MICROBIOLOGY EDUCATION, May 2004, p. 13-20 VOLUME FIVE

Copyright © 2004, American Society for Microbiology. All Rights Reserved.

Efficacy of MedMyst: an I nternet Teaching Tool for
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Can web-based technology be used to effectively introduce or reinfor ceaspectsof microbiology tomiddle school stu-
dents? Thiscentral hypothesisexamineswhether brief exposuretoaweb adventureformat containing virtual lab experi-
mentsand computer gameswithin an engaging story linecan impact student lear ning. An episodic adventureseries,
MedMyst (http://medmyst.rice.edu), focuseson infectiousdiseasesand themicrobesthat causethem. Thewebsiteisnot
intended toreplace classroom instruction, but rather to engage studentsin problem-solving activitiesnot likely to be
encountered elsawhere. It also providesscientistswith aresour ceto introduce microbiology to adolescent audiences
through outreach activities. In theonlineadventure, the player (student) entersafuturisticworld in which heor she
becomesa “Reconstructor,” amember of an eliteteam char ged with preventing the spread of infectiousdisease. The
seriesconsistsof three“ missions,” each lasting approximately 30to 40 minutesand designed to addressalimited set of
lear ning objectives. Middleschool studentsparticipated in thecreation of the char acter sand thestylized design through
focusgroups. Classr oom teacher sover saw thealignment of theweb adventur e obj ectiveswith theNational Science Content
Sandards. Scientistsand cliniciansreviewed theweb adventurefor content and accuracy. Afield test involving over 700
studentsfrom ninedifferent schoolsassessed theknowledge gainsattributableto playing MedMyst. Gain scoresfrom
pretest to posttest indicated that middle school studentsretained important infor mation by interactingwith theonline
material for aslittleas30 minutesper adventure; however, gainsfor high school studentswer eless per suasive, perhaps

indicating adifferent learningtool or content isrequired for thisageaudience.

Theroadmap for incorporating best practicein education
with the creativity of multimediais based upon the type of
learning environment described in Benchmarks for Scien-
tific Literacy (1) and the National Science Education San-
dards (6, 20). The alignment of the MedMyst content with
these standards was central to the materials devel opment
process. A summary of the specific standardsincorporatedis
provided in Table 1.

Much of what isavailable on theweb isacompendium of
information with little structure or few scaffolds on which
students might build their own knowledge. Some observers
have charged that this has led to “lazy” learning models,
“wherethe student issimply confronted with avast resource
and left unguided” (23). Thistypeof exploratory learning can
sometimes have an effect opposite from that which was in-
tended. It can cause disorientation, difficulty in navigating
from point to point, and cognitive overload (24). To over-
come these challenges, several researchers have used a
storyline or narrative as a means of providing structure to
multimedia materials (12, 13). Researchers have proposed
“that narrative shapes our knowledge and experience and is
central to the processes of teaching and learning because it
aids reconstruction, retrospection, prediction and memory
aswell asmotivation” (21). The use of narrativein combina-
tion with multimedia has several advantages:

» It setsacontext or situates a problem that isto be solved

(4,7,8).
 Itgroundstheuseof text, graphics, animation, voice, music,

and interactivity with acertain mood or theme (16).
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« It alows the layering of learning objectives so that an
array of objectives as described by Bloom’s Taxonomy
(3) can be woven into the story or problem.

» It exploitstheories of constructivism that suggest narra-
tiveisapowerful instructional tool (5, 25).

Thesurvey, “ Internet Accessin U.S. Public Schools, Fall
2001,” reveaed that 99% of public schools in the United
States had I nternet access (19). Recent national studiesindi-
cated that 70% of American householdswith children ages2
to 17 years have computers (10) and 52% are connected to
the Internet (2, 22). Our own 1999 survey of middle school
studentsin the Houston metropolitan areaindicated that 80%
report having Internet access at home (14). Therefore, craft-
ing materialsfor this new mode of delivery isforward look-
ing, more economical than print media, and has tremendous
dissemination advantages. Creative electronic resourcescan
reach students not only in the formal classroom environ-
ment, but can also become a part of the education environ-
ment in homes or museums and among the home-schooled
population.

Students of both gendersreported their dominant form of
computer use was “playing games” (10, 17). These prefer-
ences speak to the viability of using innovative “ game play-
ing” asaway to teach adolescents science. |f gaming strat-
egies and animations can be designed for microbiology con-
tent, might thislead to student learning?

MATERIALS
Development of web adventures. Medical Mysteries
(MedMyst) was produced through an interactive design pro-
cessthat engaged researchers, clinicians, educators, and stu-
dents. This process of moving from Science Standards to
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final production of the interactive web adventures is de-
scribed elsewhere (15). Three of the four authors of this
study were also involved in the website design. Prior to
creating the web adventure, an informal survey of teachers
and scientists was conducted to determine what middle
school students should know about microbiology and infec-
tiousdiseases. Thedidtillation of survey responses, in com-
bination with the Benchmarks (1) and Science Education
Content Standards (20), led to the specification of learning
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objectives. These identified objectives were trandated into
|earning segmentswithinanarrative, then outlined inascreen-
by-screen storyboard. Macromedia FLASH was selected as
the programming tool because of itsweb capabilities. Anima-
tion and sound were added to the storyline only where it
supported the content without unreasonably enlarging the
filesize. Awarethat some users may not always have ahigh-
speed connection to the Internet or a machine with a fast
processor, the creators weighed each programming decision

TABLE 1. Corréation of MedMyst content with the National Science Education Standards

Instructional objectives
covered in MedMyst

National science content standard

e Apply the scientific method to the investigation of a
mystery disease

® Distinguish between essential and nonessential
information in determining the cause of the mystery
disease

e Understand the structure of the different infectious
agents: bacteria, fungi, helminthes, prions, protozoa,
and viruses

® Summarize the process of bacterial and viral
reproduction

e Examine the role of the immune system in fighting
infectious diseases

e Explain what avaccineis, how it is made, and how it
prevents disease

e Formulate an effective method for distributing oral
rehydration solution

e Understand the pathology and treatment of various
infectious diseases, especially smallpox and cholera

® Discover how natural disasters and human activity can
adversely affect the environment

o Correlate the appearance of clean water with disease
o Simulate the spread of an infectious disease

® Become familiar with the scientists involved in the
development of vaccines

e |_earn about the history of an emerging and
reemerging disease

e |_earn about the development of Koch's Postulates
and the Germ Theory

Science asinquiry

Content standard A: all students should:
Develop abilities necessary to do scientific inquiry
Understand about scientific inquiry

Life science

Content standard C: all students should develop an
under standing of:
Structure and function in living systems
Reproduction and heredity
Regulation and behavior
Diversity and adaptations of organisms

Science and technology

Content standard E: all students should develop:
Abilities of technological design
Understandings about science and technology

Science in personal and social per spectives

Content standard F: all students should develop
under standings of:
Personal health
Populations, resources, and environment
Natural hazards
Risks and benefits
Science and technology in society

History and natur e of science

Content Standard G: all students should develop
under standings of:

Science as a human endeavor

Nature of science

History of science




VOL.5

in order to make the site usable on slower machines.

Thestorylinealowstheintroduction of avariety of mecha
nismsto present and test learning outcomes as described by
Bloom's Taxonomy (3). Objectives range from the simplest
Knowledge level in which the student is asked for factual
answers, testing recall and recognition, to the more complex
levels of Application, Analysis, or Synthesis, which require
students to predict what would happen, draw conclusions
based upon new information, or propose an alternative. For
example, in order to enter the lab, the player must know the
answer to a content question; in another scene, the player
must draw conclusions from an experiment’s results before
being allowed to proceed.

By way of illustration, the objectives from Mission One
are;

1. Smulate an experiment demonstrating Koch's Postu-
lates.

2. Apply the steps of Koch's Postulates to the identification
of a disease in humans.

3. Identify the six types of infectious agents and their char-
acteristics.

4. Describe the role of the immune system in fighting dis-
€aSeS.

5. Associate modes of transmission with each type of patho-
gen.

6. Distinguish the different treatments and preventatives
that are most effective for each pathogen.

7. Match types of infectious agents to the specific disease
they cause.

8. Recognize persons from history who made contributions
to Germ Theory.

The storylineisthethread that pulls the studentsthrough
the content and level s of questioning in ameaningful way. In
MedMyst the underlying premise isthat the player (student)
enters afuturistic world in which he or she assumestherole
of a“Reconstructor” charged with preventing the spread of
infectiousdiseases. Figure 1 presentstheinitial context that
the player encounters.

At the beginning of each adventure, the student is pre-
sented with a“ problem” that must be solved. Duringa mis-
sion, students conduct field and laboratory investigations
withtheaid of the MedMyst characters. Each mission can be
played within one class period (approximately 40 to 50 min-
utes). It is recommended that Mission One be played first

FIG 1. Theunderlying scenario for the MedMyst series.
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because it covers the basics, and as the title indicates, it
serves as an “orientation” to the concepts and the charac-
ters; however, either Mission Two (cholera) or Mission Three
(smallpox) may be chosen to follow Mission One. Because
each is a self-contained problem, either one may be played
without reliance on the other Mission. Choleraand smallpox
were selected because they represent two different catego-
ries of infectious agents (bacteria and viruses). The series
unfolds along these lines:

Mission One: Orientation in Orb. Themission beginsin
theyear 2254 in the Neuropolis Center for Disease Control.
Prior to assignment to the field as new members of the Re-
constructors, students must successfully complete five chal-
lenges based on their knowledge of microbes and infectious
disease. The games require students to demonstrate their
knowl edge of Germ Theory, infectious agents, infectiousdis-
ease vectors, theimmune system, and treatment and preven-
tative measures for infectious diseases.

Mission Two: Peril in Prokaryon. In the Neuropolis
outpost of Prokaryon, the student must stop an outbreak of
an infectious disease that threatens a refugee camp. The
player must conduct an epidemiological study; identify the
infectious agent through a microscope; discover the source
of the illness through interviews, maps, and a case control
study; and determine how to treat and prevent the illness
from spreading.

Mission Three: Nemesisin Neuropolis. Working against
time, each player must solve the mystery of an infectious
disease never seen before in Neuropolis. Isit the result of
bioterrorism? How can it be stopped? To succeed, players
must piece together cluesfromthelife of thefirst victimand
his family, use a virtual electron microscope to identify the
infectious agent, and decide whether to implement a vacci-
nation program for the community.

Throughout the adventure, interactive puzzles and quiz-
zes are used to ensure that the students have understood the
information. Figures2 and 3 provide specificillustrations of
the interactivity. If astudent has difficulty with the knowl-
edge assessments, hints are provided, usually by one of the
charactersin his’lher role astutor (Fig. 4).

METHODS

Subjects. In order to secure a student population for
testing, teachersfrom around the United Stateswererecruited
at MedMyst workshops presented at the regional and na-
tional meetings of the National Science Teachers Associa
tion. Asan incentive, a stipend of $400 was offered. From
among theteacher gpplications, thefinal selectionsweremade
to ensure that the sample of students reflected diversity in
socio-economics, rural and urban locations, and ethnicities.
The final list of nine schools, from eight different states, is
displayedin Table 2.

From these nineteachers’ classes, atotal of 710 students
participated in the evaluation. Since human subjects were
involved, research approva from the University’s Institu-
tional Review Board was sought under Exemption 1. The
website's content is part of regular science curricula that
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FIG 2. Anactivity requiring studentsto sequence Koch's
postul ates.

FIG 3. Anactivity requiring studentsto sort bacteria
according to shape.

FIG 4. Example of thefeedback provided to students.

addresses aspects of the immune system and infectious dis-
eases; therefore, the content of MedMyst is part of regular
classroom instruction. All data collected are kept confiden-
tial and reported by school number without identifying indi-
vidual students.

The percentage of students that receive free or reduced
lunch (under guidelines set by the National School Lunch
Program administered by the United States Department of
Agriculture) was used to determine the school’s socio-eco-
nomic status (Table 2). Students were from grades six (n =
73), seven (n=539), nineand ten (n=98). Therewerenearly
equal numbersof females(n =350, 49.3%) and males(n= 349,
49.2%) with only 1.5% (n=11) of students not responding to
the gender identification question. The students ranged in
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agefrom11to 17 years(mean =13, SD = 1.65). Themajority
of students were Anglo (n = 423, 59.5%), followed by His-
panic (n=113, 15.9%), African-American (n=56, 7.9%), Asian
(n =19, 2.6%) and Native American (n =5, 0.7%). A few
students identified themselves as “mixed” (n = 35, 4.9%),
while 8% (n = 59) did not identify their ethnicity. The stu-
dentswererepresentative of varied achievement levels, rang-
ing from “below average” to “above average” asreported by
the teachers.

Procedur es. Evaluation of the web adventure was inde-
pendent of other instructional intervention. Teachers were
asked to avoid preteaching the content of the website, but
after the testing they were encouraged to extend the website
content according to their own curricula. All schools were
assigned Mission One since it presents the basic concepts
that are elaborated in later Missions. Five of the schools
wererandomly assigned Mission Two and four were assigned
Mission Three asindicated in Table 2.

Assessment instruments. The evaluation consisted of
four instruments: (i) apretest for all three missionsadminis-
tered 3 days prior to playing the assigned adventures, (ii) an
opinion gquestionnaire administered immediately after com-
pleting the missions, (iii) aposttest administered 3 days after
completing the adventures, and (iv) ateacher feedback ques-
tionnaire. Only the student test data are reported in this
paper since the hypothesis under investigation focuses on
learning gains, rather than preferences or perceptions. While
aformal analysisof theattitudinal dataisnot reported here, it
is relevant to the integrity of the scores to provide some
insight into the teacher and student responses. Of central
importance is whether the students found the materials en-
gaging or whether they dismissed them as boring. The fol-
lowing comments in response to the question, “What did
you like most about MedMyst?’ are from both teachers and
students.

Sampleteacher comments:

“ It was interactive and gave students choices and deci-

sion points.”

“| liked the fact that it has quizzes after each activity.”

“| like using it with my students because they are en-

gaged. When studentssay to me, “ | wishwe could learn

like thismore,” then | am hooked. When they want the
websiteto work onit at home, | know that it is effective!”

Sampl e student comments:;

“| liked how they turned it into a mystery, that really got

meintoit!”

“| felt like a professional agent chosen to be on a mis-

sion.”

“You could interact with objects like viewing slides un-

der a microscope.”

“ It was better than reading and writing things.”

The pretest-posttest instruments normally required 15 to
30 minutes for students to complete. The actual interaction
time at the computer for each mission wastypically 30 to 40
minutes. The pretest and posttest included 40 multiple-choice
science and history content questions (13 from Mission One,
15from Mission Two, 12 from Mission Three).
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TABLE 2. Demographics of field test population

School State Grade n Missions Economic

Assigned Disadvantage

1 TX 6 73 1&2 47%

2 WA 7 91 1&2 8%

3 PA 7 67 1&2 74%

4 ID 7 84 1&3 45%

5 MD 7 118 1&3 39%

6 CcT 7 97 1&2 not reported

7 PA 7 83 1&3 33%

8 ME 9& 10 36 1&3 44%

9 NM 9 62 1&2 11%

Since both the tests contained the same items, the ques-
tionswererandomized in adifferent order for the pretest and
the posttest. Content questions focused on knowledge of
the six infectious agents and their prevention and treatment
methods, cause and treatment of cholera, cause and treat-
ment of smallpox, structure and replication of bacteria, struc-
ture and reproduction of viruses, epidemiology, and people
of historical significanceand historical eventsrelated to Germ
Theory. See Table 3 for a sample of questions contained in
both the pretest and posttest.

Teachers were encouraged to play the adventures them-
selves prior to using them with their students. All teachers
wereinstructed to administer the pretest 3 days prior to hav-
ing students play the two assigned missions, alow students
to play the two assigned Missions, wait three days and ad-
minister the posttest. The three-day time delay between the
testing and the use of the web adventure were purposely
planned to test the website's impact on student knowledge
without theimmediacy of content and exposure.

RESULTS

For each Mission a paired t test was performed on the
total sample and for each school to determine whether there
was a statistically significant increase in scores. Typically,
the paired t test is used to when the same subjects are mea-
sured before and after a process change. Additionally, the
effect sizewas cal cul ated for each pair-wise comparison. Ef-
fect size provides a measure of the magnitude of atreatment
effect and unlike significance tests, these indices are inde-
pendent of samplesize (9).

Mission One. Table 4 shows the pretest and posttest
scores, the gain scores, the t test, and effect size (d) for all
those subjects who played Mission One. It is clear from
Table 4 that students' performance improved after playing
MedMyst Mission One. Across al schools, the gain score

wassignificantly greater than 0, P < 0.01. Effect sizesof 0.50
are commonly considered medium and those greater than
0.80 areconsidered large (9). By these standards, the size of
the gainsappearsto bereasonably largefor the overall sample
and for eight of the nine schools. Only the gainsfor School
5, seventh grade demonstrated an effect sizewell below 0.50.

Separate analyses of variance (ANOVAS) were performed
for the group of schoolsthat played Missions One and Two
and the group that played Missions One and Three. For the
former schools, the sizes of the gains varied somewhat as a
function of grade. The mean gain scores for sixth, seventh,
and ninth grades were 1.93, 2.47, and 1.02. There were no
apparent effects of gender. A gradeby gender ANOVA found
asignificant effect of grade, F(2,377) =8.73, P < 0.01, but no
significant effect of gender or agrade by gender interaction.
For the group of schools that played Missions One and
Three, no significant effects were found.

Mission Two. As can be seen in Table 5, comparable
results were obtained for Mission Two. The only difference
isthat on Mission Two, School 9 ninth grade students showed
virtually no gain. The effect sizefor School 9 was extremely
small 0.15. The gains for the other schools were all signifi-
cant, P <0.001, and the effect sizeswerelarge. Asin Mission
One, the sizes of the gain varied somewhat as a function of
grade. The mean gains for sixth, seventh, and ninth grades
were 1.63, 2.03, and 0.31. There were no apparent effects of
gender. A gradeby gender ANOVA found asignificant effect
of grade, F(2,377) =18.82, P <0.01, but no significant effect of
gender or a grade by gender interaction.

Mission Three. Table 6 shows the gains for Mission
Three, all of which were significant, P < 0.01; however, the
effect sizesrangefrom 0.56 t0 0.33, which arelessimpressive
than Mission One or Mission Two. A grade by gender ANOVA
revealed no evidence of a grade effect, a gender effect, or a
grade by gender interaction on Mission Three.
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TABLE 3. Sample questions from MedMyst pretest and posttest

Sample Content Tested Sample Questions

Infectious agent
infectious agents
antibiotics
vaccines
antibodies

Prions, viruses, and fungi are three of six kinds of:

Cause and treatment of
cholera

taking laxatives

A simple treatment for cholerais:
oral rehydration solution
using atopical ointment

cardiopulmonary resuscitation

Cause and treatment of
smallpox

Smallpox is caused by a
bacterium
prion
fungus
virus

Structure and types of
bacteria

-

Circle the letter that illustrates a type of coccus bacterium.

a b.

C. d.

Structure and reproduction
of viruses air particles
dead tissues
living cells
water

Viruses can only reproduce in:

Epidemiology
iscalled:
atoxic level overdose
aspirilla
an epidemic
an infectious disease

When there is an increase in the number of cases of adisease in a particular region, it

Historical events/people
John Snow

Louis Pasteur
Joseph Lister
Robert Koch

Germ Theory was first proposed by:

DISCUSSION

The hypothesis for MedMyst evaluation focused on the
efficacy of web-based technology in delivering substantive
microbiology content to adolescents. The results reported
here indicate that MedMyst was successful in supporting
students’ learning. Theinvestment of 30to 40 minutesyielded
gains even with a three-day delay in testing and without
accompanying classroom instruction. Finding efficacious
materiasfor middle school studentsis particularly important
sincethisisnormally wheninterest in science beginsto wane.
Serving as an aternative teaching tool, MedMyst may even

reach students not normally interested in science, aswell as
those who prefer more interactive and visual learning envi-
ronments.

The diversity of the student sample and the differences
in preexisting knowledge documented in this study repre-
sent the range of ethnic, socio-economic, and ability differ-
ences among students who might encounter the web adven-
tures. Ingeneral, studentsfrom middle schoolswere ableto
improvetheir scores based on using the web adventure alone.
The gains for the high school students sampled were not as
consistent or as large as those of middle school students.
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TABLE 4. Mission One scores on 13 item test

Overall Sch 1/ | Sch2/ Sch 3/ Sch 4/ Sch 5/ Sch 6/ Sch 7/ Sch 8/ Sch 9f
Mission 1 n= 710 Gr6 Gr7 Gr7 Gr7 Gr7 Gr7 Gr7 Gro& 10 Gr9
B n=73 n=91 n= 67 n=84 n=118 n=97 n=83 n= 36 n=62
Pretest 5.80 571 5.67 5.33 5.29 6.20 5.48 6.12 7.50 5.65
(SD) (2.24) (1.83) (2.33) | (1.93) (1.93) | (2.46) | (1.99) (254) | (2.25) (2.18)
Posttest 7.61 7.64 7.97 7.39 7.10 7.05 8.55 7.34 9.89 6.66
(SD) (2.73) (251) | (233) | (264) | (277) | (2.82) | (2.48) (2.88) (2.31) (2.72)
Gain 181 1.93 2.30 2.06 1.81 0.85 3.06 1.22 2.39 1.02
t 18.86** | 5.81** | 9.14** | 6.97** | 6.02** | 4.21** | 12.94** | 4.32** 7.60%* 3.05*
d 0.81 1.05 0.99 1.07 0.94 0.35 1.54 0.48 1.06 0.47
*p<0.01 **p < 0.001
TABLE 5. Mission Two scores on 15 item test
Total Sch 1/ Sch 2/ Sch 3/ Sch 6/ Sch 9/
Mission 2 = 390 Gr6 Gr7 Gr7 Gr7 Gr9
B n=73 n=91 n= 67 n= 97 n=62
Pretest 5.42 4.88 6.11 4.88 5.23 5.97
(SD) (2.09) (1.75) (2.41) (1.78) (1.94) (2.12)
Posttest 7.57 6.51 7.84 6.55 9.65 6.27
(SD) (2.92) (2.61) (2.60) (2.87) (2.36) (2.71)
Gain 2.14 1.63 1.73 1.67 4.42 0.31
t 14.40** 5.27** 5.94** 4,94%* 18.94** 1.00
d 1.02 0.93 0.72 0.94 2.28 0.15
*p<0.01 **p<0.001
TABLE 6. Mission Three scores on 12 item test
Total Sch 4/ Sch 5/ Sch 7/ Sch 8/
Mission 3 = 320 Gr7 Gr7 Gr7 Gr 9&10
B n= 84 N=118 N= 83 N= 36
Pretest 5.87 5.21 5.53 5.95 8.33
(SD) (2.29) (2.08) (1.94) (2.36) (2.10)
Posttest 6.81 6.10 6.62 6.73 9.28
(SD) (2.66) (2.79) (2.37) (2.69) (1.75)
Gain 0.94 0.88 1.09 0.78 0.94
t 7.68** 3.52%* 5.31** 3.15* 3.50*
d 0.41 0.42 0.56 0.33 0.45

*p<0.01 **p < 0.001,

Thisreaffirmsthat thedesigners' intended audience (middle
school age students) isthe best match for the materials. The
genre and the format may not be as appealing to high school
students or may be too repetitious of previously learned
material.

The experimental design in this study tested the efficacy
of MedMyst in abroad range of school settings and indepen-
dent of any teacher intervention. Theinvestment of timeon
task for MedMyst affords some clear learning gains for both

genders, particularly with middle school students. With the
addition of classroom instruction and relevant hands-on ac-
tivities, gainsin knowledge acquisition could be magnified.
Tofurther thisend, there are now teacher materialsavailable
onthewebsite. These consist of amagazinein pdf format to
accompany each mission and hands-on activitiesfrom which
the teacher may select those most appropriate for his or her
classes. The other key feature of the MedMyst seriesis that
it takes relatively little class time. In many instances, stu-
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dents could be assigned the web adventures as homework.
With the many pressures of standardized testing and the
requirements to march through a specific curriculum, teach-
ersoften havelittletime for “extra’ material. MedMystisa
catalyst that can hopefully serve as an introduction or re-
view to microbiology concepts that are part of the National
Science Content Standards, leaving class time for hands-on
activities. The authors would welcome the use of MedMyst
by universities or individual microbiologistsin their school
outreach programs. A previous paper provides middle school
science and health teacherswith an overview of how to inte-
grate MedMyst adventures into classroom instruction (18).
Some of the obvious advantages of thistool arethatitisfree
and available at any time or from anywhere on the web. Fu-
ture plans include the creation of more missions to cover
additional infectious agents and translating the website into
Spanish. The comparison of web adventure learning with an
equal investment of time on other presentation modes offers
more research questions for exploration.
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