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Structure Drawing at the Heart of
Teaching Chemistry

Agnes Peragovics* and Erika Bird

Abstract: Chemistry is all about structures. There are myriads of structural representations that are required for
the students to become familiar with when learning chemistry. Structural formula, skeletal formula, Lewis and
resonance structures, three-dimensional representations are just a few examples of the drawing styles that
should be readily interpreted by a chemistry student. In order to gain the necessary knowledge to understand
and manipulate chemical structures, students must extensively solve problems with structural illustrations and
practice drawing chemical structures themselves. Here we present Zosimos, an online chemistry educational tool
with comprehensive structure-drawing capabilities that allows chemistry teachers to create real chemistry quiz-
zes, share them with their students and get immediate feedback on their learning progress. 5th grade students
at Kantonsschule Zug have been learning chemistry with Zosimos since September 2019 and this article also
shares insights on how to implement this learning tool in a real classroom setting.
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1. Introduction

Chemistry relies heavily on structural representations. Fig.
1 shows some example representations that are commonly used
to depict chemical structures such as skeletal formulas, three-
dimensional structures, and Lewis structures. However, interpret-
ing, manipulating, and switching between the numerous struc-
tural representations is a complicated task for many students.!!
To be able to predict the reactions and properties of molecules,
students must practice chemistry little by little every week, and
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practice solving molecular representation and reaction drawing
problems.
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Fig. 1. Some examples of the different structural representations used in
chemistry.

Consequently, any digital learning tool used to support chem-
istry teaching is desired to have chemistry drawing capabili-
ties.[231 This functionality is essential for teachers to create mean-
ingful chemistry exercises and also vital for the students to practice
drawing chemical structures. This year has posed many challenges
to educators worldwide because of the coronavirus global pan-
demicl*l and resulted in a growing need for a chemistry learning
platform that enables the students to practice and write assessments
from home, while still showing off their compound drawing and
interpretation skills.3!

Here we would like to introduce Zosimos, an online chemistry
educational tool that allows chemistry students to independently
practice and learn a wide range of structural representations in a
quiz format, and get immediate feedback on their progress. Zosimos
is built on ChemAxon’s JChem!®! and Chemicalize technology!”!
and integrates the chemical drawing tool Marvin JS.B8 This new
educational tool is available in the form of a web application at
https://zosimos.io for computers, tablets, and smartphones. Zosimos
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is supported on Google Chrome, Mozilla Firefox, Apple Safari and
Microsoft Edge.

2. Supporting Chemistry Education

ChemAxon’s chemical drawing tool, Marvin JS is seamlessly
integrated into Zosimos (Fig. 2). Molecule images may be added
easily when creating chemistry quizzes and teachers can use the
molecule editor without any restrictions to illustrate their exercises.
Drawn compounds may range from small molecules to large com-
plexes or even to reactions. There are also different visualization
settings available to choose from that allows the teacher to select
their preferred drawing style (e.g. skeletal or structural) and wheth-
er they would like to use 2D or 3D representations.

Zosimos offers three different exercise types that can be used
when creating chemistry quizzes. In the following we will review
the different exercise types that are currently available in Zosimos
with special attention to the structure drawing options that are built-
in for each exercise.
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Fig. 2. Chemistry drawing in Zosimos is supported by the chemical
editor Marvin JS.

2.1 Text Answer

This is a non-drawing exercise type for students which requires
them to enter a text when completing the exercise. However, with
the help of the chemical editor, these exercises can be widely illus-
trated with structural content such as shown in Fig. 3.

(1 )

Zosimos.io

Name the compound according to IUPAC rules.

Answer

3-ethyl-2-methylhexane

= J

Fig. 3. A nomenclature exercise using text answer.

This type of exercise is commonly used in nomenclature prob-
lems, for example, or when checking the understanding of chemi-
cal concepts. It also supports the creation of fill-in-the-blanks type
questions. Teachers may also define multiple alternative text an-
swers if more than one correct answer satisfies their exercise. If
the student’s answer matches the text that has been provided by the
teacher, the student gets a certain score for the exercise that was set
by the teacher.

2.2 Multiple Choice

The commonly used multiple choice exercise type is also
available in Zosimos, including single-answer and multiple-
answer variants. It is also equipped with chemical drawing pos-
sibilities: teachers may add chemical drawings as options in
a multiple choice exercise and they can select their preferred
drawing style. This type of exercise may be used, for example,
when asking about properties of compounds (see Fig. 4, for ex-
ample) or checking for correct interpretation of structural fea-
tures in molecules.

Zosimos.io

Which compound is the most acidic?

Answer
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Fig. 4. Students can select the correct answer(s) from a set of structures
in the multiple choice exercise.
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Fig. 5. Students draw molecules when providing structure answers.

2.3 Structure Answer

Chemical structure drawing may also be expected from
students as correct answers (Fig. 5). We support the drawing
of Lewis structures, ions, resonance structures and several ste-
reochemical representations such as dash-wedge structures or
E/Z isomers. This exercise type is often used to request drawing
isomers, predict the product of reactions, draw molecules from
IUPAC names or switch between structural representations.

When students are practicing with this exercise type, they
will be able to draw the requested compound from scratch and
their structure will be compared to the correct structure provided
by the instructor. If the student’s structure matches that of the
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instructor, the student receives the points for that exercise. The
checking algorithm behind this exercise type is equipped with
chemical intelligence: it checks for atom types, the bond order
and the connectivity of the atoms, lone pairs and charges. It
is also able to check for polymer structures, resonance struc-
tures, polyatomic ions, R-group representations, and recognizes
reaction features such as + signs and the different arrow types.
Curved arrows may also be evaluated in reactions when asking
questions about reaction mechanisms. We also recognize several
different types of stereochemical representations such as wedge
and dash projections, E/Z stereoisomers.

In certain exercises, the instructors may want to aid the stu-
dents’ work by providing a starter structure to work on. Zosimos
uses templates of predefined molecules that will show up for the
students upon exercise completion. Students can modify these
template compounds when answering the questions (Fig. 6).

Zosimos.io Zosimos.io

Make changes to the molecule
to draw it in R configuration.

Make changes to the molecule
to draw it in R configuration.

Answer template Answer

H r H ///4 Br
CH, "
H,C H,C

CH,

Fig. 6. Students are presented with pre-drawn structures and are asked
to modify them.

3. How to Use Zosimos with a Class

Students can be invited by instructors to join a class in
Zosimos. The chemistry quizzes created by the instructor may
be used in the following two different ways in a class.

3.1 Practice Quizzes

The chemistry quizzes can be shared in a practice mode.
In this case, the students can complete a specific quiz as many
times as they want for their own practice. Students may also try
to answer a specific question several times if the teacher allows
more than one attempt. The instructor can view their results in
the class, thus they can continuously monitor the students’ prog-
ress. This type of usage supports the recognition that chemis-
try is a difficult subject and requires frequent practice from the
learner to master the new concepts.

3.2 Assessments

Another way of using chemistry quizzes with a class is
to make assessments. This is a more formal way of using the
quizzes and enables the instructors to prepare homework, ex-
ams, assignments, and other types of tests for their students.
Assessments can be accessed by the students within a limited
time frame that is controlled by the instructor. In contrast to
the practice mode, students can complete the quiz only once
when doing an assessment. Once the assessment time is over,
the instructor can review the students’ results in Zosimos and
download the assessment scores in a csv file.

4. Class Independent Usage

Zosimos may also be used without creating a specific class.
The following two options are available in the tool for teachers
and students alike to solve chemistry problems and practice mo-
lecular structures without the need of setting up or joining a class.

4.1 Public Quizzes

Zosimos offers a large number of quizzes that are immediately
available after registration. These quizzes cover diverse chemistry
topics and have been created by chemistry experts at ChemAxon
and by our registered teachers who decided to share their learning
material with the teacher community. The public quizzes may be
used without any limitation with students or can serve as starting
points for quiz creation. Thus, it is possible to cherry pick some of
the exercises of a public quiz and develop personal content from
these quizzes. Since our teachers are located around the world, the
language of the quizzes varies. Currently we have English, French,
German and Spanish chemistry quizzes, to mention just a few.

4.2 Memory Game

Zosimos also includes a Memory Game to support playful
learning. Students can learn and review chemical structures by
turning over cards and looking for matching structures. Amino
acids may be matched by their names or compound classes can
be reviewed by looking for functional groups.

5. Instructor Experiences and Student Perceptions
5.1 General
The Zosimos Early Adopter program provides teachers with
early access to Zosimos. Members of the early adopter pro-
gram play an important role in the product development process
by sharing feedback on their Zosimos experience, contributing
ideas and enhancement requests while having free access to all
Zosimos functionalities for their classes. Urs Leisinger started
using Zosimos as a participant of our Early Adopter program at
Kantonsschule Zug (Kantonsschule Zug, Liissiweg 24, CH-6302
Zug) in September 2019. Kantonsschule Zug is one of the high
schools that was awarded the ‘MINT-Label’ by the Swiss Academy
of Sciences. MINT stands for mathematics, informatics, natural
sciences and technology. This prize is awarded to high schools
that are particularly active in the field of science and technology.
In the following part, we summarize what has been experi-
enced at Kantonsschule Zug in relation to the students’ Zosimos
practice. In order to gain more insights into their Zosimos usage,
Urs Leisinger was asked to answer the following set of questions:
1. What are the high school chemistry topics that can be sup-
ported by Zosimos?
2. How old are the students you use Zosimos with?
3. How many students are using Zosimos?
4. What kind of activities do you prepare for the students in
Z0simos?
How do they learn to use the drawing tool?
What do you see as the learning benefit of using Zosimos?
What do the students say about Zosimos? What kind of feed-
back did you get from them?
8. HowdoesZosimos help your teaching in the time of COVID-19?

Now

The following part of the article was created based on his an-
swers given in this mini interview.!

5.2 High School Chemistry Topics

5th grade students (around 40 to 60 students per year, age
17-18) at Kantonsschule Zug are frequently set obligatory and
optional exercises in the practice mode of Zosimos to support
their chemistry learning. According to Urs Leisinger’s experi-
ence, Zosimos may support the learning of any part of the high
school chemistry curriculum where drawing molecules is re-
quired. Some example topics have been collected here that were
covered at Kantonsschule Zug:
a) Introduction to molecules

Students can be asked to practice drawing small molecules,
mono-atomic ions and polyatomic ions. Students can also practice
the octet rule with Zosimos to be able to draw correct structures.
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b) Conjugated systems
¢) Hydrogen bonding

Students can draw molecules with certain hydrogen bonding
properties in exercises like this: “Draw a molecule that consists of
2 C atoms, 1 O atom and as many H atoms as needed and contains
one donor residue and can maximally form three hydrogen bonds.”
d) Acids and bases
e) Organic nomenclature

This topic will be exclusively supported in Zosimos this year
with practice quizzes.
f) Organic reactions

5.3 Learning Benefits

Several learning benefits have been identified at Kantonsschule
Zug related to using Zosimos regularly with the students: Firstly,
Zosimos offers the opportunity that everyone can work on chemical
structures at their own speed. Students never have to wait for correc-
tions or feedback from the teacher, nevertheless they clearly know
how they have performed. This can reduce waiting time and generate
more learning time.

Secondly, using Zosimos also adds a gamification component
to the students’ practice. When providing short exercises to the stu-
dents, they may get in a gaming mood. U.L. observed that a cer-
tain fraction of students solves the exercises several times because
they would like to improve on completion speed and correctness.
Additionally, even those students can be included in the Zosimos
activity who otherwise have to fight high activation barriers when
they are expected to solve problems on their own.

Lastly, Zosimos is optically attractive, has a modern look and is
a modern digital tool. All of these factors can motivate students to
study more intensively. However, it should also be noted that while
Zosimos is a useful tool for practicing, it should not replace the
elaboration and discussion of carefully chosen examples. Students
must also draw in their documentation that is compiled in a way to
give a maximal overview.

5.4 Student Feedback

Students like the immediate, clear and precise feedback they get
when using Zosimos. They also like the fact that the teacher needs
less time to correct exercises, therefore they have more resources to
discuss problems related to their personal understanding of chemi-
cal theories. However, it should be noted that using Zosimos still
requires a considerable time investment from the teacher’s side es-
pecially in the exercise preparation process.

U.L. noticed that some students had some difficulties using
Zosimos at the beginning. The chemistry they should practice is
already demanding and they find the extra difficulties to learn to
navigate a new platform sometimes overwhelming. To overcome
this problem, students received plenty of hands-on tasks, where they
learn through trial and error and by supporting each other. Zosimos
is very intuitive, but for new users it is nevertheless quite complex.
A lot of details have to be clear before the students can focus on the
chemical part of the work.

5.5 Instructor Notes

From the instructor’s point of view, it is very useful to have a
look at the incorrect responses and review which part of the exercise
the students were able to solve and what was problematic for them.
When looking at their different attempts at solving an exercise, it is
usually clear what causes their problem and it can be explained to
them individually, without forcing the rest of the class to listen to
the explanation. During the coronavirus lockdown, Zosimos proved
to be extremely useful because of this easy tracking of the students’
progress.

For homework, a small number of questions (3—8) proved to
be effective, where each question deals with a different aspect. The
number of attempts were usually set to three. Thus, if the students do

not provide the right answer at the first attempt, they can try solving
the exercise two more times. After three attempts it is better to give
them the solution (and another exercise with similar challenges),
otherwise the attention breaks off.

U.L. is also experienced in using Moodle to support his chem-
istry teaching. Compared to that learning platform, he especially
likes Zosimos because of its user friendly and intuitive interfaces
for students and teachers alike. Also, he greatly appreciates the auto-
correction algorithm which takes into account fine chemical details
such as the presence of lone pairs in a chemical structure.

5.6 Future Plans

The number of students using Zosimos will be extended at
Kantonsschule Zug this year. Besides 5th graders, students learning
chemistry at grades 3, 4, and 6 will also have a chance to practice
chemistry in Zosimos. The reason behind this planned extension is
twofold. On one hand, the instructor feels that Zosimos is now ma-
ture and versatile enough for wider usage. Also, the school has re-
cently changed to a bring your own device scenario (BYOD), mean-
ing that every student brings along their own computer to the school.
Now that the computers are always available, the Zosimos exercises
can easily be integrated into any learning setting.

6. Closing Remarks

Zosimos can be tried out at https.://zosimos.io. After a short reg-
istration, teachers can start browsing the chemistry quizzes prepared
by other instructors or start creating their own exercises. We offer
Zosimos in two packages, Basic and Pro, with a 1-month free trial
period of the Pro package.

Zosimos is under active development at ChemAxon so its chem-
istry capabilities are expected to grow further. Our plans include
supporting exercises with multistep synthesis to extend our chem-
istry towards advanced organic chemistry. Also, we would like to
offer more exercise types to further support the learning of general
chemistry and inorganic chemistry.
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