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Motivation for Change

Until four years ago, general chemistry at Stony Brook
was taught in a traditional format. Three large-class lectures
were supplemented by one recitation session each week. In the
recitation sessions, faculty and graduate teaching assistancs
answered questions and worked problems for the students.
About 40 students were assigned to each recitation section.
While some faculty were not satisfied with this forma, it
seemed to be the only reasonable response to the large number
of students (1300) registering for these courses each semester.
However, several factors providing strong motivation for
change became evident.

Faculty increasingly perceived that traditional teaching
methods had become less effective and that students were
not engaged in their course work as much as in the past.
They also found that more and more students had difficulty
applying concepts when solving problems.

It became obvious that negative perceptions and attitudes
regarding chemistry and science appearing in the press were
shared by many students. This situation was documented by
a national study reporting that some capable students were
alienated by several aspects of traditional science courses (7).
Other studies confirmed that many undergraduates respond
poorly to the lack of human interaction and exchange of ideas
in the typical lecture format common to science courses and
do not see the relevance of what they are learning (2, 3).

Term papers written by Stony Brook chemistry majors
working in an industrial internship program reported little
connection between their university and internship experi-
ences. In the university, they mostly were told what must be
done, worked individually, and were held accountable as
individuals. In industry, they worked as part of a team that
decided what must be done, and the team was held ac-
countable. They also saw that their success on examinations
depended to a great extent on what they understood and
could remember from textbook and homework assignments
and lectures, whereas their success on the job depended on
analyzing new situations and applying their knowledge in new
contexts. Some remarked that it was unfortunate that univer-
sity courses did not provide more experience in team work
and applications of concepts.

These observations by our students are consistent with
formal reports from industry confirming that desirable em-
ployees are quick learners, critical and creative thinkers,
problem solvers, communicators, and team players (4-6).
The general conclusion of one such survey was that industrial
employers “would like chemistry-trained employees whose
education included greater preparation in communication,
team skills, relating applications to scientific principles, and
problem solving, without sacrificing thorough preparation in
basic science concepts and experimental skills” (7).

The opportunity to make changes in our general chem-
istry courses in response to the above issues was created by
another problem. The recitation sessions associated with the
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general chemistry courses were poorly attended. Although
considerable resources in terms of faculty and graduate
teaching assistant time were being expended in staffing 30
to 35 recitation sessions each week, only about 10 to 20% of
the students were benefiting from them. Either the traditional
format of these sessions, where the instructor worked problems
and answered questions, needed to be changed to make them
valuable for the students, or these sessions needed to be elimi-
nated and the staff resources used in other ways.

The Process Workshop Classroom

In response to the above issues, we chose to develop a
new model for classroom instruction. While initially this
model was developed for the general chemistry recitation
sessions, it is very robust. It also has been used at Stony Brook
for all the class meetings of an advanced undergraduate~
graduate-level course on quantum chemistry with an enrollment
of 26 students. Others, who contributed their ideas to the
1997 Stony Brook General Chemistry Teaching Workshop
(8), have implemented similar strategies in their chemistry
courses. This article describes our implementation of the
process workshop classroom in general chemistry.

A process workshop is defined as a classroom environment
where students are actively engaged in learning a discipline
and in developing essential skills by working in self-managed
teams on activities that involve guided discovery, critical
thinking, and problem solving and include reflection on
learning and assessment of performance. The term process is
used because the focus is on developing skills in key learning
processes, and the term workshop is used because students are
given tasks to complete as the active agents in the classroom.
The essential skills, which we think most appropriate for a
chemistry workshop, lie in the areas of information processing,
critical thinking, problem solving, teamwork, communication,
management, and assessment. Performance skills in these
areas, just like skills in laboratory work and athletics, can be
developed, strengthened, and enhanced through practice. These
skills therefore need to be included explicitly in university-
level courses, not only to help students be successful in these
courses, but also to prepare them for the workplace and for
life in general (9).

In a process workshop, students work in teams to acquire
information and develop understanding through guided
discovery. They accomplish tasks and examine models or
examples, which provide all the information central to the
lesson, in response to critical-thinking questions, which we
call key questions. The key questions compel the students to
process the information, to verbalize and share their perceptions
and understanding with each other, and to make inferences
and conclusions (i.e., to construct knowledge). They then
apply this knowledge in simple exercises and to problems, which
require higher-order thinking involving analysis, synthesis,
transference, expert methodologies, and integration with
previously learned concepts. The teams report their results
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to the class, assess how well they have done and how they
could do better, develop strategies for improving their skills,
reflect on what they have learned, and submit a written report.
Each student leaves the workshop with a take-home quiz,
which is produced with the computer-generated personalized
assignment system (CAPA) developed at Michigan State Uni-
versity (10, I1). These quizzes test and reinforce what was
learned during the workshop, promote individual account-
ability (an important component in a team-learning environ-
ment), and stimulate further cooperative learning beyond the
workshop experience.

An instructor’s guide for process workshops (12) and sets
of workshop activities (13, 14) for two semesters of general
chemistry are available. Generally one activity focusing on
one major concept can be completed in a 55-minute period.
Each activity consists of a preparation section that references
a textbook to introduce the topic and associated terminology.
Time then is spent in the workshop on exploring the model,
answering the key questions, reporting to the class, complet-
ing the exercises and some problems, and writing a report.

A sample schedule for a 55-minute period is given in
Box 1. This schedule sets a high standard for performance,
which is necessary to develop skills in information processing,
thinking, teamwork, communication, management, and
assessment. Time must be used efficiently and effectively.
Announcements and assignments consume little time if they
are written on the blackboard rather than spoken. Only a
short, relatively easy, one-question quiz is needed to provide
individual accountability for the preworkshop homework
assignment. Simultaneous reporting, which is described later, is
used to present several problem solutions to the class simul-
taneously. The class quickly validates these solutions or
challenges some, and where discussion is needed, the key
issues are identified and addressed efficiently through simul-
taneous team discussions.

Using a process workshop to replace one recitation session
or one lecture each week provides a mechanism by which
lecture-based courses can evolve into a more interactive,
learner-centered, process-oriented format. As lessons are de-
veloped and refined and faculty become more confident with
this format, the time devoted to the workshops can increase.
Following the suggestion of many students, who wanted more
time for the workshops because they considered them to be
valuable, we increased their length from 55 minutes to 80
minutes, which was easily implemented because Stony Brook
has both of those two time periods in the schedule. Although
three 55-minute lectures each week continue in the general
chemistry courses, a format involving two lectures and two
workshops weekly—all scheduled in 55-minute periods—has
been adopted for a new developmental course, CHE 121:
Concepts and Methodologies of General Chemistry. Although
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not everyone will agree on this point, it is not clear that
lectures are needed at all to complement the workshops. In
our experience, however, lectures are most effective when they
are short, to-the-point, and delivered as needed in the work-
shop environment.

The process workshop model represents a synthesis of
several ideas being discussed in the education community.
The model combines team learning, guided discovery, critical
thinking, problem solving, reporting, assessment, and per-
sonalized assignments into a coherent package coupled to the
use of information technology. Its goals are the development
of process skills and the mastery of subject content. Its
foundation, from the constructivist theory of learning, is the
construction by learners of their own understanding or
knowledge from information in a process that utilizes exist-
ing knowledge, preconceptions, and beliefs and previous
experience (15, 16). The structure of the workshop includes
many of the factors that promote intellectual development
as defined by the Perry model (17, 18). The premise is that
if students are actively engaged in learning and have the
opportunity to exercise process skills in seven key areas, then
they will grow intellectually and become better learners, think-
ers, and problem solvers; and their grades on examinations
and success in the real world will improve.

Use of Learning Teams

The workshops in general chemistry have up to 40 students
divided into teams of three or four to produce a team-learning
environment that is suited for guided-discovery and problem-
solving activities. Learning teams are an integral part of this
model for several reasons.

The lack of community many students experience in
university classes is addressed by bringing students together
in teams. The development of this community is particularly
important for general chemistry, since predominantly first-
year students are enrolled. These students are facing a very
challenging course while adapting to the demands of college.
It is encouraging and comforting for them to share common
experiences, concerns, and anxieties with fellow team members.
They also find that they can serve as resources to help each
other, and many instructors have observed that such assis-
tance, which is offered by peers at the level of the learner’s
development, often is more effective than that offered by a
faculty member. We have found that the collegiality initiated in
learning teams often extends beyond the workshop sessions
themselves; for example, students exchange addresses and tele-
phone numbers, form informal study groups, and help each
other with homework assignments. This social interaction
serves to build a community of learners and provides students
with the support needed for success.

The use of learning teams also engages more students
in the classroom. If there are ten teams in the room, ten
discussions of a single issue, or ten issues, can be discussed
simultaneously. This format is more dynamic and involves
more students than the traditional classroom in which one
idea is presented by one person at a time. The outcome also
is richer, since after a period of team discussions, only the
best idea of each team is selected by the team to share with
the entire class. In this format, one instructor can work
effectively with a large number of students in an interactive
classroom because the students participate both as learners
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and as teachers, and the instructor can monitor and facilitate
ten discussions simultaneously.

As the team becomes involved in a lesson, the different
information, perceptions, opinions, reasoning processes,
learning styles, theories, and conclusions of the members at
times lead to disagreement. The team format thereby gives
students the opportunity to confront their misconceptions,
which otherwise might go unchallenged until examination
time. When managed constructively (which may require the
instructor to facilitate appropriate interpersonal, social, and
collaborative skills), such interaction promotes questioning,
active searching for more information, and finally a restruc-
turing of knowledge that breaks down the misconceptions.
This process results in a greater mastery and retention of
material than competitive and individualized modes of instruc-
tion because the students need to interact with the material
and construct and defend their own understanding. In so
doing, they use and develop critical-thinking and higher-level
reasoning skills (19).

Research shows that students working in learning teams
learn more, understand more, remember more, feel better
about themselves and others, have more positive attitudes
regarding the subject area, course, and instructors, and acquire
critical thinking skills, cognitive learning strategies, and other
process skills thar are essential in the workplace (19-23). A team
learning environment is particularly effective for women and
nontraditional students in science because this approach
addresses the inhibiting feelings of isolation and competitive-
ness that many report (24-26).

As many faculty will testify, the benefits of learning teams
cannot be achieved simply by placing students in teams,
giving them an assignment, and telling them to work together
to complete it and teach each other in the process. Students
who perceive that they can complete the assignment more
efficiently on their own will do so, and others will flounder.
Even if the assignment is sufficiently difficult to require
cooperation and collaboration for success, students in an
introductory course are unlikely to have the essential skills
for the task. Five key elements and the strategies for in-
corporating them in the classroom have been identified as
essential for team success (19). These elements are positive
interdependence (one cannot succeed unless all succeed),
individual accountability (each team member is responsible
for the outcome and for understanding the material), promo-
tive interaction (team members support each other and help
each other learn), collaborative skills (behaviors that enhance
cooperation are identified and promoted), and self-assessment
(teams identify what has been done well, what needs improve-
ment, and what has been learned).

Initially students may not work well together because
they may lack the motivation to do so. They may have diffi-
culties agreeing on methods and answers because they are not
skillful in leading, collaborating, helping, and supporting
each other. Also, high-achieving students may feel held back
by working in a group. In anticipation of such possibilities,
the concept of a learning team needs to be introduced with
motivational supports from the beginning. The instructor can
point out that the university is a learning community, and the
two responsibilities of members in a learning community are
to learn and to help others learn. Analogies can be drawn with
individual sports like tennis, track, wrestling, and swimming,
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where team members practice together to help each other
learn and develop skills for competition as individuals. The
importance of developing skills in teamwork, communicarion,
management, and assessment for the workplace needs to be
stressed. With such introduction and enthusiasm by the in-
structor, students perceive and appreciate that the workshop
is designed to provide opportunities for them to exercise and
strengthen such skills as well as to learn chemistry.

Students will also value the workshop activities if specific
performance skills are introduced, motivated, taught, and
reinforced. For example, many students can produce the
correct answer to a problem, but fewer can articulate their
method of solution. To help students develop real understand-
ing and communication skills, the focus needs to be changed
from the answer to the method of solution. If the process of
solving a problem and communicating the method of solution
to the instructor or class is emphasized rather than the answer,
then the students will appreciate that by developing solutions
with others and explaining concepts and methodologies to
others, they deepen their knowledge while exercising and
strengthening their skills in learning, thinking, problem
solving, and communicating.

Addidonal strategies for establishing an effective team-
learning environment have been described previously (12, 19,
27). These strategies involve structuring the learning teams, mo-
tivating cooperativi learning and process education, providing
positive interdependence among the team members, requiring
individual accountability from each student, encouraging
promotive interactions and collaborative skills, providing
closure to each session, and using assessment effectively.

Guided Discovery and Exercises

A key aspect of a process workshop, in contrast to the
lecture format, is that students, not faculty, are the active
agents. Learning and retention are facilitated when a student
is engaged in learning through a process of active discovery
rather than by a passive transfer of information through lectures
and textbooks. In the workshop activities, students discover
concepts by executing a task or exploring a concept model
(which is an illustration or example) that provides all the
information central to the lesson. The concept model can con-
sist of a figure, graph, table, set of written relationships, a
methodology, an interactive computer simulation or animation,
a brief discussion, a demonstration, a laboratory activity, or
student notes from a lecture or reading assignment. Whenever
possible the context should touch on students” experiences
because learning theory suggests that learning requires the
integration of new information with existing knowledge.

The guided discovery is carefully developed with a set
of critical-thinking questions. These questions, which we call
key questions, build on each other in complexity and sophis-
tication. The first few address the student’s preparation for
class, prior knowledge, and information provided by the
concept model that will be fundamental to the construction
of understanding in the activity. The next few questions then
help promote thoughe to develop relationships. The final
questions require divergent thought to find relevance or to
look for the boundaries in generalizing the knowledge and
understanding. Students work together in teams to produce
answers to these questions by thinking about what they sce
in the model, what they know, and what they have learned
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Model: Limiting Ingredient
A cake recipe calls for
2 cups of water
4 cups of flour
8 squares of chocolate
4 cups of sugar
8 0z of butter
4 eggs
Ingredients on hand

lots of water

12 squares chocolate

1 Accordmg to the model
;saryfomakeocakeﬁ -

7 What would bé
identifying the limiting con
Test your methodolog

(o) How many sefs can y
| W;Whrch is the bmxtmg m;
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from answering previous questions. The questions also encour-
age them to seck additional information from the textbook
or lecture notes.

Each guided-discovery activity focuses on one concept
or issue. For example, in Figure 1, the familiar idea of a
limiting ingredient in a cake recipe is used as the model for
the concept of a limiting reactant. Associated key questions
that guide the discovery are in Box 2. In traditional classes,
similar content in textbooks and lectures is used to explain
and illustrate the concept of a limiting reactant, and often
students are given a methodology, which then is memorized,
for finding the limiting reactant. In contrast, in a process
workshop, the teams are given a series of key questions per-
taining to the model and they develop answers by examining
the model while thinking, discussing, and constructing their
own understanding. In this example, they then are asked to
articulate, they are not told, the concept of a limiting ingredi-
ent and to describe a methodology for identifying the limiting
component of some manufacturing process (see key questions
6 and 7 in Box 2). It is this active engagement requiring dis-
cussion, articulation, and restructuring of knowledge that is
essential for developing thinking skills and true understanding,

This knowledge then is applied in exercises, which are
straightforward applications requiring litcle or no concept syn-
thesis or transference, as illustrated in Box 3. The purpose of
the exercises is to build confidence that the concept is under-
stood and can be applied successfully. Exercise 1, which involves
a cookie recipe, is very similar to the cake-recipe concept model.
Exercise 2 initiates the process of transferring knowledge to new
contexts by employing a different scenario and providing
information in the form of an equation (2 washers + 1 bolt +
1 nut = 1 set) that is analogous to the equation for a chemical
reaction. Exercise 3 then requires application of this knowl-
edge in finding the limiting reactant in a chemical reaction.

As part of each activity, the teams are asked to assess and
reflect on what they have learned. Such reflection may be the
most important step in the learning process. In this example,
after completing the exercises, the following reflection task
would be appropriate.

Were your definition of a limiting ingredient and your
methodology for identifying a limiting component useful
in completing the Exercises? If so, explain how. If not,
write below a better quality definition and a methodology
that would be helpful to you in the future.

The next stage of this activity would involve problems
similar to those found in many texts. These limiting-reactant
problems present chemical reactions with amounts of reactants
specified in mass units in order to require that students inte-
grate their new knowledge of a limiting reactant with their
previous knowledge of the mole concept and the meaning of
a reaction equation. Problems also can reverse the logic a bit
by asking for the amount of reactant needed to produce some
amount of product. Since there are both similarities and
differences in the systems used in the exercises (recipes, bolt
sets, and chemical reactions), a problem could ask teams to
identify and discuss these. For example, in cooking there is
some flexibility in the amount of ingredients used but there
is no such flexibility in bolt sets and chemical reactions. Also,
in bolt sets, single components can be left; but in chemical
reactions, often molecules must be left over, not aroms. Analyz-
ing similarities and differences is an important thinking skill
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and reveals that the examples used in the activity utilize the
similarities while ignoring some differences. This recognition
strengthens a student’s understanding of the concepts.

In examining this example of a guided-discovery activity,
the following points are noteworthy.

*  Questions and content have a real-world context taken
from common experiences as well as chemistry.

*  The key questions guide the exploration of the concept
model to the appropriate conclusions.

*  Articulation of concepts, solutions, and conclusions in
discussion and writing is required.

*  The strategy of organizing information in tables is
demonstrated, and students are engaged by completing
the tables.

*  Exercises are provided to build confidence in the new
knowledge before more challenging problems requiring
transference, synthesis, and integration of information
and concepts are encountered.

*  Assessment of and reflection on learning brings the
activity w closure.

Problem Solving

Too often students simply want answers to questions and
algorithmic solutions to exercises and do not realize that
answers and algorithms will not help them develop the skills
they need to deal with new situations or solve problems on
examinations and in the real world. Furthermore, many
textbook problems do not encourage students to develop or
utilize a strategy or methodology for problem solving. Too
often textbook problems, which are really exercises, not
problems, can be solved by substituting numbers into a
memorized formula. Such plug-and-chug exercises present an
idealized system with all the knowns and unknowns clearly
identified, use self-consistent units, and include no superfluous
information. They allow the students to match the problem
to textbook equations or to previously worked examples and
encourage the memorization of formulas and algorithms
rather than thought and the application of concepts.

Simple enhancements can turn these exercises into real
problems that challenge the students and promote the de-
velopment of problem-solving skills. Significant thought
can be produced simply by omitting information, requiring
assumptions, or including superfluous but seemingly relevant
information. Problems having more than one part also pro-
mote thought. Students must identify and separate the parts,
organize the information that is relevant to each part, and
decide what needs to be done.

Context-rich problems also are useful in this regard. In
essence, context-rich problems are short stories that present
problems in the context of real-world situations or experiences
where the key variables, concepts, and essential information
must be identified before a solution can be attempred. They
are designed to force students to analyze the problem and to
identify and employ chemical concepts before turning to a
mathemarical equation. Such problems may not explicidy
identify the unknowns and may require approximation and
estimation (28, 29). They also develop essential process skills,
appeal to the interests of students, and relate chemistry to

current real-world issues, other subject areas, and employment
opportunities.

We can use the content from a workshop activity on
enthalpy to provide examples of an exercise, a problem, and
a context problem. The exercise provides all the information,
and the correct answer can be obtained in a single step,
provided all the words are understood.

Exercise: The enthalpy of combustion of propane is 2200
kJ/mole. How much heat is produced by burning 2.5
moles of propaae?

To solve the exercise, only a very simple strategy is needed.
Even if one understands very little, unit analysis can be used
to justify multiplying the number of moles and the enthalpy
of combustion to obtain the correct answer.

A problem can be produced by omitting some of the
necessary information and introducing additional steps or
parts. The statement of the problem, while it may have a real-
world context, still identifies the concepts that are involved
in the solution. For example,

PropLEM: How many grams of propane are required to
heat all the water in your 30-gallon water heater from
60 °F to 140 “F? The specific heat capacity of water is
4.18 J/°C g, and the enthalpy of combustion of propane
is 2200 kJ/mole.

To solve the problem, some sophistication is needed. The parts
must be identified and separated, the knowns and unknowns
identified for each part, and the solutions for each part obtained
and combined. The problem could be enhanced even further
by adding the following questions.

QUuEsTIONS: Is this a large or small amount of propane?
Is a large or small amount of energy stored in propane?

Since the answers to these questions are subjective, they pro-
mote considerable discussion among the team members in
deciding the appropriate criteria for large and small amounts
of propane and energy. This discussion needs to be reflected
in the answer thzt the team reports. A quality answer will
consist of an explanation that identifies the criteria they used.
Students are made aware early in the course that one-word
answers are low quality.

A realistic context problem, which we also call an ex-
tended problem, provides few if any clues about the concepts
or equations needed to produce a solution.

Conrext PrOBLEM: You are camping at your cabin in the
woods. One pound of propane remains in the tank. Will
you be able to take a hot bath tonight?

Even more sophistication is needed to solve the context prob-
lem. In particular, many students have difficulty recognizing
the key issues: the amount of water needed, the temperature
of the water before and after heating, the energy needed to
heat the water, and the enthalpy of combustion of propane.
Students are reluctant to identify and make necessary assump-
tions and are concerned that this problem does not have a
unique solution. Such context problems therefore are an
important component of workshop activities because they
promote discussion of what must be done and how to do it,
and it is only through such encounters with the need to
identify key issues and make assumptions or approximations
that students will develop critical-thinking and problem-
solving skills.
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Table 1. Problem-Solving Methodology and Strategies

TR0 ALD

5. Execute the plan.

Q

—0o 0o o

6. Validate the solution.

. Is the solution complete?

bl A o TN o R o ol = )

7. Assess your understanding of the solution.

. Identify additional information that is needed and where it can be obtained.
. Identify and evaluate assumptions or simplifications that have been made.

Identify a general approach (utilize chemistry concepts, make analogies with known problems and

Step What to Do
1. Define the problem. a. Restate the problem, mention what is being sought.
b. Draw a sketch or diagram of the situtation.
2. |dentify the important issues. a. |dentify what is given (the knowns).
b. Identify what needs to be found (the unknowns).
c. Identify the constraints.
d. Identify the connections between the knowns and the unknowns.
e. Identify the chemistry concepts that are relevant.
3. Evaluate the information. a. Identify what information is relevant and what is not.
b
c
4. Plan a solution. a.
solutions, brainstorm, hypothesize, take risks).
b.

Show how the unknowns can be related to the knowns and the constraints, use the connections, perhaps
work backward from the target (what is being sought) to what is known.

. Make valid assumptions or simplifications if necessary.

. Divide info manageable pieces or subproblems if possible.

. Utilize and combine chemistry concepts.

Set up a mathematical description of the problem.

. Utilize chemistry concepts in equation form.

. Develop as many independent equations as there are unknown variables.

Utilize dimensional analysis.

. Use algebra to obtain an expression with the unknown on one side of an equation and the known
variables on the other side.
. Use computer technology if necessary.
. Substitute numerical values.
Perform mathematical operations to obtain a numerical answer.
Use dimensional analysis to obtain the units of the answer.
Combine the solutions to the subproblems.

. Compare the solution with the statement of the problem.
. Compare the solution with experience, expectations, and real world behavior.

. Is the sign correct, expected, or reasonable?
. Is the magnitude reasonable?
Are the units correct and reasonable?

a. Summarize the procedure.

b. Summarize the relevant chemistry concepts.

c. Identify how the concepts were used in the procedure.

d. Examine and compare with alternative procedures or solutions.

In the workshops, the focus is on the quality of the problem-
solving process, not on getting the answer. Students are
introduced to specific problem-solving strategies and are asked
to document their use. The methodology associated with a
high-quality problem-solving process that can be applied in
a general chemistry course is identified in Table 1. Steps 1
through 3 in this methodology serve to describe the prob-
lem as completely as possible. The features of the problem
need to be summarized and related to each other in a sketch
or a table. Often, restructuring a word problem in this way
makes it understandable and the method of solution becomes
clear. In step 4, the nature of the problem is identified. It is
related to similar problems that have been solved previously
and to fundamental concepts or principles, and a strategy for
solving the problem is developed. This plan is implemented
in step 5. Finally, in steps 6 and 7, the solution is validated
and understanding is assessed. Such a methodology helps
students integrate the conceptual, analytical, and procedural
aspects of problem solving and become more effective and
efficient problem solvers.

Reporting
Teams share and validate their answers, solutions, and

conclusions with each other to bring closure to each activity
and assure quality in the work. As teams finish each part (key

questions, exercises, or problems), one team member is asked
to put an explanation or method of solution on the board
without interrupting the class from their work. Others
making slower progress then see clues about what must be
done. In this way, the instructor can influence the pace of
the workshop. We call this process simultaneous reporting.

When a few answers are on the board, a “time out” is
called, and the class is asked for agreement or disagreement.
To resolve the disagreements, teams can be asked to help each
other or a student can provide an explanation to the entire
class. It is important for the students to resolve disagreements
in order to develop skills in thinking and communicating and
to place the responsibility for learning, teaching, and
assessment on them. If the instructor provides the
information and validation, students too often will wait
passively for the authoritative answer rather than seeking a
resolution themselves. The instructor’s role (see below) is to
guide the students and assure progress in their deliberations
by asking them questions.

A written report is submitted by each team to provide
the results and summary of their work. The report also gives
students the opportunity to reflect on what they have learned,
articulate and generalize concepts, and consider what they have
done well and how they can improve. In the report, students
can be asked to assess the workshop activities and make two-
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or three-item lists of concepts learned, strategies identified,
methodologies practiced, process skills used, and questions
remaining. Quality reports are motivated and rewarded by the
grading policies. A sample report form is shown in Box 4.

Assessment

Students are expected to develop essential skills by employ-
ing them in workshop activides like those described above.
We believe this growth can be enhanced by having students
think critically about cheir performance. To encourage self-
assessment and peer assessment, the instructor needs to
establish an environment where such assessments are safe,
positive, and valued by all. In this context, it is important to
make a distinction between assessment, which is a reflection
on the quality of performance and on how improvements can
be made, and evaluation, which is a judgment of the standard
that has been reached.

Student self-assessment is important because it requires
that students think critically about their involvement in the
learning process. If we are trying to improve skills, we must
ask students to examine and compare how others perform
and to examine their own performance. Individuals need to
recognize whart they know and need to know, how well they
can do something, and what they need to do to improve.
Such assessment can be implemented very simply by asking
students at various stages of an activity to identify strengths

and areas for improvement in their performance along with
strategies for achieving these improvements.

For these reasons, self-assessment and reflection-on-learn-
ing questions are included as part of the team’s report. It is
important that these questions vary weekly because the same
questions will elicit the same responses with little cognitive
processing. Several example questions are provided in Box 5.
For the students to see value in such self-assessment, it is
important for the instructor to respond to their insight by
complimenting them on their perceptions, asking whether
they actually implemented the improvements they identified,
and rewarding improvements that have been successfully
implemented.

Role of the Instructor

Process workshops provide students with the opportunity
in a course to practice together with a facilitator in order to
master concepts and develop skills essential for success in the
course, college, and careers. This experience complements the
lectures and the textbook, which provide information, answers
to questions, and solutions to problems. To help students
develop skills, workshop instructors must structure classes to
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Table 2. Opportunities for Skill Development

Skill Area

Information Processing

Thinking

Problem Solving

Teamwork

Communication

Management

Assessment

Dpgrorhunity

Students are responsible for directions that have been given.

Students paraphrase responses and information.

Students search for information in notes and text in response to questions,
Open-notes team quizzes on lectures and reading assignments are given.
Team quizzes on basic chemical facts are included.

Students examine models or examples in response to key questions in order to develop an understanding of concepts, which they
must articulate.

Teams identify key issues and questions, resolve issues, produce solutions not answers, and validate their work.

Instructor responds to students with questions that guide them and promote thought.

Assignments require thinking skills to complete.

Skill exercises develop understanding and confidence.

Students develop and document solutions to problems, not just answers.

A solutions manual is not available for the workshop assignments.

Context-rich problems are used with several parts and missing or extraneous data that require transference to new contexis or
integration of concepts.

Expert strategies are suggested and modeled, and algorithms are avoided.

Students identify strategies for solving problems.

Students work in teams, and each member has specific responsibilities.

All team members are accountable for the work of the team (1 report, 1 grade).

All team members must understand concepts and problem solutions for success.
Collaborative skills and promotive interactions are discussed, assessed, and evaluated.
Assignments require a team effort to complete.

Students discuss issues and solutions within their teams.

Student work is validated by reports to the class through simultaneous reporting.

Teams and individuals respond to inquiries and defend work.

Disagreements are resolved through peer discussions.

Assignments involve writing, e.g. describe the meaning or use of a concept. Peer assessment can be used to grade writing
assignments effectively and efficiently.

Assessment and reflection on learning reports are submitted.

Both individuals and teams are held responsible for assignments and tardiness.

Team manager is held accountable for team performance.

Results are reported to and validated by the class.

Quality responses are required in the teams’ assessments of what has been done well, needed improvements, strategies for

improvement, and insights they have gained.
Feedback to both individuals and teams.

provide opportunities for using the skills and then serve as
coaches to guide students so they benefit from these oppor-
tunities. Examples of opportunities for skill development that
can be provided by the workshop environment are listed in
Table 2.

Critical thinking, which is one of the most important
skill areas, involves identifying key issues, asking strategic
questions, developing answers to those questions, and deciding
what action to take. To aid students in developing critical-
thinking skills, the instructor can demonstrate the process
of critical thinking in the design of the activities and in re-
sponding to questions from students.

The workshop activities use critical-thinking questions,
the key questions, to guide the students’ exploration of the
models (e.g., see Box 2). Directed questions point the student
to obvious discoveries about the model; convergent questions
require the student to synthesize relationships from the dis-
coveries. Divergent questions are open-ended and do not have
unique answers. They encourage the student to generalize the
concepts and consider their relevance and applicability. This
approach demonstrates for the students how questions can
be used to analyze new situations, aid in the construction of
knowledge from information, and expedite solving problems.

In responding to questions, instructors facilitate critical
thinking not by giving students direct answers to questions and
solutions to problems, but by asking questions that promote
thought, encourage students to use knowledge they already
have acquired, and help them identify and seek necessary
additional informarion (30). Such critical-thinking questions can
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be divergent, requiring the student to consider all possibilities;
convergent, focusing on one or a few of the possibilities; or
directed, pointing to the resolution of the problem or difficulty.
When students discover answers on their own, retention is
enhanced and understanding is developed.

An excellent example and discussion of this approach to
teaching has been published (37). We have adapted this
example for use in our instructor training program, and it
provides an excellent illustration here. The situation is the
following. An instructor asks a student to predict the relative
boiling points of ethane and ammonia. The student responds,
“Ethane has more hydrogen bonds than ammonia so its boiling
point is higher.” Our trainees then produce responses to this
answer and subsequently classify them as promoting, limiting,
or inhibiting.

Some of the results we have collected are listed in Table
3. Clearly a response of “That’s not quite right. Someone else
want to try?” is inhibiting. It does not encourage the student
to continue thinking; it passes the job to another student.
Other types of questions are encouraging but limiting. For
example, “Boiling points are affected by intermolecular inter-
actions; would yvou like to try again?” directly highlights the
error and points the student in the right direction. Promoting
responses, on the other hand, call for reflection on information,
concepts, or ideas, such as asking the student to consider the
factors that might affect the boiling point or asking why
hydrogen bonds might affect the boiling point.

Clearly, interactions with students can either encourage or
discourage thinking. Paraphrasing a student’s response and
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Table 3. Responses That Promote or Inhibit Thinking

Response

Effect Examples

Closes discussion
Terminates thinking
Produces fear

]nhibifing

Limiting Requires recall or memory
Leads to the right answer

Directs thinking
Promoting  Calls for reflection

Originates ideas
Examines ideas

Processes data
Creates structures

That's not quite right. Someone else want to try?
The number of bonds is not a good indicator of the boiling point. Look at the intermolecular bonding.

What do you mean by a hydrogen bond?

A hydrogen bond is an intermolecular force; would you like to try again?

Would you draw the structures and indicate where the hydrogen bonds occur and how they affect the boiling point?
What factors must be considered in predicting a boiling point2

What happens in the process of boiling, and what kinds of interactions affect the boiling point2

You have said that the greater number of bonds fo hydrogen in a molecule is correlated with the larger boiling point;
how or why do some bonds affect the boiling point?

following with a promoting question is an effective way to
encourage students to think. The technique of paraphrasing
can help the student by highlighting assumptions, errors, or
misconceptions while allowing students to hear what has been
said and giving them time to think about what they said (31).

Instructors also monitor the teams and provide feedback
to individuals, teams, and the class when appropriate in
order to improve skills and help students identify needed
improvements. Although the workshops are intended to be
solely a learning experience, a grade is given each week for
the team’s work. The work for the semester contributes about
20% toward the final grade for the course, the balance coming
from four traditional examinations. A workshop grade is
necessary because we have found that many students associate
the value of an assignment with its contribution toward the
course grade. Also, the grading policies can be used to elicit
and reward desired behaviors from the students.

The workshop grading policies, however, must reflect the
objective of having a successful team-learning environment
thac helps all members of the team develop understanding. The
grade can not focus solely on “completing the assignment”
or “getting the right answer.” A positive team-learning envi-

ronment, where students learn from each other, can be lost
if the workshop grade is based only on the quantity of lesson
material completed by the team. The emphasis rather needs
to be placed on the quality of the process skills exhibited by
the team members in working on the lesson and on whether
all members of ths team understand what has been done.

If a team fails to make adequate progress, the low grade
needs to be attributed, not to the meager amount of material
covered, but to the lack of specific skills or other desired
behaviors. In this way, the team clearly sees which skills and
behaviors will prove successful. Otherwise, the team will decide
that the most talented member should work the lesson as
quickly as possible to accomplish more and obtain a better
grade. In our experience, the two most common reasons for poor
performance are inadequate advance preparation by one or more
team members and the lack of participation of all members.

The focus for these workshops is not on covering marerial
(i.e., content) but on developing process skills that will help
students become better learners. Too often, “covering content”
by the instructor is thought to be a synonym for “learning” by
the student. The grading policies and procedure must reflect
and support this focus by rewarding, proportionately to the

Table 4. Assessment Data for CHE 131 Students, Fall 1995

Positive Response (%] °
Assessment Statement Agfég S S Di;(:g;}c;e
(A+B) (A+B+C)
" 1. The workshop questions and problems are challenging and worthwhile. ¥ Rkbtic - SPL Ea - Rl
2. The workshop activities help me understand and learn the course material. 48 83
3. The workshop activities help me learn how to solve problems. 66 84
4. | learned and understood more by working in a team than if | had worked individually. 68 83
5. The self-assessment questions help members of my team identify how they can improve study and work habits. 36 67
6. Working in a team has increased my confidence in studying and learning chemistry. 54 77
7. Working in a team has increased my interest in chemistry. 37 65
8. The procedure associated with the take-home quizzes worked smoothly. 70 85
9. The take-home quiz questions are challenging and worthwhile. 76 90
10. The take-home quizzes help me understand and learn the course material. 76 90
11. The take-home quizzes help me keep pace with the weekly assignments. 61 81
12. The take-home quizzes are valuable in preparing for the hour examinations. 52 74
13. The free tutorial sessions help me understand and learn the course material. 50 86

Note: About 11 weeks info the course, between the second and third hour examinations, students in the workshop sessions were asked to
provide an assessment of the workshops, the take-home quizzes, the tutorial sessions, and the workshop instructor. The assessments consisted of 21
positive statements, of which 13 are shown here, and students were asked to respond on a Scantron form using a scale of A to E, where A means
strongly agree and E means strongly disagree. A response of C indicated a neutral opinion or undecided position. Of 931 students registered in

the class, 757 (81%) completed this assessment.

aThe combined responses A and B indicate the percentage who agree with the assessment statement (strongly agree plus agree); combined
responses A, B, and C indicate the percentage who do not disagree with the statement (strongly agree plus agree plus neutral or no opinion).
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effort required, performance in each process skill area (in-
formation processing, thinking, problem solving, teamwork,
communication, management, and self-assessment) and not
solely rewarding the lesson material completed.

Can This Approach Be Successful?

Our evaluation of the process workshop initiative in
general chemistry courses at Stony Brook has been very en-
couraging. Assessment data are given in Table 4, and some
written comments from students are in Box 6. Figure 2
documents the improvement in exam performance that cor-
related with the implementation of the workshops. This and
other information supports the following conclusions.

1. Attendance at the recitation sessions improved signifi-
cantly (from 10-20% to 80-90%).

2. Afternoon tutorial sessions are heavily utilized to the
extent that additional sessions have been scheduled.
Students are interested both in concepts associated with
the personalized quizzes and in the workshop lessons.

3. The majority of students (75-90%) find the workshop
questions and problems challenging, worthwhile, and

helpful.

4. Significant numbers of students reported that the
workshop increased their interest in chemistry (370 of
1000) and increased their confidence in studying and
learning chemistry (540 of 1000).

5. The workshop instructors reccived A and A+ ratings
from the students, revealing positive student attitudes.

6. Examinations showed significant shifts of students
from lower scores to higher scores, uniformly for low-
through high-achieving students. See Figure 2 and the
explanation below.

7. Enroliments in the second-year organic chemistry
course increased by 15%.

8. Exam grades are highly correlated with workshop and
personalized quiz grades. Thus, a student can be shown
that regular and persistent attention to learning and
problem solving gives a clear route to success on exams.

9. Instructors report an ongoing improvement in student
skills throughout the course of the semester. The graph
in Figure 2, which documents that improvement in
exam performance, is a difference plot, constructed by
normalizing the enrollments to 1000, subtracting the
number of students scoring in each 5-point interval
in Fall 1993 from the number of students scoring in
that interval in Fall, 1994. (Fall 1993 was used as the
control group because the text and faculty instructors were
the same and efforts were made to make the exams
equivalent.) A positive result indicates more students
scoring in that range in 1994, and a negative result
indicates fewer students scoring in that range. The
graphs shows that 200 of 1000 students (20%) shifted
from lower to higher scores in the semester with work-

shops (Fall 1994).

When we began the workshop format four years ago, the
faculty and graduate student instructors involved were appre-
hensive about the effectiveness of strategies for implementing

JChemEd.chem.wisc.edu ® Vol. 77 No. 1 January 2000 ¢ Journal of Chemical Education

the process model successfully in general chemistry and about
the response of students to this new mode of instruction. As
the first semester progressed, it became evident that the process
workshop model was becoming increasingly effective and the
workshop environment was more enjoyable for both instruc-
tors and students than traditional recitation and lecture sessions.
The instructors were more relaxed because the students replaced
them as the active agents in the classroom, and the students
were encouraged by their own accomplishments and by sharing
experiences with their peers. In the final evaluation the in-
structors said, “This is the way to teach!”, and many students
responded, “More time for workshops and less time for lectures!”
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Box 6. Most Common Written Student Comments
‘When we have to explain answers fo each other it helps us learn the material.
We can work together and help each other understand whot we don t know
We learn skills not just solutions to some problems. .
They help us recognize our strengths and weaknesses so we can improve.
Because it opens our minds o how someone else may fhmk
They help us develop skills to solve problems. ~
They help us reason and think and make us think harder
We can get involved with other students.
You learn and understand more by workmg mgether L
Team work was stimulating and made fhe class a pleasure to come fo.
Make the workshop longer. ,
More workshaps each week.

60
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. 199 more above
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Change in number of students
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Figure 2. A difference plot showing the increase in the number of
students scoring above 50% and decrease in the number scoring
below 50% on all exams in the first semester with workshops com-
pared to the previous semester with traditional recitation sessions.

129

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Support for this project from the National Science Foun-
dation Division of Undergraduate Education, DUE 9555142,
is gratefully acknowledged. Opinions expressed are ours and
not necessarily those of the Foundation.

Literature Cited

1. Tobias, S. Theyre Not Dumb, They're Different: Stalking the Sec-
ond Tier; Research Corporation: Tucson, AZ, 1990.

2. Hewitt, N. A;; Seymour, E. Factors Contributing to High Attri-
tion Rates Among Science, Mathematics, and Engineering Under-
graduate Majors: A Report to the Sloan Foundation; Bureau of So-
ciological Research, University of Colorado: Denver, 1991.

3. Astin, A. What Matters in College: Four Critical Years Revisited;
Jossey-Bass: San Francisco, 1993.

4. Carnevale, A. P; Gainer, L. J.; Melizer, A. S. Workplace Basics:
The Skills Employers Want; U.S. Department of Labor: Washing-
ton, DC, 1988.

5. SCANS, S.s5. C. 0. A.N. S. What Work Requires of School: A SCANS
Report for America 2000; U.S. Department of Labor: Washing-
ton, DC, 1991.

6. Apple, D. K. Teach for Learning: A Handbook for Process Educa-
tion; Pacific Crest Software: Corvallis, OR, 1993.

7. Maxfield, M. In The Workshop Model: Peer Leadership and
Learning, A Guidebook; Roth, V., Ed.; City College of New
York: New York, 1997, pp 37-42.

8. Hanson, D.; Wolfskill, T. /. Chem. Fduc. 1998, 75, 143.

9. Hanson, D. M.; Apple, D. K. Process— The Missing Element; Pa-
cific Crest Educational Technologies: Corvallis, OR, 1996.

10. Kashy, E.; Sherrill, B. M.; Tsai, Y.; Thaler, D.; Weinshank, D;
Engelmann, M.; Morrissey, D. J. Am. /. Phys. 1993, 61, 1124.

11. Morrissey, D. J.; Kashy, E.; Tsai, L. J. Chem. Fduc. 1995, 72, 141.

12. Hanson, D. M. Instructor’s Guide for Discovering Chemisiry: A Col-

laborative Learning Activity Book; Houghton Mifflin: Boston, 1997.

13. Hanson, D. M. Foundations of Chemistry; Pacific Crest Software:
Corvallis, OR, 1996.

14. Hanson, D. M. Discovering Chemistry—A Collaborative Learning
Activity Book; Floughton Mifflin: Boston, 1997.

15. Bodner, G. M. J. Chem. Educ. 1986, 63, 873.

16. King, A. In Changing College Classrooms: New Teaching and
Learning Strategies for an Increasingly Complex World; Halpern,
D. E, Ed.; Jossey-Bass: San Francisco, 1994; pp 13-33.

17. Finster, D. C. J. Chem. Educ. 1989, 66, 659.

18. Finster, D. C. J. Chem. Educ. 1991, 68, 753.

19. Johnson, D. WJ; Johnson, R. T.; Smith, K. A. Active Learning:
Cooperation in the College Classroom; Interaction Book Company:
Edina, MN, 1991.

20. Johnson, D. W; Johnson, R. T. Cooperation and Competition:
Theory and Research; Interaction Book Co.: Edina, MN, 1989.

21. Totten, S; Sills, T.; Diggy, A.; Russ, P. Caoperative Learning: A
Guide to Research; Garland: New York, 1991,

22, Millis, B. J. J. Excellence Coll. Teach. 1991, 2, 139.

23. Nurrenbern, S. C.; Robinson, W. R. J. Chem. Educ. 1997, 74,
623-624.

24. Treisman, U. Charles A. Dana Foundation Report 3 1988, 3, 1.

25. Tobias, S. /. Coll. Sci. Teach. 1992, 21, 276.

26. Nocera, D. G.. Harrison, J. E; Reed, D. A.; Roberts, C. H. /.
Chem. Educ. 1996, 73, 1131,

27. Duncan-Hewitt, W.; Mounc, D. L.; Apple, D. K. A Handbook on
Cooperative Learning, Pacific Crest Software: Corvallis, OR, 1994.

28. Heller, P; Keith, R.; Anderson, S. Am. J. Phys. 1992, 60. 627.

29. Heller, P; Hollabaugh, M. Am. J. Phys. 1992, 60, 637.

30. Raths, L. E.; Wasserman, S.; Jonas, A. Teaching for Thinking:
Theory, Strategies, and Activities for the College Classroom: Teach-
ers College Press: New York, 1986.

31. Kovacs-Boerger, A. E. J. Chem. Educ. 1994, 71, 302.

Understanding NMR Multiplet Structure with WinDNMR

N. Bampos

Department of Chemistry, Cambridge University, Lensfield Road, Cambridge CB2 TEW, UK

A. Vidal-Ferran

Departament de Quimica Organica, Universitat de Barcelona, Marti i Franqués 1-11, E-08028 Barcelona, Spain

Spectrometer technology has developed at a surprising rate
over the past ten years, allowing us to perform experiments that
were previously inconceivable. In addition, the speed and effi-
ciency of computers and the sophistication of the software de-
veloped for many NMR applications have contributed to the
arsenal of techniques available to the research scientist wish-
ing to the extract maximum information from an NMR ex-
periment. Unfortunately, many researchers who use NMR as
a technique for characterization opt for the quickest experiment
that will give the minimum amount of information needed
to characterize 2 compound but which may largely ignore cru-
cial structural informarion. It is too often the case that a quick
two-dimensional COSY experiment will tell us which pro-
tons are coupled to each other (7, 2). Unfortunately, we sel-
dom analyze the multiplets in a one- or two-dimensional spec-
trum, which are encoded with a wealth of structural infor-

mation. The conformational dependence of a coupling con-
stant described by the Karplus equations (3) can be used in
tandem with molecular modeling programs to develop a de-
tailed picture of a molecular structure (22). This might be
important in the way a molecule interacts with, say, living sys-
tems—for instance, in the design of efficient drug receptors.

In this paper, we wish to encourage the analysis of
multplet structure, particularly to an undergraduate audience,
with the aid of a simulation program (WinDNMR) (4). While
two- and three-spin systems are relatively easy to interpret,
there are instances where the more complicated four-spin
system defies the expected appearance as a result of second-
order effects and accidental line overlap. For this reason we
will concentrate on the potentially more complicated four-
spin system as a convenient “teaching aid” and use the
WinDNMR simulation program as a teaching tool capable of
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