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Our Department has been involved in a major review of our Level I Chemistry subject over the past 5 years.  We realized that both staff and students needed to be aware of new paradigms in learning and teaching and that changes in pedagogy would necessitate changes in the syllabus, mode of presentation and method of assessment for our subject. In addition to the factual information that students must assimilate, chemical educators need to provide students with a framework within which the information can be used in a constructive manner and encourage strategies that will be of benefit to lifelong learning.  Society expects graduates who are critical thinkers and not simply laboratory machines.  New discoveries and significant advances in science do not spring from repetition. The visual aspects of chemistry rather than abstract ideas or historical derivations should be emphasised.  What the student does with the information is just as important as the information itself. We have departed from the formalism that emphasises that students cannot understand new or advanced topics before having a thorough understanding of all previous, basic concepts.  This formal approach restricts students to an historical perspective to chemical problem solving rather than approaches that are likely to be of benefit in the future.

New paradigms in learning and teaching 

Perhaps the most difficult concept to accept in teaching is that there will always be an alternative approach that will be of benefit to the students. Academic staff have become accustomed to viewing the teaching of chemical concepts from one particular orientation. There are a number of alternatives to the formal, traditional lecture that we all experienced as undergraduates. A teaching environment that encourages cooperative or collaborative learning can be beneficial for the development of long term skills in problem solving and the interpretation of experimental data.1a, 1b Our lecture theatres are occupied by both active and passive learners2a, 2b  so we need to develop teaching strategies that accommodate both types of students.

What exactly is an active learner? Is it a student who sits in the lecture theatre, listens and writes down every word the lecturer says, dutifully writes out formal answers to the tutorial questions and past exams? Or is it the student who interrupts, who questions, who wants to engage in debate about the concepts being presented? Should we be encouraging this type of activity? Will we be able to deliver the course content if we take time for interactive activities? What then is a passive learner? Is it the student who sits in the lecture theatre, listens and writes down every word the lecturer says, dutifully writes out formal answers to the tutorial questions and past exams? Why do we often prefer the passive learner in the lecture theatre to the active learner? Active learners tend to retain and understand information best by doing something active with it, by discussing or applying the information or explaining it to others. Reflective learners prefer to think about it quietly first. They like to take their time to develop an understanding of the relationships between facts before committing themselves to a particular course of action. Active learners tend to like group work whereas reflective learners prefer working alone. Competition for grades favours the individualistic, active competitive student but inhibits a genuine degree of cooperative learning.

Introductory chemistry subjects tend to emphasize an algorithmic approach to problem solving rather than conceptual understanding of global variables. What is required in the classroom for the new millennium is an inclusive teaching mode that matches the variety in student learning styles.  We need to cater for both the reflective and global learner.3a, 3b
A summary of new and old paradigms in teaching is outlined in the table below. This table serves as a useful discussion point for staff who are concerned with modeling their teaching. Clearly there are overlaps between the two paradigms and incremental steps are possible between them rather than considering the new and old as being mutually exclusive.

New and Old Paradigms of Teaching


OLD
NEW

Knowledge is:                         
Transferred from Teacher to Students 
Jointly constructed by students and teachers 

Students are:                      
Passive, waiting for the information 
Active, discoverers, constructors 

Teaching Staff 
Classify and sort students 
Develop students' competencies 

Relationships between teacher & student
 Impersonal 
Personal 

Context
Competitive, individualistic 
Cooperative, emphasized Teamwork 

Assumption
Any expert can teach
Teaching is complex, requires training 

Changes in pedagogy 

With the rise in the influence of technology in the teaching environment we have the possibility of both synchronous and asynchronous delivery of course content. What balance should we strive for in the different modes of delivery? Why use information technology in our teaching?

Some of the obvious advantages include computer assisted administration of student records, the ability of students to repeat exercises, the potential to explicitly model the teachers reasoning in problem solving (the algorithmic approach) and the ability to visualize abstract processes and events that may be occurring at the molecular level. Others advantages could include students manipulating data or model systems, students engaging in discussions through computer conferencing and the use of formative and summative computer-based assessment and self-assessment.

What then is the best role for face-to-face interactions with students? The formal lecture time can be used for more interactive activities, including collaborative problem solving and constructing general principles from data presented. This approach, rather than informing students initially of a concept or relationship, is often more beneficial for long term learning goals. Enabling students to construct the relationships themselves in a group and them critically analyze their ideas against actual facts reinforces the learning cycle. The question most staff would then ask is will I be able to present the same quantity of material using these types of activities? The answer is invariably no, so then a decision has to be made as to the goals for the subject.  Is the quantity of material more important than the way in which it is used?

Introductory chemistry courses tend to favor abstract thinkers who work independently and competitively.4 Yet in the workplace, cooperative and pragmatic approaches to chemically-related problems will be a more common approach to problem solving. Both approaches to introductory chemistry classes should be developed, as students will need to experience independence to gauge their strengths and weaknesses in learning, and cooperative activities to understand that they are not expected to be a master of all content.

Chemistry service teaching will often be seen as “less rigorous” versions of the more abstract and theoretical subjects offered to continuing students (the “real chemists”). By shifting the focus in subject content in these service courses the real capacity of these students for learning chemistry is often revealed. Is there really such a thing as a “dumb student”? How often have we heard statements lamenting the quality of students entering university from school? The apparent lack of understanding of basic concepts that we hold to be obvious for any serious scientist!

How then would staff define an effective chemistry syllabus? Is it a syllabus that covers all the major concepts possible in chemistry? The construction of a syllabus is often based on the notion that students must be exposed to a wide variety of concepts, they must be introduced to every topic covered in a textbook. We need to ask ourselves whether students really have to be introduced to every concept at Level 1 or whether it is more appropriate to cover fewer concepts but spend time building the context and consequences of these concepts. Is the primary purpose of Level 1 chemistry to prepare students for Level 2? How often have we asked students for their opinion on the syllabus? The usual response to this question is that students do not know what it is they should be learning and are therefore not competent to offer suggestions about the syllabus. We need to obtain more feedback from students, not just about our ability to deliver or assess the content, but more fundamental issues relating to content and context.

Provide students with relevant framework

It is often difficult to decide what information to include in a syllabus, and it is just as difficult to decide how this information should be organized? Should the approach be

- inductive, where facts and information are given first and principles inferred or 

- deductive, where principles are given first and applications are deduced?

How will students develop their understanding of the area? Should the approach be

- sequential, through small, logical progressions or

- global, through quantum jumps? 

Formal lectures tend to use the deductive approach and promote passive learning, an approach that caters for neither active nor reflective learners. Students are expected to mimic and apply what they have been told rather than construct and build a pathway to the concepts. Educational research has documented that teacher-centred lectures produce students who are better at short term recall of facts, whereas student-centred classes (problem-solving and discussion) produce students who are better at comprehension and problem-solving.

Being imaginative

Present teaching methodologies for chemistry favour the student who is intuitive, verbal, deductive, reflective and sequential. This is not necessarily a problem but does sometimes exclude students who do not fit this learning behaviour. To provide a more inclusive learning environment it would be beneficial for staff to present problems that are likely to relate to the student's experience, then move to the concepts needed to address the problem. Use real examples where possible, even if you have to simplify the solutions initially. Be visual as well as verbal in the presentations to cater for different learning styles. Use real numbers wherever possible and relate the quantities to real analogies that the student will understand. Present real experiments or data and have students deduce, in a collaborative manner, the relationships. Provide time for reflection and for physical activity that could include cooperative learning exercises.

Revising a Syllabus and Curriculum

Here are some suggestions to consider when reviewing a syllabus:

· Establish identifiable goals that are stated and reinforced with the students

· Distinguish between “essential” and “optional” material, minimise "optional"

· Reinforce the core concepts and provide clear models for concepts

· Provide a framework for the content

· Remove anything that is not used later in the subject

· Provide opportunities for collaboration and “redeemable assessment”

· Do not teach from the textbook

· Simplify but do not be simplistic

Visual aspects of chemistry 

Here are some simple examples of approaches that we have used to present material in an interesting, global and relevant manner. A typical concept for Level 1 chemistry would be stereochemistry, such as cis and trans or E and Z geometric isomers.  This is presented in terms of the consequences of molecular shape. Insect pheromones are a good vehicle for discussing simple organic compounds, including analytical techniques, the relationship between molecular properties such as volatility and functional groups and molecular weight, as well as stereochemistry and molecular shape.

Since only very small quantities of the chemical will be available from each insect the practical aspects of identifying small quantities of materials can be discussed. Gas chromatography is usually used to separate the components and mass spectrometry used to identify them. Originally the extracts from the glands from over 400 000 insects were needed to identify a pheromone. Recently, compounds have been identified from just a few insects using a technique that measures the electrical response from a male insect antenna to the components of a female moth's sex gland separated by gas chromatography.5a, 5b
Insects communicate information to each other through the release of chemicals. The direction to food is indicated by laying down a pheromone trail.5c All students have experienced watching ants travelling along a particular path.5d  The ants use their antennae as chemical receptors to stay on the "right track".5e  An example of an ant trail pheromone is shown below along with the results of experiments used to determine the difference between the left and right antennae of an ant.  The first trail shows that ants do not follow a straight line of the pheromone trail but rather move in a straight line until their left or right antenna no longer detects the signal and then they turn 90 degrees in the direction of the pheromone. The second trail shows what happens if you remove the left antenna of an ant and the third trail shows the consequences of crossing over the left and right antennae of the ant. This set of experiments usually generates much discussion amongst the students and stimulates their interest in the application of scientific methodology to problem solving. 

[image: image1.wmf]N

H

O

O

H

3

C

CH

3



[image: image2.wmf]
Conclusion

We could ask the question how far have we traveled in the last 5 years?  This is often a difficult question to answer as each change that is implemented can be small at the time but over a period of time the accumulated effect can be quite dramatic. Certainly our syllabus was more conservative 5 years ago and followed the structure of the textbook of the day. The determining factor for organising course content was the traditional divisions that existed in the research laboratories and very much the way staff were taught themselves. Today we have a more integrated syllabus that tends to be arranged around broad concepts and contextual topics. The emphasis has shifted from introducing students to as broad a range of chemistry as possible to one of problem solving and establishing the connections between various parts of the syllabus. We certainly do not cover as broad a range of topics covered 5 years ago. It would be fair to say that students would not be expected to remember as many "facts" as 5 years ago, but rather they are expected to understand in more depth how chemists solve problems and why chemists use certain concepts in the way they do to explain observed phenomena. The use of information technology has become an integrated part of the learning strategy of students as well as the teaching strategy of academics. This trend will no doubt increase as online information becomes the normal mode for students to access resource materials. The other major shift over the past 5 years has been in staff attitudes to learning and teaching issues. Staff are much more conscious of the learning needs of students today and the need to engage students in the process of how to learn for themselves rather than staff acting as the distributors of information.

In conclusion, each staff member and Department will need to discuss in an open and frank manner the issues relating to the most appropriate framework for teaching chemistry in the new millennium.  We should not be afraid to introduce alternative approaches in our teaching and we need to be cognizant of the variety of learning styles adopted by our students and provide an environment that accommodates these differences. We must not let the teaching of the syllabus dominate the impact of interest and enthusiasm for genuine inquiry and engagement with the content.
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