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Among health professions the field of respiratory care (RC) once enjoyed a leadership role in integrating
new technologies in teaching, largely because of the excellent match between branching-logic clinical
simulations and microcomputer technology. RC can reclaim leadership status by concentrating on
effective teaching and the judicious (rather than lavish) deployment of educational technologies. Tele-
conferencing has been important in RC education, but its role is waning as Internet-based teaching
becomes the dominant technology. RC instructors should avoid the media-comparison research pitfall.
Research indicates that students who learn at a distance do not learn better or worse than students in
traditional classrooms, although student attrition is a serious problem in Internet-based courses. Online
courses are time consuming to develop and deploy, effectively serve limited numbers of students per
course, and are not suitable for some topics and learners. RC is probably not a good match for courses
and programs delivered entirely via the Internet, but RC is an excellent match for Internet-supported
courses. Faculty should concentrate on teaching effectiveness, instruction design strategies, and making
judicious, conservative use of educational technologies. With or without technology, instructors should
develop learner-centered, authentic instruction. In RC education there are abundant opportunities to
employ technology, but RC programs will be well served by distilling a detailed vision of effective
educational-technology integration, rather than by continuing to pressure programs and faculty to
adopt technology without careful consideration of the value added (or subtracted) by each specific
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Introduction

There is nothing more difficult to plan, more doubtful of suc-
cess, nor more dangerous to manage than the creation of a new
order of things.

—Machiavelli, 1513

In the flood of technology applications designed for
education and instruction, which attended the introduction
of personal microcomputers in the early 1980s, among
health professions the field of respiratory care (RC) en-
joyed a lead role in technology integration. This was due
to 2 important factors:
1. The fortuitous coincidence of the National Board for

Respiratory Care’s deployment of the branching-logic clin-
ical simulation registry examination in 1979, which re-
placed the inefficient oral examinations,1 and the explo-
sive success of Apple’s microcomputer. Text-based and
interactive, the examination’s branching-logic format was
a near-perfect match for the rudimentary computing and
database management capacity of first-generation micro-
computers. Computer-managed clinical simulations were
much superior to the crude drill-and-practice and tutorial
applications used in health professions education and ed-
ucation in general at that time.
2. The ingenuity and industry of a number of imagina-

tive RC educators and technology integrators, including
Sally Hixon Cavanaugh, Bob Kacmarek, and Christine
McGuire, who played important roles in developing the
branching-logic clinical simulation methodology for RC.
Also important were David C Assmann, founder of Medi-
Sims (an important early commercial instructional soft-
ware publisher for RC), and Ron Koncher (founder of
Algorithms Unlimited, which published the popular Simu-
Writer program that allowed instructors to create custom
computer-managed clinical simulations). It is worthy of
note that the clinical simulation method for the advanced
practitioner examination moved from paper-based to com-
puter-based 2 decades after those visionaries saw this po-
tential in RC. Computer-managed clinical simulations are
now a routine element in RC training.
Following this initial burst of innovation RC education

experienced a blossoming of technology applications, and
a series of commercial instructional publishers entered and
left the scene. Although their efforts became increasingly
sophisticated and graphics-rich asmedia development tools
evolved, they rarely stepped outside the bounds of the
early clinical simulation, drill-and-practice, and tutorial
formula.2 Computer-based training tutorials in RC have
had solid content but a paucity of good instructional de-
sign and imagination, often accurately described as “elec-
tronic page turners.” Few of those early RC-education-
materials development companies have survived, and the
major textbook publishers have made only tentative efforts

in developing and marketing RC-instructional technology.
Drill-and-practice software, a staple in RC training, has
been generally dismissed in the larger field of educational
technology. Although intuitively the interactive quality of
computer-based training seems to be important, there has
been little research evidence of the value of interaction in
instruction.3 RC has not been a sufficiently large or lucra-
tive market for long-term development of instructional me-
dia. We are, in part, to blame, as software piracy has been
a factor in discouraging instructional media publishing ef-
forts for health professions.
Computer-managed clinical simulations have become rou-

tine in RC training, for teaching and practicing clinical skills,
and for preparing for credentialing examinations. But there is
a danger that enthusiasm for technology could lead some to
the questionable conclusion that simulated, technology-driven
exercises reliably represent the real-world experiences of clin-
ical practice. As I have argued elsewhere,4 that a student
performs well on a clinical simulation examination does not
necessarily indicate a high degree of clinical acumen. Simi-
larly, there is reason to question whether high performance
on branching-logic clinical simulations truly reflects critical
thinking, especially if users have been extensively drilled in
the methodology. Media-rich simulations have been right-
fully criticized for teaching gamesmanship, giving an appear-
anceof target-skill competencewhen in fact the studentmerely
learned to score well within the game.5 For instance, a sim-
ulation on pediatric asthma management that uses a space-
ship metaphor in which the user scores points by laser-zap-
ping mucus plugs and environmental triggers may increase
the student’s competence in scoring game points but may
have little effect on a patient’s asthma management.
In this report I will address emerging on-line telecon-

ferencing technology and its current status and potential in
RC, and I will outline the present state of online teaching
technology and theory. I will propose recommendations
for employing on-line technology in RC teaching, and I
will address the question of efficacy in distance learning.
I will conclude with a prescription for adopting current
instruction technologies and propose specific recommen-
dations for RC education to reclaim a leadership role in
technology integration.

Teleconferencing

Teleconferencing, using various technologies and com-
binations of technologies, has been an important mediated
form of distance learning, but its use is waning. The intent
is to instantaneously transmit the live classroom experi-
ence, often with 2-way communication between teacher
and students. This can be done using dedicated transmis-
sion lines, satellite links, or compressed video via tele-
phone line, with or without 2-way audio communication.
This “same time, different place”6 approach enjoyed brief
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popularity in medical education, but much greater and
sustained interest in the corporate world. The technology
tends to be quite expensive and effectively reaches limited
numbers of students (those in technology-intensive, wired
classrooms). In United States medical fields teleconferenc-
ing is rapidly being supplanted by online course develop-
ment.3 An aspect of teleconferencing courses that seems to
be universal is tedium. This was abundantly clear in my
own limited experience with videotaped lectures by sub-
ject-matter experts and live audio for questions and inter-
action. There are frequent anecdotal references to this prob-
lem in the literature, including reports of students cheering
when the teleconferencing machinery fails.
RC was a pioneering medical field in educational tele-

conferencing, with the American Association for Respira-
tory Care’s (AARC’s) long-running “Professor’s Rounds”
satellite conferences, which began in 1990 (WilliamDubbs,
AARC, Dallas, Texas, personal communication, 2004). In
its first year an estimated 10,000 health practitioners from
350 institutions participated. The series has continued for
more than 10 years, with various changes in vendors and
technologies, and now provides videotapes of the confer-
ences, permitting participation by institutions that do not
have satellite downlink capability. Each year the AARC
conducts 8videotaped sessions. For the5-year period1998–
2002 an average of 5,300 participants per year earned
continuing respiratory-care-education (CRCE) credit. This
approach provides continuing education to institutional
staff for relatively low cost per participant.

Comes Now the Web

Plato complained that widespread dissemination of writ-
ing technology would wither memories.7 Every major tech-
nology introduction has been attended by wild claims that
it will revolutionize education8–12 or that it will destroy
education. This was the case with the introduction of mo-
tion pictures, radio,9 television, and now the Internet.3 Al-
though media technologies have sometimes played impor-
tant roles in education, including a critical role in training
service men and women during World War II, their long-
term impact on educational practices has been, on the
whole, slight.11,13,14 Some argue that the introduction of
the Internet is the most important development in commu-
nications since the introduction of television in 1939,15
whereas others suspect that it represents a technological
and cultural phenomenon unseen in recent history.16,17
The recent advent and proliferation of the World Wide

Web (Web) and Internet technologies sparked a furious,
highly competitive drive by higher education and the cor-
porate world to develop and deploy online courses. In
2002, 1,680 educational institutions offered more than
54,000 online courses.3 Approximately 20% of training in
“world-class” business organizations is being delivered by

online educational technology.18 But online pedagogy has
lagged far behind technology innovation6,19 and even fur-
ther behind the ambitious plans and claims of educational
institutions ravenous for shares in an anticipated border-
less, virtual university. One researcher described this phe-
nomenonas a “frenzieddrive toward theWeb-basedcliff.”20
Some authors have rendered scathing indictments of the
explosion of thin online courses by many colleges, label-
ing them “digital diploma mills.”21 Institutions and admin-
istrators embraced online teaching as a way to expand
institutional turf borders, with the potential for serving
vast numbers of students in a single course. But there is
research evidence that online courses cannot effectively
manage more than 10–20 students,20 and instructor work
load in completely online courses is about 3 times greater
than in traditional courses.16,19 As one veteran Web course
developer said, “The paint never dries.”22 This is a daunt-
ing aspect of online instructional development; tightly de-
signed, commercial-quality, interactive, Web-based train-
ing or computer-based training typically requires 100–400
hours of development time per hour of delivery time.23
And online courses are simply not viable for some learners
and some topics.12,24

The Question of Efficacy

A pitfall for Internet technology adopters in RC is to
participate in the vain search for quasi-experimental re-
search evidence of efficacy.5 RC seeks to be science and
evidence-based25,26 and performs its work under the direc-
tion of physicians, who are well known for adherence to
scientific principles. But, whereas clinical studies of drug
efficacy may be designed with near-perfect definitions of
terms, drugs, dosages, and pathologies, constructs such as
“traditional teaching” and “online teaching” are fuzzy and
unworkable. What is traditional teaching? Is a course on
the same subject by 2 instructors really the same? Is the
same course delivered by a single instructor to 2 class-
rooms identical? What is online teaching? Fully online?
Partially online? Synchronous (same time, different place)?
Asynchronous (different time, different place)? Using what
tools and techniques? Indeed, the very process of adapting
a classroom course for distant delivery, for comparison
purposes, often transforms the course at a “bedrock” lev-
el.27,28 This media-comparison conundrum has frustrated
educational technology scholars for decades, culminating
in the startling and profound conclusion by Clark29 that,
“The best . . . evidence is that media are mere vehicles that
deliver instruction but do not influence student achieve-
ment any more than the truck that delivers our groceries
causes changes in our nutrition.” Clark based his conclu-
sion on meta-analysis of 6 decades of research on educa-
tional media. Similarly, Clark and Sugrue5 wrote, “It is the
prescription compound that influences biology, not the
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medium of delivery. . . . It is not the computer that alters
learning any more than the tablet influences biological
processes in a different way than the liquid form of a
drug.” To appreciate that disquieting deduction it must be
recognized that traditional classroom teaching is but one
of many choices in technology and media. When the de-
pendent variable is learning, the overwhelming evidence is
that there is no significant difference between methods
that employ various combinations of media.14 This ubiq-
uitous finding has been dubbed the “NSD” (no significant
difference) phenomenon30 and has led most researchers to
abandon media-comparison studies. Although still a con-
tentious topic in educational technology,31,32 the question
has been answered to the satisfaction of most research-
ers.3,33–35
Clark36 reemphasized this position a decade later and

further pointed out that, because there is no substantial
advantage with any of the competing methods or media,
the prevailing factor in selection should be economics (ie,
impact the most students with the least money).
The research clearly shows that students who learn at a

distance do not learn better or worse than students in tra-
ditional classrooms.3 We must keep in mind that there is
precious little reliable research evidence that traditional
classroom instruction is as effective as we presume.37 In-
deed, I am frequently asked if online teaching provides the
same quality educational experience as the classroom, and
my standard answer is, “I hope not.” I am in agreement
with the important Boyer Commission report on under-
graduate education,38 which declared, “Some . . . instruc-
tors. . . may be tenured drones who deliver set lectures
from yellowed notes, making no effort to engage the bored
minds of the students in front of them.” An online course
that attends to instructional strategy in any meaningful
way is certain to best the stale information-recitation class-
rooms we have all endured. The point is that distance-
learning courses, like traditional courses, have the poten-
tial for effectiveness. This is certainly not to suggest that
hasty, sloppy, distance-learning courses—of which there
are many—are necessarily effective.
The answer to the efficacy question seems to be that

teaching and learning are exceedingly complex phenome-
na39 and the key to success is clearly not in the media, but
in the instructional strategy. As Jonassen40 recently wrote,
there is no unified theory of teaching and learning. Com-
petent teachers achieve similar, positive results using al-
most any vehicle or medium. Similarly, Pratt41 believes
there are 5 fundamental approaches to teaching (transmis-
sion, developmental, apprenticeship, nurturing, and social
reform) and that each can provide good or poor instruc-
tion. Some researchers have found an advantage, though
not a statistically significant advantage, in nontraditional
methods.42,43 But even the most enthusiastic supporters of
nontraditional teaching admit that the advantage is in many

cases attributable to tighter instructional design, an inher-
ent aspect of nontraditional teaching, or to the novelty
factor,5,37 and not to choice of technology.
Research on the efficacy of online courses has tended to

examine outcomes for single courses and not for entire
programs.44 A research finding that deserves attention in
RC is that online teaching is best matched to mature, self-
directed students.45 Successful online students tend to be
intrinsically motivated, abstract learners.3 Does that de-
scribe the student base in RC? Similarly, current online
teaching technology necessarily supports a collaborative
instructional style,46 because of the bandwidth limitation,
and that learning environment is not well suited to many
learners.24,46 My own teaching experience suggests that
graduate students often succeed in online and partially
online courses, whereas undergraduates are rarely well
suited, in terms of temperament and maturity, to online
teaching.

Online Teaching in Respiratory Care

As to the question of online RC programs, I conclude
that RC is not suited for entirely-online education, for 5
reasons:

1. The attrition rate in online courses, as high as 50%,47 is
unacceptable.

2. The RC student pool is not a good match for current
online teaching technologies.

3. RC is a “doing” vocation that involves many complex
psychomotor skills, and that is a poor match for current
online teaching technologies.

4. I believe it is essential to have close continuity and
coordination between classroom instruction and clini-
cal instruction.

5. A commercial effort to create an entirely-online dis-
tance learning RC program could create a “diploma
mill” that does not provide the quality of RC education
we should require.

Issues of efficacy aside, and as I have argued before,27
the matter of RC’s professional image should not be taken
lightly. Becker48 reported a survey of RC managers; 60%
of respondents considered baccalaureate degrees earned
via distance learning to be equivalent to degrees earned in
the traditional classroom, and 75% of RC manager respon-
dents recommend graduate programs conducted entirely
online. I agree with the latter, because motivated and ma-
ture graduate students are more likely to succeed in the
online environment. However, only 26% of 1,444 re-
sponded to the survey, so the Becker study does not pro-
vide a high level of statistical confidence, which points to
the need for further research on the subject. Although I do
not favor RC courses or programs that are totally online, I
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do favor partially online- or Internet-supported courses, as
I will describe below.
I am troubled by Becker’s statement that “. . . advanced

degree programs should have mechanisms to provide credit
for prior educational coursework and life experience.” I
vehemently disagree, as that states the “diploma mill” ap-
proach in exact language. Institutions that have too eagerly
embraced distance learning often seem to extend this to
acceptance to all manner of dubious short cuts and fast
tracks toward advanced degrees. RC managers who seek
an advanced degree are well advised to demand high-
quality education and a degree that will be respected in the
professional community—not merely convenience. In the
realm of higher education, unearned degrees are openly
scorned, and in my opinion RC’s professional image has
already been tarnished by the correspondence-school stig-
ma.27 Without question, it negatively influences recruiting
efforts—a far more important issue than the distance learn-
ing efficacy question.
Distance learning is often tedious and students prefer

meeting face-to-face in the traditional classroom,3 but the
powerful cost and flexibility advantages of distance learn-
ing sometimesprevail.Onlinediscussion technologies seem
particularly well suited to the goal of providing “opportu-
nities to engage in critical discourse in order to improve
communication, negotiation, decision-making, and reflec-
tion.”25 Bonk and Reynolds49 described specific on-line
learning strategies for creative thinking and critical think-
ing, describing the latter as “. . . activity wherein students
identify main points, search for cause and effect, find pat-
terns and relationships, rank ideas, develop timelines, build
taxonomies . . . draw comparisons and contrasts, examine
costs versus benefits, or interlink ideas. . . . ”

A Technology Prescription

Reeves43 cautions technology integrators to beware the
“big technology lie,” that technology will make learning
fast, easy, and fun. The words of astrophysicist Clifford
Stoll50 ring true: “Most learning isn’t fun. Learning takes
work. Discipline. Commitment, from both teacher and stu-
dent. Responsibility.” Rather than being swept away by
the siren song of each tantalizing innovation in technol-
ogy, a prudent position in technology integration is pa-
tience and deliberate, thoughtful technology choices. The
first successful Web browser (Mosaic; now Microsoft In-
ternet Explorer) was introduced but a decade ago.51 We
cannot possibly have learned how best to teach on the
Internet in that short time. However, there is enough re-
search and experience to offer some sound strategies for
Internet teaching. First among these is for RC instructors
to consider Web support or Web enhancement for their
courses, rather than completely online courses. Some re-
searchers have recommended this approach as a way to

achieve maximum educational impact with minimal time
and expense,20,22,28 and with a gradual introduction to stu-
dents. Table 1 lists advantages of Internet support of tra-
ditional courses.
There are abundant resources that address operational

aspects of Internet teaching52–55 and a growing number of
resources on instructional strategy.3 A serious and unre-
solved concern in fully online courses is student attrition,44
and that issue alone should give the RC training industry
pause in planning Internet course development. The cur-
rent state of Internet teaching makes the goal of converting
traditional lecture courses to online courses difficult in-
deed. Instructors find that a successful classroom course,
when converted wholesale to a Web site, often results in
dreadful “shovelware”—content put on the Web as fast as
possible, with little regard for appearance or usability—
that is neither pleasing nor effective. Online teaching re-
quires fundamental rethinking of instructional strategies,19
and the Internet’s bandwidth limitation favors discussion
and collaboration approaches more than presentation-style
instruction. Instructors must also cope with the complex
challenges involved in teaching without physical presence;
absent eye contact, body language, voice tone, and facial
expression.56

Teaching: Not Technology

Technology fascination is widespread in education—
what Salomon14 called a trivialized, “technocentric” ap-
proach to technology integration. But educational technol-
ogy researchers have repeatedly stumbled on the simple
truth that technology integration isn’t about technology—it
is about teaching.57 In 1999 I wrote that technology is
“expensive, fragile, and stupid,”58 and this is still my opin-
ion. It is rare for an instructional event dependent on tech-
nology to proceed without a glitch. As a case in point, I
worked with a technical communication faculty colleague
to develop and refine an online survey instrument to gather
preliminary data for this report. The hour that we sent
hundreds of e-mail invitations to the survey, the survey
vendor’s servers malfunctioned and remained inoperable
for 3 days.
Seasoned RC faculty should take encouragement and

bring to bear their own considerable teaching skill and
experience to technology integration. We must stop wait-
ing for a technological “magic wand” to solve our instruc-
tional woes. Technology integration in education, espe-
cially in the case of Internet technology, is a process that
is tedious, frustrating, and protracted—exactly as Rogers
has described the universal phenomenon of technological
innovations.59 With or without technology, effective teach-
ing relies on time-proven, “bedrock” strategies60,61 such as
those identified by Chickering and Gamson,62,63 who main-
tain that good practice in undergraduate education (1) en-
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courages contacts between students and faculty, (2) devel-
ops reciprocity and cooperation among students, (3) uses
active learning techniques, (4) provides prompt feedback,
(5) emphasizes time on task and communicates high ex-
pectations, and (6) respects diverse talents and ways of
learning. Credible educational technology researchers have
concluded that “. . . it seems clear that technology cannot
replace the human factor in higher education.”44 The Boyer
Commission report38 agrees, stating, “. . . technology can-
not be a substitute for direct interactions with human
minds.”
A plank of the theory of instructional design is the work

of Gagné,64 who maintained that, regardless of instruc-
tional method, there are 9 events of instruction that support
learning:

1. Gain attention
2. Inform the learner of the instructional objective
3. Stimulate recall of prior knowledge
4. Present content
5. Provide learning guidance
6. Elicit performance
7. Provide feedback
8. Assess performance
9. Enhance retention and transfer

Merrill65 reviewed instructional design theories to iden-
tify what he termed “first principles of instruction,” which
are prescriptive design principles on which the various
theories and models are in essential agreement. The foun-
dational work of Knowles66 in adult learning theory is
evident in this. Merrill65 reported that learning is promoted
when:

1. Learners are engaged in solving real-world problems
2. Existing knowledge is activated as a foundation for
new knowledge

3. New knowledge is demonstrated by the learner
4. New knowledge is applied by the learner
5. New knowledge is integrated into the learner’s world

The implication of all this important theoretical work is
that instructors who attend to these elements, as many
exemplary teachers do, will be successful with any edu-
cation medium.67 It is attention to instructional strategy
that distinguishes professional instructional design.61 It is,
obviously, difficult to attain many of those essentials of
successful instruction by postal-correspondence-style dis-
tance learning. How can rapid feedback be achieved? How
can critical thinking25,68 be meaningfully addressed, much
less linked to clinical instruction?
An exciting side benefit in learning to teach effectively

online is that the instructor’s classroom courses often im-
prove as new teaching skills and strategies are discovered
and the instructor begins to move from a craft approach to
teaching69 as we were taught, to more sophisticated and
research-grounded methods. Many of the recommenda-
tions for successful Web-based courses are applicable to
instruction delivered in the classroom, such as clearly de-
fined goals and expectations, ongoing assessment, time on
task, content expertise, and rapid feedback.52,57

Focus on the Learner

As I have argued elsewhere,27,58 a central issue and stum-
bling block in technology integration in teaching is the ten-
dency to adopt a teacher-centered, as opposed to learner-
centered, approach. Teacher-centered technology applications
tend to be highly visible, technically formidable, and fright-
fully expensive. Learner-centered technology applications
tend to be subtle and comparatively inexpensive, using tech-
nologies already at hand for most instructors, but with sub-
stantial “bang for the buck.” Instructors can invest enormous
amounts of time, energy, and money converting lectures to

Table 1. Advantages of Internet Support of Traditional Courses

Housekeeping Instruction

Distribute housekeeping information to all students quickly and
reliably, via Listserv, bulletin board, or course Web site

Instructor can post a single response to a representative content question,
via Listserv or bulletin board

Paperless syllabus (student may choose to print) Students can post content questions
Syllabus can be instantly updated Students can respond to student content questions
Prospective students can browse course materials Post course content links (posted by instructor or contributed by students)
Instructor contact information can be centrally posted Conduct online surveys and polls
Post readable, printable, searchable documents (in PDF [portable
display format])

Facilitate topical discussion (live or asynchronous)
Promote Internet competence and “technoconfidence”

Provide a central, simple, and consistent way to find institutional
course information

Schedule appointments online
Confidentially post grades online
Students can deliver reports and other assignments via the Internet
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PowerPoint presentations, including impressive graphics,
sounds, and video. But for learner outcomes there is little
instructional advantage in that approach, because with that
approach the learner’s role is to listen passively. Presentation
tools such as PowerPoint, widespread in education, were de-
signed for high-impact sales presentations. Applying the same
strategies to teaching, using color and media for emphasis,
often results in presentations in which everything is delivered
with emphasis. But if everything is emphasized, nothing is
emphasized. We know very well that passive listening is not
effective in achieving long-term learning goals, especially if
the objective is beyond memorization of facts and details but
instead requires reflective thinking and active learner engage-
ment.49 As Jonassenwrote, “. . . learning is a process ofmean-
ing-making, not of knowledge reception.”39
Similarly, the Boyer Commission report38 stated: “The

skills of analysis, evaluation, and synthesis will become
the hallmarks of a good education, just as absorption of a
body of knowledge once was.” Just as there is nothing
magically instructive in transmitting text across the Inter-
net to be read in isolation on a computer monitor,27 there
is no inherent instructional value to students in linear Pow-
erPoint presentations. There are, however, certain mechan-
ical advantages in presentation software, in that it is pos-
sible to streamline student note-taking by preparing
automated lecture handouts.

“Bedrock” Technologies

Examples of what I have termed “invisible technolo-
gies” include:

• Word processing, which is the “King Kong” computer
application in education and by itself justifies the ex-
pense of a personal computer and printer. Instructors can
create and recycle templates for lecture outlines, course
syllabi, assignments, and other essential documents. This
saves preparation time, which can be translated directly
into instructional time. And powerful, easy-to-use cita-
tionmanagement software (eg, Endnote, ThomsonLearn-
ing, at http://www.endnote.com) automates the tedious
work of storing, organizing, and referencing citations
and creating bibliographies.

• E-mail is inexpensive, rapid, widespread, reliable, and
highly effective in leveraging instructor time and effort
by reducing telephone and face-to-face housekeeping
communications.

• Listservs offer simple, inexpensive, and rapid e-mail in-
teraction with a group of people. Listservs allow the
instructor to send housekeeping or content messages to
everyone in the class or program with a single e-mail.
Students can respond or post their own messages. Sub-

ject-matter experts can participate in topical discussions
with near-conversational immediacy. This gives students
the essential experience of subscribing to and participat-
ing in a professional listserv.

• Automated hypertext markup language (HTML) allows
easy creation of Web pages from word processing and
presentation files. This allows the instructor to faithfully
save documents as HTML files to be posted on a Web
site for student access. The instructor can thus quickly
post policies, schedules, procedures, and other docu-
ments and resources for wide distribution. Some instruc-
tional technologists have suggested that the “Save as
HTML” button on popular word processing applications
may come to be seen as the most important instructional
development of our time.

• Online document transfer, via Web-site-posting, e-mail
attachment, or course Listserv offers rapid, easy docu-
ment distribution, instructor-to-student, instructor-to-
class, student-to-instructor, or student-to-class. This is a
powerful and efficient way to facilitate rapid feedback,
which is a critical factor in an exemplary online course.57
A document can be saved as a word-processing file, as
a rich-text-format (RTF) file (which is portable between
word-processing applications), or in portable document
format (PDF, developed by Adobe Corporation, http://
www.adobe.com).

• Synchronous online chat rooms and asynchronous dis-
cussion boards are flexible, inexpensive online tools to
facilitate discussion and collaboration. Students can ad-
dress content issues with one another, with or without
instructor participation. Instructors can hold “virtual of-
fice hours,” reducing driving time for students and serv-
ing multiple students at once. Instructors can create use-
ful FAQ (frequently-asked questions) files to post to a
course Web site or include in the syllabus.

• Online content databases, which are becoming widely
available, give access to current research and literature
(including the full text of many reports) for instructors
and students. For example, the University System of
Georgia’s GALILEO “virtual library” (http://www.
galileo.usg.edu) is splendid, as are the abundant litera-
ture resources available from the National Library of
Medicine’s PubMed Web site (http://www.ncbi.nlm.nih.
gov/pubmed). An instructor who comes to class with the
very latest abstracts on the course topic makes a far
more impressive use of technology than the instructor
who invests the same amount of time choosing presen-
tation fonts and colors. It is also an important opportu-
nity for the instructor to model judicious technology
application, as is the instructor’s use of word processing
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and participation in professional discourse using online
tools.

Key elements in these technologies are that they:

• Are grounded in sound teaching theory

• Are designed to teach, not to “wow”

• Tend to free instructor time for coaching and instruction

• Are adopted in a scholarly, critical manner, with due
consideration for return on investment

• Tend to be “at your fingertips”

• Are robust, student-centered, and oriented toward learn-
ing more than teaching

Table 2 compares “technocentric” and judicious tech-
nology integration.

Refine the Technology Vision

Perhaps the most important step toward technology in-
tegration—more important than buying and implementing
hardware, software, and related items—is to distill a vision
of technology’s place in teaching. RC instructors are bom-
bardedwith technology-promotionmessages from all sides,
yet there is rarely a clear and consistent vision of technol-
ogy integration at their institutions or within their depart-
ments. The results are “fuzzy goals”—black holes of squan-
dered resources, energy, and time, and with little hope of
success.70,71 One way to address this is to gather technol-
ogy stakeholders (students, faculty, colleagues, adminis-
trators, and clients) in a focus group to pose the question,
“What would we see in the RC program that has effec-
tively integrated technology?”Without a clear vision, tech-

nology integration bogs down in false starts, squandered
resources, and withered enthusiasm.

The Future

RC is very well suited to technology integration in teach-
ing and learning, both online and local. The knowledge
and skill sets of RC practitioners are comparatively well
defined and, unlike many fields, not subject to large vari-
ations and widely-divergent interpretations between insti-
tutions and instructors. These qualities of RC suggest the
potential to reclaim a leadership role in technology inte-
gration. The following examples will illustrate.
All of the approximately 300 advanced practitioner pro-

grams must provide a pharmacology course, but pharma-
cology has been a problematic course subject because few
RC instructors claim deep expertise in pharmacology, so it
is often difficult to identify and recruit qualified adjunct
faculty to provide a pharmacology course tailored for RC
students. It would be possible using current technologies
and instructional development tools and techniques to em-
power a nationally recognized subject-matter expert to pro-
duce one high-quality pharmacology course for all RC
programs. In this way a modest annual payment by the
programs that deploy the course (which would be less than
the cost of local instruction) would yield a pharmacology
“super course.” This course could be continuously updated
and refined, would provide learning objectives and in-
structions for integration with the laboratory and clinical
elements of the local programs, and would provide top-
quality instruction that is congruent with current best prac-
tices and consistent across the field. There are also other
topics in the RC training curriculum that would lend them-
selves to super courses for wide deployment, including
aerosol therapy, emerging diseases, and death and dying.
Super courses might consist of a powerful, flexible com-

Table 2. Examples of “Technocentric” Versus Judicious Technology Integration Approaches

High-Tech/Low-Impact Technology Integration Low-Tech/High-Impact Technology Integration

Select fonts and font sizes and colors for a PowerPoint presentation
Scan a graphic image to add impact to an important slide
Edit a troublesome Web page using hypertext markup language
(HTML)

Transport, set up, and trouble-shoot hardware for PowerPoint
presentation

Search an online database to find, print, and skim 5 topical, full-text
journal articles, none more than 2 years old

E-mail a subject-matter expert and receive an informative response
Use a template from another class; revise and print a class lesson plan
Prepare a problem-solving exercise with a word processor, save it as an
HTML file, and immediately post it on the class Web site

Respond to a thoughtful e-mail message from a mentor
Using inexpensive and simple software, create and print a crossword
puzzle on content terms

Field a half-dozen quick e-mail messages from students and off-campus
colleagues

Discuss a lab exercise with a faculty co-worker
Meet with a student in an online chatroom
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bination of textbooks, online tools, video resources, tele-
conferencing, and resources for independent study.
RC has earned the reputation that its practitioners and

teachers embrace and exploit technology, often well ahead
of other medical fields. RC can fulfill a leadership role in
educational technology integration by modeling an ap-
proach of judicious, rather than lavish, application of tech-
nology in teaching. Demers72 made this point in 1983,
writing, “. . . one must resist the temptation to use com-
puters solely ‘because they are there.’” It is easier to adopt
the role of “technology cheerleader”73 than to adopt a
stance that with regard to technology integration in teach-
ing, less is often more. A maxim in the field of perfor-
mance technology is, “Small successes are great!”70
I have similarly argued against the application of tech-

nology for its own sake, especially Internet technologies,28
and I have presented as a model successful technology
integrators58 who have selected and employed technolo-
gies carefully, and often frugally, and shown substantial
advantages in learner outcomes. For example, requiring
students to master word processing technology and pre-
pare their paper assignments that way is a powerful, learn-
er-centered step toward preparing practitioners who can
write as professionals. This is in keeping with the Boyer
Commission report,38 which noted that, “Many students
graduate. . . without knowing how to think logically, write
clearly, or speak coherently.” Addressing those fundamen-
tal communication skills helps move an RC program be-
yond the realm of training and into true professional ed-
ucation.
Similarly, student assignments that require the learner to

master the fundamentals of spreadsheet and database ap-
plications can be effective in teaching essential skills for
future RC managers. It is a subtle but critical distinction
that technology should be used as a cognitive tool—the
student learns with the technology rather than from the
technology, and that the technology is not used as just as
another way for the instructor to attempt to linearly trans-
mit facts.7,14Most college campuses provide abundant tech-
nical training opportunities, and there are highly effective
and inexpensive online tutorials74 (eg, Skills Assessment
Manager and Training Online Manager, Thomson Learn-
ing, at http://www.course.com). These tools provide in-
struction, testing, and remediation online, and students can
access them at any time, and at their own pace.
In June 2003 the AARC conducted its first Webcast,

and this promising Internet technology may evolve to be-
come a major innovation in CRCE. There have been 15
AARC Webcasts to date (there are plans to do approxi-
mately two per month), and attendance has averaged about
65 participants, each of whom earned one free CRCE for
their participation [William Dubbs, AARC, personal com-
munication, 2004]. These Webcasts are currently limited
to 100 participants and are available only to AARC mem-

bers. For members unable to view the live Webcast, the
AARC maintains an accessible archive of each event on
the AARC Internet server. AARC members can access
archived Webcasts at no charge, and they earn one CRCE
if they pass the 10-item test that is based on the Webcast.
(There is a small fee of $15 to access the test and earn the
CRCE credit.) Participants in the Webcasts first access a
vendor Web site to verify that their Internet-connected
computer is properly configured to receive the transmis-
sion, and to download and install needed client software.
When the Webcast begins, participants log in using pass-
words, and listen to high-quality live audio while viewing
on-screen slides, similar to a PowerPoint presentation. Par-
ticipants can type and post questions and comments to the
entire audience and presenter, or to individual participants.
Moderators screen questions for presenter responses.
My subjective impressions of the AARC Webcasts are

positive and lead me to recommend expansion of AARC
educational Webcasts and development of similar Web-
casts by state societies, educational institutions, and clin-
ics. The enormous advantage in this technology is that it is
delivered via the Internet, at low cost, and is viewable with
widely available hardware and software. Unlike satellite
technology, which is expensive and not widely accessible,
Internet Webcasts can address the continuing education
needs of a great many practitioners. The experience is
comparable to listening to a professional lecture in a large
classroom, but with the important advantage of being able
to submit questions, and to view a complete archive of the
event. Although not perfect, the technology appears to be robust.
Current online teaching technologies make it possible to

involve practitioners, colleagues, and subject-matter ex-
perts from the community and beyond. For example, syn-
chronous or asynchronous discussion technology can al-
low students to present case studies that involve community
respiratory therapists, physicians, textbook authors, and
even students and faculty from other programs or states.
This is an exciting opportunity to develop professional
networking skills and to promote collaboration across the
field and even across professional boundaries. Webcast
and teleconferencing technology need not be exotic. Some
innovators have cobbled together effective but relatively
“low-tech” solutions with familiar software tools. For ex-
ample, it is a simple matter for a subject-matter expert to
create a PowerPoint presentation, save it in HTML format,
make it accessible on a Web site, and then verbally present
it to a live audience via teleconference call with speaker
phones, while a classroom or individual learners view the
Web site slides, ask questions, and participate in discus-
sion. For that type of presentation all that’s needed is an
Internet-connected computer and a telephone.
RC serves an enormous patient population and this sug-

gests an opportunity to develop consistent online informa-
tion resources on pathology, procedures, home care, and
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other topics. Adult patients with cardiopulmonary disease
might benefit in numbers from that type of media devel-
opment, and it could also serve the RC student population.
It would be an excellent way to keep the field in a visible
leadership position in technology integration. Telemedi-
cine is currently undergoing research and development for
applications in remote consultation, monitoring, education,
and mentoring. Many of the same technologies and tech-
niques apply to distance education.3
Web camera technology is inexpensive and easy to use,

and RC might investigate the role of Web cameras in
home care. Though it would certainly not be a substitute
for a home visit by a respiratory therapist, Web-camera
video might permit limited supplemental home-care “vir-
tual visits” by which the respiratory therapist could check
equipment, visually evaluate the patient, and respond to
questions and concerns—quickly, with no travel, and at
low cost.
Instructional-technology publishers provide Web sites

to support most of their printed textbooks. This is very
helpful, and RC faculty could collectively lobby for sim-
ilar online resources for the major RC textbooks. Such
online resources, created by the textbook authors, could
include proposed course syllabi (downloadable and mod-
ifiable—even automated syllabus creation!), study guides,
self-assessment quizzes, PowerPoint slides and presenta-
tions, high-quality graphics (corresponding to textbook im-
ages), various instructional aids, laboratory exercises, an-
notated Internet links, and even examinations (password-
protected). These resources would ease the preparation
load of faculty and promote consistency between text-
books and program-level instruction.

Summary

RC can reclaim leadership status in educational tech-
nology by concentrating on effective teaching and the ju-
dicious deployment of educational technologies. RC is an
excellent match for Internet-supported courses. There are
abundant opportunities in RC to employ technology in
teaching, and developments such as the AARC’s Web-casts
make RC educational technology an exciting frontier.
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Discussion

Volsko: Don’t you think that some
of the pressure to implement Web-
based learning and distance learning,
especially at universities, is because
of administrative pressures? When a
university sees declining enrollment,
they push to “batch” classes. A dis-
tance-learning graduate program that
I’m in partners with 4 different uni-
versities and colleges. It’s really put
my computer skills to use, because ev-
erything is paperless, from finding the
articles on the Web (using database
and library services such asOhio Link)
to disseminating data through bulletin
boards, and online, timed examina-
tions. I could see from the instructor’s
point of view how difficult it is to
manage a classroom that’s 3–4 times
the size, with a barrage of television
screens around the room and having
to coordinate activities at 4 different
sites.

Hopper: There is definitely admin-
istrative pressure in higher education
to move courses and programs onto
theWeb. There’s tremendous pressure
from all sides for faculty, including
RC faculty, to do more with technol-
ogy in the general sense, and specifi-
cally to do more online teaching. The
institutions are afraid of being left be-
hind. None of them wants to be the
last one to offer online programs.
They’re afraid of being muscled out
by some other program. Those are im-
portant worries. Some of the big on-
line courses are siphoning away good
adjunct faculty, because the online
courses pay a little better. There’s def-
initely pressure that doesn’t come from
the best interests of the students and
certainly not the best interests of fac-
ulty. It burns faculty out. It’s just not
for everybody. There are faculty who
love it, but my experience is that it is
so tedious that it’s not for everybody.

Chatburn: I didn’t quite follow
what you meant about context affect-

ing learning, particularly in the exam-
ple of learning blood gas interpreta-
tions. It seems to me that should be
context-insensitive. It’s just a set of
numbers and you just learn the algo-
rithms and use them.

Hopper: It seems that way to me,
too, but apparently it isn’t. There’s a
lot of research indicating that context
is very important. If you take even a
well-understood concept out of where
it was learned and where it was ap-
plied and put it in an unfamiliar con-
text, especially a stressful context, it
doesn’t transfer well. Part of this is
that learners have a difficult time rec-
ognizing events in the clinic that were
addressed in the classroom. Instruc-
tion designers recognize this hurdle
and try to create learning environments
that are as similar as possible to the
workplace.

Chatburn: So it’s a psychological
effect? It sounds like you’re saying
that the students can’t apply their learn-
ing. It’s not that the learning didn’t
happen.

Hopper: If it is applied in a new
context, they don’t seem to recognize
that what they learned yesterday in
the classroom is what applies here at
the patient’s bedside. This is precisely
why the cognitivists support authen-
tic-problem-based learning. Topics
such as arterial blood gas values that
are learned in the classroom and prac-
ticed on computer tend to become iso-
lated knowledge fragments that have
no clear connection to the clinical
world. This changes when students
connect laboratory reports in the
emergency department and intensive
care unit with real patients, and this
results in a much deeper, richer un-
derstanding—an understanding that
will stick.

Walker: You mentioned that report
by Clark1 that used the delivery-truck
analogy, and as I remember, that same

report also discussed various technol-
ogies and education. There was also a
story about Benjamin Franklin, who
was criticized in school for wanting to
use a slate instead of tree bark. My
point is that Webcast online education
is just a tool. It’s up to the RC edu-
cator to determine how they’re going
to present the course content. Not all
of our staff can attend the weekly ven-
tilator roundsofpulmonaryconference
or a lecture on ventilator weaning, but
if I could deliver that via Webcast and
archive it, I might have a very strong
tool for disseminating that informa-
tion. InRCwe’re divided between tacit
and explicit knowledge: we not only
have to know how to hook the venti-
lator up; we also have to know how to
manipulate it, so RC is a complicated
field from an education standpoint,
but, again, I think it’s up to the edu-
cator to determine what type of tool
and presentation to use to disseminate
information.
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Hopper: I think you’ve got my
point. It’s a value judgment as to what
you make about Clark’s thoughts on
the matter. And I take it as good news
that you can’t say that it’s better to
teach with a Webcast, but you can say
there’s ample research evidence that
it’s likely to be effective if it is done
well. Clark went on to say that the
deciding factor for which technology
you choose probably should be eco-
nomics, meaning teaching the most
people at the least cost, which really
makes the AARC Webcast something
astonishing. Tom Reeves from the
University of Georgia points out that
some media offer advantages in some
cases; his analogy is of deliveringice
cream on a flatbed truck in Georgia.
The context affects the choice of de-
livery vehicle.
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Giordano:* As I heard you, Keith,
you were really referring to both the
pedagogical education and post-peda-
gogical education. We see the AARC
Webcast as more of a post-pedagogi-
cal educational experience. So you’ve
got life-long learners and we’re satis-
fying that need to learn; whereas your
comments, I think, relative to the un-
dergraduate respiratory-therapist-in-
the-making, are right on because of
the discipline that’s necessary for dis-
tance learning.
However, one thing that did not

come up and that I think is profound
in terms of distance education of all
types is access. It’s truly about access
and expanding access. While I think
the technology is in its infancy, if we
were to vision forward 3 or 4 gener-
ations,Godknowswhat they’ll be talk-
ing about as “nontraditional,” but it
certainly won’t be distance learning,
because it’ll probably be traditional,
and certainly the technology, even in
our foreseeable future, certainlywithin
the next 60 months, will take giant
leaps forward to make it a bit easier.
So if we were to put that fork in the
road and then choose the one, I think
right now distance learning is good,
and not because the AARC offers it,
but because it’s a good way to get in
touch with its constituents and help
with theirmission of providing the best
quality respiratory care.
I truly believe that in terms of un-

dergraduate education, while you may
use some technology as a device, if
you will, to get a point across or a
particular series of points across, that
the discipline necessary to do the top
job for preparing respiratory therapists
of the future has to come in the class-
room.Thechallenge, then, resideswith
the instructors to deliver the goods in
an informative way.
I’d also like to ask you one other

question. As I mentioned to you be-

fore, I’ve always had difficulty with
these online journals and the like. I
tend to read government reports, and
they’re just horrible to read, or the
Federal Register, which is horrible to
read. Even though we’re going more
and more online with journals, is it
really going to be the answer? Are we
really going to get into this so-called
paperless society that some people talk
about?

Hopper: I’ll try to answer both those
questions. Your second point is defi-
nitely on the money. You’re not the
only person who has noticed that. Peo-
ple do not like to read a lot of text on
screen. That’s been researched thor-
oughly. They just don’t. That’s just a
limitation of dealing with humans.
There’s something tedious and boring
about it. To some students online
teaching is cruel and unusual punish-
ment. That is a big factor. I also want
to emphasize that you’re definitely on
the mark with your observations about
undergraduates versus practitioners.
Practitioners, especially credentialed
ones, are a different learner pool, and
they are a good target for online teach-
ing. Now, again I make the distinction
that I don’t categorize Webcast tech-
nology as online teaching of courses
or programs. I think of Webcast as a
form of teleconferencing, but it really
makes no difference. All the well-
known theory on adult learning ap-
plies. You’ve got mature learners who
are in many cases self-directed and
self-motivated and they want to tie it
directly to their jobs. They’re going to
use the information quickly. Theyneed
it to keep their licenses. So you’ve got
a special audience that’s likely tomake
Webcast distance learning highly ef-
fective.

Ford: As an RCmanager care I have
to hire about 20 people a year because
of high turnover, but our RC programs
are graduating 1,000 fewer respiratory
therapists than we have positions. In
San Diego last year we interviewed
the managers and we had 40 vacant

positions and the schools were grad-
uating a grand total of 11 students.
That opened up my mind some to dis-
tance learning. Prior to that I didn’t
even interview an individual who was
associated with a distance-learning
program. Nowadays I do, and I’ve
found 2 extremes. I have a kind of
competency-based interview in which
we hand the applicant a simple face
mask.Somedistance-learning students
say they’ve never seen one before and
have no ideawhat it does, and of course
the interview ends about then.
But I’ve also found that the people

who have done well in distance learn-
ing make extraordinary respiratory
therapists. I think if they’ve done well
in distance-learning programs they
have the characteristics you talked
about—the independence, the self-
learning, the ability to assimilate in-
formation that way—which are part
of being a good respiratory therapist.
I’ve had some remarkable surprises. I
can’t say that’s for the most part, but
there are exceptional distance-learn-
ing students out there.

Hopper: I appreciate what you said.
I’ve heard similar comments from
managers, and I empathize with the
quandary you’re in. If you can’t get
them from the traditional schools,
where are you going to get them? And
you’re not going to like my answer.
You made an interesting point—that
the people who survive distance-
learning programs are probably pretty
special. I certainly wouldn’t make a
blanket statement denigrating people
who have earned their degrees via dis-
tance learning. I teach a course in per-
formance improvement, and if you an-
alyze the problem, which is, “I can’t
get trained RC practitioners in num-
bers when I need them,” the short-
term answer is to get them from any-
where. But, ultimately, that’s going to
bite us, because it has an effect on
quality. The ultimate answer to why
we don’t have people applying for the
field is that it doesn’t pay enough. No
technology on earth is going to com-
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pensate for that. It may just be that
things will have to get bad enough for
long enough that we’ll have to pay
these people more. That’s happened
to a lot of fields, especially medically-
related fields.

Gardner: I knew 2 people who in
medical school took a pathology
course that involved looking at
slides. They could go to the class or
not. They would look at slides and
pick a slide and make their guess as
to whether it showed a certain kind
of cancer or something. If there were
5 slides, they chose the one they
thought showed the condition in
question, and if that wasn’t it, it told
them why and they went back and
looked again at all 5 slides. They
could also go into the classroom and
get it explained in the lecture. With
over 100 medical students, maybe
they had 10 in the classroom. They
passed the exams, did very well, and
they loved it. The instructor was
named Instructor of the Year for 5
years and then was hired off by an-
other university. All of that seems to
be just the opposite of what you’ve
told us. Is it an exception? How
come?

Hopper: I may not have a clear
enough picture of what that person’s
teaching style was to answer that, but
it turns out that in education it doesn’t
really matter what you do. It all seems
to work to some degree. Some stu-
dents can thrive in a loose teaching
style like that. The best students seem
to teach themselves, sometimes even
in spite of poor instruction.
I soften Clark’s statement1 to my

own graduate students by saying that
there’s an assumption—and I don’t
think Clarkwould disagree with this—
that the medium has enough “band-
width” to handle the message. If you
take Clark’s statement to the extreme,
you’d conclude that we should be able
to teach medical ethics using smoke
signals. But that’s silly. That medium
(smoke signals) just can’t conveymes-
sages as complex as those involved in
medical ethics. In a Monty Python ep-
isode once they pretended to doWuth-
ering Heights with semaphore flags.
You can’t take it to extremes. The me-
dium has to have adequate “band-
width” and the teaching style has to fit
the topic and the learners.
Two hundred years ago a Canadian

newspaper publisher, William Lyon
Mackenzie wrote that the most pro-

found and eminent scholars, states-
men, authors, and poets were all self-
taught, without benefit of a
schoolmaster. My experience as a
teacher and as an instruction technol-
ogist is that just about anything you
do that gets people in contact with
and grappling with the content is prob-
ably going to work.
Let’s also keep in mind that in-

structors and schools often rconcen-
trate on examination performance
more than on workplace perfor-
mance. It is common for graduates
to score well on examinations while
actual workplace competency is un-
examined. I sometimes reflect on the
fact that in my years as a clinician
and a clinical instructor not once did
a clinical problem present as a mul-
tiple-choice question. We are fooled
by our own testing methods and it is
easy to forget that our goal is to cre-
ate safe, effective practitioners—not
skillful test-takers.
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