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Guidelines for Submissions

I. Submissions t@ioscene

Bioscene: Journal of College Biology Teachia@g refereed quarterly publication of the Association of
College and University Biology EducatorsQABE). Submissions should reflect the interests of the membership of
ACUBE. Appropriate submissions include:

e Articles: Laboratory and field studies that work, course and curriculum development, innovative
and workable teaching strategies that includeestype of evaluation of the approaches, and
approaches to teaching some of the ethical, cultural, and historical impacts of biology.

e Reviews: Web site, software, and book reviews

¢ Information: Technological advice, professional school advice, and fundimgeso

e Letters to the Editor: Letters should deal with pedagogical issues facing college and university
biology educators

II. Preparation of Articles

Submissions can vary in length, but articles should be between 1500 and 4000 words in length. This
includes referenes, but excludes figureAuthors must number all pages and lines of the document in sequence.
This includes the abstract, but not figure or table legends. Concision, clarity, and originality are deBinaioke.
designated as acceptable g&cbes are described above. The formats for articles are as follows:

A. Abstract: The first page of the manuscript should contain the title of the manuscript, the names of the
authors and institutional addresses, a brief abstract (200 words or less) kainpoints in the
manuscript, and keywords in that order.

B. Manuscript Text: The introduction to the manuscript begins on the second page. No subheading is needed
for this section. This supply sufficient background for readers to appreciate the worktwtfesring to
previously published references dealing with the subject. Citations should be reports of credible scientific
or pedagogical research.

The body follows the introduction. Articles describing some type of research should be broken
into secions with appropriate subheadings including Materials and Methods, Results, and Discussion.
Some flexibility is permitted here depending upon the type of article being submitted. Articles describing a
laboratory or class exercise that works should bedsrakto sections following the introduction as
procedure, assessment, and discussion.

Acknowledgment of any financial support or personal contributions should be made at the end of
the body in an Acknowledgement section, with financial acknowledgemestsding personal
acknowledgements. Disclaimers and endorsements (government, corporate, etc.) will be deleted by the
editor.

A variety of writing styles can be used depending upon the type of article. Active voice is
encouraged whenever possible. tRasse is recommended for descriptions of events that occurred in the
past such as methods, observations, and data collection. Present tense can be used for your conclusions and
accepted facts. BecauB@scenehas readers from a variety of biologicpesialties, authors should avoid
extremely technical language and define all specialized terms. Also, gimmicks such as capitalization,
underlining, italics, or boldface are discouraged. All weigimd measures should be recorded in the Sl
(metric) systen.

In- text citations should be done in the following manner:

"érates varied when fruit flies were reared on medi
or

" Ulack (1978) presents alternative conceptual sche

C. Reference: References cited within the text should be included alphabetically by the author's last name at
the end of the manuscript text with an appropriate subheading All listed references must be cited in the text
and come from published materials in thertitare or the Internet. The following examples indicate

Bioscenss style format for articles, books, book chapters, and web sites:

(1) Articles-
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(a) Single author:
DEBURH, L.E. 1991. Usingtemnato study geometric population grow#imerican Biologyleacher
53@): 22932.

(b) Multi-authored:
GREEN, H., GOLDBERG, B., SHWARTZ, M., AND D. BROWN. 1968. The synthesis of collagen
during the development &fenopus laeviDev. Biol 18: 391400.
(3) Books
BOSSEL, H. 1994Modeling and SimulatiarA.K. Peters, London. 504p.
(4) Book chapters
GLASE, J.C. AND M. ZIMMERMAN. 1991. Population ecology: experiments with Protistans. In
Beiwenger, J.M. 199Fxperiments to Teach Ecoladycological Society of America, Washington, D.C.
170p.
(5) Web sites
MCKELVEY, S. 1995. Malthusian Growtikodel. Accessed from
http://www.stolaf.edu/people/mckelvey/envision.dir/malthus.lémP5 Nov 2005.

Note that for references with more than five authors, note the first five authors follove¢alby

D. Tables
Tables should be submitted as individual gtatic files. Placement of tables should be indicated within

the body of the manuscript. All tables should be accompanied by a descriptive legend using the following
format:

Table 1. A comparison of student giest and postest scores in a nemajors'biology class.

E. Figures
Figures should be submitted as individual electronic files, either TIFF or BMP. Placement of figures
should be indicated within the body of the manuscript. Figures include both graphs and images. All

figures should be accompanibg a descriptive legend using the following format:

Figure. 1. Polytene chromosomeddrybsophila melanogaster

ll. Letters to the Editor
Letters should be brief (400 words or less) and direct. Letters may be edited for length, clarity, and style.
Authors must include institution address, contact phone number, and a signature.

IV. Other Submissions
Reviews and informational submissions may be edited for clarity, length, general interest, and timeliness.
Guidelines for citations and references aregame for articles described above.

V. Manuscript Submissions

All manuscripts are to be sent to the editor electronically. Emails should include information such as the
title of the article, the number of words in the manuscript, the corresponding'suidnime, and all eauthors. Each
author's name should be accompanied by complete postal and email addresses, as well as telephone and FAX
numbers. Email will be the primary method of communication with the edit@®efene

Communicating authors Witeceive confirmation of the submission within three days. Manuscripts should
be submitted either as a Microsoft Word or RTF (Rich Text File) to facilitate distribution of the manuscript to
reviewers and for revisions. A singdenail is required to subitelectronically, as the review process is not blind
unless requested by an author. If the article has a number of high resolution graphics, separate emails to the editor
may be required.

VI. Editorial Review and Acceptance
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For manuscripts to be semtt for review, at least one author has either joined ACUBE or agreed to page
charges. Charges will be the membership fee at the time of submission per page. Once the authors' membership or
page charge status has been cleared, the manuscripts wilk be ts&m anonymous reviewers as coordinated
through the Editorial Board. Aut horsoé6 names will be
will examine the article for compliance with the guidelines stated above. If the manusedpinisompliance or
the authors have not agreed to the page cost provisions stated above, manuscripts will be returned to authors until
compliance is met or the page cost conditions have been met.

Reviewers will examine the submission for:

e Suitability: The manuscript relates to teaching biology at the college and university level.

e Coherence:The manuscript is wellritten with a minimum of typographical errors, spelling and
grammatical errors, with the information presented in an organized and thdugdtfoer.

¢ Novelty: The manuscript presents new information of interest for college and university biology educators
or examines welknown aspects of biology and biology education, such as model organisms or
experimental protocols, in a new way.

Once thearticle has been reviewed, the corresponding author will receive a notification of whether the article has
been accepted for publicationBioscene All notices will be accompanied by suggestions and comments from the
reviewers. Acknowledgement of theviewers' comments and suggestions must be made for resubmission and
acceptance. Further revisions should be made within six months if called for. Manuscripts requiring revision that
are submitted after six months will be treated as a new submissionld$hanuscripts requiring revision be
resubmitted without corrections, the chair of the editorial board will return the article until the requested revisions
have been made. Upon acceptance, the article will appBarsoeneand will be posted on the@QUBE website.

Time from acceptance to publication may take between twelve and eighteen months.

VIl. Revision Checklist

Manuscripts will be returned to authors for not following through on the following:
A. Send a copy of the revised article back ®¢hair of editorial board, along with an email stating how
reviewers6 concerns were addressed.
B. Make sure that references are formatted appropriately.
C. Make sure that recommended changes have been made.
D. Figures and legends sent separately, but placememanuscript should be clearly delimited.

VIII. Editorial Policy and Copyright
It is the policy ofBioscendhat authors retain copyright of their published material.
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BIOPS Interactive
An e-Learning Platform Focused on Protein Structwue and DNA
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Abstract One of the difficulties in teaching baginolecular biology concepts to the students with little biological

background is the lack of harda exercises that combines the challenges of the concepts with visualization and

immediate feedback. BIOPS Interactive is a ¥eled interactive learningngronment for molecular biology that

complements traditional lecture and text coursework. It includes a set of exercises of basic concepts about molecules
through the use of interactive graphics and scientific visualization. Students can gain immedizaeK of their

exercises, and the instructor can getthetealme f eedback about studentsd perforr
exercises, BIOPS provides a simple platform for instructors to create exercises of their own, or to modify existing

ones.The preliminary feedback from BIOPS users has been positive.

Keywords:molecular biology, welbbased education, interactiveimation.

introductory biology coursg®llen and Tanner,

Introduction 2005; Lord, 1997; Millen, 2003)n presenting
The need for interdisciplinary education with fundamental biology concepts to a novice student
respect to the field of biology has grown significantly audience, it is desirable to have a set of wedigned
during the past decade, fueled by the growing exercises to chaIIenge the §tudents using an
popularity of biologically motivated courses in |ntera.ct|v_eandgraph.|calenwronment. T.h(_e literature
disciplines like mathematical and computer science, has highlighted the importance of providing _
and the prominent role that bioinformatics and continuous feedback on the progress in the learning
computational methods have gained in biological process, and the great impact that interactive
investigations (g., (Johnson, 200}) en\_/|r0n ments have on reta J ning st
(Windelspecht, 2001)A natural consequence of this
The introduction of basic concepts from is the need for the instructor to be able to easily
molecular biology to students with limited biology modify the exercises to address the needs of the class.
badground (e.g., beginning biology undergraduate . .
majors and students from other disciplines) is a ~ Computational tools offer solutions to enable
challenging problem. Molecular biology concepts viewing and investigating moleculaiological
such as protein and DNA are often blended with the entities(Honts, 2003; Musante, 2004jhese tools
basic chemistry, -Blimensional geometry, and are interesting, a$!ey.comb|n_e ajlmen§|onal visual
biological relewance. Because of the underlying representations with interactive behaviae.g.,
complexity of these concepts, it is vital to go beyond selecting and deselecting parts of a molecule,
the text and pictures that can be found in a textbook. zooming and rotation. Nevertheless, many viewers
are often awkward to use and not designed to serve
The literature has also highlighted the the educational missidnbeing designed as
importance of interaction and constructivism in the independent tools to be used by expert scientists.
teaching of traditioal sciencegDriver et al, 1994; .
Yeany, 1991)In particular, several studies have This paper presents a novel tool to address these
underlined the need to introduce components of problems, calle@IOPS Interactiveor, simply,
creative enquiry and cobberative learning in BIOPS. The tool proposes to narrow the gap

between theory and practice, students asttuctors
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. BIOPS is designed to enhance the learning of
fundamental concepts from molecular biology, and it
is meant to be used in introductory courses for
biology majors as well as students for students that
are approaching the field of biology from eth
disciplines (e.g., Computer Science students).

BIOPS Interactive is a welbased learning
environment that enables students to practices with
concepts in molecular biologywith particular focus
on DNA and protein structure. BIOPS complements
traditiond classroom learning, by offering
opportunities for both seffaced and synchronous lab

¢s BIOPS interactive - Iceweasel —

File Edit View History Bookmarks Tools Help

activities. Through the use of scientific visualizations
the students are engaged in the discovery of biology
concepts, bynteractingwith the problems. BIOPS is
alsodesigned to provide iolass interaction
functionalities, allowing instructors to post problems
to the class and interactively observe the class
progress in the problem resolution. Instructors can
create their own material and exercises, or modify
existingBIOPS modules. BIOPS is a wélased
(Figurel) learning environment, where students can
go online to exercise learned theory in a new
interactive way.

[« »]| |E| \_\ \E‘ http://biops.cs.nmsu.edu: 8800/

BIOPS Interactive e

Interactive exercises on protein structure and DNA

Sign in
Create new account

Home
Application introduction
How to create exercises

Exercises

1. Protein structure
2. DNA and proteins
3. PDB format

50. Documentation

P

You are not signed in guest_4.

BIOPS Interactive

Interactive exercises on protein structure and DNA

Welcome to BIOPS interactive, a framework for exercises that focus on protein structure and DNA. To get

My exercises (edit) a quick introduction on how to use this webpage, please visit the Application introduction section.
Liicl=ss Students
>V:ewer ' As a student, the available exercises assume you have studied the required material and aim now to put in

Mult. viewers
Struct. alignment
Instructors

ech el n
Server benchmarks
Run unit tests ?

About

Problems? Send ema

Done

Figurel: BIOPS website front page
In BIOPS, the interactivity is achieved by

proposing to the students exercises and online tools
with direct visualization and interaction, and enabling
handson practice of the content acquired in
traditional textbookbased lectures. Software tools
anda dedicated-earning platform of exercises, with
molecular biology content, have been developed, and
these are discussed in the rest of this manuscript.

Materials and Methods

Basic concepts in molecular biology, like amino
acid sidechain properties angrotein secondary and
tertiary structure, can be more easily acquired by
biology and norbiology students if such concepts

practice what you have learned. You can start by looking at the available Exercises,

As an instructor, you might be interested in learning how to create new exercises and get a feeling of how

the framework actually works. The How to create exercises section gives you a quickstart.

o a4
can be related to a visual presentation. Traditional
bookbased learning relies on the use of static images
to illustrate key concep. Static images have the
drawback of offering a single and flat presentation of
concepts that are inherently thr@ienensional.

The domain of computational biology offers a
variety of resources, such as data repositories, search
tools, and visualizatiotools; these resources have
the potential to be useful in the educational setting,
offering dynamic, mechanical, and operational views
of biological entities. Nevertheless, the majority of
such resources have not been designed for
educational purposes, atltkir use in a classroom
setting requires integration and refactoring.

BIOPS Interactive
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A first step in addressing this problem is
represented by the adoption of software tools that
generate a thregdimensional presentation of
molecules, with the ability to dynamicallgteract
with the presentation, e.g., by performing rotation,
translation, and zooming. In addition, the software
tools are expected to link the graphical representation
to other representations of the same concepts (e.g.,
nucleotide and amino acid sequescgecondary
structure components) and place them in the context
of a learning process.

Sequence and protein data (including
information about secondary structures) are readily
available in several repositories (e.g., the Protein
Data Bank (PDB)Bermanet al, 2000). The data in
these repositories has a fairly complex representation,
it has a purely textual representation, and it is not
readily usable as an educatioiratrument. A
popular tool that can be used to provide graphical
representation idmol(Herraez, 2007)a Java
application that allows a user to interact with
molecular models through threémensional motion
graphics.

In BIOPS, Jmol is used #ise visualization
component, but its capabilities to provide interaction
have been enhanced by integrating it in a coherent
framework, and enhancing its capabilities to enable
interaction with other tools and resources (such as
PDB)1 via control modulegprogrammed using a
web scripting language. The interactivity helps the
user, for instance, to select parts of a protein,
highlight a chain, or visualize the amino acids that
compose a helix.

Figure2 shows an exapie of the integrated
display of sequence and structure information for the
student. This design can link the symbolic notation of
amino acids or nucleic acids on the sequence to their
3-dimensional location and physical properties shown
in the molecular iewer. This type of connection is
very helpful for the students with little biology
background to quickly realize the concepts behind the
symbols. In this DNAprotein complexX named
1SKN in the PDB and representing a DM#ding

domain in eukaryotic tragsiption factors that

specifies mesoderm i@. elegang¢Rupertet al,

1998)i two nucleotides of chain A are highlighted in
the viewer (in yellow) by a user, as a result of making
the selection of the
module (in red, bottom). Bbtthe sequence and the
viewer display identical colors on the secondary
structure for easy identification. Shortcut buttons for
movement actions are immediately below the viewer
to aid the user.

R BCS + - «am» A Y ?

Ready,
1SKN: COMPLEX (TRANSCRIPTION FACTOR/DNA)

hain P: GRQSKDEQLASDNELPVSAFQISEMSLSELQQVLKNESLSE
“hain A: TGACAATGTCATC®S

ain B: CAGGGATGACATTGT
<« f R >

Figure2: Sequence display modukhowing the
structure sequence displayed in Jmol

The tool is directly linked to the PDB
repository, from which the data can dieectly
downloaded and usedn order to facilitate the
interaction with PDB, BIOPS includes a module with
which students cabecome familiar with the PDB
format (Figure 3)The module is connected to the
sequence and the viewer modules.

8 Volume 35(2) December 2009 Pontelli et al.

ACCo

sym



ATOM 870 C4 CA 13 13.379 44.0*
ATOM 871 N4 cCA 13 14.642 43.7
ATOM 872 C5 cCA 13 12.550 44.3

L ATOM 873 C6 CcCA 13 11.280 44.6

4 ATOM 874 P CA 14 6.984 48.3
ATOM 875 O01P CA 14 7.288 49.0C|

570 ATOM 876 02P cCA 14 5.808 48.7
ATOM 877 05% CA 14 8.256 48.3
ATOM 878 (5% CA 14 8.494 47.4v
<« f Al >

Figure3: PDB file format module, highlighting the
selected atoms in Jmol

Results

BIOPS for Students and Instrotors

From a student perspective, BIOPS aims at
presenting exercises with a rich interactive interface
that motivates the student to further understand and
explore the topic. The available exercises are
presented to the students in a simple menu, organized
in separate sections based on topics.

The BIOPS platform supports different degrees
of interaction between the student and the instructor
(i.e., the creator of the exercise). The students can
provide solutions to each exercise as well as provide
feedbaclkabout the content of the exercise the
form of textual comments and a simple rating of 1 to
571 to help instructors improve the content. In turn,
the instructor can keep track of progress made by the
class and by the individual students in solving the
exercises.

Instructors can use BIOPS to create exercises
with interactive content. These exercises can be
deployed on the web, for sgtticed student practice,

or used directly in the classroom. An instructor can
receive students answers in réale durirg the class,
in order to monitor progress and to help to decide if
the class understood the material, or if a review
should be made.

BIOPS is available online. It includes a direct
viewer section where proteins and DNA can be
accessed through their PDB idiier, and a multi
structural alignment tool accessible through the web.
In the successive sections we will illustrate the
features of BIOPS through examples of its use.

An Exercise Performed by the Student

Figure 4shows an exercise that introduces ramni

acids. This exercise is designed to test if a student can
distinguish the 20 different amino acids when their
chemical structures are given. Through this exercise,
a student is challenged with the concepts of side
chains and their different properti@de student is

asked to look at the viewer displaying a dipeptide in
3-D. One of the amino acids, arginine, is given, while
selecting the other one is the student's task. There is a
table of amino acids on the right, which allows the
student to view a twalimensional representation of

one or more specific amino acids. By comparing the
3-D representation with the R representations, the
student can analyze different amino acids and select
the one that matches the best. The ability to
manipulate the -® representation, via rotation and
zooming, allows the student to determine a view of
the dipeptide that facilitates the comparison. This
process engages the student in finding the answer
using his/her own intuitive analytical skills.

BIOPS Interactive
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1.1.1. Exercise Figure 6 shows a table where students tried to access
a session and tried to solve three sections of the

Amino acids are the building blocks of proteins. An amino acid has a central alpha carbon with an amino group, a

carboxyl group, and a side chain (R-group) attached to it. The 20 standard amino acids have different properties eXerCise
determined by their side chains. The sequence of amino acids is the primary structure of a protein
e E—— section correct wrong unanswered
[@a Ov:valine Oi:Leucine Oi:1soleucine section_1 2 0 0
O O w:ethionine ClFipher e OwiTryptopha section_2 0 1 1
g" g E § S S Tyros section_3 1 0 1
o o B" ) o total: 2 users 50% 17% 33%
g o " b : ‘ l' " user name correct wrong unanswered suhmissions
[we]e) Co0 [o(e]0) [ele]e)
. A S A ] = 4 guest_31 2 1 0 3
HN=C—H HN=C—H HN-C-H H.N—C —H
" o (:H i guest_27 1 0 2 1
|
A k
’/ d “wH L i Lo i .
— OH ) Figure 6. Statistics for an-class exercise.
HNE D
BT one o e ST aia T e v B w e whet B o e e After the results have been submitted, the
Select your answer: [ 7] instructor can decide, based on the fee#tlvaturned,
| what material to cover next. The immediate feedback

gives the instructor a way of dynamically and
objectivelyadjusting the next step in the class (e.g.,
revise materials, propose new exercises on the same
topic, move to a new topic).

The ide&use of this feature is in a computer lab

Figure 4: An exerciseyith the amino acids table
presented in-D to aid the identification of the-B
representation of a molecule

After identifying the amino acid, the student is setting, where students practice the material learned
asked to select the answer from a list of possible in class. Furthermore, BIOPS enable interactive
answers (Figure 5). remote participation of students to lab sessions,

instead of the passive model promoted by traditional
online management systems (e.g., Moodle).

Select your answer: [-- Select your answer: |glutar  Bringing the Community into the Loop: Exercise
Submit answe i Creation . .
—) » e pr———— In recent years, the web has gained a prominent N

role as a framework the fAgras

Figure 5: Feedback natned after submitting the repositories of communitprovided knowledgé this

answer to an exercise trend has beereferred to with different terms, such
as Web 2.¢Shuen, 2008)Web 2.0 technologies

An Exercise Used by the Instructor {€lass offer the ability to share knowledge and provide

The webbased nature of BIOPS allows us to communitybased evaluation of data and hypotheses
take advantage of interrehabled classrooms, and it (e.g., CBioC(Baral, 2006).

enables students to participate in guidedlass
sessions. Witlthis scenario in mind, the instructor
initiates a new irclass session and chooses the
exercise to be solved. Students connect to the
instructor session and try to solve the problems. The
instructor session automatically presents group and

The potential for involvement of a community
of educators in the development of a shared
educational infrastructure has been recognized by
several autbrs (Alexander,2006; Vonderwell,
2008) BIOPS provides the ability for a community to
individual staistics regarding the answers submitted cqntrlbute exercises, which can be used anq shared
by the students connected to the session. If the ywth other |nstructors._Ex<_arC|ses are stored in BIOPS
instructor decides to change the session exercise, the n gXML form_at, making it easy for ed.ucators to use
session on each studen ,t 0s emsgnr%\_e%xSr A t\t,evt?[}?sla}nd modify them as
automatically change as well, providing a _Sl?lted. e'iéedback mechanlsm enablgs continuous
synchronized focus on the Ie;:e improvement of exercises and the creation of a

' communitybased repository of useanked

exercises.

To support this approach, BIOPS provides a
repository of exercises, along with anline section
where new exercises can be created. Any registered
user can create exercises and save them for later

10 Volume 35(2) December 2009 Pontelli et al.



reference and share them with other BIOPS
users. A relatively limited amount of computing
knowledge is required to develop exercises, and
online documentation is provided on how to create
them in a simple manner, from simple questions to
more advanced features that require scripting.

BIOPS provides a graphical user interface for
the interactive development of new exercises. Each
exercise$ described using a specialized XML format
specifically developed within BIOPS.

An exercise is composed of two parts. The first
part describes the question to be proposed to the
student. The question can be formatted using
standard HTML,; in addition, theroblem description
can include a script section, used to perform
processing of the answers and to invoke Jmol. The
second component of an exercise includes
information concerning the correct answer to the
problem. A new exercise can be created by
modifying one of several templates provided by
BIOPS.

We noticed that teaching the basic molecule
structures often involves teaching the data that
represents the structure. BIOPS encourages students
to first understand what a molecule is and have a
handson experence with the molecule through the 3
dimensional viewer, and only later learn about the
underlying data. One of the exercises was designed to

enable loading a protein structure, visualizing
it, and manipulating it.

The interactive area allows also access to an
online structural alignment tool, enabling the display
of the alignment of up to four chains. As seen in
Figure, after the alignment is performed, the user can
perform the desired selection and visualize it in two
viewers. One of the viewers (left) shows the overall
alignment, the second (right) shows only the
selection made.

challenge the understanding of the structural data
provided in PDB format. Customade PDB files

may be uploadedyhinstructors who want to create an
exercise that shows molecules, ranging from simple
molecules up to multiple proteins within the same
viewer. More advanced displays, with two or more
viewers for the same PDB file are also possible
(Figure).

[1pes: bEoxvRIBONUCLEIC ACID

|

[chain 4 cGOREEITTGCG

| i CGCAAATTIEECG
ETOM 116 N6 L) 1] 157981 207356 5. IS0 1.00 I6. 9 1D65 lbbzl
ATOM 117 N1 AA 6 13.790 20.998 75.558 1.00 16.51 1065 1667
ATOM 118 C2 AA 6 12,532 20.785 76.024 1.00 20.78 1065 167,
ATOM 119 N3 AA 6 12,050 19.632 76.543 1.00 19.45 1065 168
ATOM 120 C4 AA 6 13,024 18.691 76.530 1.00 18.41 1D65 169,

, ATOM 121 P TA 7 7.961 14,761 77.383 1.00 24.15 1065 170|
ATOM 122 OIP TA 7 8.513 13,489 76.773 1.00 26.71 1065 171|
ATOM 123 02P TA 7 6.705 14,532 78,039 1.00 26.94 1D65 172
ATOM 124 05* TA 7 7.986 15.894 76.247 1.00 33.25 1D65 173|
ATOM 125 C5* TA 7 7.459 17.227 76.602 1.00 33.17 1D65 174:‘
Cil | ]

Figure 7: Multiple viewers showing the same
molecule differently

Interactive Areas

BIOPS provides users with the ability to open
interactive areas on the web site. A common use of
the interactive area is to connect toBPand to

R B CS + -

R B CS + -

-> AV “-> AV

-------------------------------- PSRN 0L TPINT ALTLVMMRSEVVTPVGIPAEDIPF,
IFKELKQGAHALKLARGGKKDTIT AGEKPTKDFRACNALARAR T KK GELL SGDNLWVKRPGNGDFSVNEYET,

L ||

Input proteins pdb codes, get chains,
and select the chain to be aligned.
(Minimum rowis are 2, and maximum 4)

Figure 8:Interactive use of the alignment tool

System Organization and Implementation

BIOPS Interactive
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Figure 9: System design overview

The key components and interactions of the
BIOPS framework are depicted in Figure 9. The role
of the user in the system and the progregsdblem
solving and class participation are managed through a
centralized accounting mechanism. An account can
be freely created, and it allows BIOPS to maintain
user profiles and usapecific historical information,
such as answers submitted. The actiagn
mechanism for the instructor includes the ability of
tracking exercises developed and historical data
concerning success and failure rates per problem.

The core of the system is represented by the
collections of modules used to manage exercises.
Any user of the system can create exercises.
Exercises are stored in a central repository, where
they can be retrieved, reviewed, and included in
organized collections for inlass sessions.

The exercises management component provides
a graphical user interfe and an XML language for
the development of new exercises. The specialized
language allows access to a collection of enhanced
modules Application Programming Interface (API),
which supplies the improved interactive resources
mentioned earlier.

Figure10shows a more technical system
overview of BIOPS. The web pages requested by
users from the Internet are enhanced with Javascript
and AJAX, making use of Java Applets, like Jmol, to
show 3D representation of molelas.

_ 3
( Intemet D

I—'b
Server
(Python: iCherrypy, Cheetah)

Java web applets

Web page request
(3D Viewer: jmol)

(AAX enhanced)

sQLite
Dynamic content
(accounts, exercises, ...)

External tools
(Alignment: Mustang)

Figure 10: Technical system overview

The main BIOPS server has been developed in
Python, using Cherrypy as web server and Cheetah
(Hellegouarch, 20073s the template engine. The
repositories of exercises and useramts have been
implemented using a lightweight SQlased
relational database. External tools are used in real
time by the server to provide interactive
functionalities.
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What type of computer did you use to

1 access BIOPS?
2 What operating system is installed on
your computer?
3 Which web browser did you use to
access BIOPS?
4.8/5 4.5/5
. |Very Easy|Eas$jo-
2
4 Was the interface easy to use~ So[Not Easy|Difficult|
[Very 4.2/5 4.1/5
. ., Obvious|Obvious|So
5 Did you know what you needed to do So|Confusing|Not
Obvious|
6 Were you able to figure out how to |Very Easy|Easy|So 4.1/5 4.0/5
manipulate structures in Jmol? So|Not Easy|Difficult|
[Very 4.9/5 4.6/5
7 Were the Jmol widgets (e.g., amino  Useful|Useful|Se
acid structures) useful? So|Somewhat
Useful|[Not Useful|
[Very 4.4/5 4.6/5
8 Was the content appropriate to learn g;l)g;opnateMppropna
about protein structure? .
So|lrappropriate|Very
Inappropriate|
Did you gain better understanding of |Much 4.6/5 4.6/5
9 protein structure after working througt Better|Better|About the
the exercise? Same|
Were you able to answer the quess 4.6/5 4.6/5
in the tutorial correctly and understan e 6
10 : them|Many|Some|A
why you were correct on your first
Few|None|
attempt?
Were you able to answer the questior 4.2/5 3.9/5
. ; [Most of
in the tutorial correctly and understani
11 X them|Many|Some|A
why you were correct after multgpl
Few|None|
attempts?
What did you learn by using BIOPS
12 )
Interactive?
What parts of BIOPS Interactive did
13 X
you like best?
What parts of BIOPS Interactive did
14 X
you like least?
Do you have suggestions on how to
15 improve the educational value of
BIOPS Interactive?
Table 1. Evaluation questionnaire and summary results.
BIOPS Interactive Bioscene 13



Preliminary Evaluation

The development of a first release of BIOPS has
been recently compied and informal evaluations
have been performed.

In July of 2007, BIOPS was presented at the
21st Symposium of The Protein Society in a
workshop for educators. A total of 35 educators
participated in the session. After the presentation, the
workshop alleved handson activities, where
participants interacted with exercises in atlass
session. The experiment was successful both
technically and as a learning event, where the
participants engaged in interacting with the exercises
and followed the sessiofhe feedback was positive
with several expressions of interest for classroom use
of BIOPS.

BIOPS was deployed at Virginia Tech, as part
of two graduate level classes in Computational
Biochemistry (Spring 2008 and 2009). The
background of the students warsmarily Computer
Science. We distributed to the students an evaluation
form with 15 questions. The questionnaire is
summarized in Table 1. The students had never seen
BIOPS before. The evaluation included sections
requesting an evaluation of the intedatesign,
including usability of the modules. The evaluation
also covered the perceived strengths and weaknesses
of BIOPS, especially concerning the effectiveness as
a learning instrument.

The evaluation indicated a high level of
satisfaction in the use tifie system, including praise
for the easy to use interface and the easy way to solve
and develop exercises. References were made, in
particular, to the BIOPS modules where sequences
can be selected and highlighted. Regarding the
strengths of BIOPS, the ity to interact with the
molecules and with the threkmensional
representation was often cited. The evaluation
overwhelmingly confirmed that BIOPS helped the
students understanding the materiatudents
stressed the impact of being able to associate
theoretical concepts to the graphical structures (e.qg.,
representations of amino acid structures or by
highlighting secondary structures). The main
weakness reported was the need to expand the
exercise repository something that will naturally
occur as th BIOPS user base expands. Figure 12
summarizes the scores given to questiofid 4or the
Spring 2009 edition of the class (10 students).
Analogous results were collected in Spring 2008 (15
students). The scores of each column corresponds to
one of the cegories (1=worst, 5=best).

n 8 - . .

¢ | Questionnaire

> 6 1

5, ummar

2

E 2 -

>

Z O_
13513513513513513

Questions 411

Figure 12: Summary of answers to Questioiid4
(5=highest score, 1=lowest score)

We performed another evaluation in the Computer
Science Department at NMSU, with a group of
students who are in a local mailing list. Sevenpbteo
participated in the evaluation (6 graduate students
and 1 undergraduate student). The participants are
students who have little biology background but
interest in bioinformatics. The participants performed
a series of exercises (protein structure, Par]

DNA); these exercises were not conducted in the
context of a classroom, so the students were asked to
learn the material as they proceeded through the
exercises. In spite of this, on average 75.4% of the
questions were correctly answered. 52% of the

participants rated the
overall satisfaction is
Afvery helpfulo.

Conclusions

The BIOPS project has resulted in the
successful development of a weased interactive
system for instruction in moleculaiology. The
system is accessible at http://biops.cs.nmsu.edu:8800.
BIOPS has already received more than 2,500 unique
visitors (as July 2009) since its first public release
was made available (July 2007).

BIOPS was developed as an independent but
complenentary system to thehemInformatics
Virtual Classroommplemented by Mesa Analytics
to help students understand the relationship between
drug design and protein structure. In the near future,
the two systems will be integrated, to enable the
introductionof exercises about protein structure
within interactive sessions dedicated to drug design
(e.g., illustrating the concept of protginotein
docking).
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Abstract: Communication of scientific and medical information andafudirative work are important skills for

students pursuing careers in health professions and other biomedical sciences. In addition, group work and active
learning can increase student engagement and analytical skills. Students in our public healiblogiziass

were required to work in instructassigned groups to research a human pathogen and associated disease, and to
create a presentation appropriate for their classmates.
to researis and critically assess relevant scientific and medical information, increasing their scientific

communication skills, and improving group collaboration skills. Another goal was for students to be the class
Afexperto on their c hoveeprespntetl dradlygtetme.clas§ ana in prrittenrfoonjats asteither
posters or pamphl ets. A peer evaluation was utilized 1
effectiveness. Students were surveyed after the projects faveltion of content knowledge and confidence in

scientific communication and research skills. Many students expressed enthusiasm for the project, and 96% and

65% of students reported increases in content knowledge and communication skills, respectivepciWde that

group projects are an effective means of delivering col
communication skills.

Keywords: groupwork, microbiology, science communication

Introduction in many, if not all, fields in science, mediej, and
technology. To address the development of these

Undergraduate students majorindigids skills, we have implemented a new group project into

within the allied health professions need to gain this class. Students were assigned by the instructors

appropriate content knowledge in areas of biology to groups of three to five and were required to

including microbiology. In our curriculum, pre research and present information on a human

nursing students and majors in other allied health pathogen and the associated disease. The objectives

programs typically take a orsemester course in of this project included: 1)

medical and public health microbiology. This course abilities to research and critically assess relevant

focuses on basic microbiology with an emphasis on scientific and medical information, 2) increasing their

human pathogens and infectious disease, including scientific communication skills, and 3) inguing

both lecture and laboratory components. Although group collaboration skills. In addition, we expected

i ncreasing students6é cont etndentskondemohstatedgiepth lenovdedge abpud s ur e

to laboratory methods in microbiology are certainly the pathogen chosen by their group.

primary goals of our course, the development of other Over the past two decades, increasing

skills is also important for students planning careers emphasis has been placed on teaching the process of

in nursing and other allied health fields. For science as well as otent, and on exposing

example, the ability to critically assess metlaad undergraduates to scientific research through primary

science literature, to communicate technical literature and/or independent proje(itational

information to different audiences, and to work Research Council, 2003Primary literature relevant

effectively in groups are all valuable for students in to the pathogen would be the optimal source for the

these majors, and indeed are useful skills for students  most current scientifically accurate information.

However, students in this course had literature in the prerequisite introductory biology
generally not been exped to reading primary course, and were not expected to be familiar with
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methods for searching for or reading current primary
literature in microbiology and infectious disease.
Our primary goal was fortsdents to find and assess
the credibility of accurate information from
secondary sources and present it at a level
appropriate for their classmates and the public. The
internet serves as a primary source of information of
science health care informatiéor college students
(Escoffery, 2005)and indeed for patients and the
public & well (Wilson, 2002) Interestingly, a study
suggested that stuates with stronger internet
searching skills learned more and were more critical
of information accessed through internet searching
than students who were less familiar with internet
searchingTsai, 2003) We therefore allowed
students to use reliable but nprimary literature
sources such as textbooks and inteaesessible
information, and in our view, this served as an
important exercise for students in evaluating the
reliability of science and healtelated information

on the internet.

The development of skills in communication
of scientific and medical inforntian is also
important for students pursuing careers in health
professions as well as in other areas of biomedical
science. Students who successfully enter the nursing
profession, for example, will be expected to
accurately and clearly discuss science iuedical
information with their supervisors, colleagues, and
patients, and must be able to communicate effectively
with each of these groups. Evidence from several
studies indicates that ineffective communication
skills in nurses and other medical profesals can
negatively impact patient satisfaction and compliance
with recommended treatmer(tShant, 2002;
Fallowfield, 1999) We therefore gave students the
opportunity to improve their skills in communicating
technical scientific and medical information to their
peers through an oral presentation and through an
informational pamphlet or poster.

Substantial evidence suggests that
collaborative group work and activities are effective
means of learning for studer{tdichael, 2006;

Tanner, 2003)The ability to work well as part of a
team is also an important skill in many careers in
current society, including the nursing and other allied
health fields that students in our ¢s@ are planning

to enter. This project included both collaborative
work and active learning elements, since students
were required to work within a group to research
their topic and present their findings. Because this
project included several object¢hat could not be
directly tested with a conterdind applicatiorbased

We describe here our results after three semesters of
using this group piliect assignment.

M aterials and Methods

This project was first implemented in the
Fall 2006 semester, and has subsequently been
utilized in the Fall 2007 and Spring 2008 semesters
as well. The Fall 2006 and Fall 2007 courses were
taught by one of the aurs (Walton) and the Spring
2008 course was taught by the other author (Baker).
Some relatively minor changes in project format were
implemented in the Fall 2007 and Spring 2008
semesters; these will be highlighted below.

However, the general format thfe project, grading
rubric, and assessment survey were consistent among
the three semesters described in this manuscript.

Students were assigned by the instructors to
groups of three to five students. In the Fall 2006
semester, group assignments were getely
random. In the Fall 2007 and Spring 2008 semesters,
the groups were not assigned until at least one major
exam grade had been recorded, and we used these
exam scores to distribute students so that each group
contained a mix of stronger and weakgrdents.

Group size was largely determined by the number of
students per section and the amount of time available
for presentations. Each group was required to select
a human pathogen from a list that we provided. The
list typically contained 45 patlogens that were not
otherwise covered extensively in the course, but were
generally of high interest to students. The list of
pathogens included species from four major groups
of microbes (viruses, bacteria, fungi, and protozoa).
Examples of popular chogs included rotavirus,
Bacillus anthracisandTrichomonas vaginalis

Students were provided with a handout that contained
guidelines for the project, including project
objectives; requirements for content depth, format,
and references; and a copy of trading rubric. A
sample grading rubric is shown in Table 1.

Groups were required to use a minimum of
three reputable, peeeviewed secondary sources for
their project. Suggested sources were given in the
guidelines, including the course textbookyutable
online sources such as Medline Plus
(http://www.medlineplus.gov) and the Centers for
Disease Control and Prevention
(http://www.cdc.gov), and optionally current primary
literature. On the day that the project was due, each
group gave an oral preg@ation of no more than 10
minutes with information about their selected
pathogen and the associated human disease. In

gui z or exam, we used a survey to assess studentsd
perceptions of their gains in skills from this project.
Group Projects as a Method Bioscene 17



addition, groups prepared either a poster
(Fall 2006 and Fall 2007 semesters) or an
informational pamphlet (Spring 2008) to accompany
their presentations. The target audience for the oral
presentation and the poster/pamphlet were

emphasized to students as an important consideration.

In the Fall 2007 and Spring 2008 semesters, the
posters or pamphlets were to be designed as public
awaseness materials that would be appropriate for
any general audience, while the oral presentation was
expected to include more technical information at an
appropriate level for the rest of the class.

We graded each group and individual
student on the day tfie presentation, using the
rubric shown in Table 1. As shown in the rubric, a
Tablel. Group presentation grading rubric (Fall 2007)

student és grade for the
component, which was the same for all members of
the group, and an individual component based on
how well that student presedtéis or her part of the
group presentation and answered questions posed by
the instructor and students in the audience. On the
day of the presentation, all students were also
required to turn in a peer evaluation that asked
students to evaluate the pearfance of their group
members. The average peer evaluation score for each
student was factored into their overall grade for the
project. Studentsodo |
the presentations from their section was assessed by
instructorconstucted quizzes or exams one to two
weeks following the presentations.

Poorly done, Average, some Excellent,
missing, many mistakes or thorough. few to
mistakes omissions no mistakes
Oral presentation
Content (20 pts):
Appropriate level of informatior 0 1 2 3 4 5
Description of microbe 0 1 2 3 4 5 6 7 75
Description of disease (case study, treatme 0 1 2 3 4 5 6 7 75
Format (10 pts):
Contains all required informatio 0 2 4
List of sources and proper citatio 0 2 4
Style (well organized, easy to follov 0 1 2
Presentation (5 pts):
Individual able to describe presentation or po 1 5 3 4 5
content; answered questio
Poster
Content (5 pts)
Appropriate and accurate level of informati 1 2 3 4 5
Design (5 pts)
Poster is readable, clear, attract 1 2 3 4 5
Mean peer evaluation score for group
participation (0-5 pts)
Total: out of 50 possible points
Notes and suggestions:

Results and Discussion

Upon completion of the group infectious
disease project, students were asked to provide

anonymous input regarding their perception o t
projectos
established goals. Students were asked to rate their
confidence level before and after the project in three
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areas: ability to research information, ability to
communicate, and depth of knowledge for thei
selected infectious disease. Table 2 provides the
mean (+ SD) student responses by semester. All
means in a paiwise ttest comparing before and

after project responses for a given survey item
showed significance at p<0.05. Our results support
thegeneral impression that many students lack
confidence in communicating with their peers prior to
this project, reporting an average which ranged from
3.2 to 3.6 on a#point scale among the three
semesters. Survey numbers indicate the project
significanty enhances their confidence in this area,
increasing student average confidence by 0.8 to 1.3
beyond their initial response, with 65% of students
reporting an increase when data from the three
semesters were combined. Likewise, we do not
expect studentsking this course to come into the
class with a high level of pathogspecific

knowledge. This is supported by the average
response to this survey question, which ranged from
2.0 to 2.6 across the three semesters. Students
clearly took responsibilitydr their topic as evidenced
by the dramatic increase in their opinions of how well
they understand the pathogen and disease following
the project (a 1.9 to 2.4 increase), with 96% of total
students surveyed reporting an increase. Additional
support of thé subjectspecific knowledge increase
comes from scores on quizzes over the material
researched and presented. For example, students
scored an average of 13.7 out of 15 pts (91.3%) on an
opennote quiz over all pathogens presented, not just
their own, inthe Spring 2008 semester and averaged
8.6 out of 10 pts on a closexte quiz in Fall 2007.

Regardless of semester, the quiz was written by the
instructor and consisted of multiptdoice questions.
These scores show that, in addition to learning from
their own group6s
effectively from their
Interestingly, though still a significant
increase, the least change in student response scores
occurred in their opinions of their own confidence in
researchingnd evaluating relevant data. We have
found that most students feel capable of researching
information in general, though not necessarily
scientific information, prior to this course. This is
likely due to the required Research and Writing
course all Mssouri Western State University students
take as part of general studies education. Students
generally take this course in their first academic year,
almost always before advancing in their science
curriculum to this course. Our data show an initial,
corfident response of 4.0 to 4.2 with only a 0.3 to 0.6
average confidence increase in adding to this skill.
We feel that this relatively minimal increase in
studentsd perceptions of
due to our project parameters, which allowed
students to use everyday resources they were already
comfortable with, such as textbooks and the internet.
In the second two semesters of our project,
students were also asked to evaluate their overall
impression of this project as an effective way to learn
about their chosen pathogen. Their high response
averages of 4.4 and 4.8 indicate our project design is
effective in stimulating student learning. This is an
important piece of evidence showing that an active
learning process is effective and well aceepby our
students.

Table2. Student response survey data. Numbers listed are response mestasi¢afd deviation). Response scale
used is 1=strongly disagree, 2=disagree, 3=neutral, 4=agree, 5=strongly agree. All data comparing before and after
respnses for each survey statement in a given semester show p<0.05 in s@aaipbes-test.

Fall 2006 (N=43)

Fall 2007 (N=50)

Spr. 2008 (N=47)

before after

before

after before after

| am confident in my ability
to research and find accurat
microbiology and health
information.

4.2 (0.9) | 4.7 (0.5)

4.1 (1.0)

4.4(0.7) | 4.0(1.0)| 4.6 (0.5)

| am confident in my ability

to communicate infectious

diseasaelated information to

my classmates and other
peers.

3.6 (1.0) | 4.6(0.5)

3.5 (1.1)

43(0.8) | 3.2(1.1) | 45(0.6)

| have an extensive
understanding of the biology
of the pathogen and relatec
disease that my team
selected.

2.6 (1.0) | 4.5(0.6)

2.1(0.8)

43(0.7) | 20(1.0) | 4.4(0.7)

Overall, this project was an

research,
peer so

effective wayfor me to learn

about pathogens.

N/A

4.4 (0.6)

4.8 (0.4)

Group Projects as a Method

Bioscene 19

st

t hei






