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same environments. In Experiment 1, we demonstrated that teachers are better able
to spread their gazes among students when receiving real-time visual feedback
about which students they have been ignoring. In Experiments 2 and 3, we demon-
strated that transforming the spatial configuration of a virtual classroom changes
how much students learn. Specifically, sitting in the center of the teacher’s field of
view results in more learning than sitting in the periphery, and sitting in the front of
the room results in more learning than sitting in the back. Moreover, in both of
these studies we observed contrast effects, such that the transition from the privi-
leged seat to the worse seat is particularly detrimental for learning and attention.
Finally, in Experiment 4, we demonstrated that transforming the social behaviors
of virtual co-learners results in differential learning; emptying the room of other
students results in the most learning of course materials and the least learning of
non-course-related details compared to other transformations of co-learners.

In general, we believe there are two important advances based on the current
work. First, we demonstrated that in VEs, social behaviors such as head move-
ments, spatial proximity, and the presence of virtual others all have an impact on
learning. Given that the lecture material delivered by the virtual teacher was com-
pletely unrelated to any of the nonverbal social behaviors manipulated, it is notable
that the relationship between the social cues and learning was so strong, sometimes
more than 10 percentage points. A compelling argument can be made that social
information during a lecture helps most when it is meaningfully linked to the infor-
mation delivered in the lecture (e.g., using hand movements to approximate
shapes, or using facial expressions to accent negative or positive statements). In the
current work, we demonstrated that even when the information delivered by the
virtual teacher is completely unrelated to the transformed social behaviors, learn-
ing improves simply by designing social cues to optimally engage students. Previ-
ous researchers have pointed out that it is crucial to attend to the social affordances
of digital environments by leveraging the ability to monitor social cues (Kreijns,
Kirschner, & Jochems, 2002). The current data demonstrate how critical those
affordances can be. Moreover, the current findings provide support for the notions
that in physical, face-to-face instruction contexts, the seating arrangement and
level of eye contact between teacher and student may be extremely important.

Second, we demonstrated that digital transformations of learning environments
(i.e., Pea, in press) can result in more learning. By having multiple students sit in a
privileged virtual seat simultaneously, optimizing behaviors or physical presence
of co-learners, or by augmenting perceptions, student nonverbal behaviors, atten-
tion, and learning can be altered. Consequently, the possibility for teachers to aug-
ment themselves with digital transformations deserves consideration, especially in
larger groups in which tailored social cues from a physical teacher are not possible.

There are a number of limitations to the current study. First, here, we did not im-
plement the constructivist learning tasks that learning science as a field deems the
most worthwhile. Although testing memory for verbal content was a logical place
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to begin for CVEs due to the ease of implementing the materials in that manner, we
agree that this one learning component in no way approximates the entire holistic
learning process. In future studies, we plan to test various combinations of learning
components—mixing physical and digital environments as well as passive and ac-
tive learning processes—in order to slowly isolate the optimal pattern of learning
components that exist in a world that includes learning via digital media. Similarly,
we need to test the various components by examining different types of learning
content; different types of nonverbal gestures and social behaviors; and different
types of social contexts, ranging from the formality of the learning environment
(Bransford et al., in press) to the physical shape configuration and size (Sharon,
2003) of the virtual classrooms. The utility of our various learning components
may vary drastically as a function of these larger contexts. Also, our studies did not
take into account students’ natural preferences for seating locations. An intriguing
question is whether students who naturally prefer the less optimal locations would
learn more or less when forced to be in the more optimal locations. It is also impor-
tant to point out that our studies relied on short-term, single-trial tasks and that dif-
ferent patterns quickly emerge over time. Finally, given the novelty of using IVEs,
the findings from the current studies may not generalize to learning environments
that are not so reliant on extravagant technology. A thorough examination of the
theoretical constructs examined in the current work using technology that is more
accessible for classrooms is essential. Moreover, the small and unrepresentative
sample size of the current study should be addressed in future work before general-
izations are made.

The potential for future work examining the effects of TSI in CVEs is striking.
The possibility of both teachers and students to transform their appearance and be-
haviors, their perceptual abilities, and the social context of a classroom present
promising opportunities. In previous work we demonstrated that, in CVEs, one
person can automatically and implicitly mimic the nonverbal behaviors of others
(Bailenson & Yee, 2005), and by doing so can capture the attention of an audience
and become more persuasive. In a virtual learning scenario, a teacher who differ-
entially mimics each student in a class of 100 simultaneously should be extraordi-
narily effective. The ability to filter in real time, appearance, behaviors, contexts,
and even the fundamental aspects (i.e., race, gender, etc.) of peoples’ identity
should provide learning scientists with tools that were difficult to imagine decades
ago (Loomis, Blascovich, & Beall, 1999).

Of course, one must consider the ethics and morality of such a research par-
adigm. It is a fine line between strategic transformations and outright decep-
tion. In face-to-face scenarios, teachers must often mask their emotions; for ex-
ample, smiling at students when they are in fact extremely upset or praising
students who deliver less-than-stellar responses. TSI is not qualitatively differ-
ent from putting a mask over the true expressed emotional state of the teacher.
However, the quantitative deviation from physical reality via TSI does provide
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a substantial quantitative difference from putting on a smile or nodding en-
couragingly.

In previous work we examined the ability of people to detect TSI in digital in-
teractions, ranging from the exchange of simple digital photographs (Bailenson,
Garland, Iyengar, & Yee, 2006) to more elaborate CVE contexts (see Bailenson,
2006, for a review). Over dozens of studies, a similar result occurred: People are
very poor at detecting transformations of appearance and behaviors during the ex-
change of digital information. Consequently, the possibility for abuse in these ma-
nipulations is real, and learning scientists should openly discuss the pros and cons
of engaging in such a research paradigm.

In sum, the practical implications of the current work are clear: Digital transfor-
mations through media can increase students’ learning in some contexts. Of
course, students across the world are not all going to don HMDs anytime in the
near future; however, the possibilities of using other types of digital media—video
games, Web pages, and others—are growing. The theoretical findings from the
current article should extend to any digital media in which avatars interact in learn-
ing contexts.

REFERENCES

Allmendinger, K., Troitzsch, H., Hesse, F. W., & Spada, H. (2003). Nonverbal signs in virtual environ-
ments. The effects of nonverbal signs on communication and collaboration in a 3D virtual environ-
ment. In B. Wasson, S. Ludvigsen, & U. Hoppe (Eds.), Designing for change in network learning en-
vironments (pp. 431-440). Dordrecht, Germany: Kluwer Academic Publishers.

Argyle, M. (1988). Bodily communication (2nd ed.). London: Methuen.

Asch, S. (1955). Opinions and social pressure. Scientific American, 193, 5.

Badler, N., Phillips, C., & Webber, B. (1993). Simulating humans: Computer graphics, animation, and
control. Oxford, England: Oxford University Press.

Bailenson, J., Beall, A., Loomis, J., Blascovich, J., & Turk, M. (2004). Transformed social interaction:
Decoupling representation from behavior and form in collaborative virtual environments. Presence:
Teleoperators and Virtual Environments, 13, 428-441.

Bailenson, J., & Blascovich, J. (2004). Avatars. In W. S. Bainbridge (Ed.), Encyclopedia of hu-
man-computer interaction. (pp. 64—68). Barrington, MA: Berkshire Publishing Group.

Bailenson, J. N. (2006). Transformed social interaction in collaborative virtual environments. In P.
Messaris & L. Humphreys (Eds.), Digital media: Transformations in human communication (pp.
255-264). New York: Lang.

Bailenson, J. N., & Beall, A. C. (2006). Transformed social interaction: Exploring the digital plasticity
of avatars. In R. Schroeder & A. Axelsson (Eds.), Avatars at work and play: Collaboration and inter-
action in shared virtual environments (pp. 1-16). London: Springer-Verlag.

Bailenson, J. N., Beall, A. C., Blascovich, J., Loomis, J., & Turk, M. (2005). Transformed social inter-
action, augmented gaze, and social influence in immersive virtual environments. Human Communi-
cation Research, 31, 511-537.

Bailenson, J. N., Blascovich, J., Beall, A. C., & Loomis, J. M. (2003). Interpersonal distance in
immersive virtual environments. Personality and Social Psychology Bulletin, 29, 1-15.



132  BAILENSON ET AL.

Bailenson, J. N., Garland, P., Iyengar, S., & Yee, N. (2006). Transformed facial similarity as a political
cue: A preliminary investigation. Political Psychology, 27, 373-386.

Bailenson, J. N., & Yee, N. (2005). Digital chameleons: Automatic assimilation of nonverbal gestures
in immersive virtual environments. Psychological Science, 16, 814-819.

Bailenson, J. N., & Yee, N. (2006). A longitudinal study of task performance, head movements, subjec-
tive report, simulator sickness, and transformed social interaction in collaborative virtual environ-
ments. Presence: Teleoperators and Virtual Environments, 15, 699-716.

Barab, S., Thomas, M., Dodge, T., Carteaux, R., & Tuzun, H. (2005). Making learning fun: Quest
Atlantis, a game without guns. Educational Technology Research and Development, 53, 86—107.
Barab, S. A., Hay, K. E., Barnett, M. G., & Squire, K. (2001). Constructing virtual worlds: Tracing the

historical development of learner practices/understandings. Cognition and Instruction, 19(1),47-94.

Baylor, A. L., & Kim, Y. (2005). Simulating instructional roles through pedagogical agents. Interna-
tional Journal of Artificial Intelligence in Education, 15(1), 95-115.

Baylor, A. L., & Kitsantas, A. (2005). Comparative analysis and validation of instructivist and
constructivist self-reflective tools (IPSRT and CPSRT) for novice instructional planners. Journal of
Technology for Teacher Education, 13, 431-455.

Beall, A., Bailenson, J., Loomis, J., Blascovich, J., & Rex, C. (2003, June). Non-zero-sum mutual gaze
in collaborative virtual environments. Paper presented at the Proceedings of HCI International,
2003, Crete, Greece.

Bielaczyc, K. (2006). Designing social infrastructure: Critical issues in creating learning environments
with technology. Journal of Learning Sciences, 15, 301-329

Blascovich, J., Loomis, J., Beall, A., Swinth, K., Hoyt, C., & Bailenson, J. (2002). Immersive virtual
environment technology as a methodological tool for social psychology. Psychological Inquiry, 13,
103-124.

Bransford, J. D., Vye, N. J., Stevens, R., Kuhl, P, Schwartz, D., Bell, P, et al. (2005). Learning theories
and education: Toward a decade of synergy. In P. Alexander & P. Winne (Eds.), Handbook of educa-
tional psychology (Vol. 2) (pp. 209-244). Mahwah, NJ: Erlbaum.

Cassell, J. (2004). Towards a model of technology and literacy development: Story listening systems.
Journal of Applied Developmental Psychology, 25, 75-105.

Cassell, J., & Jenkins, H. (1998). From Barbie to Mortal Kombat: Gender and computer games. Cam-
bridge, MA: MIT Press.

Clark, H. (1996). Using language. Cambridge, England: Cambridge University Press.

Clark, H. H., & Brennan, S. E. (1991). Grounding in communication. In L. B. Resnick, J. Levine, & S.
D. Teasley (Eds.), Perspectives on socially shared cognition (pp. 127-149). Washington, DC: Amer-
ican Psychological Association.

Clarke, J., & Dede, C. (2005, April). Making learning meaningful: An exploratory study of using
multi-user environments (MUVEs) in middle school science. Presentation at the annual meeting of
the American Educational Research Association, Montreal, Quebec, Canada.

Cobb, P. (1994). Constructivism in mathematics and science education. Educational Researcher, 23(7),
13-20.

Dede, C., Nelson, B., Ketelhut, D., Clarke, J., & Bowman, C. (2004). Design-based research
strategies for studying situated learning in a multi-user virtual environment. In Y. Kafai, W.
Sandoval, N. Enyedy, A. Nixon, & F. Herrera (Eds.) Proceedings of the Sixth International
Conference of the Learning Sciences (pp. 158-165). Mahwah, NJ: Erlbaum.

Ellis, S. R., Tharp, G. K., Grunwald, A. J., & Smith, S. (1991). Exocentric judgments in real environ-
ments and stereoscopic displays. In Proceedings of the 35th annual meeting of the Human Factors
Society (pp. 1442—1446). Santa Monica, CA: Human Factors Society.

Enyedy, J. (2003). Knowledge construction and collective practice: At the intersection of learning, talk,
and social configurations in a computer-mediated mathematics classroom. Journal of the Learning
Sciences, 12, 361-407.



IMMERSIVE VIRTUAL REALITY 133

Festinger, L. (1954). A theory of social comparison processes. Human Relations, 7, 117-140.

Foley, B., & La Torre, D. (2004). Who has why-pox: A case study of informal science education on the
net. In Y. Kafai, W. Sandoval, N. Enyedy, A. Nixon, & F. Herrera (Eds.), Proceedings of the Sixth In-
ternational Conference of the Learning Sciences (p. 598). Mahwah, NJ: Erlbaum.

Fry, R., & Smith, G. F. (1975). The effects of feedback and eye contact on performance of a digit-encod-
ing task. Journal of Social Psychology, 96, 145-146.

Graesser, A. C., Wiemer-Hastings, K., Wiemer-Hastings, P., & Kreuz, R. (1999). AutoTutor: A simula-
tion of a human tutor. Journal of Cognitive Systems Research, 1, 35-51.

Heeter, C. (1992). Being there: The subjective experience of presence. Presence: Teleoperators and
Virtual Environments, 1, 262-271.

Held, R., & Durlach, N. (1992). Telepresence. Presence: Teleoperators and Virtual Environments, 1,
109-112.

Hill, R., Jr., Gratch, J., Marsella, S., Rickel, J., Swartout, W., & Traum, D. (2003). Virtual humans in the
mission rehearsal exercise system. Kynstliche Intelligenz (KI), 17, 5-12.

Johnson, D., Johnson, R., & Skon, L. (1979). Student achievement on different types of tasks under cooper-
ative, competitive, and individualistic conditions. Contemporary Educational Psychology, 4, 99-106.
Kafai, Y. B. (2006). Playing and making games for learning: Instructionist and constructionist perspec-

tives for game studies. Games and Culture, 1(1), 36-40.

Kafai, Y. B., Franke, M., Ching, C., & Shih, J. (1998). Game design as an interactive learning environ-
ment fostering students’ and teachers’ mathematical inquiry. International Journal of Computers for
Mathematical Learning, 3(2), 149—-184.

Kim, Y., & Baylor, A. L. (2006). A social-cognitive framework for pedagogical agents as learning com-
panions. Educational Technology Research & Development, 54, 569-590.

Kreijns, K., Kirschner, P. A., & Jochems, W. (2002). The sociability of computer-supported collabora-
tive learning environments. Journal of Education Technology & Society, 5(1), 8-22.

Lanier, J. (2001, April). Virtually there. Scientific American, 284, 66-75.

Lee, R., Nass, C., Brave, S., Morishima, Y., Nakajima, H., & Yamada, R. (2007). The case for caring
co-learners: The effects of a computer-mediated co-learner agent on trust and learning. Journal of
Communication, 57(2), 183-204. Retrieved from http://jmc.indiana.edu/vol3/issue2/lombard.html

Lobato, J., Clark, D. J., & Ellis, A. B. (2005). Initiating and eliciting in teaching: A reformulation of
telling. Journal of Research in Mathematics Education, 36, 101-136.

Lombard, M., & Ditton, T. (1997). At the heart of it all: The concept of presence. Journal of Computer
Mediated Communication, 3(2).

Loomis, J., Blascovich, J., & Beall, A. (1999). Immersive virtual environments as a basic research tool
in psychology. Behavior Research Methods, Instruments, and Computers, 31, 557-564.

Loomis, J. M. (1992). Distal attribution and presence. Presence: Teleoperators and Virtual Environ-
ments, 1, 113—119.

Mania, K., & Chalmers, A. (2001). The effects of levels of immersion on memory and presence in virtual
environments: A reality centered approach. Journal of Cyberpsychology & Behavior, 4, 247-263.

Mayer, R. E. (2001). Multimedia learning. Cambridge, England: Cambridge University Press.

Meehan, M. (2001). Physiological reaction as an objective measure of presence in virtual environ-
ments. Doctoral dissertation, University of North Carolina, Chapel Hill.

Moreno, R. (2005). Multimedia learning with animated pedagogical agents. In R. Mayer (Ed.), The
Cambridge handbook of multimedia learning (pp. 507-523). Cambridge, England: Cambridge Uni-
versity Press.

Morton, G. (1980). Effect of eye contact and distance on the verbal reinforcement of attitude. Journal of
Social Psychology, 111, 73-78.

Okita, S. Y., & Schwartz, D. L. (2006). When observation beats doing: Learning by teaching. In S.
Barab, K. Hay, D. Hickey (Eds.), Seventh International Conference of the Learning Sciences (Vol. 1,
pp. 509-516). Mahwah, NJ: Erlbaum.



134  BAILENSON ET AL.

Ottenson, J. P, & Otteson, C. R. (1979). Effect of teacher’s gaze on children’s story recall. Perceptual
and Motor Skills, 50, 35-42.

Pea, R. D. (2006). Video-as-data and digital video manipulation techniques for transforming learning
sciences research, education and other cultural practices. In J. Weiss, J. Nolan, & P. Trifonas (Eds.),
International handbook of virtual learning environments (pp. 1321-1393). Dordrecht, The Nether-
lands: Kluwer Academic.

Perdomo, J., Shiratuddin, M., Thabet, W., & Ananth, A. (2005 May/June). Interactive 3D visualization
as a tool for construction education. Paper presented at the ITHET 6th Annual International Confer-
ence, Puerto Rico, Dominican Republic: Information Technology Based Higher Education &
Training.

Psotka, J. (1996). Immersive training systems: Virtual reality and education and training. Instructional
Science, 23, 405-423.

Reeves, B., & Nass, C. (1996). The media equation: How people treat computers, television and new
media like real people and places. New York: Stanford University, Center for the Study of Language
and Information.

Rickel, J., & Johnson, L. W. (1998). STEVE: A pedagogical agent for virtual reality. In K. P. Sycara &
M. Woolridge (Eds.), Proceedings of the 2nd International Conference on Antonomens Agents
(Agents "98) (pp. 332-333). New York: ACM Press

Rizzo, A. A., Buckwalter, J. G., Bowerly, T., van der Zaag, C., Humphrey, L., Neumann, U., et al.
(2000). The virtual classroom: A virtual environment for the assessment and rehabilitation of atten-
tion deficits. Journal of Cyberpsychology and Behavior, 3, 483-500.

Roschelle, J., Pea, R. D., & Sipusic, M. (1989, April). Design of a tool for video analysis. Proceedings
of the Association for Computing Machinery, Special Interest Group on Computer-Human Inter-
action Workshop on Video as a Research and Design Tool, Cambridge, MA.

Salzman, M., Dede, C., Loftin, R., & Chen, J. (1999). A model for understanding how virtual real-
ity aids complex conceptual learning. Presence: Teleoperators and Virtual Environments, 8,
293-316.

Schwartz, D. L., & Bransford, J. D. (1998). A time for telling. Cognition and Instruction, 16, 475-522.

Schwartz, D. L., Pilner, K. B., Biswas, G., Leelawong, K., & Davis, J. (2007). Animations of thought:
Interactivity in the teachable agents paradigm. In R. Lowe & W. Schnotz (Eds.), Learning with anima-
tion: Research and implications for design (pp. 114-140). Cambridge, England: Cambridge Univer-
sity Press.

Sewell, C., Blevins, N., Peddamatham, S., Tan, H. Z., Morris, D., & Salisbury, K. (2007, March). The
effect of virtual haptic training on real surgical drilling proficiency. Paper presented at IEEE World
Haptics Conference, Tsukuba, Japan.

Sharon, S. (2003). Large classes, small groups: A social systems approach. In R. M. Gillies & A. F.
Ashman (Eds.), Co-operative learning: The social and intellectual outcomes of learning in groups
(pp. 210-223). New York: Routledge.

Sherwood, J. V. (1987). Facilitative effects of gaze upon learning. Perceptual and Motor Skills, 64,
1275-1278.

Short, J., Williams, E., & Christie, B. (1976). The social psychology of telecommunications. London: Wiley.

Slater, M. (1999). Measuring presence: A response to the Witmer and Singer Presence Questionnaire.
Presence: Teleoperators and Virtual Environments, 8, 560-565.

Smith, J. P. (1996). Efficacy and teaching mathematics by telling: A challenge for reform. Journal for
Research in Mathematics Education, 27, 387-402.

Stansfield, S., Shawver, D., Sobel, A., Prasad, M., & Tapia, L. (2000). Design and implementation of a
virtual reality system and its application to training medical first responders. Presence: Teleo-
perators and Virtual Environments, 9, 524-556.

Sutherland, L. M., Middleton, P., Anthony, A., Hamdorf, J., Cregan, P., Scott, D., et al. (2006). Surgical
simulation: A systematic review. Annals of Surgery, 243, 291-300.



IMMERSIVE VIRTUAL REALITY 135

Swinth, K., & Blascovich, J. (2002, October). Perceiving and responding to others: Human-human and
human-computer social interaction in collaborative virtual environments. Presentation at the 5th
Annual International Workshop on Presence, Porto, Portugal.

Thorndike, P. W., & Hayes-Roth, B. (1982). Differences in spatial knowledge acquired from maps and
navigation. Cognitive Psychology, 14, 560-589.

van der Veer, G. C., & Gale, C. (Eds.), Extended abstracts proceedings of the 2005 conference on hu-
man factors in computing systems, CHI 2005, Portland, OR, April 2-7, 2005.

Wegner, E. (1998). Communities of practice: Learning, meaning, and identity. Cambridge, England:
Cambridge University Press.

Welch, R. B. (1999). How can we determine if the sense of presence affects task performance? Pres-
ence: Teleoperators and Virtual Environments, 8, 574-577.

Wellens, A. R. (1987). Heart-rate changes in response to shifts in interpersonal gaze from liked and dis-
liked others. Perceptual & Motor Skills, 64, 595-598.

Witmer, B. G., & Singer, J. M. (1998). Measuring presence in virtual environments: A presence ques-
tionnaire. Presence: Teleoperators and Virtual Environments, 7, 225-240.

Wood, E., Willoughby, T., Reilly, S., Elliot, S., & Ducharme, M. (1995). Evaluating students’ acquisi-
tion of factual material when studying independently or with a partner. British Journal of Educa-
tional Psychology, 65, 237-247.

Yee, N. (2006). The psychology of MMORPGs: Emotional investment, motivations, relationship for-
mation, and problematic usage. In R. Schroeder & A. Axelsson (Eds.), Avatars at work and play:
Collaboration and interaction in shared virtual environments (pp. 187-207). London: Springer-
Verlag.

Yee, N., & Bailenson, J. (2006, August). Walk a mile: The impact of direct perspective-taking on the re-
duction of negative stereotyping in immersive virtual environments. Presentation at the 9th Annual
International Workshop on Presence, Cleveland, OH.

Yee, N., & Bailenson, J. N. (2007). The proteus effect: Self transformations in virtual reality. Human
Communication Research, 33, 271-290.

Zahorik, P., & Jenison, R. L. (1998). Presence as being-in-the-world. Presence: Teleoperators and Vir-
tual Environments, 7, 78-89.

APPENDIX

Pharmaceutical and fever passages with corresponding multiple choice ques-
tions. Answers are italicized.

Pharmaceutical Passage

I’m going to be talking to you about something that I think almost all Americans
are concerned about these days: the pharmaceutical industry and, in particular, the
high prices it charges and the justifications it gives for charging those high prices.
This year Americans will spend about $250 billion on prescription drugs, making
them the fastest-growing component of our health care bill, which itself is growing
very rapidly. The skyrocketing expenditures on prescription drugs are partly a mat-
ter of greater overall use —more people are taking more drugs—but it’s mainly a
matter of increasing prices. New drugs are almost always priced higher than old
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ones, and once on the market, for the drugs that are most commonly used, the
prices are jacked up, usually at about three times the inflation rate, so it’s unsus-
tainable. Most Americans have insurance that covers at least part of drug costs, but
not everyone. Medicare, for example, does not have a prescription drug benefit yet
(and I'll say more about that benefit later) so that Medicare recipients who do not
have supplementary insurance have to pay for their prescription drugs out of
pocket. And, in one of its more perverse practices, the pharmaceutical industry
charges much more for people who don’t have insurance than they do for people
who have large insurance companies to bargain for lower prices or rebates. In
2002, senior citizens paid, on average, $1,500 per year for the drugs that they took,
and if they took six drugs, which is not rare for an older person, they had a bill of
$9,000 a year. Not many senior citizens have such deep pockets. In fact, a recent
survey showed that one-third of senior citizens either did not get their prescriptions
filled in the first place, or if they did get them filled, didn’t take the full dose but
played out the dose to make the drugs last longer. In recent years there has begun to
be a public outcry about this, probably stimulated in large part by the knowledge
that you can buy exactly the same drugs in Canada for about half the price. This has
caused people to look very carefully at the pharmaceutical industry. Still, the in-
dustry has been remarkably successful in dampening any serious move toward
price regulation. Witness, for example, the Medicare prescription drug benefit that
Congress passed late last year; it will go into effect in 2006. That bill actually con-
tains a provision that explicitly prohibits Medicare from using its bulk purchasing
power to bargain for lower prices with drug companies. That’s quite a provision. It
makes, first of all, prescription drugs unique in the Medicare system. Medicare
does regulate doctors’ fees, Medicare does regulate hospital payments—but pre-
scription drugs are off the table. Drug companies can continue to charge whatever
the traffic will bear, and it will bear quite a lot. How does the pharmaceutical indus-
try justify its high prices? What it says, what it would like you to believe, is that the
high prices are necessary to cover their high research and development costs,
which implies that they spend most of their money on research and development
and that afterwards they have very little left over—enough for modest profits but
not much more than that; they’re just getting by. They also make the argument that
they are a highly innovative industry and they need the high prices as a spiritual in-
centive for their innovation. They say that any form of price regulation would
choke off the stream of miracle drugs that they are turning out, so don’t mess with
us. A part of this argument is the implication that this is somehow a peculiarly
American industry, that the pharmaceutical industry is an example of the success of
our free enterprise system. Other countries have drug price regulation; we don’t, and
therefore this industry is an American industry that is especially innovative and suc-
cessful because there is no price regulation. That’s implied—it’s not stated exactly,
but it’s implied. What they are saying with these arguments is, You get your money’s
worth. Just shut up. Pay up. You get your money’s worth—is that true? Do you get



IMMERSIVE VIRTUAL REALITY 137

your money’s worth? The reality of this industry is very different from the image it
tries to portray in its public relations. There is a huge rhetoric reality gap.

1) According to the speaker, increases in prescription drug spending are primarily
based on increases in:

people taking drugs

drugs available

drug prices

the aging population

2) According to the speaker, prices charged by the pharmaceutical industry vary.

People without health insurance pay less for drugs than people with insurance.
Insurance companies pay more for drugs than individuals without health insur-
ance.

The pharmaceutical industry charges people without insurance more for drugs.
People without health insurance bargain for lower prices or rebates.

3) According to a survey cited by the speaker, one-third of senior citizens:

do not get their prescriptions filled or take less than a full dose to make the drugs
last longer

take six drugs which can cost up to $9000 per year

buy their drugs from Canada in order to pay lower prices

rely on Medicare to subsidize their drug purchases

4) According to the speaker, buying drugs in Canada:

is illegal

substantially decreases the incentive of US pharmaceutical companies
can cut costs of the drug by half

is encouraged by a bill passed in Congress

5) According to the speaker, the Medicare prescription drug benefit:

encourages Medicare to bargain for lower drug prices

prevents Medicare from using its bulk purchasing power

prevents low income seniors from spending over $300 a month on drugs
encourages drug companies to lower prices for Medicare recipients

6) According to the speaker, the pharmaceutical industry claims that high prices
for drugs are necessary in order:

to enable the effective marketing of new innovative drugs

to compensate shareholders for their investments

to pay the pensions of an increasing number of retired workers
to cover high research and development costs



138  BAILENSON ET AL.

7) According to the speaker, the American pharmaceutical industry claims that it is
especially innovative and successful

because it employs graduates from America’s best research universities
because prices are not regulated by the government

because of superior technology

because of a collaborative mentality

8) According to the speaker, the profit history of pharmaceutical companies dem-
onstrates that the risk of this industry is:

higher than other industries in the US

comparable to other industries in the US

lower than other industries in the US

highly variable and hard to compare with other industries

Fever Passage

Many people worry when they get a fever. But, a fever can be a good thing. It
means the immune system is working to kill an infection. A fever means the body
is hot, and the heat helps to kill pathogens. Pathogens include things like bacteria
and viruses. The brain has a region called the hypothalamus. The nerve cells in-
side the hypothalamus create a set point that determines how hot the body gets.
When the set point rises, it causes the body to get hotter. The set point rises when
pathogens invade the body. The way this works is that a person’s immune system
can detect when there are unusual organisms in the blood. The immune system
releases macrophages that attack the pathogens. The macrophages are cells that
float in the blood. Macrophages also produce a chemical called, IL-1. When IL-1
reaches the hypothalamus, it causes the set point to rise. IL-1 tells the hypothala-
mus that the body is in a state of emergency, and that the temperature must be
raised a few degrees to kill the pathogens. This causes the body to run a fever.
What processes cause the body to increase its temperature? One process involves
vascularization near the skin. Vascularization means the veins (blood vessels)
shrink. When veins shrink it means that less blood can get near the skin, and
therefore, the blood cannot release as much heat through the skin. Vascu-
larization helps explain why people can have a fever but still feel cold in their
hands and feet. There is less blood near the skin. A second process involves shiv-
ering. Shivering makes the muscles move. When muscles move, they produce
heat. Shivering can make the body produce more heat than normal. A third pro-
cess is piloerection. Pilo means hair, and erection means stand up right. Piloerec-
tion causes the small hairs on the body to stand up. Piloerection closes the pores
in the skin and makes the hairs stand up. This means less heat can escape through
the pores. It also means that less sweat can escape through the skin. This is im-
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portant because sweating is a cooling mechanism and fever is the body’s way of
increasing the temperature, not decreasing it. Piloerection also helps explain why
a fever causes a person’s skin to feel tender. The little hairs get rubbed and irritate
the skin. The hypothalamus also releases a chemical called the thyrotropin re-
leasing hormone (TRH). TRH, in turn, causes the release of another chemical
called the thyroid stimulating hormone (TSH). TSH increases the metabolism of
various tissues in the body. A higher metabolism means that tissues use up en-
ergy faster, and this causes them to produce more heat. The higher metabolism
helps to explain why people have rapid breathing and a rapid heart rate when they
have a fever. The tissues with an increased metabolism need more blood and oxy-
gen than usual. If the body gets too hot, it will begin to kill its own cells. How
does the body stop from getting too hot? When the body temperature reaches the
set point in the hypothalamus, all the processes reverse. Blood goes to the skin,
shivering stops, piloerection ends, and the hypothalamus stops the production of
TRH. Aspirin and Tylenol help reduce a fever by blocking IL-1 from reaching the
hypothalamus. This helps to bring down the set point, so the body stops trying to
heat up. The good part of aspirin is that it makes one feel better. The bad part is
that there is less fever to help kill the pathogens.

1) According to the passage, your hands and feet get cold when you have a fever
because

your veins shrink

there is more blood near your skin

of the effects of IL-1

the small hairs on your body stand up
none of the above

2) Which of the following is not a process that causes the body to increase its
temperature?

piloconstriction
vascularization
macrophage-activation
shivering

both aand ¢

3) What does Aspirin/Tylenol do?

increase a fever

block IL-1 from reaching the hypothalamus

increase the set point so the body stops trying to heat up
reduce vascularization

both b and d
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4) When you have a fever ...

your body’s cooling mechanism shuts down
heat production kicks in

your skin feels tender

all of the above

none of the above

5) According to the passage, how is the brain involved with a fever?

The hypothalamus produces IL-1

The brain releases macrophages

The brain attacks the pathogens

The hypothalamic nerve cells create a set point
Bothaand b

6) What is the relation between TRH and the TSH?

TRH causes the secretion of TSH
TSH causes the secretion of TRH
TRH blocks the effect of TSH
TSH blocks the effect of TRH
None of the above

7) Which of the following is a way that the body stops from getting too hot?

Muscles controlling hair follicles contract to use up energy
Shivering begins to use up heat

Blood goes to the skin

Macrophages block IL-1 signaling

Both cand d

8) Birds do not have hair and they do not sweat. But, piloerection also helps them
have a fever. How?

Piloerection creates heat by activating hair follicle muscles.
Piloerection traps body heat.

Piloerection signals the hypothalamus to increase the set point.
Piloerection causes tender skin, which makes fevers more likely.
Both aand b

9) Imagine that there are no pathogens in your body and your body temperature is
normal. What will happen if you take an aspirin?

Your body temperature will increase in anticipation for a fever.
Your body temperature will stay the same.
Your body temperature will decrease.
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Your body temperature will increase, and then decrease.
Your body temperature will decrease, and then increase.

10) Here is a common situation: People wake up all sweaty and they are finally
cured from their flu. Does the sweating help them to cure their flu?

Yes, it helps rid the body of pathogens.

Yes, it increases the effect of vascularization.

No, it is a by-product of the body’s increase in temperature.
No, it is a direct effect of TRH.

It cannot be determined.





