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Abstract

Johns Hopkins University’s, SCANS
2000 resear chers set out to change
how studentslearn in waysthat would
makeclassroomsseem morelikework
settings where learning must be ap-

plied. Faculty teams, advisors from
major employers, and a multimedia
production company helped re-
sear chersconvert representativereal
world problemsfaced by employees

into case studies on interactive CDs.
This article describes the process of
technology-based development and
how students benefit.

BACKGROUND:
THE SCANS PROJECT

In, 1991, the Secretary of Labor and
the Secretary’s Commission on Achiev-
ing Necessary Skills(SCANS) announced
completion of an initial examination of
changesin the world of work and theim-
plications of these changes for learning.
In preparing the report, the Commission
spent 12 monthstalking to business own-
ers, employees, people who manage em-
ployees, and union officials. The mes-
sage was the same across the country and
inevery kind of job: good jobs depend on
peoplewho could put knowledgeto work.
New workers must be creative and respon-
sible problem solvers and have skillsand
knowledge on which employees can
build. The Commission wasdismayed to
report that more than half of young people
leave school without the knowledge or
foundation required to find and hold a
good job. This they attributed to the fact
that globalization of commerceand indus-
try and the explosive growth of technol-
ogy use have barely been reflected in
school curricula that should prepare
people for work.

The Commission verified workplace
know-how as having two elements: com-
petencies and a foundation (see sidebar).
Drawing on cognitive science, the com-
mission recommended that the most ef-
fective way of learning the competencies
is “in context”; that is, placing learning
objectives within a real environment
rather than insisting that students first
learn in the abstract what they will be ex-

pect to apply. The Commission further
recommended that the competencies and
foundation skills be taught in an inte-
grated fashion to reflect the workplace
contexts in which they are applied.

The National Science FoundationAd-
vanced Technol ogical Education program
hel ped fund aresearch project at the Johns
Hopkins University’s SCANS/2000 Pro-
gram Center whose goal was to improve
the education of community collegetech-
nician students. We proposed to create
curricular toolsfor teachersto usein their
mathematics, science, engineering, tech-
nology, and communication courses that
would help their students master the
SCANS skills. These curriculum tools
took the form of case studies representa-
tive of real world work problems deliv-
ered through technology on CDs. The
case study approach encouraged the in-
tegration of knowledge that students
would need to solve the problems and the
collaborative work suggested by the
Commission finding that working in
teams was a very important competency. *

Faculty teams at five community col-
leges assisted the Johns Hopkinsresearch
teamin designing and testing the SCANS-
based CD learning modules. Those col-
leges were: Hagerstown (Maryland),
South Seattle (Washington), and North-
ern Essex Community Colleges (Massa-
chusetts), the New Hampshire Technical
Education System, and Modesto Junior
College (California). The pilot colleges
and others implemented the modules in
more than 19 different coursesin college
classrooms nationally. We estimate that

the modul es have been used at more than
40 colleges.

Wor kplace Know-How

The know-how identified by SCANSis
made up of five competencies and a
three-part foundation of skills and per-
sonal qualities that are needed for solid
job performance. These include:

Competencies—effective workers
can productively use:

* Resources—allocating time, money,
materials, space, and staff;

» Interpersonal Skills—working on
teams, teaching others, serving cus-
tomers, leading, negotiating and
working well with people from cul-
turally diverse backgrounds;
Information—acquiring and evaluat-
ing date, organizing and maintaining
files, interpreting and communicat-
ing, and using computers to process
information.
Systems—understanding social, or
ganizational, and technological sys-
tems, monitoring and correcting per-
formance, and designing or improv-
ing systems;

Technol ogy—sel ecting egquipment
and tools, applying technology to
specific tasks, and maintaining and
troubl eshooting technol ogies.

The Foundation—competence re-
quires:

e Basic Skills—reading, writing, arith-
metic and mathematics, speaking,
and listening;

Thinking Skills—thinking creative-
ly, making decision, solving
problems, seeing thingsinthemind’s
eye, knowing how to learn, and rea-
soning;

Personal Qualities—individual re-
sponsibility, self-esteem, sociability,
self-management, and integrity.
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MOTIVATION
The case study approach

Thedesigned scenarioswere based on
real world work problems faced by em-
ployees. The case studies were selected
and designed with the assistance of advi-
sors from industry, and as much as pos-
siblethey include elements of actual case
studies

In a typical SCANS simulated case
study, studentsare given atask or aprob-
lem to solve. They are a so provided with
various background information and data
relevant to the problem, along with some
reference material all of whichisincluded
on the CD. Students are expected to re-
search the problem using the material pro-
vided and any other research avenuesthat
are appropriate, including use of the
worldwide web. They propose asolution
to the problem and defend it in a presen-
tation to their class.

Electronic case studies

Although the problem statement and ma-
terials described above could be provided
in paper form, we decided that the
SCANS objectives were best served by
using electronic media (CD) as the pre-
sentation tool. We use the medium to ac-
tually simulate awork environment rather
than provide the student with a static text
description of the problem. A well-de-
signed electronic case study should be

more than simply atextbook with graph-
icsand sound. The CD allowsusto add a
number of new dimensions to the case
study:

Simulate Reality: By using graphics,
audio and information gathering meta-
phors (see Design) to make the simula-
tion as realistic as possible, the student
doesn't just read a description of the
workplace, but actually experiences it.
Employerswant employeeswho have
job experience, but it is difficult for stu-
dentsto gain useful experience during the
collegeyears. A well-designed simulation
actually gives the students experience.

Assessment Capability: Inorder for
the simulated work experience to have
credence with employers, it is critically
important that specific job performance
be documentable. The SCANS competen-
cies provide a set of standards by which
job performance can be measured.
SCANS/2000 assessment instruments,
developed and tested with faculty and stu-
dents, are now incorporated into the elec-
tronic curricula

Tamper-proof Curricula: TheCD
technology offers a tamper proof venue
for curriculum presentation. The essen-
tial content of the exercises remains con-
sistentinall classrooms, whileleaving the
faculty freeto usetheir own creativity and
skillsin implementation.

Student-driven: The navigation of
the CD is designed so that not only the
pace, but also the order of presentation
of the material isleft to the student. This
forces the student to use much moreini-
tiative and thought in problem solving,
than in a paper-based setting where they
know everything they neediswithin afew
printed pages.

Information Resour ces: The stor-
age capacity of aCD makesit convenient
to include large amounts of information.
Thislets usinclude useful reference ma-
terial to supplement the problem. The CD
uses a “bookshelf” metaphor to include
text-heavy materias. Interactivetutorials
are used to provide just-in-time learning
for topics specific to the case study prob-
lem. For instance, one module, designed
for use in a physics classroom, teaches
the student basic meteorology. Thisisma-
terial that would not ordinarily be in-
cluded inaphysicscurriculum, but might
very well berequired for anew employee
to learn on the job.

DESIGN

Having decided the design goalsto be
accomplished in our electronic case stud-
ies, the next problem was how to design
the CD to actually realize these goals.

The most important element of the de-
sign philosophy was that the problems
should be“real”. Thisdoes not mean that
we used three-dimensional virtual real-
ity to make locations appear realistic. On
the contrary, mediawere deliberately low-
cost (e.g., still images, limited use of
video, and use of available voicesinstead
of professional actors) so that resources
could be spent on other aspects of the pro-
duction: the problem design and the
“metaphors”.

We were very careful to make the
problems as authentic as possible. One
aspect of problems encountered in life,
as opposed to those in atextbook, is that
there is not necessarily a single “right”
answer. We also made adecisionto leave
the order of events in the hands of stu-
dents as much as possible. Multimedia
presentations can be thought of asdivided
into aseries of screens, organized hierar-
chically, along with some mechanism for
moving or navigating from screen to
screen. In a strictly linear presentation,
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the screens are presented in a prescribed
order. Most computer based training
(CBT) applications take this approach,
organizing screens into an outline and
giving the user some means for stepping
through the outline and for viewing one's
progress as one completes lessons.

In our workplace simulations, we re-
place the “screen” with the metaphor of
“offices.” At the top level of the hierar-
chy are sets of roomsrepresenting offices
in the virtual company. One of these of-
ficesbelongsto the student, who isgiven
the role of ajunior employee at the com-
pany. The lesson outline is replaced with
ametaphor of afloor plan. Unlikeclassic
CBT, there is no implied order in this
metaphor. The student is free to explore
officesin any order they choose.

Physical metaphorsare similarly used
throughout the modules. Information
within the roomsis contained within ob-
jects within the room. With few excep-
tions, the student is again free to explore
these objects. Depending on the nature of
the information, it could be given in the
form of audio spoken by a character, pa-
persinafilecabinet or onabulletin board,
reference books on a bookshelf, a pro-
gram on a“computer” within the virtual
office, or any other metaphor that makes
sense within the environment. Changes
in the cursor indicate that an object con-
tains useful information and should be
examined.

IMPLEMENTATION

After the first SCANS modules were
completed, they weretested in pilot class-
rooms. Feedback received after the ini-
tial experience led to some changes in
design. One change involved the free
exploration concept described in the pre-
vious section. Some students, particularly
traditional community college students
who had recently graduated high school
and never held afull-time job, had diffi-
culty with the amount of independence
offered. These students felt lost without
some sort of explicit guidance.

We added two new metaphors to the
CDs to address this problem. One was a
checklist, in the form of a “To-do” list,
which could be pulled up at any time to
obtain alist of tasks. The To-do list could
also be used to automatically check off
tasks as the student completed them.
However, consulting thelistiscompletely
optional, and it is kept for reference in-
formation only. The student’s freedom to
explore rooms in any order was still re-
tained.

The other metaphor we added to pro-
vide some guidance was the introduction
of a “mentor” character. This character
can be used in many waysto provide sug-
gestions anywhere the content might re-
quire additional direction.

Other changesinvolved thetiming and
duration of the SCANS material. The
SCANS modules were integrated into
courses commonly taken as part of a

technology curriculum. Originally, we
planned on concentrating the case study
moduleinto nine hours of classtime over
two or three weeks. Some faculty found
that the CD modules worked best spread
across most of their course and offered
in smaller increments per week. This ap-
proach gave studentsthetimethey needed
towork together to research and solvethe
problems and to put together their report
and presentations. Faculty continue to
experiment with integration of the mod-
ules. Some designed new courses around
them.

RESULTS

The electronic case studies proved to
be an exciting education experience for
both studentsand faculty. At first students
thought it was just a game (indeed, role-
playing gameswere studied asmodelsfor
the interactive design); but they soon re-
alized that serious information was pre-
sented in a new way. The more they
worked on the module and the longer they
talked with their peersabout the problem,
the more most students became engaged.
A physics professor at Northern Essex
Community Collegetells of being hailed
in the cafeteriaand while walking across
campus. It seemed that wherever his stu-
dentswere, they were talking about their
problem. He claims students even
worked during their Holiday.

Sustained activity seemed to encour-
age creative problem solving. We ob-
served students inventing tools to dem-
onstrate their problem solutions, finding
solutions not previously considered by the
faculty creators, and becoming involved
doing in-depth research in areas far re-
moved from the discipline base.

Faculty using this technology found
they needed to teach differently. They be-
came learning facilitators, a change that
was adifficult transition for many. Some
faculty accustomed to classroom control
and content delivery rejected using the
CD modules. Others found ways to deal
with change. One faculty member said:
“As ateacher, | needed to become com-
fortablesaying ‘| don’t know’ when asked
a question.” Another faculty member
helped students deal with ambiguity by
taking part in the role-play, answering
questions in the role of various charac-
tersportrayed onthe CD. Another teacher
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simply told the studentsto make assump-
tions and work from those.

Indeed, we learned that the ambigu-
ity was useful as ateaching and learning
tool. Faculty required students to make
assumptionsand defend decisionsthereby
challenging them to research and solve
problems. Then too, students reported
increased subject mastery when they were
required to defend decisionsand persuade
others. These processes forced students
to clarify their thinking and hone their
presentation skills.

Anexternal evaluator from the Ameri-
can Institute for Research described as
“impressive that students have demon-
strated relatively high levels of SCANS
competencies...following implementa-
tion of the present exercises.” He re-
ported that the CD case study provides
the opportunity for students to manifest
high levels of skill attainment, and for
instructorsto focuson, observe and docu-
ment those skills. Hissurvey analysisre-
vealed that students pointed to gains in
critical thinking and decision making,
evaluating different courses of action
within alarger context, working in teams,
learning to gather and analyze informa-
tion, and giving presentationsto describe
their findings and defend their decisions.
Over 82% of the participating students
reported that the modul e taught concepts
or skills that they would not otherwise
have learned in the class.?

We found faculty could say more
about what students learned when they
observed the students' behaviors when
solving the problems. Typically, the
course grade has the most meaning to the
academic establishment. Now, faculty
can attest to the mastery of many new
skills or skills not normally learned in
their class. Teachers told us of students
who were not necessarily academic stars,
assuming team leadership roles and ex-
celling in the business settings presented
by the CDs.

Because solving case study problems
on CD is active learning, students are
morelikely to remember thelessons. CDs
create such complex, yet believable; sce-
narios that we believe students will re-
member what they learned in virtua en-
vironments|ong after the course comple-
tion. In fact, another SCANS research
project (Baltimore Learning Community
Technology Challenge Project) using

Comparative Performance-Overall GPA 1999-2000

Average GPA
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B Participants
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9th Grade
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Table |
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B BL.C
E Non-BLC

11th Grade
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similarly designed interactive CD mod-
uleswith Baltimore high school students
found long lasting effects over three
years. Eighty-seven percent (87%) of stu-
dentsin that study continued their math-
ematics studies to take and pass Algebra
[1, while only 12 non-program students,
half of the comparison group, took and
passed this higher level mathematics.
Resultsweresimilar for English|, 11, and
[11. All program students and all but one
non-program student passed English 1. All
the students passed English I1. However,
while al but one program student passed

English 111, only 9 non-program students
(38%) passed English 111. Table | and 11
at right, taken from the external
evaluator's Final Evaluation Report® il-
lustrate the impact on Grade Point Aver-
age and Student Attendance.

The CD’s provided realistic experi-
encesthat allowed studentsto functionin
teams with structured roles and assign-
ments. This peer contact had many ben-
efits such as increased motivation, inter-
est, and even, we believe, lower course
attrition and increased program retention.
Hagerstown Community College (HCC)
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found students who took courses where
the CDs were used tended to stay in col-
lege and advance toward program
completion. HCC compared the academic
retention rate of 251 students who used
the CD learning modules with 1221 stu-
dentswho did not and found, on average,
a42% higher retention rate. Table I11 on
the next page presents the datain graphi-
cal format (Mathias*)

Anecdotally, community college
teachers experienced in integrating the
CD simulationsinto their coursework re-
ported the following at a March 2001
meeting at Johns Hopkins University:

O Module use proved so successful in
enhancing critical thinking skills that an
entire course was re-structured to place
the CD experience as its centerpiece
(Charles Padron, Nashville Technical In-
gtitute).

O Students who used the Building a
Problem Solving Team module were so
proficient in team problem solving that
other students who had not used the CD
asked for the experience (Casey Chaney,
Ivy Technical Collegein Terre Haute).

O Faculty members observing the reac-
tions of students using the CD modules
requested training to prepare to use the
CDs in their classrooms (Bill Morton,
Southern Maryland Community College).

O A student aid assisting an instructor
by coaching students in a course using a
CD changed her academic major and as-
pires to become a teacher herself

(Cheyanne Lewis, Hagerstown Commu-
nity College).

DISCUSSION

The utility of the simulated case stud-
ies for academic learning can be seen in
the assessment results cited above. Re-
searchers found that process skills prac-
ticed through the CD module experience
were not documented in any formal way
by academicinstitutions. Yet, these skills
were identified by the SCANS Commis-
sion as being those necessary for work-
ers to succeed in high paying jobs. Con-
sequently, we are currently developing an
electronic Career Transcript, a brief and
academically verified version of aresume
to record student achievements.

SCANS researchers estimate a June
2001 compl etion of the electronic Career
Transcript as part of a nationwide data
base that can be made accessible to em-
ployers. By using a standardized, elec-
tronically based curriculum, and a set of
standardized assessment tool s, competen-
ciescan be assessed in the SCANS-based
classroomin the sameway asin thework-
place. Thus, the high-demand skills that
the student demonstrates in these mod-
ules: decision making, problem solving,
working inteamsetc. can beincorporated
in the student’s resume exactly asif they
had learned the skills through actual job
experience. Experienced faculty will
validate the Career Transcript entries
making them comparabl e to the academic
transcript.

Although the current study dealswith
simulated case studies, we found all the
principles described above apply as well
to actual case studies. Implementing as
simulated work-environments tremen-
dously increases the teaching value of
case studies. We are encouraged by data
that appears to indicate substantial ben-
efits to learners on a number of param-
eters important to academic institutions.

END NOTES

Appendix: Anatomy of a CD
Production

Multimedia presentations such asthe CD
courses described here are a blend of
media (graphics, animations, video, and
audio) and programming, industrieswith
very different approaches to production.
A successful multimedia production
needs to borrow techniques from both
industries.

Thefirst stepis*”Pre-production.” Pre-
production involves all of the design
work, including writing of scripts and
development of content. During this de-
sign phase, content experts are working
with writers, instructional designers, and
representatives from the programming
and media devel opment teams. Together
they decide how to capture the desired
content, what the learning goals are and
how to achieve them, and develop the
overall story line. This first phase might
end in adesign document, which summa-
rizes all the major design philosophies.

The overall design is then refined,
making decisions on characters and their
roles, content of tutorialsand quizzes, de-
cisions on how user input is tracked and
reported, and what metaphorsto use. The
relationship between screens also needs
to be decided, and how the user getsfrom
screen to screen. Dialog iswritten for the
characters, including dialogin reactionto
various events or user choices. This next
stage of design usually resultsin ascript
(which documents not only audio but the
relations between screens and the inter-
action available on each screen). Itisalso
convenient to produce a storyboard,
which illustrates the screens along with
the script.

Intraditional media, the storyboardis
avery detailed document capturing final
decisionson practicaly all aspectsof pro-
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duction, including separate cameraangles
of the same action. In multimediathe de-
sign is a much more flexible thing, and
thestoryboardislessdetailed. Instead, we
usethe storyboard to develop arapid pro-
totype, which then goes through an ini-
tial period of user testing.

Well-designed software should bein-
tuitive, and it is only through pilot test-
ing with usersthat one can seewheretheir
intuition leads them. It isatruism in the
softwareindustry that userswill never use
a product in the manner in which it was
anticipated, which iswhy it is so impor-
tant to observe the product actually be-
ing used.

After “Prototype Testing,” the prod-
uct will go through a period of redesign.
Interactionsthat were difficult or unclear
can be modified; content can be added
where users expressed the need for addi-
tional instruction, etc. The result of this
redesign phase is afinal script, which is
the guide for the Production phase. This
isthe most expensive part of the process,
involving the largest part of the team,
typically working for several months. In
this stage, the final graphics are being
drawn or animated, audio and video are
recorded, digitized and the flow of the
piece programmed. (We used
Macromedia Authorware™ for the pro-
gramming).

Finally, as in software development,
the nearly finished piece enters a period
of “User Acceptance” testing. In this
phase, which involves a much larger set
of usersthan the“Prototype Testing,” the
pieceisextensively tested in asmany dif-
ferent configurations as possible to un-
cover possible bugs or errors in design.
Small changes might be madein program-
ming and mediato addressissuesthat are
uncovered, but typically it isnot feasible
to make major changes at this late stage.
Finally, the design is stabilized and the
product is released.
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