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ABSTRACT: Traditional methods for teaching the Lewis dot
structure model emphasize rule-based learning and often neglect the
purpose and function of the model. Thus, many students are unable to
extend their understanding of molecular structures in new contexts.
The assignment described here addresses this issue by asking students
to read and write about the 1916 paper, in which Lewis proposed the
original ideas that led to the dot structure model taught in modern
general chemistry courses. This directed writing-to-learn approach is
designed to promote conceptual learning of the Lewis dot structure
model and to transform students’ beliefs about the nature of science as
they evaluate the early model presented by Lewis and compare it to the
conventional model taught in lecture. Participating students responded
to a pre−post survey, which indicated modest gains in their
conceptions of the nature of science. The assignment is designed for
college-level general chemistry students but may be modified for use in high school chemistry and is generally transportable to
other fundamental topics in chemistry in which accessible literature is available as an appropriate source for directed reading and
writing.
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Lewis dot structures form the basis of the symbolic language
that is used for communication among chemists. Students

in introductory chemistry must learn to draw and interpret
these structures fluently so that they can predict molecular
structures, identify structure−property relationships, and draw
reaction mechanisms. Drawing and interpreting Lewis
structures provides the foundation for further learning in
chemistry and other science courses.
Unfortunately, many students simply apply rule-based

methods to drawing Lewis structures and do not learn to
interpret their purpose and function.1−4 Such students have
difficulty with the complex interpretation involved in
connecting structure to physical properties.5−7 Reports
advocating new and improved “step-by-step” approaches to
drawing Lewis structures may support students in learning the
mechanics of Lewis structure drawing,8−16 but these
approaches do not address the issue of interpretation. A
version of writing-to-learn based on directed reading and
writing responds to and builds on the constructivist model of
learning advocated by Cooper (2010), who claims that a new
approach is needed (ref 5, p 873):

It is crucial that we rethink how to best develop and reinforce
these skills in a framework that allows students to learn in a
meaningful way so that they can develop and appreciate the
relationship between structure and function.

The literature of writing-to-learn shows that asking students to
explain, reflect on, and elaborate in writing the concepts they
study in science classes fosters meaningful learning.17−21

This approach is guided by principles of science literacy,
which affirm the value of literacy capacities that enable critical
thinking and understanding of key science concepts.22 One of
the challenges of helping students develop science literacy is
that many of today’s texts are inaccessible to all except highly
trained specialists.23 In part this is a result of increasingly
detailed scientific understanding,24 but it is also a consequence
of the lack of attention given to reader-expectation principles in
most contemporary scientific writing.25 This opaque quality
poses a challenge for employing a directed reading and writing
approach in science. Fortunately, texts written long ago are
often more accessible.
Historical articles are one type of accessible text that can be

appropriate for reading and writing assignments at the
introductory level because their subject matter is more relevant
to the content that introductory chemistry students learn.
Unlike contemporary literature, older texts often directly
describe the fundamental chemistry concepts that correspond
to traditional general chemistry curriculum and as a
consequence, they are much more likely to be appropriate for

Article

pubs.acs.org/jchemeduc

© XXXX American Chemical Society and
Division of Chemical Education, Inc. A DOI: 10.1021/acs.jchemed.5b00064

J. Chem. Educ. XXXX, XXX, XXX−XXX

pubs.acs.org/jchemeduc
http://dx.doi.org/10.1021/acs.jchemed.5b00064


a reading and writing focused assignment at the introductory
level. Such science texts give students a historical snapshot and
illustrate the dynamic nature of science. Learning about the
development of scientific models from the scientists who
originally proposed them provides students with an example of
how knowledge in chemistry grows and changes over time.
Older texts, because they enable students to view science

through a historical lens, lend themselves to writing-based
instruction on the nature of science. Nature of science (NOS)
was identified by the NRC26 as a key component of science
literacy and is defined by Lederman27 as:

The epistemology of science, science as a way of knowing, or
the values and beliefs inherent to scientific knowledge and
development.

Both implicit and explicit curricular approaches have been
investigated for NOS.28−31 Implicit NOS curriculum operates
under the assumption that students gain an understanding of
the nature of science indirectly when they actively participate in
the process of science during activities such as guided-inquiry.28

Conversely, explicit and reflective (ER) curriculum may use
history or philosophy of science, is directed toward aspects of
the NOS, and includes a reflective activity such as discussion or
writing. Recent reports suggest that ER curriculum is more
effective at changing students’ conceptions of NOS28,31 than
implicit approaches. Furthermore, it has been proposed that ER
will be both more effective and feasible when it is “embedded in
subject matter”.31,32

The assignment described here is aimed at changing
students’ conceptions of NOS using an ER approach, which
employs directed reading and reflective writing to foster
learning about NOS in the context of the Lewis structure
model. The approach is based on principles of scientific literacy
that understand reading and writing as interactive cognitive
activities.21,22 The accessible literature source of the activity is
the 1916 article “The Atom and the Molecule” written by
Gilbert Lewis.33 This article is ideal for the purposes of this
assignment because the theory and models that Lewis proposed
to describe it were derived from empirically observed properties
and Lewis used descriptive language that helps students to form
an explicit link between structure and function as they read.
The article is also ideal for demonstrating the changeable
nature of science to students because Lewis builds a logical
argument for his model by addressing the limitations in the
theories of Helmholtz and others that were put forth prior to
his efforts.

■ ASSIGNMENT DESCRIPTION
Lewis’ 1916 paper is appropriate for this assignment because it
is written in a descriptive fashion that is accessible to first-year
college students and because it was written about a topic that is
central to communication among chemists and is an important
component of the general chemistry curriculum. For this
assignment, students are tasked with reading a section of Lewis’
article (Box 1) and writing a summary of how Lewis proposed
to simplify the depiction of electron sharing and valence in
covalent bonds. Students are tasked with comparing Lewis’s
proposed model to prior theory on molecular structure and
bonding and to the model they learn in class.
Peer review of first drafts provides students with the

opportunity to learn from one another’s writing. A standard
peer review process was employed where students are directed
to write a first draft and, in keeping with principles of process
writing,34 receive peer response35 to their drafts, revise in

response to peer comments, and then submit a final version. In
peer review, students were directed to provide constructive
feedback and to evaluate their peers’ writing in response to the
three main objectives of the assignment by rating each on a
scale from 1 to 7 (Table 1). We employed an electronic system
of peer review in order to capture both drafts as well as all peer
comments and ratings.36 Student scores for draft 1 were based
on peer ratings and draft 2 was evaluated by the instructor.

Table 1. Rubric for Student Peer-Review Rating

Rating Description

Objective I. Complete Summary of Important Points Made by Lewis
7 Includes all important points made by Lewis.
5 Includes most of the important points made by Lewis.
3 Several important points missing.
1 Most important points are missing.
Objective II. Describes How Lewis Improved on Previous Theories of
Molecular Structure and Bonding
7 Described all important pre-Lewis theories that were mentioned by

Lewis in the 1916 paper and accurately identified how Lewis
improved on them.

5 Discussed a few theories and how Lewis improved on them, but were
not thorough.

3 Only discussed a few theories and/or did not really help the reader to
understand how Lewis improved them.

1 Did not discuss pre-Lewis theories
Objective III. Compares Ideas Proposed by Lewis in 1916 to Those
Presented in Lecture
7 Effectively compared ideas that Lewis proposed in 1916 to ideas

taught in lecture.
5 Compared Lewis ideas to lecture, but a few items were left our or not

explained.
3 Made only a few weak comparisons.
1 Did not make comparison.
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■ STUDENT WRITING

The assignment was completed by 58 students, who voluntarily
participated in a supplementary activity outside of regular
general chemistry lecture. The summaries produced by
participating students were evaluated by expert readers, who
ranked the student writing using the peer review rubric (Table
1) to evaluate both drafts 1 and 2 (Table 2) on the three main
objectives of the assignment. A description of the ranking
process is provided in Supporting Information (Table S-1).
Expert evaluation revealed that the majority of students were

able to provide a reasonable summary of the paper (objective
I), which improved between drafts. However, the other two
writing objectives proved more challenging for students. This is
not surprising given that both objectives II and III are more
demanding because students had to identify and contrast both
pre-Lewis and conventional theories to the ideas that Lewis
posed in the paper. Students performed most poorly on
objective III, which required them to critically evaluate the ideas
described by Lewis and compare them with their own
knowledge of molecular structure and bonding. However, a
substantial improvement on both objectives II and III was
observed following peer review and revision, which is consistent
with previous reports on peer review.37,38

Student Discussion of Pre-Lewis Theories

In response to objective II, students contrasted the ideas
proposed by Lewis to previous theories of molecular structure
and bonding. The theories they described most frequently were
those that Lewis included in the manuscript rather than
theories from class and they include the Helmholtz theory of
valence, Baeyer’s Strain theory, and electrochemical theories of
Davy and Berzelius. For example:

Lewis explains that the current model [Helmholtz] of
chemical reactions and electron transferring is not an
acceptable model to account for binding in nonpolar
molecules.

Students scored higher on the comparison to historical theory
(mean = 4.29) presumably because they were able draw on the
reasoning that Lewis provided for building on or departing

from these theories when he developed his model, whereas the
comparison to conventional theory (mean = 3.54) required that
they draw on their own knowledge, lecture notes, or text.

Student Comparison to Conventional Theory

In response to the writing prompt, which tasked students with
identifying how the ideas that Lewis proposed in 1916 are
different from how we understand bonding and molecular
structure today, the majority of students responded in one of
two ways. First, they compared the 1916 Lewis model to
modern theories of molecular structure and bonding, and
second, they compared specific notation introduced by Lewis to
conventional dot notation used in class.
General chemistry topics are typically taught as a series of

unconnected ideas and there is often little opportunity for
students to form connections between the different models that
describe molecular structure and bonding. Thus, it is common
that students do not develop an understanding of the strengths,
weaknesses and utility of each of the theories that are
presented. The conventional theories of molecular structure
and bonding that were most frequently used for comparison by
students were molecular orbital theory, Valence Shell Electron
Repulsion theory (VSEPR), and hybridization. While most
students mentioned conventional theories, many did not
discuss them in detail or compare them to the model proposed
by Lewis, which resulted in a lower rating on objective III.
Lewis dot notation is typically not taught within a context of

how or why; thus, students generally rely on memorization and
often may not have the opportunity to critically evaluate aspects
of the model.1−4 The students’ identification of differences in
the Lewis notation indicates that they comprehended and built
on the rules taught in class in order to identify differences in the
1916 notation. There were four main differences that students
identified and discussed in their writing. First, Lewis used a
colon to represent a covalent bond, whereas today we use a
line. Second, Lewis uses the position of the colon to illustrate
the polarity of the bond and today the polarity is implicitly
defined by the elemental symbol of both atoms, which one
must interpret or identify by using a vector arrow. Third, Lewis

Table 2. Comparison of Mean Expert Rating Scores between Drafts One and Two

Expert Rating Mean Scoresa (N = 58)

Objectives Draft 1 Draft 2 t-Test Values Effect Size

I. Summary of important themes 5.2155 5.6207 2.770c 0.364
II. Discussion of pre-Lewis theories 3.1983 4.2931 7.117b 0.765
III. Comparison to conventional theory 2.6379 3.5345 4.232b 0.444

aScores could range from 1 to 7; see rubric in Table 1. bp < 0.001. cp < 0.01.

Table 3. Comparison of Student Responses to a Pre−Post Nature of Science Survey Using a Paired-Samples t-Test

Question: When Two Different Theories Arise To Explain the Same Phenomenon, What Should Scientists Do?

Statements for Student Response Pretest Meana
Posttest
Meana

t-Test
Valuesa

Effect
Size

a. Scientists must accept both theories because the two theories may provide explanations from different
perspectives; there is no right or wrong in science.

2.85 ± 1.201 3.47 ± 1.150 5.002b 0.640

b. Scientists should not accept any theory before distinguishing which is best through the scientific method
because there is only one truth about phenomenon.

2.22 ± 0.811 2.58 ± 1.133 2.251c 0.297

c. Scientific theories may change in light of new evidence or new interpretation of existing evidence. 4.61 ± 0.831 4.69 ± 1.050 0.711 0.093
d. Scientists can abandon personal biases to make objective observations because they are well-trained
professionals.

2.90 ± 0.986 2.95 ± 1.050 0.353 0.047

e. Scientists use their imaginations to develop scientific theories. 3.02 ± 1.280 3.47 ± 1.135 3.690b 0.481
aStudents rated the statements a−e in response to a question about the emergence of scientific theories using a Likert scale: 1, strongly disagree; 2,
disagree; 3, neutral; 4, agree; 5, strongly agree (N = 48). bp < 0.001. cp < 0.05.
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limited his examples to elements that will only bond to fulfill an
octet and omitted hypervalent elements (main group metals).
Lastly, Lewis used a series of colons between the two atomic
symbols, but today we use multiple parallel lines between the
atomic symbols to illustrate a multiple bond. In their writing
students identified these differences, described what the
notation represented, and compared the relative utility of old
vs new. In response to the comparison question, one student
stated that

One of the most significant changes is the representation of
covalent bonds as lines between atoms instead of a simple
shared pair of electrons [colon].

■ STUDENT RESPONSE TO NATURE OF SCIENCE
SURVEY

To measure student gains in understanding of the nature of
science, students responded to an abbreviated pre-post survey
to assess students’ conceptions of NOS, which was adapted
from a multiple choice version39 of the VNOS (Views of the
Nature of Science) questions originally developed by Lederman
et al.40 The survey items were selected based on aspects of
NOS that were most aligned with the assignment, including
(Table 3): (i) theory formation; (ii) the tentative nature of
science; (iii) science is theory laden (subjective); and (iv) the
empirical nature of science (scientists use their imagination).
In response to a question posed about the emergence of

scientific theory, students indicated their agreement with a
series of statements (Table 3). Statements “a” and “b” were
designed to measure students’ conceptions of theory formation
and alternative explanations in science. Statement “a” indicates
that alternative explanations are possible in science and
agreement (i.e., a response of 5 or strongly agree) indicates
an adequate (or sophisticated) conception of this aspect of
NOS. Initially students were neutral (on average) in their
agreement, but gained a more sophisticated conception after
writing about Lewis, a result that was statistically significant
with a medium effect size. Conversely, agreement with
statement “b” indicates a naiv̈e conception of this aspect of
NOS, because it conveys the belief that science is absolute.
Students disagreed on average both before and after the
assignment, indicating a more sophisticated view of this aspect.
However, their view became more neutral (less sophisticated)
after the writing assignment, which was significant at the 0.005
level. A possible explanation may lie in students’ belief in the
myth of a single the scientific method, which is a common
misconception reported in the NOS41 and would not be
addressed through this assignment. Statement “c” is aimed at
revealing students conceptions of the tentative nature of science
(i.e., scientific knowledge is robust, but changeable). It was
anticipated that, through the comparison of old and new
theories, students might be expected to learn that the process of
science is dynamic. However, students held a sophisticated
understanding of the tentative nature of science prior to reading
and writing about Lewis’ paper. Their conception of the
changeable nature of science was unchanged (remained
adequate) after the assignment, which suggests that the
assignment at least reaffirmed this conception.
Statement “d” measures students’ beliefs about the subjective

nature of science: that scientists are influenced by cultural
norms and their personal characteristics.32 Disagreement with
this statement indicates a sophisticated understanding.
However, students were on average neutral about whether

scientists could abandon personal bias, a view that did not
change appreciably after the assignment.
Statement “e” is designed to measure students’ views about

the empirical nature of science, specifically the idea that
scientists must use their imagination when developing theories.
Agreement with this statement represents a sophisticated
conception of this aspect of NOS. On average, students’
response was neutral before the writing, though an increased
number of students agreed with the statement after. In his
paper, Lewis proposed a new model to communicate about
molecular structure and bonding and students’ increased
agreement might be attributed to a perception by students
that Lewis used his imagination when developing the model.

■ INSTRUCTOR TIPS
The assignment presented here could be adapted to make it
more accessible for lower division or high school students. The
original Lewis article is long and dense, and thus, we identified
a shorter section for students to focus on. We suggest cutting
the reading requirement further to 1−2 key pages from the
original Lewis manuscript for high school or introductory
students. The analysis of Lewis’ ideas could be made less
challenging by engaging students in a classroom discussion to
brainstorm the differences between the notation proposed by
Lewis and the notation learned in class. Likewise, the impact on
students’ NOS conceptions could be improved by an explicit
discussion reflecting on specific aspects of the NOS.
The reading and writing prompt described here can be

adapted for use with other accessible scientific literature
sources. An ideal paper for use with this prompt is one that
(1) is written descriptively and is understandable by students at
the introductory level; and (2) focuses on a fundamental topic
taught in introductory chemistry. Students should be directed
to compare and contrast to theory from class, and the guiding
questions should be specifically tailored to the source that is
selected.

■ SUMMARY
Reading and writing can be used in combination as a strategy to
facilitate conceptual learning of topics that are typically learned
by rote. With the use of accessible articles, students can write
summaries in which they explain key points. Electronic peer
review of first drafts gives students the opportunity to learn
from one another’s writing. Because the electronic system
preserves drafts, peer responses, and final revisions, it also
enables instructors to see the learning gains of their students.
Many articles that were written long ago may be appropriate for
this type of assignment because they are often written more
descriptively than conventional science articles, they are written
about the fundamental topics that students learn in general
chemistry, and they have the capacity to demonstrate the
evolving nature of scientific theory through a historical lens.
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