ACE, an online organic chemistry exercise platform with intelligent review function.
Introduction to organics and its application in teaching

Abstract

In organic chemistry exercises and test questions, students are usually required to draw
the structure of the reaction product, the reaction mechanism and the synthesis route,
etc. There is no platform in China that can answer the above questions online and make
correct judgments on the answers.

ACE Organic (Achieving Chemistry Excellence: Organic Chemistry) is an online organic
chemistry exercise platform with intelligent feedback function. After students use the
drawing software in the system to complete the homework assigned by the teacher online,
the platform will judge whether the student's answer is correct and give evaluation and
prompts to guide students to solve the problem correctly. For complex mechanism and
synthesis questions, ACE can accept multiple correct answers. By checking the statistics
of the system, teachers can understand the students' mastery of knowledge points at any
time. ACE has a forum to facilitate interaction between teachers and students. Teaching
practice has proved that the openness of ACE has effectively improved students' interest
in learning organic chemistry and cultivated students' rigorous scientific attitude.

The teaching content of organic chemistry is complex. After-class exercises not only help
students deepen their understanding of the knowledge points they have learned, but also
help students sort out their ideas and flexibly apply the knowledge they have learned to
solve complex problems. Therefore, after-class exercises and tests are an important part
of the basic organic chemistry course. With the development of network technology and
the development of online teaching, online exercises have received more and more
attention. Compared with the traditional written exercise mode, organic chemistry online
exercises have many advantages: [1-4] Using drawing software to answer questions,
students are required to answer more standardized questions; after answering questions,
students can get immediate feedback and guidance; submitting homework is no longer
restricted by time and place; through the statistical data provided by the system, teachers
can understand students' learning situation more timely and accurately; teachers can use
the time saved from correcting homework to interact with students and improve teaching
effectiveness.

In recent years, some online learning programs for organic chemistry based on the Internet
have been developed at home and abroad[5-10] to help students learn organic chemistry
independently, and have achieved good teaching results. ACE: Organic Chemistry
(Achieving Chemistry Excellence: Organic Chemistry, ACE [9]) is an organic online exercise
platform jointly developed by Professor Robert B. Grossman of the Department of
Chemistry and Professor Raphael Finkel of the Department of Computer Science at the
University of Kentucky and published by Pearson Education, published as an organic
online exercise platform. Compared with other online organic chemistry exercises, ACE
has the advantage that ACE is one of the most intelligent online organic chemistry exercise



systems. Using the commonly used free software Marvin JS for drawing, teachers and
students can use it online without installing the software on their computers. ACE's
intelligent feedback system can not only determine whether the student's answer is
correct, but more importantly, after the student's correct answer, ACE will prompt the key
points of knowledge involved in the question, and after the wrong answer, ACE will point
out the reason for the error. ACE is the only platform that can provide multi-step solutions
to reaction mechanism and synthesis questions. It can intelligently distinguish multiple
possible reaction mechanisms and multiple reasonable synthesis routes, and accept
multiple reasonable answers. Teachers can clearly understand students' homework
completion and knowledge mastery through ACE's automatic grading function without
having to review homework one by one. ACE has built a communication platform for
teachers and students. Students can ask questions in the forum and get replies from
teachers or other students. In addition, ACE has a massive question bank with more than
2,600 exercises covering a variety of question types including reaction questions, naming
questions, mechanism questions, synthesis questions, and multiple-choice questions.
ACE has been translated into Portuguese and Chinese. It is one of the most widely used
online organic chemistry study question systems and the only foreign online organic
chemistry study question system with a Chinese version.

1. Introduction to use

1.1 Student interface

First, students can learn how to use the Marvin JS software and how to solve different types
of exercises through the course guide (Tutorial course) [12]. While completing the
exercises, students can also learn how to use the software to draw organic molecular
structures in advance, which will prepare them for future scientific research and work.
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Fig. 1 Student answering interface in ACE



Table 1. ACE responses to different responses to the reaction of cyclohexylethylene with
hydrogen bromide.

answer ACE feedback
There is no free radical initiator present, so the reaction is

Br
O/V presumed to undergo an ionic mechanism, keeping in mind
Markovnikov's rule.

Br A good answer, but not quite correct. You get the intermediate
that gives you the compound, but the carbocation rearranges
to give a more stable carbocation, so the Bratom in the
product is not attached to the right place.

Correct, the initially formed secondary carbocation undergoes

B
' a 1,2-hydrogen shift (rearrangement) to give a tertiary
O/\ carbocation.

After the teacher assigns homework, students need to complete all exercises within the
specified time and number of attempts. Students use MarvinJS to draw the molecular
structure of the product and submit their answers (Fig. 1). The system willimmediately give
comments: if the answer is correct, the system will prompt the correct solution to the
question to prevent students from "guessing"; if the answer is wrong, the system will point
out the reason for the error based on the student's answer and guide the student to find the
correct solution. Table 1 lists a reaction question: “Write the reaction product of
cyclohexylethylene and hydrogen bromide (Fig. 1).” ACE provides feedback on three
possible answers. For complex mechanism questions and multi-step synthesis questions,
ACE can provide up to 20 pieces of feedback, which can basically review all the answers
that students may submit. Therefore, ACE can help students to "know the reason and the
reason" when answering questions. In particular, for more complex mechanism and
synthesis questions, ACE will highlight its smartness. ACE can even "find" the mistakes in a
certain step of the student's answer. For example, ACE will tell the student the wrong
intermediate structure, charge, carbon skeleton or stereostructure, etc. With this targeted
prompt, students can deepen their correct understanding of the knowledge points.

Outside of the designated time and number of attempts, students can still review
previously completed questions through the "Practice Mode". This is the same as the
assignment answering method, except thatitis notincluded in the grade, making it
convenient for students to use when reviewing.

1.2 Teacher interface

Teachers can choose questions from the question bank to assign homework to students
(Fig. 2). The question bank of ACE is classified according to chapters. There are 35
chapters in total, such as acids and bases, alkanes, alkenes, alkynes, benzene and



derivatives, carbonyl compounds, etc. Each chapter is divided into different sections
according to knowledge points and question types. For example, the chapter on alkenes is
divided into different sections such as nomenclature, electrophilic addition, olefin
oxidation, olefin retrosynthesis, mechanism and multi-step synthesis. The questions in the
question bank come from the after-class exercises in various versions of Bruice[13] and
Wade[14] and Grossman's "The Art of Writing Organic Reaction Mechanisms"[15], as well
as the exercises written by the teachers who developed ACE. There are currently more than
2,600 exercises. When teachers select questions for students, they can set parameters
such as the deadline for completing the questions, the maximum number of attempts
allowed for each question, whether itis a timed test, and the scoring rules (Fig. 3).
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Fig. 3. The teacher editing task parameter interface in ACE



After students complete the exercises, ACE will grade them according to the teacher's
scoring rules. Teachers can see each student's score through the website's statistics, and
can also view each student's final answer to each exercise through the link. Detailed
statistical data not only helps teachers understand the overall learning situation of
students, but also helps teachers find problems with individual students.

1.3 Author tools

In order to meet the personalized needs of teachers for exercises, ACE has a special
author tool. Teachers can edit existing exercises or create new exercises according to the
teaching content. The author tool of ACE is slightly complicated. Editing or creating new
exercises includes three parts: editing the question stem, drawing the molecular structure,
etc. (reaction questions need to draw the reactants and reaction conditions, mechanism
questions need to draw the reaction formula, synthesis questions need to draw the
structure of the target molecule, etc.), and giving feedback on the answers (Fig. 4). The
more complicated part is editing feedback on different answers. As shown in Fig. 5, it is
necessary to classify the possible answers of students into different situations (correct,
partially correct, wrong). First, for the correct answer, the knowledge points involved in the
exercise should be prompted, and the solution ideas should be proposed. Secondly, itis
necessary to preset a variety of incompletely correct or wrong answers that students may
give, and propose the reasons for the mistakes for each answer, and guide students to
think about the problem scientifically. In addition, if the answer submitted by the student is
not within the preset range, the teacher can add corresponding feedback information
items according to the situation.
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2. Application of ACE in organic chemistry teaching

The School of Chemistry at Jilin University offers a two-semester basic organic chemistry
course for sophomores, with nearly 300 students in each grade. In the first half of 2020,
during the COVID-19 pandemic, the teaching team began to try to assign exercises in ACE
to replace some paper homework. Compared with written homework, ACE has a real-time
feedback function, which greatly improves students' learning efficiency. After using ACE,
students gave good feedback: they mastered the skills of drawing organic structures on the
computer through ACE; the real-time feedback of the system could solve most of the
problems in the exercises; the ACE forum provided convenience for teachers and students
to discuss problems in depth; and the interest in learning organic chemistry was



increased. In the teaching cycle of organic chemistry using ACE, students were more
receptive to online homework (Fig. 6).
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Fig. 6. Results of a survey on students’ acceptance of ACE. [Blue indicates acceptance,
gray indicates opposition.]

3. Conclusion

ACE: Organic Chemistry is a relatively complete and powerful online organic chemistry
problem platform based on the web. The system is highly intelligent and can comment on
the answers submitted by students in real time. It can not only judge whether the answers
are correct or not, but also give the reasons for correctness and errors. Compared with
traditional paper homework, it can stimulate students' learning interest and enthusiasm
for independent learning, improve their learning efficiency and independent thinking
ability, broaden their horizons, and enhance students' adaptability to society. In addition,
the statistical data provided by ACE can help teachers grasp students' learning situation
more comprehensively and systematically, and the time saved from reviewing homework
can be used to interact with students to achieve better teaching results.
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