude that they want their classmates to succeed, and they will have the
perception that their fellow classmates want them to succeed. This perception actually does
foster achievement. For example, in a study by Fraser (1993) among students engaged in
collaborative group work , the pass rate increased by 15% for whites, by 65% for
disadvantaged students, and by 28% for the class as a whole.

14) Tasks. The critical attribute of cooperative task work is that learning activities
must be suitable for group work. Is the problem a task that demands true group
interdependence or some other type of problem that does not require collaboration for success
(Cohen, 1994)?

For new information to be assimilated, it must be somehow connected to information
already stored in memory. Group work tends to facilitate that process because the group
members together may be more successful at finding those connections than any one individual
can alone. In addition, students learn more by having to explain to someone else (Springer et
al., 1999) or by listening to an explanation from a peer.

11. Problem-solving and learning tasks
Instructors should assign straightforward problems to set the stage, then assign

increasingly more challenging ones (Fraser, 1993). Students work in their cooperative groups
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to produce their own solutions (Fraser). They can then discuss them with another group or
groups or in a larger, class-wide forum. Student problems are solved more efficiently, saving
time when groups are collaborative—they communicate with each other on a technical level
(Fraser). Problem solving in groups shows each student that there is more than one "right"
way to solve problems. (Duch, 1996). Reflection about a cooperative activity should help a
group to coalesce and learn about how and why multiple perspectives are required (Shibley,
2001). "Problem solving in groups is less stressful, allowing for clearer thinking. Groups
working together can solve anything if they try hard enough" (Duch, p. 329).

The instructor should present some real-world problems that can be solved by the
course (Felder, 1995¢; Oliver-Hoyo, Allen, and Anderson, 2004). This is a useful method of
introducing new topics (Woods, 1998) and generates motivation and enthusiasm. Because the
structure of knowledge is affected by the context in which it is learned, how students learn
affects their ability to apply what they have learned (Woods, 1998, Johnson and Malinowski,
2001; Hewlett, 2004). 1t is less about what is learned as how it is learned , less about the right
answer as it is the right approach (Oliver-Hoyo, Allen, and Anderson). Active learning and
connections to real-world applications help students to learn chemistry and apply knowledge
appropriately (Duch, 1996). Scientific knowledge acquired in a problem-based context is more
likely to be retained and synthesized (Duch). The use of open-ended applied problems engages
students and they can more readily reproduce their thinking in future applications (Felder,
1991).

12. Benefits of cooperative learning

To learn in a meaningful way, students must actively process information (Towns,
1997). Many students learn best through active collaborative small-group work. "Cooperative
efforts produce higher quality problem-solving, exchanges of information, insight, generation
of a variety of strategies, ability to translate problems to equations, and development of shared

cognitive representations” (Qin, Johnson, and Johnson, 1995, p. 130).
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Students who participate in small group work persevere through science courses to a
greater extent than do students in more traditional settings (Springer et al., 1999). In fact,
Felder (1993a) observes not only positive academic outcomes, but also a few students whose
choice of career gravitates to college teaching (Felder, 1999). Implementing some small group
work is more effective than a lecture-only format because cooperative groups utilize positive
interdependence, individual accountability, face-to-face promotive interaction, thereby teaching
members interpersonal and small-group skills, and structuring group processing. High school
students working together outperform their counterparts who work alone (Boling and
Robinson, 1999),

Benefits of cooperative learning occur on two levels, that of the subject or academic
aspect and that of the student or environment aspect.

a. Subject benefits

The use of cooperative techniques helps student to construct a big-picture view of what
they are trying to understand (Towns, 1997). Subject matter benefits are numerous (Cooper,
1994; Cooper, 1995; Dinan and Frydrychowski, 1995; Nurrenbern, 1995; Felder, 1996;
Kerns, 1996; Kogut, 1997; Towns, 1997; Towns, 1998; Springer et al., 1999; Bowen, 2000;
Haller et al., 2000; Hanson and Wolfskill, 2000; Snodgrass and Bevevino, 2000; Hyde and
Kovak, 2001; Dinan, 2002; Shibley and Zimmaro, 2002; Carpenter and McMillan, 2003;
Cooper, 2004; Oliver-Hoyo, Allen, and Anderson, 2004; Preszler, 2004) and include :

1) Higher subject matter achievement and higher achievement overall; e.g.,

Bowen (2000) notes that medical students performing in a cooperative learning
environment score 14 percentile points higher on achievement exams than their
counterparts in a traditional learning environment.

2) A more positive attitude toward the subject AND the course, especially among

underrepresented groups and women;

3) Better retention among nontraditional students;
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4) Better overall retention and lower absenteeism—students do not want to let team

members down;

5) A move away from rote learning toward an enhanced conceptual development;

6) Increased satisfaction with the learning experience;

7) Increased student mastery—students come to class prepared;

8) In general, a warmer classroom climate.

Bowen (2000) cites student persistence in science, technology, engineering, and
mathematics (STEM) courses as 22% greater for students in cooperative learning environments
than for students in more traditional curricula. Seymour and Hewitt (1997) believe the attrition
in STEM courses is not a natural consequence of differing abilities among students, but, rather,
that classroom climate and activity levels are determining factors.

The more time students expend working collaboratively, especially during the class
meeting period, the more favorable their learning-related attitudes become, both in the subject,
as well as overall (Dougherty, 1997; Springer et al., 1999). Active students feel that they are
more a part of the class rather than passive observers.

b. Student benefits

The benefits of collaborative and cooperative group work for students are well-
documented in the literature (Johnson and Johnson, 1985; Slavin, 1985; Hooper and
Hannafin, 1988; Steiner, 1988; Hurley, 1993; Cooper, 1995; Fleming, 1995; Nurrenbern,
1995; Qin, Johnson, and Johnson, 1995; Slavin, 1995; Felder, 1996; Harwood, 1996; Katz,
1996; Kerns, 1996; Martin 1996; Wright, 1996; Towns, 1997; Felder, Felder, and Dietz,
1998; Towns, 1998; Uno, 1999; Wright, Millar, Kosciuk, Penberthy, Williams, and
Wampold, 1998; Boling and Robinson, 1999; Clouston and Kleinman, 1999; Herron and
Nurrenbern, 1999; Springer et al., 1999; Haller et al., 2000; Hanson and Wolfskill, 2000;
Hass, 2000; Snodgrass and Bevevino, 2000; Towns et al., 2000; Brawner, Felder, Allen, and
Brent, 2002; Dinan, 2002; Shibley and Zimmaro, 2002; Carpenter and McMillan, 2003; Selco,
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Roberts, and Wacks, 2003; Seetharaman and Musier-Forsyth, 2003; Oliver-Hoyo, Allen, and
Anderson, 2004; Preszler, 2004; Shapiro, private communication, 2004; Swarat, Drane,
Smith, Light, and Pinto, 2004: Cooper, 2005). These benefits may not all be as obvious to
students are they are to observant faculty (Ross, 1994). These benefits include, but are not
limited to:

1) Individual accountability—Students take more responsibility for their own
learning; they feel a sense of ownership and control they have not previously
experienced;

2) Greater active involvement (engagement) in the learning process;

3) A better sense of self-esteem;

4) More motivation—students are in control of their own learning;

5) More independence and resourcefulness;

6) Higher-level and abstract thinking skills that require deeper processing;

7) Sharper critical thinking;

8) More reflective thinking;

9) More metacognitive activity by comparing and discussing;

10) Higher reasoning skills;

11) More cognitive interpersonal skills;

12) Better acceptance of peer differences (i.e., learning about diversity);

13) Increased social skills (ability to exhibit leadership and understand the complexities
of the group power structure; ability to communicate about science while working
with peers to organize and interpret knowledge);

14) Increased appreciation of the value of course content;

15) Reduced anxiety or stress; less alienation and anonymity;

16) Better accommodation of the opinions of various members;

17) Diversification of skills and deeper engagement in problem solving;
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18) Acquired problem-solving skills transfer and assimilate to other courses;

19) Developing interdisciplinary thinking;

20) Appreciating a peer’s perspective;

21) Peer reinforcement of concepts, encouragement, support, nurturing, motivation,
recognition, and involvement;

22) Serving as models for peers;

23) Higher quality of learning—more time on task and sharing ideas related to the
learning task;

24) Better management of their own and others’ resources (time, talents);

25) Improved coordination of their own work with others and as a result learning what
they do and do not understand;

26) Learning how to obtain information from peers—rather than depending on
the instructor;

27) Learning which peers to ask for help;

28) Valuing shared work—with an increased emphasis on conceptual understanding;

29) Developing an expanded understanding of self and of others;

30) Learning that all people (including themselves) have strengths and weaknesses;

31) Developing patience;

32) Being more creative;

33) Recognizing, accepting, and correcting errors;

34) Learning from failures;

35) Developing more self-confidence, learning to become more self-sufficient;

36) Learning self-directed planning—estimating their own reserve of time and
energy and learning to spend more time outside of class studying;

37) Learning to rehearse information orally and integrate it, especially explanations of

how to approach tasks; i.e., communication skills are important;
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38) Finding small group work leads to more positive attitude, especially among
women; women prefer collaborative opportunities to learn rather than those that are
competitive;

39) Having numerous opportunities to make decisions over the course of a term;

40) Learning to offer advice and provide feedback to peers;

41) Learning to have realistic expectations (it is a relief for students to

know that others struggle with the same problems and how they do it);

42) Learning to pursue common goals;

43) Preparing in advance to avoid appearing ignorant;

44) Learning to formulate better, higher level questions;

45) Listening better;

46) Learning to defend answers;

47) Making the class discussions more focused;

48) Having more in-depth experiences;

49) Nurturing study skills;

50) Benefiting from research experiences;

51) Developing the ability to problem-find as well as problem-solve;

52) More positive attitude toward the instructor;

53) Decreased dependence on the instructor;

54) Increased awareness that there is more than one way to solve a problem.

Students develop appropriate attitudes toward challenging work on shared tasks—tasks
are more accessible, more doable when group members share their expertise and are willing to
take risks. A group environment provides students with a forum for idea exchange, an
opportunity to give or receive guidance and advice to or from others, and confront their own
knowledge (Fleming, 1995; Swarat, Drane, Smith, Light, and Pinto, 2004). They learn to

"think on their feet" (Ross, 1994). With the feeling of group community, students will
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undertake more challenging tasks because they expect to succeed based on the group effort
(Katz, 1996; Wright, 1996; Towns, 1999). They become more independent learners. There is
more group processing of information (Martin, 1996).

¢. Peer mentoring

Students actively involved in group work are mentored by peers (Kogut, 1997,
Dougherty et al., 1995; Fleming, 1995; Qin, Johnson, and Johnson, 1995; Towns, 1998;
Uno, 1999; Herron and Nurrenbern, 1999; Hanson and Wolfskill, 2000; Hass, 2000;
Snodgrass and Bevevino, 2000; Shibley and Zimmaro, 2002). With peer mentoring, students:

1) Are better prepared before and during learning experiences (e.g., laboratory);

2) Have fewer irrelevant or distracting thoughts, i.e., stay on task;

3) Can observe peers' strategies for solving problems;

4) Have better independent problem-solving ability based on their group work

background;

5) Get and provide peer feedback on ideas; also provide teacher feedback;

6) Receive psychological support and acceptance—students who experience
cooperative learning believe they are liked, supported, and accepted by other
students and that other students care about how much they learn and want to help
them learn; the more students believe other students support them, the more likely
they are to want to work harder (Johnson and Johnson, 1985).

7) Solve more difficult problems than if working individually, and generate a variety of

strategies to do so;

8) Spend more time synthesizing and integrating concepts;

9) Have higher potential for achievement;

10) Move away from the habit of rote learning to collectively making sense of a

concept;

11) Can confront their own misconceptions;
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12) Have a better attitude toward learning;

13) Perceive working with others helps to improve their grade;

14) Have more self-confidence with group support in the face of intimidating science

work;

15) Learn to work with people who might be completely different from them;

16) Care about assisting one another.

Alternative modes of instruction (besides lecture) are possible, even in classrooms that
contain 400 or more students at a time (Herron, 1984). Cooperative learning is just one of
several tools used in the student-centered classroom. Using this technique, an instructor may
discuss less material than in a traditional class, but it will be more in depth. Students can
sometimes teach one another concepts within their groups more quickly and efficiently than an
instructor delivering information can. More frequent informal small-group discussions among
students or with a teacher, lead to more sustained higher-order thinking or better problem-
solving ability, but not necessarily to greater content knowledge (Springer et al., 1999).
Student performance does not suffer and students perceive that adequate material has been
presented to prepare them for examinations (Bodner, 1992; Clouston and Kleinman, 1994).

The benefits of student-student interactions outweigh those of student-teacher
interactions. Piaget's and Vygotsky's emphasis on experience and social interaction supports
this (Steiner, 1980). Shibley and Zimmaro (2002) observe that "Conversation with people we
regard as our peers—our equals, members of our own community—is almost always the most
productive kind of conversation" (p. 748). In addition, because students often learn more
effectively when someone above, but near their educational level or zone of proximal
development helps them (Vygotsky, 1987), compared to instructors or even teaching
assistants, peers are excellent tutors. Peers share the same experiences and beliefs with one
another. This creates a learning environment characterized by trust and support (Swarat,

Drane, Smith, Light, and Pinto, 2004).
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Students are guided to take control of their own learning—the course belongs to them
(Hyde and Kovac, 2001). The classroom atmosphere is more casual, more conducive to
learning. Instructors spend less time answering the same questions because student groups
discuss them before asking. Often, they resolve an issue without having to ask the instructor
or teaching assistant (Martin, 1996; Shibley and Zimmaro, 2002). Teams engage more
students at one time (Selco, Roberts, and Wacks, 2003). Having other team members depend
on them keeps the weaker students from becoming distracted or disengaged with the learning
activity (Selco, Roberts, and Wacks). Academic teams, like sports teams, practice together to
help one another to improve, but also learn and develop skills as individuals (Hanson and
Wolfskill, 2000). There are constant small intra-group discussions as well as some inter-group
discussions. This makes for a more dynamic classroom than would be true of a traditional
environment (Windschitl, 2001). Eventually, the more experienced students are with
cooperative learning exercises, the more they feel able to express their ideas and feelings in
large and small groups. They also have a greater willingness and desire to express their ideas
to the larger class, which creates a more positive feeling toward the instructional experience
(Johnson & Johnson, 1985).

13. Why does group learning work?

The argument has been presented that active student learning via group work is
beneficial to the student sociologically, personally, and academically. But why? There is
much less research to explain the why than there is thé how. Obviously, students are more
engaged with their learning goals when placed in an interactive task-oriented situation than they
would be during a comparable "lecture” period. Cooper speculates (2005) suggests that
students involved in effective group work struggle to construct or comprehend challenging
concepts together. In a non-threatening environment, they are able to negotiate their
understanding by verbalizing their reasoning—explaining how they know what they know.

This leads them to examine and analyze how they came to construct their knowledge. In the
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process, they achieve a deeper realization of the concept(s) they have come to know. Novices
at all levels realize that to teach another person or group about a concept or idea requires them
to understand in the first place.
14. Drawbacks

However, cooperative group work is not a panacea (Adam and Slater, 2001).
Strategies are constantly tried and modified to achieve success (Bianchini, 1997). What are the
drawbacks of cooperative learning? Several potential pitfalls can be discussed (Bodner, 1992;
Cooper, 1995; Felder, 1996; Kogut, 1997; Towns, 1998; Hatcher-Skeers, 2002; Cooper,
2005).

a. "Covering'" course material

The most common fear among both instructors and students is failing to "cover" the
same quantity of course material. Student active learning strategies take time. But even when a
professor delivers an eloquent lecture about material, does the student learn? Formal
instruction can be used to emphasize important points and depict connections between related
topics so that the course does not appear to be a series of disjointed topics separated by periodic
examinations. Cooperative learning fosters independent thinking. A better ability to process
independently is more of a benefit to students than it would be for them to sit through a certain
number of hours of "lecture" material, just to say that they have "covered" it.

b. Time factor

Is cooperative learning a time drain? Could a teacher efficiently explain a certain topic
more clearly than the time sink of students trying to puzzle through an exercise, negotiate
meaning with one another, and together construct the concept? Frequent informal discussions
among students or with a teacher lead to more higher-order thinking or problem-solving ability,
but not necessarily to greater content knowledge (Springer et al., 1999). Where should the
sacrifice come—in the realm of efficient delivery and receipt of content knowledge or the

discussions that could lead to higher levels of cognitive processing?
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With practice, an instructor becomes proficient at understanding whether and when she
or he should provide information rather than have students construct it. Some material, such as
quantum chemistry, for example, does not lend itself to being constructed by novices.

¢. Classroom management

Using cooperative learning forces the instructor to surrender what had formerly been
complete classroom control. The instructor must adjust to being more of an adaptable guide,
coach, or facilitator than sole source of all knowledge. There will ideally be a different
atmosphere in the classroom—one of animated discovery. Student questions and thinking may
serve to dictate the direction taken by the instructor. This challenges the instructor to think on
her or his feet. But, the instructor does not "lose complete control” of the students.

d. Freeloading

Will lower-ability students simply rely on the work of those who understand more than
they do? Heller and Hollabaugh (1992) and Heller, Keith, and Anderson (1992) find this is
not true. Students as a rule realize the mutual benefits of group work and attempt to make
contributions to group work, even if they are minor, in order not to let down their peers or to
look uninformed in front of their peers. Also, helping another student does not affect any
student's ability to earn a high grade because all are graded on the same predetermined scale—
there is no grading curve in criterion-referenced grading.

But, a student may not accomplish the share of the task(s) assigned to her or him and
would then let down her or his peers. The instructor must try to guide group dynamics so that
this cannot occur. Peers are reticent to confront a laggard in the group. The instructor must
work to create a classroom atmosphere that supports constructive criticism.

The strategy recommended to discourage students from relying too much on the group
is to limit the cooperative group grade to only 20%-30% of the total grade for each individual
(Cooper, 1994; Nurrenbern, 1995). This means that the major responsibility still lies with the

individual, but that cooperative work can benefit the learner who wishes it to do so.
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Some stronger students fear that weaker peers will cause the group grade to be
lowered. An instructor can suggest that the weaker students take responsibility to prepare a
draft or outline of a group report and the stronger students contribute what they presume will
improve what has been prepared. This recognizes the weaker students as being able to
contribute "their part” to the end product.

e. Student absence

What impact does student absence have? Student absence is definitely a problem in a
cooperative learning classroom. Both the absent student and the group suffer (Hyde and
Kovac, 2001). Although the group may exchange information with the student at some later
time, the dynamics are not the same. Students who are mentally engaged by collaborative
work will choose to attend class in lieu of avoiding the work.

f. Students who prefer not to work in a group

Some students prefer to work individually. This may be due to previous bad
experiences with cooperative group work. Or, it may be a learning style or personality trait.
The instructor must be able to justify cooperative group work to this type of individual and fit
the person into a group that works effectively to alleviate the person's concerns or negative
opinions.

15. Obstacles

Left alone to accomplish collaborative projects, students may encounter some of the
following obstacles or difficulties. The solution to them rests with the teacher being available
to provide adequate facilitation. Some suggestions for teacher remediation follow each of the

potential obstacles.
a. Students value the product more than the process and increase the pace of their work
to obtain the product. The teacher must question students along the way to
encourage them to become more engaged in the process than concerned with

finishing the product. It is not the goal to finish the assignment, but rather to
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understand each part of the assignment on which they are working.

b. Students may value group processes more than academic products. If it appears that
a task goes by the wayside as the students interact socially, the teacher can remind
group members of their overall goals and, if necessary, redistribute group members
so that they will focus on goals rather than social interactions with peers.

c. Misconceptions can be reinforced if peers have the same ones (Martin, 1996). The
teacher, by non-intrusive observation must be prepared to interject statements or
questions that could lead the students to develop acceptable interpretations of
concepts. This develops out of student trust and respect for the teacher's ability to
guide but not decide what meaning the students are creating and thereby learning in
the process.

d. Shift dependency from the teacher to peers. If students begin to depend solely on
peers for information, some misconceptions or misinformation might be introduced
to the learning process. Teachers must be attentive to ensure that they are still
approachable to be consulted as a source of some information as well.

e. Students receive different attention and status. If it appears that student groups are
serving to accentuate a student's popularity or ego, teachers must intervene to
reaffirm the validity of the task at hand. Group members will definitely have
different abilities—which necessitates different dynamics as to who does the work
and how they accomplish it. The goal is that all contribute and that the group would
not function as well without the contributions of each member.

f. Students may learn to avoid contribution. Peers may not always insist on the
accountability of all group members. Teachers must attend to equal participation by
all members. If not all participate, the teacher must encourage group members to
insist that all contribute. Assessment should include a participant component.

g. Students may not believe they are able to contribute. If peers from the group are
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unable or unwilling to coax their colleague to participate, the teacher may need to
facilitate by asking a question she or he knows the reluctant student will be able to
answer. Using this kind of strategy, the teacher helps the student to develop
confidence and evolve as a productive group member.

h. Work assigned to cooperative groups often does not appear on tests which gives the
message that the work is not important. Some method of assessment must justify
the value of the tasks to validate their importance.

i. Unless the group goals are chosen by the members, it makes little sense to them to
pursue them. Although there are certain learning goals that are necessarily
developed, the teacher may allow the students to decide in what way or in what
order they are to be achieved.

j. Working in close proximity, achievement differences are more evident, which may
mean that the higher achiever may dominate a more passive lower achiever. The
teacher may be able to intervene by careful questioning of the lower achiever to
provide him or her with the opportunity to demonstrate an ability to achieve.

Even under optimal circumstances, group work may not provide the same quality of
learning to all students (Bianchini, 1997). But it is important to reflect on the philosophy of
Springer et al. (1999) that any progress in the direction of getting students more actively
involved should be complimented, not admonished, even if one or more elements of a certain
technique or strategy are not executed according t