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Abstract

This is a study of the attitudes towards instruction of quantum theory by instructors of general chemistry. With the working hypothesis that new methods of teaching quantum concepts must be introduced as the general chemistry course evolves over the next decades, the focus of this study is on the barriers to their introduction. Quantum concepts are difficult for instructors to teach and for students to learn. As part of a larger project developing computer software for instruction about computer concepts, based on exchanges at national meetings it is our perception that many chemistry instructors do not believe that quantum theory should be taught in general chemistry. Working with a small cohort of chemistry instructors, we dissect their selection of quantum concepts to teach, and the context in which they place them. We discuss the coherency of understanding of quantum theory that the instructors bring to their instruction and the impact that this has on providing students with a consistent quantum model of chemical behavior.
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Introduction
The fundamental models of modern chemistry describe the behavior of electrons in atoms and molecules, and provide a statistical mechanical interpretation of thermodynamics. Both of these are predicated on a quantum model of physical behavior. For this reason, a quantum interpretation of chemistry provides a unifying model that cuts across all chemical behavior. Epistemologically, the sciences rely upon and appeal to underlying models to pose research questions and interpret empirical results. As a science develops, the models drawn upon develop and sometimes dramatically change. Moreover, the model becomes codified for future scientists in the contemporary textbooks/curricular materials (Kuhn 1970). 
With the goal that the quantum model of chemistry be properly supported within the chemistry curriculum, this research is part of a project to design software and supporting instructional materials to provide a coherent introduction to quantum concepts at an early stage in the undergraduate curriculum. The motivation is our team’s perception that chemistry as a field is changing as contemporary research focuses on atomic and molecular manipulation. Our objective is to develop materials that will support the transition of the current general chemistry course to that of the year 2050 which we imagine will rely more heavily on the teaching of quantum theory. 

In presentations of our development work at meetings of the American Chemical Society, members of our team have found themselves the focus of strident attacks by chemistry instructors who vehemently denounced the teaching of quantum concepts in chemistry. Further, in private conversations with both college and high school chemistry instructors, we have found that many admit that their own command of quantum mechanics was not what they wished it was.

If the materials we are developing are to be incorporated in general chemistry courses and, more generally, if the general chemistry course is to evolve in a manner that more closely reflects modern research and technology, then it is necessary to understand the sources of resistance to this content evolution.

Objectives of the Study
This is a study of the attitudes towards instruction of quantum theory by instructors of general chemistry. Quantum concepts are difficult for instructors to teach and for students to learn. Working with a small cohort of chemistry instructors, we are attempting to dissect the reasons for their choice of quantum concepts to teach, and the context in which they place them. Specifically, we would like to determine if their choices are due to:
1. lack of a coherent quantum model of chemistry;

2. belief that their students cannot master such abstract topics; or,

3. belief that quantum concepts are not central to chemistry and that other topics deserve greater emphasis.

Design and Procedure
In 2003, six chemistry instructors from diverse institutions were selected as consultants to our project. These instructors were invited to what we styled a “consulting” workshop. The consultants were aware that they would be shown newly developed software and asked to evaluate it. In addition to requesting their input on our materials, we also asked them to answer a number of surveys intended to gauge their attitudes to instruction in quantum concepts and to our workshop. In 2004, these same instructors were invited back to view new software, and to participate in a roundtable discussion. Prior to attending this meeting, they were emailed a survey. Due to scheduling difficulties, only four of six of the original consultants were able to gather at one time. A fifth came for an individual interview. The sixth only completed the survey. Because these six participants act as advising consultants to our project, they are paid for their professional time.

To find participants, in 2003 fliers were mailed to chemistry departments throughout New England using a mailing list provided by the New England Board of Higher Education. Respondents were screened by the project members. Criteria for selection included that the applicant taught a general chemistry course and had the technology support necessary to use the project’s software. While the project is being conducted at a research university, all of the selected participants are either instructors at small liberal arts, community, or professional degree colleges.

As a result of the initial flier, this group of participants is self-selected to be interested and open-minded about the teaching of quantum concepts. However, none of them felt an obligation to change their mode of instruction in order to collaborate with us, nor to adopt our software. At least one of the participants made it clear from the outset that he was skeptical about teaching quantum concepts to his students, and has frequently played devil’s advocate. At the same time, he has piloted materials with his students. Our impression is that his attitude is typical of the other participants, albeit more forthright.
It is known that the use of web based visualization tools improves students’ understanding of chemistry, but that there can be an initial barrier with instructors for adoption of such methods (Dori & Barak, 2003). Perhaps because of self-selection as consultants on a software project, the participating instructors offered no objections to the use of software with their students. Indeed, three of them used our materials in the following year with their students, and two of them provided us with surveys of their students’ response. 

Surveys and topics for roundtable discussion were designed by the project team in consultation with the project evaluator. The team consists of two chemistry professors, two chemistry laboratory instructors, and a professor of science education with a doctorate in theoretical physics. The evaluator is a retired chemistry professor. 

Data reduction of the surveys and transcription of the roundtable discussion was performed by team members with the project evaluator. Coding of responses followed the survey responses in a close manner.

Theoretical Underpinnings
The study reported here centers on the instructors’ attitudes toward teaching quantum concepts to their students. Although the chemistry education research literature is rich in studies of students’ difficulties with chemistry, there is little directly referring to instructors’ selection of material based on their attitudes as to their students’ abilities to master the subject material. Kirkwood and Symington (1996) interviewed chemistry instructors to investigate the difficulties that they perceived in their courses. While the responses in this research related as much to course structure as to concepts with which students have difficulty, it is perhaps not coincidental that the instructor who focused on the difficulty of chemistry concepts selected quantum concepts in particular.

There is no doubt that quantum concepts require abstract thought on the part of students. Are freshman students concrete thinkers in the Piagetian sense, or are they prepared to reason about theoretical models and apply them? Several of the participants in our study voiced the view that their students were concrete thinkers, and therefore could not be expected to fully understand quantum theory. To the extent of this study, we are unable to verify this view, although use of the GALT would provide evidence that might assist in substantiating these instructors’ claims (Bunce & Hutchinson 1993).
Although nearly all the instructors claimed an adequate understanding of quantum theory for their instructional purposes, and all of our instructors impressed project staff as competent and professional, nevertheless the project staff felt that in many incidences the consultants’ were either unfamiliar with concepts presented in the software, or were not making detailed connections. Reading the surveys, and interpreting the roundtable discussion, it appears that their knowledge of quantum theory is fragmented, and is not organized in a fully systematic manner to be applied across the widest range of chemical phenomena (diSessa 1988). Our prior research into experts’ understanding of quantum theory has shown that research practitioners rely on metaphors and analogies to bolster their conceptualization, and construct systems of explanations during discussion (Eshach and Garik, 2002). This greater understanding of the concepts notwithstanding, experts and novices may only differ by degree in the fragmentation of their knowledge. In reading the surveys and transcripts of our consulting instructors, a coordination class analysis of their understanding is strongly suggested (diSessa and Sherin 1998). 
Results

1. Importance of Quantum Concepts
The first question of our survey asked respondents:
“Please make a list of the top ten essential concepts of general chemistry that you would like your students to master in ranked order. Please number the most important as 1, the second most 2, and so forth. You may need to rank some concepts as being of equal importance.”

This question was aimed at determining the relative importance of quantum concepts in these instructors’ curriculum. Five of the instructors placed topics that are either implicitly or explicitly quantum mechanical in nature roughly in the middle of the list, on average number 5. The sixth stated that developing students’ reasoning ability was his principal objective, and provided a list of metacognitive objectives.
	Concept/

Respondent
	Periodicity
	Chemical Bond
	Heisenberg Principle
	Pauli Principle
	Electron configurations/quantum numbers
	Atomic spectra
	Hydrogen Atom

	1
	3
	4
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	7
	7
	7
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	5
	
	

	5
	
	3
	5
	
	4
	
	

	6
	
	6
	
	
	
	5
	5


Table I

Respondent 2 wrote that he “could not rank them in terms of importance”, so for the ranking we provide where in the list of items R2 mentioned explicitly quantum ideas.
2. What Should Students Know?

We asked the instructors to respond to the question: “What are the essential quantum concepts that your students should know? Please explain why each quantum concept in your list is essential?”

The responses demonstrated more detailed expectations of student knowledge of quantum concepts than was apparent from the ranking of chemical concepts. If we combine the responses to the first two questions, then 5/6 instructors list orbitals and bonding theory under the quantum concepts they expect their students to master. The concomitant concepts that support these two were explicitly mentioned less frequently (3/6 Pauli Principle, 3/6 quantum numbers, 2/6 energy levels), but it is not unreasonable to assume that these concepts are embedded with orbitals and bonding. 4/6 of the instructors were explicit about the relationship between these quantum concepts and the Periodic Table. Somewhat more surprising was the lack of mention of spectroscopy (3/6) and the wave nature of light (1/6). The particle nature of light was also little referred to (2/6).
	Concept/
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	Bonding
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Principle
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	Wave 
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of 
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Table II
It is possible that the respondents interpreted the word “concept” differently. A tighter definition would make periodicity a quantum outcome, not a quantum concept. Similarly, bonding theory is an outcome as well. The inclusion of the Bohr atom shows the resilience of the older quantum theory that was discredited by empirical evidence and the later successful quantum theory of Schrödinger and Heisenberg.
3. Unifying Model for the Instructor – Making Connections
We asked the instructors “whether you find that these quantum concepts provide a unifying model for your teaching?” Here we were probing for unity in the respondents’ instructional approach. 

Instructor R2 interpreted this question as referring to the unifying theme behind his method of instruction, as opposed to the underlying scientific model linking together the scientific concepts. The other five of the instructors qualified their responses but acknowledged that at least a subset of their course was unified by quantum concepts. 
R1: “I am unsure what is meant by ‘unifying model’ for my teaching. I think that these concepts certainly unify what I teach about atoms, ions, and molecules and relates directly to molecular geometry and transition metal chemistry. I do not see clear connections to other areas of chemistry that I cover in general chemistry.” 
R3: “Bonding is a very central concept and in that sense I guess that quantum mechanics is a unifying principle. Much of the rest of the course does not require any knowledge of quantum so in a course or sequence sense I would say no but in the section related to bonding (end of first semester) I would say yes.”
R4: “I do not think that these concepts are developed fully enough in a typical general chemistry class (I mean by me) to constitute a unifying model. I just don’t understand the concepts deeply enough to draw a complete picture of how quantum theory explains common macroscopic chemical behavior.”
R5: “Mostly. I teach the organic chemistry class from an orbital-based approach, and having a good understanding of the orbitals from the previous course/year really helps.”
R6: “For the more serious, dedicated student, YES. It’s critical that students understand the shapes of molecules, ionic and covalent bonds, (what, how and why), for organic chemistry and cell biology.”
The response of R4 was a refrain that we had personally encountered in our workshops with these consultants. The development team members would be told that we saw everything from a quantum perspective, but the participants did not have such a global perspective. 
4. Unifying Model for the Students

We further inquired “Explain whether your students find that these quantum concepts provide a unifying model? If so, how does this manifest itself?” 
Three respondents indicated that they felt that the students were more focused on their grades than seeking an underlying model for chemical behavior. They wrote:
R1: “I hope that they do but I am not sure. Some are mystified by quantum concepts and learn only the algorithms needed to solve problems.”
R3: “No. I think students look at these courses in a completely compartmentalized form. They learn what they need to repeat on the exams. The connections that a trained chemist makes based on this is pretty far from where they reside even at the end of the course. They can make the connection between electronic configuration and chemical reactivity though.”
R4: “I suspect that most if not all of my students think of these concepts as merely disconnected facts and definitions to be memorized for the next exam.”
Only one of our respondents felt that his approach might lead students to concentrate on quantum concepts. This respondent wrote:
R5: “They know I like orbitals, so my reputation sort of precedes me. Often, also, they do not seem ready or willing to give themselves the time needed fully to understand the concepts that quantum and orbitals require. I do have students who come back to me after they’ve seen a bit more quantum (either in my advanced classes, or in physics) and say that it all makes more sense now.”
Given the instructors’ response in section 3 that they do not stress quantum concepts as unifying chemistry, that their students do not view quantum theory as a unifying model is not surprising. This is reflected in the comment:
R2: I cannot really say, since I do not stress them (quantum concepts) as such.  It is doubtful that my particular emphasis would lead them to this conclusion. (This does not mean that other approaches could not lead students to see these ideas as unifying.)

5. Perception of Student Readiness
A reason that an instructor will not teach a topic is because of a belief that the students are not prepared to learn it. For this reason, to better understand the instructors’ attitudes towards instruction in quantum concepts, we asked the following question:
“Explain whether there are quantum concepts you would like to teach but do not because you feel that they are inaccessible to your students. Please list all such concepts, if any. Please explain in what sense are the concepts inaccessible to your students?”
Two of six of the respondents effectively replied “I cover all the concepts that I feel are appropriate for first year chemistry” to quote R1. R2 said “The quantum concepts I do teach (mentioned above) are presented in a very basic fashion.” In effect, these instructors are finessing this question by saying they have found a sufficiently simple level at which the topics can be taught.

The other four of our respondents expressed concern as to the ability of their students to handle quantum concepts. R4 wrote “Frankly, I think the above concepts are largely inaccessible to most of my students though I cover them anyway. I find that most of my students are extremely concrete thinkers.” Two other respondents felt that the mathematics was beyond their students.
As indicated in the last section, only R5 makes it a practice of working with quantum concepts and expecting his students to grasp them. But even he wrote that he believes that many of them are not ready for this.
6. Instructors’ Command of and Comfort with Quantum Concepts
We addressed a sequence of questions to the instructors to gauge their self-perception of their command of quantum concepts, and their comfort with these concepts. On the questionnaire, these questions sequentially were:

· Explain whether there are quantum concepts you would like to teach but do not because you do not feel comfortable with them yourself. Please list all such concepts, if any.

· Explain whether you are reluctant to teach quantum concepts in your courses. If so, please provide the reasons for your reluctance.

· Did you feel well-prepared for teaching quantum concepts prior to last June’s workshop? 

· Do you feel well-prepared now? 

· Are there particular areas that are troublesome for you?

· Are there frankly puzzling aspects of quantum mechanics? Please identify them, if any. If so, do you find it useful to emphasize them to your students?
Uniformly the instructors are confident about their command of quantum concepts at a level necessary to teach their general chemistry courses. However, most are equally blunt that their comfort with quantum concepts ends at this level. What follows is a concatenation of each instructor’s response to the above questions.
R1: “I’m comfortable with what I teach. …Bonding theory is the most troublesome for me. Like orbitals, it’s all a little fuzzy on the edges! Probability and particle-wave duality are most puzzling. I do emphasize them to my students.”
R2: “As an inorganic chemist, I am pretty comfortable with many of the basic mathematical treatments of quantum concepts. …I was prepared, but I gained many new insights based on the stimulating discussions I had with the BU faculty and the other workshop participants. These discussions forced me to think critically about the way I approach these ideas. I am always gaining new insights. …I am not formally trained as a quantum chemist, so I would not feel completely at ease with teaching a course that was specifically focused on quantum chemistry.”
R3: “I am still uncomfortable with quantum concepts myself. I would be scared to death to have to teach a junior level p-chem course. Since I teach at the freshman and sophomore level I feel OK with what I present and my knowledge behind it.…In what I present and understand myself I cannot say that I was uncomfortable (before workshop). I recognize that my knowledge base is only slightly beyond what I present to my students. I enjoyed the workshop a great deal. It made me realize how much of my time is spent on the mechanics of the course rather than the content. With existing workloads I feel that I will forever be in that rut where I would like to try different things but do not have the time to explore them. I felt a little better about my background in quantum since I spent some time thinking about these things which I had not done in a long time. Considering the level that I present at I don’t think that my preparedness increased dramatically considering the content I was teaching. I did use Quantum Explorer software in a lab session at the end of my first semester gen chem. course.”
R4: “Trepidation, not reluctance, is what I feel. I don’t expect I’ll ever feel well prepared to teach quantum concepts, but I do feel noticeably better-prepared now that I did before the June workshop. If I had to pick an area I find the most troublesome it would be bonding and molecule formation.  I think I just don’t understand well enough the various simplifying approaches and all the details of different assumptions that are made. (Puzzling?) Let’s start with particle duality. What the hell is matter really. Or should I say what we call matter. For that matter (pun intended) what is an electric or magnetic field? Maybe you can explain to me what a field is. Isn’t there something called a quantum field? What is that? One thing is not puzzling – I need help!”
R5: “(QCs to teach?) I can summarize these as those taught in any good, physics-based Introduction to Quantum Mechanics class. I don’t teach these concepts for two reasons: (1) my physics colleagues do a wonderful job with them (and we are a very collaborative institution!) and (2) I am not as comfortable with them as are my physics colleagues. …I may not always fully understand them, but I am sufficiently confident in my abilities (and education) to be able to state that fact clearly, and go on from there.

(Prepared prior to June ’03 workshop?) Yes, I did. (After?) Perhaps a better statement would be: “I feel better prepared now.” The Schrödinger Shooter certainly helped with the radial part, and I cannot wait until the angular parts are included. The paradox is this: all of quantum, because it is so different from our classical view, is puzzling, yet I find none of the concepts of quantum particularly puzzling.”
R6: “(Prepared Before June ’03 workshop?) Somewhat, especially at what would be taught at the introductory level. I did feel that the workshop both reviewed and solidified key concepts and I particularly enjoyed working with the software to set up scenarios and “test” my own predictions. Our assignment to “design” individual teaching units was a great way to force me to pull theses concepts together in a meaningful way. I found this exercise essential and would definitely incorporate this “assignment” in future workshops. (After?) Yes. Definitely.

(Troublesome areas?) Honestly, I have not had this material since 1988 as a chemistry undergraduate. I remember confusion/struggling with…Postulating hybrid orbitals, localized bonding of VB theory, delocalized bonding of MO theory, bonding and antibonding MOs.  (Puzzling aspects?) Definitely.  For this I would need to refer to my notes from our last visit to provide an answer (which won’t help today … sorry!).”
We summarize the responses in the following table. Unfortunately, the question about Troublesome Concepts was posed ambiguously. As a result, some respondents’ answers appear to refer to concepts that are troublesome to teach, whilst others refer to concepts with which they are troubled (the intended target of the question).

	Respondent
	Puzzling Concepts
	Troublesome Concepts
(to teach to students/for yourself)
	Comfort Level

	R1
	Probability

Particle-Wave Duality
	Bonding
	Yes, with what I teach 

	R2
	Philosophical interpretations – double slit experiment
	Orbital shapes

Legendre and Laguerre polynomials
	Comfortable

	R3
	Why don’t electrons and protons annihilate?

Why aren’t there anti-atoms?

QM tunneling
	no direct response
	Comfortable at freshman and sophomore levels; scared of junior level physical chemistry

	R4
	Particle duality

What is a field?


	Bonding and molecule formation
	never will “feel well-prepared to teach quantum concepts”

	R5
	The contrast between the classical and quantum mechanical views
	Angular and magnetic spin components of wave functions – wants better teaching tools
	Concepts in physic-based QM class – not as well-prepared as physics colleagues

	R6
	Yes, but needs to refer to unavailable notes.
	Hybrid orbitals

Localized VB theory

Delocalized MO theory

Bonding and antibonding MOs
	None listed


Table III
7. Is Instruction in Quantum Concepts Worth the Time?

Three out of six of the instructors (R1, R4, and R5) responded unambiguously that instruction in quantum concepts is worth the effort and time. (Instructor R2 read the question as if it applied to his own studying.) Two of the instructors (R3 and R6) voiced concerns as to whether students in the biology sequence, or the non-science sequence, really benefit from an introduction to quantum concepts. R6 definitely felt that the quantum concepts must be taught to chemistry majors. R3 sees the chemistry courses as a spiral curriculum, so the introduction at the general chemistry level will benefit the students later in organic chemistry. This instructor (R3) wrote: 
“They may not understand VB theory in general chemistry but when I teach organic they will since it is the second time they have seen it. This type of positive reinforcement ultimately leads to the deeper understanding we hope will occur. I feel that the time I spend is worth the effort. I am unsure how much the student comprehends from this instruction.”
8. Objectives in Instruction
Although we did not ask the instructors directly what their principal objectives were for their chemistry instruction, we did inquire as to the importance that they gave to teaching fundamental models. We asked:
“What obligation do you feel that science instruction should include an introduction to the use of models in science and what a model means?”
In addition, several of the instructors volunteered their principal objectives as chemistry instructors in the course of responding to other questions.

Discussion
Reviewing the reduced data above, we are led to draw some tentative conclusions. Given the small sample, and the lack of in-depth follow-up to the survey responses, we are cautious about the validity of the conclusions that we can draw. Nevertheless, at this point it would be a mistake to dismiss the data without interpretation. If nothing else, we can identify questions that require further investigation.
With this caveat, in brief, the conclusions we are led to are as follows. (We have labeled the principal queries of our survey as Q# for later reference.)
Q1. What is to be taught? In providing a prioritized ranking as to what students in a general chemistry course should be taught, the instructors in our sample cited few examples from quantum theory. The selections of quantum theory topics showed only limited overlap across the instructors. 
Q2. What should students know? When asked specifically what they felt their students should know about quantum theory, the instructors provided a more comprehensive list. Surprisingly, only half of the instructors cited spectroscopy, and only two cited periodicity. Their selection of topics de-emphasizes atomic structure and its consequences, and emphasizes bonding theory. Only one instructor felt that the wave nature of light should be taught. This suggests that the other instructors may not identify wave-like properties of light as part of quantum theory.
Quantum theory has its birth in the problem of the statistical mechanics of radiation. This is no accident as classical statistical mechanics quickly breaks down in most applications. None of our instructors chose to make the point that quantum theory should be learned to help students reason statistically about matter.
Q3. Unifying Model for Instructor? The instructors’ responses indicate an intent to provide students with a foundation of quantum concepts on which to build. However, there is an overt bias that quantum theory is really only for students who will go on to take organic chemistry, or major in chemistry. It does not appear to be the instructors’ own underlying web for instruction.
Q4. Unifying Model for Students? & Q5. Perception of Student Readiness?

The instructors themselves are skeptical that their students are seeking a unifying model, or even if they are that they are prepared to use a quantum model for this purpose. Most of the instructors felt that the mathematics associated with the quantum theory is beyond the level of their students. It appears that the instructors’ compromise is to present quantum concepts in as simple a fashion as they can. This may account for why two instructors use the Bohr model, despite the fact that it is ultimately a misleading representation of the atom from a chemists’ perspective.
Q6. Instructors’ Command of and Comfort with Quantum Concepts. Reading the respondents answers to our inquiries about what puzzled and troubled them about quantum theory, and what their comfort level is with teaching it, one arrives at a characterization of the instructors as feeling they are prepared for the teaching they are doing, but little beyond. What they find troublesome are the topics of junior level and graduate physical chemistry courses. 
Q7. Is instruction in Quantum Concepts Worth the Time? Despite all of the doubts as to their students’ ability to master quantum concepts, and the low priority that they assign the material directly addressed by quantum theory, it is fair to read their opinions as support for teaching of quantum theory. The bottom line is that they believe it is worth the time.
Adopting these seven overview analyses, we are left with a picture of instructional practice regarding quantum concepts which is incoherent. 
The instructors feel:

· that quantum concepts are worth teaching, 
· deserve time in their courses, and

· are foundational for later chemistry courses.

Despite these positive attitudes, the instructors:
· do not expect their students to really grasp quantum concepts, 
· find many of the concepts difficult and puzzling themselves, and 
· do not rank them highly (or even coherently) when asked to provide a prioritization of the topics that they teach in general chemistry.

Independently of their response to the query as to whether quantum theory provides a unifying model for the instructor, the instructors responses in Q1 and Q2 made it clear that it does not. From a quantum reductionist perspective, chemistry might be thought of as beginning with atomic structure. Although atomic structure is alluded to through identification of its component concepts (energy levels, orbitals, spin, etc.), none of the respondents define the global concept to be taught as atomic structure. Similarly, spectroscopy is ignored. Other basic quantum concepts such as the nature of waves and how they combine, quantum statistical behavior, and the nature of the wave function, are almost unmentioned. Disconcertingly, two of the instructors still refer to the Bohr atom as something that the students should know. Brilliant as it was at the time of its invention, the Bohr atom is an incorrect model of the atomic structure of hydrogen, and it lends itself to misconceptions when applied to chemistry.

We have apparently encountered two impediments to inducing instructors to rely more heavily upon a quantum conceptual approach to chemistry.
The first impediment is that the instructors themselves do not have such a perspective. This may be the product of their own chemistry education. It may also be the result of the current structuring of chemistry textbooks. Given the limited command of quantum theory that most of the instructors confessed to, it is not surprising that they do not spontaneously construct the quantum story to unify their chemistry instruction. 
The second impediment is the instructors’ belief that quantum concepts are too difficult for their students to grasp in general chemistry. Their view is that students who go on to organic chemistry, or who major in chemistry, will have to grapple with quantum ideas. However, at the level of general chemistry quantum ideas carry too much mathematical overhead for students to manage.
Our own perspective is prejudiced. We are engaged in a project intended to demystify and de-mathematize quantum concept instruction. Through the use of interactive graphics and visualization, we are trying to construct an environment that will allow students to reason with quantum concepts descriptively without mathematics. In this manner, we hope that students will be able to construct for themselves an understanding of chemistry unified by quantum electronic behavior. We are working on this project because we believe that this the best way to understand modern chemistry and chemical technology. 
Irrespective of the value of our particular approach through software, a more conceptual approach to chemistry, and one that relies on the most recent scientific models, is consistent with the calls for improvement of undergraduate teaching (Handelsman et al, 2004). If we are to see instruction that is more conceptually oriented, then we must also expect that more time will be spent in in-depth learning experiences. This is consistent with our understanding how best to support learning (NRC 1999). For this to develop we need 

1. instructors who are confident in their conceptual understanding of quantum theory;

2. instructors with a clear vision of the conceptual web that their students should construct;
3. instructors who recognize the value of deep conceptual learning;
4. instructors who have confidence that their students will indeed benefit from such an approach, as well as 

5. the instructional materials necessary to support such a new learning environment.

Items 1 and 2 must be addressed together for each instructor if quantum concepts are to become the foundation for chemistry instruction. Items 3 and 4 must also be joined if instructors are to adopt such a new approach. Finally, curriculum materials development projects such as our own are addressing Item 5.
None of these items is unique to changing instruction in general chemistry. Perhaps there is greater optimism for change in this case because of the sophistication of the instructors. With proper materials, each of our respondents may be able to make the transition to a quantum concept based course.
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