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FEATURE ARTICLE

ABSTRACT

In recent years, accreditation standards for international engineering education
have led to a dramatic rise in the use of outcome-based education at universities
In this system, enticing new undergraduate students to science and engineering,
although challenging, is the first important step toward building students’ career
competencies. An ongoing effort to attract students to biotechnology was initiated
13 years ago in the School of Biotechnology at the East China University of
Science and Technology in Shanghai. We describe the design and organization
of the Microbe Competition, a program attracting a total of nearly 6,500
students as of 2018. In the competition, students need to pass the microbiology
knowledge test, provide a practical experiment proposal related to the topic of
competition, and finish the experiment under the supervision of teachers before
getting final prizes. The competition develops students’ competencies in
acquiring and applying knowledge, problem solving, teamwork, communication,
and experimental skills. By investigating students’ feedback, we have been
continuously improving the quality of competition to attract more students from
the biotechnology major. We hope that by sharing our experience, we can help
educators at other universities organize similar introductory activities on their

own campuses

Key Words: First-year undergraduate; interdisciplinary; discovery learning;
biotechnology

“A well-defined
competition is a
strong incentive to
students and acts as
an effective
complement to the
introductory courses.”

O Introduction

Since the Accreditation Board for Engineer-
ing Technology (ABET) released Engineering
Criteria 2000, engineering programs focus-
ing on outcome-based education (OBE) have
been established in many countries to help
students develop important competencies
for their career success (Lucena et al., 2008;
Passow, 2012). China signed the Washing-
ton Accord (International Engineering Alliance) as a full member in
2016, a milestone in accepting and spreading the OBE philosophy

in the world’s largest system of higher education (Washington Accord

Learning from Competition:

An Outcome-Based Introductory
Activity for First-Year
Biotechnology Undergraduates

Signatories, 2017). Engineering students are required, by the end of
their educational experience, to accomplish predetermined goals
and obtain the corresponding competencies. All teaching activities,
such as curriculum organization, student instruction, and perfor-
mance assessment, are designed to make sure this learning ultimately
happens, and these activities are continuously improved (Prideaux,
2007; Male, 2010). The first step to realizing the goals of engineering
education is to inspire new university students to take an interest in
engineering topics. This is done through effective introductory courses
and, more importantly, by meeting the requirements of OBE in the
introductory course itself.

Unfortunately, traditional introductory courses are subject ori-
ented and knowledge based, so new students lack direct, hands-on
experience (Wright, 1996). However, domestic and international
subject competitions at different levels have been demonstrated to
effectively discover young talents and inspire them to learn and
apply knowledge in solving complex problems (Stazinski, 1988;
Khalil et al., 2015). Well-known examples include the worldwide
annual International Mathematical, Physics, Chemistry, and Biology
Olympiads (IMO, IPhO, IChO, and IBO, respec-
tively; see IMO, 2017; IPhO, 2017; IChO, 2017,
IBO, 2017); the Association for Computing
Machinery International Collegiate Programming
Contest (ACM-ICPC; see ACM-ICPC, 2017); and
the Robot World Cup (RoboCup; see RoboCup,
2017). In biological chemistry, the international
protein-folding competition, Critical Assessment of
Prediction (CASP; see CASP,
2017), has pushed the rapid development of compu-

Protein Structure
tational biology, generating innovative computa-
tional tools to solve the complex structures of
biomolecules, and a group of talented scientists has
emerged (see Baker & Sali, 2001; CASP, 2017).
Inspired by these successful international competitions, we
believe that a well-designed competition is a good complement to

current H]ll'(\ltl(lﬂl"\' courses because it PI’O\'I(]CS an OPPOI'IUHH\
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for interaction between students and teachers. In biotechnology,
the microbe is the research focus for green biomanufacturing. More
importantly, microbes are fun for students to learn about. There-
fore, to inspire new students to take an interest in biotechnology,
we have been holding an annual Microbe Competition (MC), an
institutional introductory activity for first-year undergraduate stu-
dents at East China University of Science and Technology, since
2005. Using the OBE philosophy as our guide, we designed the
competition process, developed student evaluation methods, and
have adjusted the competition topics continually in response to
students’ feedback. Through years of practice, the competition
has earned a good reputation across the university. In this article,
we describe the development of the MC in its first 12 years (here-
after denoted MC1-MC12), its strengths and challenges, and its
benefits for students and teachers, with the hope of enabling educa-
tors at other universities to reap similar benefits by organizing
events like this on their own campuses.

O Design & Development of the Microbe
Competition

Workflow of the MC

In a typical year, the MC starts in April and ends in the last week of
August (which falls in the second semester of the first-year univer-
sity student), progressing through three stages: preliminary, semifi-
nal, and final (Figure 1). The competition is held after the formal
biotechnology introductory course in the first semester, which
ensures that the participating students have basic knowledge about
the major. There are approximately 500, 180, and 42 participants,
respectively, at each stage. First-year undergraduates from the School
of Biotechnology and students of any year from other schools are eli-
gible for the preliminary. In the preliminary, we emphasize the
importance of fundamental knowledge of biology and engineering,
focusing on the ability to acquire and apply knowledge. Students
usually prepare for the preliminary by actively searching for and
learning new information about microbiology from the Internet, text-
books, and/or research papers in the library. At this stage, students
are assessed using a written test with 100 multiple-choice questions,
including 36 picture questions. After evaluating students’ scores, we
select 180 qualified students for the semifinal.

In the semifinal, students are required to form three-person
teams. At this stage, we focus on problem-solving, teamwork, and
communication abilities. Each team needs to search the literature,
design an experimental research proposal on the competition’s topic,

Time April to June June to July August >

Stage 2 Preliminary >> Semiﬂnal>2 Final >
Evaluation | Quiz | [ Proposal |

[ Experiment ]

Participants 500 120-180 42
Outcomes *Applying eProblem solving OMeasu,'oment and
knowledge e Teamwork analysis
eCommunication ~ ®Teamwork
eCommunication

Figure 1. Content design and organization of the preliminary
round of the Microbe Competition.

and give an oral presentation defending their proposal. Based on the
feasibility of students’ research proposals and their performance in
the oral presentation, 30-42 students (10-14 teams) eventually
enter the final stage.

In the final, 14 teams carry out their proposed experiments, ana-
lyze data, draw conclusions, and write a report within five to seven
days. On the first day of the final, students are trained to learn the
basic experimental skills in microbiology. During the competition,
eight teachers and five graduate students supervise students and
help solve their problems so that they can finish the experiment
smoothly and safely. According to the quality of the reports and stu-
dents’ performance in the experiment and the oral presentation, we
award one first prize, two second prizes, and three third prizes; thus,
a total of six teams receive awards.

Through the competition process, students are encouraged to
demonstrate their ideas by designing and conducting hands-on
experiments, and to draw meaningful conclusions through data
processing and analysis. More importantly, they need to work coop-
eratively as a whole team and display their results effectively using
oral and written skills.

To attract more students to participate in the contest, each par-
ticipant can obtain course credits according to their performance
in the contest: 0.1 credits for the preliminary, 0.4 for the semifinal,
and 1.0 for advancing to the final. In order to enhance the compet-
ition’s impact for new undergraduates, we use posters and campus
radio to advertise the event, and release competition news via online
social networks before the contest. Because 500 students participate
in the preliminary every year, we developed a computer-based
examination and evaluation system to reduce cost. The total cost
of the MC, comprising funds for the experiments, the prizes, and
subsidies for senior graduate assistants, is estimated to be ~$2000
(U.S.) per year.

The majority of participants are first-year undergraduates who
attained only fundamental biology knowledge in high school and
who may not have much specific knowledge about microbiology.
Thus, we designed preliminary test questions with appropriate diffi-
culty and made them interesting for students. First, we controlled
the difficulty of the test by selecting 80% easy questions from text-
books and 20% difficult questions from research literature. Second,
in order to make the test engaging and even funny, we designed inter-
esting picture questions (Figure 2). Statistics from 6500 participants
from all 12 years of the competition show that the average score and

17. Which event is depicted in the figure?
A. Alien landing on Earth  B. Bacterium infecting immune cell

C. Phage infecting bacterium D. Mosquito biting skin

Figure 2. One picture question in the quiz of the preliminary
shows the process of a phage infecting a bacterium.
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the highest score in the preliminary round were 68 and 88 out of 100,
respectively, demonstrating that the test is moderately difficult and is
suitable for first-year undergraduates.

Design & Evolution of Competition Topics

A good competition topic can entice students to learn from their dis-
coveries (Rezanka et al., 2013). The first step for utilizing microbes
as “cell factories” in biotechnology is to find new microbes in nature
with various forms and functions. Thus, we focus on this topic for
every MC, inspiring students to apply their knowledge and skills
about microorganisms to find microbes in nature. Within this frame-
work, we continuously change topics and goals in response to feed-
back from students (Table 1).

For example, the topic of the competition’s first three years,
“Finding More Microbes in Nature,” was simple, and the students
who found the most microbes were the winners. Students prepared
different types of media to isolate and culture microorganisms.
In the end, they observed various kinds of microbes with different
colors and morphologies, including bacteria, yeasts, actinomycetes,

Table 1. Competition topics from MC1 to MC12.

and fungi (Figure 3). To find more microbes, some students obtained
mold and yeast from moldy bread and rotten fruit, and one team even
brought in some mushrooms from a local farm in their final defense.

After MC3, we changed the topic to “Finding Good or Bad
Microbes,” on the basis of students’ feedback and their ability as
demonstrated in previous contests (Table 1). We gave students room
to exercise their creativity and imagination, thus keeping the contest
interesting. This was an open topic, and we let students themselves
define why microbes are “good” or “bad.” The topic greatly stimu-
lated students’ imaginations, and they presented many interesting
results in the final stage. For example, for “bad” microbes, students
asked and answered some interesting questions, including

« “What kind of microbes dominate in a cup of cola or green tea
after it is left out overnight?”

+ “How many microbes are in the classroom switchboard, and
can they become a route of disease transmission?”

« “Do microbes grow in an opened bottle of eye drops at room
temperature, and, if so, does it affect their use?”

Seasons Topic Content Experimental Skills

MC1-MC3 Finding More Isolating microbes from the natural | Medium preparation and sterilization,
Microbes environment (as many as possible) | isolation and identification of microbes

MC4-MC10 Finding Good or Bad | Isolating microbes and Medium preparation and sterilization,
Microbes demonstrating their functions isolation and identification of microbes,

bioreaction and characterization

MC11-MC12 Painting with Drawing a picture with given Medium preparation and sterilization,

Microbes microbes isolation and inoculation of microbes

Figure 3. Examples of winners’ work from MC1 to MC12: (A) a mold found in moldy library books (2005, School of Biotechnology);
(B) a Bacillus strain with a strange form isolated from soil (2007, School of Chemistry); (C) a blue fluorescent Pseudomonas aeruginosa
found in soil (2013, School of Biotechnology); (D) comparison of the sterilization effect of different brands of hand soaps at different
concentrations (2011, School of Materials Science); (E) “Evolution of Life” (2017, School of Biotechnology); (F) “Protein Synthesis”
(2017, School of Biotechnology); (G) “Chinese Pavilion, Shanghai Expo” (2017, School of Biotechnology); and (H) “Prosperity Brought
by the Dragon and the Phoenix” (2018, School of Pharmacy and School of Materials Science).
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¢ “How long after a watermelon has been cut can it not be eaten?”

* “What is the comparative sterilization effect of different hand
soaps?”
For “good” microbes, students found microbes that can catalyze the
synthesis of useful chemicals or degrade pollutants. Some students
prepared samples one month in advance in order to enrich the
degrading bacteria. The students themselves presented these spe-
cific problems, and they solved them using their own knowledge
and skills.

In MC11 and MC12, we wanted to show students that sci-
ence and art are twin siblings and that biotechnology can be
beautiful and cool. We hoped to encourage students to create
beauty with microbes. The topic was “Painting with Microbes,”
which required students to culture microbes on agar plates and
make them grow into pictures. We provided students with
strains of different colors, including Saccharomyces cerevisiae
(white), Rhodotorula sp. (red), Tetragenococcus sp. (yellow), Peni-
cillium sp. (blue), and genetically engineered Escherichia coli
expressing green fluorescent proteins (green). Students used a
variety of tools to culture microbes into various predetermined
patterns, such as “Evolution of Life,” “Protein Synthesis,” “Chi-
nese Pavilion, Shanghai Expo,” and “Prosperity Brought by the
Dragon and the Phoenix” (Figure 3). The beautiful results and
excellent feedback from students convinced us that a well-
designed competition with an interesting topic inspired students’
curiosity and imagination—which, we believe, is a wonderful
start for their study of biotechnology.

O Establishment of the Evaluation
System

To ensure that MC participants effectively learn new knowledge
and gradually achieve the target competencies, we decided that,
for the contest, teachers should supervise the whole process
and establish a scientific evaluation system to assess students’
performance. In the preliminary, test scores objectively deter-
mine how much knowledge a student has mastered. Students’
scores in the semifinal are equally weighted between their exper-
imental proposal (50%) and their performance in the oral pre-
sentation (50%). The final evaluation consists of three parts:
first, the validation of the experimental results, accounting for
70%; second, students’ performance in the oral presentation,
accounting for 20%; and third, students’ abilities to use scientific
tools to perform experiments correctly as a team, accounting for
10%. This evaluation system covers all five target learning out-
comes, fully reflecting the competencies students acquired dur-
ing the contest.

O Outcomes of the Microbe Competition

Student Feedback & Evolution of the Competition

We attempted to explore the possibility of applying the OBE phi-
losophy to design, organize, and improve the competition continu-
ously. Every year, after the competition, we surveyed students who
experienced all three stages about their attitudes toward the contest
topic, their attitudes toward the experimental conditions (i.e.,
materials, instzuments, and equipment available), and their sugges-
tions (Table 2).

As shown in Table 2, the ratio of satisfaction increased when
we adjusted the contest topic in seasons 4 and 11. In MC1-MC3,
79% of students were satisfied with the competition topic. How-
ever, 30% of students suggested that the task was too simple. Start-
ing with MC4, we changed the competition topic to “Finding Good
or Bad Microbes,” based on students’ feedback, after which 91% of
students were satisfied, although 32% of students reported that
they did not finish the experiment on time. MC11 and MC12 were
unique because students were allowed to paint with different
microbes (see Figure 3), and all the students (100%) participating
in the final stage stated that they were satisfied with the competi-
tion topic. Over all 12 seasons, >90% of students were satisfied
with the experimental conditions, indicating that the materials,
instruments, and equipment available for the contest were sufficient
to fully support their experiments. Two months before the contest,
teachers began to prepare the materials that students would need,
which resulted in a smoothly run contest.

Competition Participants & Current Challenge

Because the contest usually lasts from April to August, it is important,
and sometimes difficult, to keep participants’ interest from the begin-
ning to the end. Therefore, we compared students’ participation at dif-
ferent stages of the competition. A total of 360 students passed the
preliminary in MC1-MC3, but only 272 students (75%) participated
in the semifinal; in MC4-MC10, 840 students passed the preliminary
and 91% participated in the semifinal; in MC11 and MCI12, the ratio
reached 100% (Figure 4). Although many factors influenced students’
participating in the whole competition, this result gave us encourage-
ment to try to maintain students’ attention throughout the semester.

According to the statistics, the competition attracted students
from 13 schools across the university (Table 3). Besides biotechnology
students, there were dozens of students each year from the schools of
materials science, pharmacy, chemistry, chemical engineering, and
business. However, the numbers of students from the schools of
mathematics and physics, information technology, mechanical engi-
neering, environmental engineering, arts, foreign languages, and law
were small, perhaps indicating that students from these majors lack
interest in biotechnology, although some research frontiers in these

Table 2. Students’ Satisfaction Inventory from MC1 to MC12.

Topics 79 21 0 91

Experiments 94 6 0 98

94
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disciplines have an increasing trend of fusing with biotechnology. We
also calculated the ratio of students from biotechnology and other
majors who progressed into the semifinal and final stages compared
to the preliminary. In total, 38.4% and 11.5% of students from bio-
technology passed into the semifinal and final in MC3, MC6, and
MCI11. By contrast, 20.1% and 4.3% of students from other majors
were able to attend the semifinal and final, respectively. Clearly, stu-
dents from biotechnology have more knowledge and interest in
microbiology than students from other majors, which helps them go

[ Semifinal Final
2| Y N HIN
- \ :3:3\ 1:3\
R LR
Pl BN FIN S FIN
8| | § E;E;§ ;EE;§
& : 3 § i & b §

2
2

3 MC4-10 MC11-12

Figure 4. Percentage of students participating in the semifinal
and the final stages in MC1 through MC12.

far in the competition. However, talented students from other schools
can also become champions with their innovative ideas and excellent
experimental skills. For example, three students from the schools of
pharmacy and materials science won the first prize in MC12 with their
beautiful “painting” (Figure 3H).

Numbers of participants from the top six schools during three of
the competitions (MC3, MC6, and MC11) are plotted in Figure 5
(along with the ratio of male to female participants in those years,
which is nearly equal). From MC3 to MC11, the number of biotech-
nology students participating has increased; the reason is that the
number of students enrolled in the School of Biotechnology
increased from 249 in MC3, to 338 in MC6, to 369 in MC11. More
importantly, the participation ratio increased, from 83% (207), to
91% (308), to 99% (366) of the total number of enrolled biotechnol-
ogy students, respectively, indicating that the competition is now a
successful and attractive scientific event in the School of Biotechnol-
ogy. However, the ratio of students from other schools has gradually
decreased from 46% in MC3 to 15% in MC11. One possible reason
is that the topics in the recent competitions were more specific to
microbiology, which may give students the (incorrect) impression
that the competition was designed only for biotechnology students.
Furthermore, students from other majors are at a disadvantage due
to their lack of background knowledge in microbiology, and the
topics and test may make them less inclined to join. Thus, there is
a challenge, but also an opportunity, to entice students with different
scientific backgrounds to join the competition in the future.

Table 3. Participating students in each stage of MC3, MC6, and MC11.

Biotechnology 207 78 27 308 103 35 366 157 39
Materials e 8 3 23 0 0 10 6 0
Science

Chemistry 36 8 3 16 1 0 5 2

Pharmacy 29 7 2 35 1 18 7

Chemical 27 3 1 35 6 0 14 6 3
Engineering

Business 15 0 0 5 1 15 1 0
Information 10 0 035 1 1 0 4 3 0
Technology

Environmental 6 7 6 16 0 0 1 1 0
Engineering

Math and 3 0 0 4 1 0 2 1 0
Physics ¢

Mechanical 1 0 0 4 1 0 2 0 0
Engineering

Arts 1 0 0 1 0 0 2 1 0
Foreign 1 0 0 2 2 1 0
Languages

Law 1 0 0 1 0 0 1 0 0
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O Conclusion & Recommendations

It is important, and sometimes challenging, to attract students to their
majors in the first year of university study. Our experience in the design,
development, implementation, and evaluation of the MC for new
biotechnology students at East China University of Science and Tech-
nology in the past 12 years suggests that a well-defined competition is
a strong incentive to students and acts as an effective complement to
the introductory courses. Students learned new knowledge and
obtained new abilities from the competition, while faculty learned
how to organize their teaching activities well using the OBE philosophy.

Participating in the MC was a good start for students wishing to
do research in biotechnology. For example, a student who partici-
pated in MC9 has since won a national scholarship and a national out-
standing undergraduate prize and is now studying as a PhD student at
Tsinghua University. She told us that the first research experience on
her résumé is the MC, during which she discovered the beauty of
microbiology.

Looking at what has been achieved in past competitions, we con-
clude that this competition can still be improved in many ways. We
have found that new university students are more active and curious
in biology than their counterparts 10 years ago were, so the difficulty
of the competition needs to be adjusted accordingly. With the fast
development of synthetic and systematic biology, new students are
not satisfied with simply finding new natural microbes; they also want
to assemble artificial, engineered microbes for new biofunctions. More
importantly, we think that the competition should further emphasize
the significance and emergent nature of serious issues that humans are
facing, such as climate change, energy shortage, environmental pollu-
tion, human health, food, and poverty. The competition should teach
students that continuous creative work in biotechnology and other
disciplines will result in the science and innovative technology needed
to address these issues. We hope that our experience in holding the
Microbe Competition can help our colleagues in various disciplines
organize their own introductory activities to attract more undergradu-
ate students to engage in science, technology, engineering, and math-
ematics programs.
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