Simplified or erroneous? It’s a fine line Note

Novice learners need to have simplified explanations because they are unable to understand fuller,
more-involved explanations. However, there is a dangerously thin line between simplified
explanations and over-simplified erroneous explanations, which lead to later misunderstandings and
misconceptions.” It is harder to unlearn misunderstandings and misconceptions, than to learn
something new ab initio.** Consider the following two examples of over-simplifications.

The 'H-NMR spectrum of ethanol is often used as an exemplar, because the ethanol spectrum,’
without spin-spin coupling, was the first example of an intramolecular chemical shift and was
featured in the 1952 Nobel lecture.”” Textbooks state that protons separated by 3 bonds (H-X-Y-H)
have splitting in the 'H-NMR signals. The textbook version of the ethanol spectrum, intended to
illustrate spin-spin coupling, does not show any splitting associated with the CH,-OH coupling.
These textbooks state that in the alcohol CH,-OH moiety, protons separated by 3 bonds (H-C-O-H)
mysteriously do not have this splitting. This myth is so entrenched, that it has been implemented in
empirical and semi-empirical rules for the prediction of NMR spectra.® The non-appearance of the
CH,-OH coupling is due to impurities in the solvent, which, even at extremely low concentrations,
can participate in intermolecular proton exchange with the OH group.” The CH,-OH splitting in
alcohols is clearly seen when solvents without trace impurities are used.'”"" Lack of knowledge of a
chemical reaction from later in the curriculum, leads to misconceptions and confusion as to when
protons separated by 3 bonds do or do not have spin-spin coupling.

In another example, students are taught that a complete list of reagents and equipment must be
listed in the report of an experimental investigation. In some cases, even the paper towels used to
wipe up spills are listed, contrary to conventional practice in industry, research institutions and
academia. Publishers often combine the experiment instructions for teachers, laboratory staff and
students into a single document,'>" so that teachers and students are uncertain what information is
intended for which readership group, and they are confused about what information should be
included in the student report. When in doubt, the desire for completeness dictates that more
information is better than less; completeness and confusion conquer chemical convention.

It is virtually impossible for any teacher to know everything that students will need for future study
and careers, as each subject will lead to a myriad of pathways. For example, in my undergraduate
1* year class, students will go into numerous majors across more than 16 degree programs ranging
from arts to zoology and from engineering to food-and-nutrition. The present subject is part of the
foundation for many possible pathways, but it is extremely difficult for a single teacher to know
about all of them, or to know about specialist topics developed in later years. Thus, to prevent over-
simplifications and misconceptions, there is need for partnerships between the teacher in the present
subject and employers, researchers, industrial scientists and teachers from later in the educational
and career pathway. These vertical partnerships or advisory groups can help teachers to access
information from later in the pathway, so that these teachers have a greater appreciation of the
subtleties and the whys of what they teach. Not everything is in the textbook. Indeed, this in
implicit in the new National Curriculum, in which students have to learn about the culture of
science as part of Science as a Human Endeavour (SHE)."* We need more partnership and
cooperation between the teachers, who are pedagogy specialists, and researchers and industry
scientists, who are the content knowledge specialists.”

" Please cite the original publication ': K. F. Lim, “Simplified or erroneous? It’s a fine line”,
Chemistry in Australia, 2013 (July), 35.

EducCol-201307-oversimplifications-full.doc Page 1 of 2



N —

W

10

11

12

13

14

15

K. F. Lim, “Simplified or erroneous? It’s a fine line”, Chem. Aust., 2013, 2013 (July), 35.
eg, A. Bergqvist, M. Drechsler, O. de Jong and S.-N. Chang Rundgrena, "Representations of
chemical bonding models in school textbooks — help or hindrance for understanding?",
Chem. Educ. Res. Pract., 2013, 14, 589-606
<http://pubs.rsc.org/en/Content/ArticleLanding/2013/RP/C3RP20159G>.

H. L. Bee, The Developing Child, 8th Edn, Longman, New York, 1997.

D. M. Mclnerney and V. Mclnerney, Educational Psychology: Constructing knowledge, 2nd
Edn, Prentice Hall, Sydney, 1998.

J. T. Arnold, S. S. Dharmatti and M. E. Packard, "Chemical effects on nuclear induction
signals from organic compounds", J. Chem. Phys., 1951, 19, 507
<http://dx.doi.org/10.1063/1.1748264>.

E. M. Purcell, "Research in nuclear magnetism [Nobel Lecture, December 11, 1952]", in
Nobel Lectures, Physics 1942-1962, Elsevier Publishing Company, Amsterdam, 1964, p.
219-231.

E. M. Purcell, "Nobel Lecture: Research in Nuclear Magnetism". Nobelprize.org. Accessed
9 May 2013 <http://www.nobelprize.org/nobel prizes/physics/laureates/1952/purcell-
lecture.html>.

CambridgeSoft, CambridgeSoft, ChemDraw Ultra Version 9.0.1, 2004.

H. E. Gottlieb, V. Kotlyar and A. Nudelman, "NMR chemical shifts of common laboratory
solvents as trace impurities", J. Org. Chem., 1997, 62, 7512-7515.

K. F. Lim and M. Dereani, "Why is it so? The "H-NMR CH, splitting in substituted
propanes", Teaching Science, 2010, 56 (3), 46-49.

R. Hoffman and Y. Ozery, "Hydrogen (Proton, etc.) NMR". The Hebrew University.
Accessed 9 May 2013 <http://chem.ch.huji.ac.il/nmr/techniques/1d/row1/h.html>.

N. Taylor, M. Derbogosian, W. Ng, A. Stubbs, R. Stokes, S. Bowen, S. Raphael and J.
Moloney, Study On Chemistry 1, John Wiley and Sons, Milton (QId), 2007.

J. Sharwood and J. Gordon (ed.), Nelson Chemistry VCE units 3 & 4. Student Activity
Manual, Nelson Thomson Learning, South Melbourne (Vic), 2007.

ACARA, Australian Curriculum, Assessment and Reporting Authority (ACARA),
Australian Curriculum: Science (F-10),
<http://www.australiancurriculum.edu.au/Science/Curriculum/F-10>, 2011 (accessed April
2011).

eg, A. Yeung, R. Cornish, K.F. Lim, "Expanding the Advancing Science by Enhancing
Learning in the Laboratory (ASELL) Project". Paper to be presented at CONASTA 62
(Conference of the Australian Science Teachers Association), Melbourne 7-10 July 2013..

Kieran F Lim (#% & # ) FRACI CChem <kieran.lim@deakin.edu.au> is an associate professor at
Deakin University.

EducCol-201307-oversimplifications-full.doc Page 2 of 2



