Harmful animal use and humane alternatives in education: Educational studies and papers

De Boo, Jasmijn and Knight, Andrew. Animal Consultants International. info@animalconsultants.org.

Last updated: 22 Aug. 2004. Please help to keep this resource up to date by emailing additions or updates to info@LearningWithoutKilling.info. We gratefully acknowledge the assistance of the International Network for Humane Education and Eva Berriman of Animal Consultants International in the preparation of this resource.

Overview

Roughly a couple of hundred educational or scientific studies and papers sourced primarily from the biomedical literature are organized within relevant categories. Studies of relevance to multiple categories have been filed in the most relevant category only. Abstracts have been provided for many papers; additional abstracts may be available from www.PubMed.com or other biomedical abstract databases. 
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Studies: Anatomy
Balcombe J. The American Biology Teacher. 1998;60(8):555-556. 

Criticism of study Matthews D. Comparison of MacPig to Fetal Pig Dissection in College Biology. The American Biology Teacher 1998;60(3):228–229. Eight biology undergraduate students who dissected fetal pigs scored significantly higher on an oral test with prosected fetal pigs than did twelve students who studied on a computerized pig (MacPig). Balcombe stated MacPig is not advanced enough for college level biology instruction, to which Matthews replied, adding nothing further of substance: Matthews D. Efficacy of fetal pig dissection alternatives questioned. The American Biology Teacher 1998b;61(2):88.

Berman W. Dissection Dissected. The Science Teacher 1984;51(6):42-49.

Cooper R, Cardan C, Allen R. Computer visualisation of the moving human lumbar spine.
Computers in Biology and Medicine 2001 Nov;31(6):451-469. Department of Mechanical Engineering, University of Southampton, SO17 1BJ, Southampton, UK. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11604151&dopt=Abstract.

Disorders of the spine which lead to back pain are often mechanical in origin and, despite extensive research, diagnosis of the underlying cause remains problematical, yet back pain is one of the most common rheumatological symptoms presented to the general practitioner. Diagnosis must frequently be based upon evidence gathered at the segmental level which invariably means that imaging is used in the process. In addition, surgical fixation is increasingly used when the spinal column is considered to exhibit instability. A solid model of the spine creates the possibility of visualising spine motion, of assessing the effects of loading of the spinal column in conjunction with finite element analysis to investigate the consequences of vertebral fusion, and of planning surgical intervention. Such a model could also be valuable in medical education and for demonstrating spine motion to a patient to highlight abnormalities or the effects of treatment. This paper describes a three-dimensional visualisation of the human lumbar spine which runs on a personal computer operating under the Windows environment. The user interface enables the clinician to select the viewpoint for the spine model to allow the motion to be studied from different angles. Motion data are currently acquired from fluoroscopic image sequences but the model could be used to display data from different imaging modalities when they are developed sufficiently for spine motion studies.

Downie R, Meadows J. Experience with a dissection opt-out scheme in university level biology. Journal of Biological Education 1995;29(3):187–194. 

Cumulative examination results of 308 undergraduate biology students who studied model rats were the same as those of 2,605 students who performed rat dissections.

Fowler HS, Brosius EJ. A research study on the values gained from dissection of animals in secondary school biology. Science Education 1968;52(2):55–57. 

High school students who watched films of animal dissections (earthworm, crayfish, frog, perch) demonstrated greater factual knowledge of these animals than did students who performed dissections on them.

Guttmann GD. Animating functional anatomy for the web. The Anatatomical Record 2000 Apr 15;261(2):57-63. Department of Anatomy and Cell Biology, College of Medicine, University of Saskatchewan, Saskatoon, Canada. guttmann@duke.usask.ca. 

Abstract: http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10815810&dopt=Abstract. 

Full Text: http://www3.interscience.wiley.com/cgi-bin/fulltext?ID=72001093&PLACEBO=IE.pdf.


The instructor sometimes has a complex task in explaining the concepts of functional anatomy and embryology to health professional students. However, animations can easily illustrate functional anatomy, clinical procedures, or the developing embryo. Web animation increases the accessibility of this information and makes it much more useful for independent student learning. A modified version of the animation can also be used for patient education. This article defines animation, provides a brief history of animation, discusses the principles of animation, illustrates and evaluates some of the video-editing or movie-making computer software programs, and shows examples of two of the author's animations. These two animations are the inferior alveolar nerve block from the mandibular nerve anesthetics unit and normal temporomandibular joint (TMJ) function from the muscles of the mastication and the TMJ function unit. The software discussed are the industry leaders and have made the job of producing computer-based animations much easier. The programs are Adobe Premiere, Adobe After Effects, Apple QuickTime and Macromedia Flash .

Guy JF, Frisby AJ. Using interactive videodiscs to teach gross anatomy to undergraduates at Ohio State University. Academic Medicine 1992;67:132–133. 

Performance of prenursing and premedical students using interactive videodiscs was not significantly different from that of students in traditional cadaver demonstration labs.

Huang SD, Aloi J. The impact of using interactive video in teaching general biology. The American Biology Teacher 1991;53(5):281–284. 

Biology undergraduate students using a computer-assisted interactive videodisc system which included dissection simulations performed significantly better than students who had not used the computer-aided instruction.

Jones NA, Olafson RP, Sutin J. Evaluation of a gross anatomy program without dissection. Journal of Medical Education 1978;53:198–205. 

Learning performances of freshmen medical students using films, computer-assisted instruction and prosected human cadavers were the same as those of students taught by traditional lecture and dissection.

Keiser TD, Hamm RW. Forum: Dissection. The case for. The Science Teacher 1991;58(1):13-15.

Kinzie MB, Strauss R, Foss J. The effects of an interactive dissection simulation on the performance and achievement of high school biology students. Journal of Research in Science Teaching 1993;30(8): 989–1000. 

Findings suggest that an interactive videodisc was at least as effective as actual dissection in promoting high school student learning of frog anatomy and dissection procedures.

Lieb MJ. Dissection: A valuable motivational tool or a trauma to the high school student? Unpublished Thesis, Master of Education, National College of Education, Evanston, Illinois. 1985.

Post-test scores were equivalent for high school students who dissected earthworms and those who received a classroom lecture on earthworm anatomy. 

Martonen TB, Yang Y, Hwang D, Fleming JS. Computer simulations of human lung structures for medical applications. Computers in Biology and Medicine 1995 Sep;25(5):431-446. Health Effects Research Laboratory, U.S. Environmental Protection Agency, Research Triangle Park, NC 27711, USA. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8575158&dopt=Abstract

Knowledge of the structure of the human lung has salient health effects applications. The clinical issues encompass: (1) aerosol therapy, the targeted delivery of inhaled particles to enhance the efficacies of pharmacologic drugs; and (2) nuclear medicine, where planar gamma camera imaging, Single Photon Emission Computer Tomography (SPECT) and Positron Emission Tomography (PET) assess the distribution patterns of radiolabeled diagnostic particles and gases. If the resolution of such images could be enhanced, medical regimens would greatly benefit. Therefore, the focused objective of our work was to develop 3-D mathematical descriptions of the complex airway networks within the lung. A Silicon Graphics workstation was used to depict the daedal structures. The computer-generated color illustrations presented herein are intended to complement medical investigation. They will assist the clinician by serving as templates for the lung and, thereby, providing a real basis for the analysis of relatively abstract images. The illustrations identify individual airways and could be of great importance to physicians in the treatment of airway diseases occurring at well defined locations (e.g. bronchogenic carcinomas). To demonstrate that computers can be actively integrated into medical research and practice we have addressed SPECT images of a subject. Computer templates will aid future clinical investigators in two major ways: (1) the interpretation of a planar gamma camera, SPECT and PET images; and (2) the design of drug testing protocols using inhalation exposures. Considering their usefulness for demonstration, the lung simulations have the potential of playing a substantive role in education.

Matthews D. Comparison of MacPig to Fetal Pig Dissection in College Biology. The American Biology Teacher 1998;60(3):228–229. 

Eight biology undergraduate students who dissected fetal pigs scored significantly higher on an oral test with prosected fetal pigs than did twelve students who studied on a computerized pig (MacPig).

Balcombe J. The American Biology Teacher. 1998;60(8):555-556. Criticized the study because MacPig is not advanced enough for college level biology instruction, to which Matthews replied, adding nothing further of substance: Matthews D. Efficacy of fetal pig dissection alternatives questioned. The American Biology Teacher 1998b;61(2):88.

McCollum TL. The effect of animal dissections on student acquisition of knowledge of and attitudes toward the animals dissected. Unpublished Doctoral Dissertation, University of Cincinnati. 1987.

Approximately 175 high school biology students taught frog structure, function, and adaptation via lecture performed better on a post-test than did approximately 175 high school biology students taught by doing a frog dissection. 

Modell JH, Cantwell S, Hardcastle J, Robertson S, Pablo L. Using the human patient simulator to educate students of veterinary medicine. Journal of Veterinary Medical Education 2002 Summer;29(2):111-116. University of Florida College of Medicine / University of Florida College of Veterinary Medicine, Gainesville, FL 32610, USA. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12143030&dopt=Abstract.

INTRODUCTION: The human patient simulator has proved to be an effective educational device for teaching physicians and paramedical personnel. METHODOLOGY: To determine whether veterinary medicine students would benefit from similar educational sessions, 90 students each took a turn being the patient's clinician as real-life scenarios were played out on the simulator. The students induced and maintained anesthesia on their patient and monitored vital signs. Several critical events were presented for the students to diagnose and treat as they occurred. All students submitted a written evaluation of the course upon completion. The last 40 students were randomly divided into two groups of 20 students each. The students in Group I experienced the simulator before their clerkship examination, and those in Group II took the examination before their simulator experience. RESULTS: The students rapidly gained confidence in treating their simulated patient. This carried over to the clinical setting, where they appeared to be more confident when anesthetizing live patients. The simulator experience brought together much of the previous didactic material that they had been exposed to so they could appreciate its clinical relevance. The overwhelming response to the simulator experience was positive. The students in Group I had a significantly higher score on the clerkship examination dealing with concepts reviewed by simulation than those in Group II, who engaged in self-study instead of the simulation exercise (p < 0.001). CONCLUSION: We conclude that the human patient simulator was a valuable learning tool for students of veterinary medicine. It was exciting for the students to work with, made them deal with "real-life" scenarios, permitted them to learn without subjecting live patients to complications, enabled them to retrace their steps when their therapy did not correct the simulated patient's problems, and facilitated correlation of their basic science knowledge with clinical data, thus accelerating their ability to handle complex clinical problems in healthy and diseased patients.

Orlans FB. Debating dissection: pros, cons, and alternatives. The Science Teacher 1988b November;36-40.

Orlans FB. Forum: Dissection. The case against. The Science Teacher 1991;58(1):12-14.

Petersen N. Dissection on a Micro Scale. The Science Teacher 1986;53(8):19-21.

Predavec Martin. Evaluation of E-Rat, a computer-based rat dissection, in terms of student learning outcomes. Journal of Biological Education 2001 Spring;35(2):75-80. 

http://www.epnet.com/default.asp. 

This study used a computer-based rat anatomy to compare student learning outcomes from computer-based instruction with a conventional dissection, The study was carried out with first-year undergraduate biology students. On average, students who completed the computer-based instruction did 7.4 percentage points better than students completing the conventional dissection. This pattern held across the three types of questions, namely text, pictures, and real rat questions. There was a significant relationship between the time spent on both classes and the marks gained. Students who spent longer on the class gained higher marks and, regardless of time, the computer-based students had higher marks. The increase in marks shown by the computer-based students was consistent across all grades of students. Possible reasons for the increase in marks is the flexibility of time using the computer-based instruction, the ability to see all structures clearly and the absence of smell and blood. This study shows that computer-based instruction can be a viable alternative to the use of animals in biology classrooms. 
Prentice ED, Metcalf WK, Quinn TH, Sharp JG, Jensen RH, Holyoke EA. Stereoscopic anatomy: evaluation of a new teaching system in human gross anatomy. Journal of Medical Education 1977;52:758–763. 

Based on physician-assistant student learning performances, the authors concluded that use of labeled sequential slides of anatomical dissections provided a viable alternative to dissection. 

Schwid HA, O'Donnell D. Educational computer simulation of malignant hyperthermia. Journal of Clinical Monitoring 1992 Jul;8(3):201-208. Department of Anesthesiology, University of Washington, Seattle 98195. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1494926&dopt=Abstract.


[Malignant hyperthermia is a rare condition involving a marked elevation of body temperature in response to anesthetics in genetically-predisposed individuals. It can constitute an anesthetic emergency.]

An educational graphic simulator was developed to provide an interactive learning environment to practice the diagnosis and treatment of malignant hyperthermia. The program incorporates a set of dynamically interacting models to present the physiologic changes associated with malignant hyperthermia and the simulated patient's response to management. Cardiovascular, respiratory, and temperature changes are presented through a graphic display of the operating room monitors. Mouse-driven input is used to manage the airway, control ventilation, manage cardiovascular and rhythm disturbances, and control fluids, electrolytes, and temperature. Medications, including dantrolene, antidysrhythmics, diuretics, and sodium bicarbonate, can be administered. Four simulated patients with different presentations of malignant hyperthermia are included to illustrate variations in the syndrome. Two of these patients are described in detail.

Strauss RT, Kinzie MB. Student achievement and attitudes in a pilot study comparing an interactive videodisc simulation to conventional dissection. The American Biology Teacher 1994;56(7):398–402. 

Two groups of high school students performed equally on a test following either animal dissection or interactive videodisc simulation.

Vloeberghs M, Hatfield F, Daemi F, Dickens P. Soft tissue rapid prototyping in neurosurgery.  Computer Aided Surgery 1998;3(2):95-97. Department of Paediatric Neurosurgery, University of Nottingham, England, U.K. michael.vloeberghs@nottingham.ac.uk. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9784958&dopt=Abstract.

As part of our research into the fluid hydrodynamics of the human ventricular system, a fused deposition model of the human ventricular system was made using magnetic resonance imaging (MRI) data. This article describes the manufacturing of a positive cast of the ventricles as a first step in the construction of a hollow model. After decryption of the original MRI file (ACR-Nema format), the MRI slices were reassembled semiautomatically and a rapid prototyping station produced a resin model. Because of its ease and speed, this method harbors great potential for teaching purposes, research, and preoperative planning in complex three-dimensional soft tissue targets.

Return to Top
Studies: Anesthesiology

Rowe R, Cohen RA. An evaluation of a virtual reality airway simulator. Anesthesia and Analgesia 2002 Jul;95(1):62-66. Departments of Anesthesiology and Diagnostic Imaging, Children's Hospital Oakland, Oakland, CA 94609, USA. cho.dr.rwr@cho.org. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12088944&dopt=Abstract.

In this research, we sought to test the hypothesis that the AccuTouch Flexible Bronchoscopy Simulator (Simulator) is an effective way to teach clinicians the psychomotor skills necessary to use the fiberoptic bronchoscope as an instrument for intubating the trachea of a pediatric patient. Pediatric residents with no prior experience in fiberoptic bronchoscopy were studied. Residents performed fiberoptic intubation on children undergoing general anesthesia. Tapes of these intubations were analyzed for: time to visualization of the carina, and number and time that the bronchoscope tip hit the mucosa. Residents were then trained on the Simulator. Performance of fiberoptic intubation on a subsequent child was compared. Training on the Simulator was the only instruction that the residents received between the two cases. A control group of residents performed two consecutive intubations without training on the Simulator between cases. Residents studied an average of 17 cases, and spent 39 min on the Simulator. Performance was markedly improved after the Simulator. Time to completion of successful intubation with a bronchoscope was reduced from 5.15 to 0.88 min (P < 0.001). The number of times that the tip of the bronchoscope hit the mucosa was reduced from 21.4 to 3.0 (P < 0.001). The amount of time that the resident spent viewing the mucosa decreased from 2.24 to 0.19 min (P < 0.001). The percent of time viewing the channel of the airway increased from 58.5% to 80.4% (P = 0.004). This bronchoscopy simulator was very effective in teaching residents the psychomotor skills necessary for fiberoptic intubation. Significant improvement was seen in time to completion of endotracheal intubation, as well as other performance indicators. IMPLICATIONS: This research showed that the AccuTouch Bronchoscopy Simulator is an effective way to teach the psychomotor skills necessary to intubate the trachea of patients using a fiberoptic bronchoscope. The residents that practiced on the Simulator dramatically improved their skills compared with a control group of residents.

Burns JP, Reardon FE, Truog RD. Using newly deceased patients to teach resuscitation procedures. New England Journal of Medicine 1994;331(24):1652-1655.

Syroid ND, Agutter J, Drews FA, Westenskow DR, Albert RW, Bermudez JC, Strayer DL, Prenzel H, Loeb RG, Weinger MB. Development and evaluation of a graphical anesthesia drug display. Anesthesiology 2002 Mar;96(3):565-575. Department of Anesthesiology, School of Medicine, University of Utah, Salt Lake City, Utah 84132-2304, USA. noahs@abl.med.utah.edu. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11873029&dopt=Abstract

BACKGROUND: Usable real-time displays of intravenous anesthetic concentrations and effects could significantly enhance intraoperative clinical decision-making. Pharmacokinetic models are available to estimate past, present, and future drug effect-site concentrations, and pharmacodynamic models are available to predict the drug's associated physiologic effects. METHODS: An interdisciplinary research team (bioengineering, architecture, anesthesiology, computer engineering, and cognitive psychology) developed a graphic display that presents the real-time effect-site concentrations, normalized to the drugs' EC(95), of intravenous drugs. Graphical metaphors were created to show the drugs' pharmacodynamics. To evaluate the effect of the display on the management of total intravenous anesthesia, 15 anesthesiologists participated in a computer-based simulation study. The participants cared for patients during two experimental conditions: with and without the drug display. RESULTS: With the drug display, clinicians administered more bolus doses of remifentanil during anesthesia maintenance. There was a significantly lower variation in the predicted effect-site concentrations for remifentanil and propofol, and effect-site concentrations were maintained closer to the drugs' EC(95). There was no significant difference in the simulated patient heart rate and blood pressure with respect to experimental condition. The perceived performance for the participants was increased with the drug display, whereas mental demand, effort, and frustration level were reduced. In a post-simulation questionnaire, participants rated the display to be a useful addition to anesthesia monitoring. CONCLUSIONS: The drug display altered simulated clinical practice. These results, which will inform the next iteration of designs and evaluations, suggest promise for this approach to drug data visualization.

Return to Top
Studies: Animal Use and Alternatives: Prevalence and Attitudes

Adkins J, Lock R. Using animals in secondary education: a pilot survey. Journal of Biological Education 1994;28(1):48-52.

A survey of teachers (28) in charge of biological sciences at schools/colleges showed extensive use of animals in the classroom.  One in three educators surveyed argued against such use.

Arluke A, Hafferty F. From apprehension to fascination with "Dog Lab:" The use of absolutions by medical students. Journal of Contemporary Ethnography 1996;25(2):201-225.

Medical students (41) initially felt moral uneasiness towards performing terminal procedures on live dogs, but they eventually were able to neutralize any feelings of moral guilt by learning absolutions (e.g., the staff killed the dogs) that permit denial of responsibility and wrongdoing.

Ammons SW. Use of live animals in the curricula of U.S. medical schools in 1994. Academic Medicine 1995 Aug;70(8):740-743. Division of Biomedical Research, Association of American Medical Colleges, Washington, D.C., USA.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=7646753

In 1994, the AAMC surveyed the 126 U.S. medical schools to obtain data on live-animal use in the undergraduate medical curriculum. The questions focused entirely on the use of live animals in teaching laboratories that are either required or optional parts of the undergraduate medical curriculum. Seventy-seven of the 125 responding schools used live animals in one or more courses; of the required courses, animals were most often used in physiology courses (49 schools), followed by surgical clerkships (21) and pharmacology courses (13). Although these data show that the majority of schools used live animals in their curricula, the data also show that the majority of schools did not use live animals as part of the teaching of any specific course of discipline in 1994. The animals most often used were dogs (54 schools) and pigs (12). Forty-three of the 77 schools that used live animals offered a variety of alternatives to their use. The respondents' data indicate a steady decline in the number of schools using live animals in teaching labs since before 1982. The reasons most often reported for discontinuing live-animal use were expense, changes in curriculum or curriculum focus, and lack of time, faculty, or space. Several other reasons were also listed, but live animals' value in teaching was seldom a factor. Only 15 schools indicated they had experienced harassment, protests, or legal actions arising from their use of live animals in the previous two years.(ABSTRACT TRUNCATED AT 250 WORDS)

Balcombe JP. Alternatives in education: overcoming barriers to acceptance. In van Zutphen L.F.M. & Balls M. (Eds.). Animal Alternatives, Welfare and Ethics. Amsterdam, The Netherlands: Elsevier, 1997:441-444. 

Balcombe JP. Student/teacher conflict regarding animal dissection. The American Biology Teacher 1997;59(1):22-25.

Balcombe JP. A global overview of law and policy concerning animal use in education. In Balls M, Zeller A-M, Halder ME (Eds.) Progress in the Reduction, Refinement and Replacement of Animal Experimentation. New York, NY, US: Elsevier. 2000:1343-1350.

Baluch B, Kaur B. Attitude change toward animal experimentation in an academic setting. Journal of Psychology Interdisciplinary and Applied 1995 Jul 01;129(4):477-479. Bahman Baluch, School of Psychology, Middlesex University, Enfield, Middlesex EN3 4SE England.
There is growing interest in exploring attitudes toward animal experimentation (e.g., Archer, 1986; Furnham & Gunter, 1989; Fumham & Pinder, 1990; Gray, 1987). More recently, attention has been focused on the attitudes of individuals in an academic setting on animal experimentation. For example, Furnham and Heyes (1993) surveyed the attitudes of prospective psychology students, and Compton, Dietrich, and Smith (in press) focused on college students. However, students' attitudes may change at different levels of their university education (e.g., Pearce, Fisher, & Baluch, 1993), or their attitudes may differ, depending on the nature of their education.

Two questions that arise when focusing on a possible change in attitude in an academic setting are: Is there a difference in attitudes among students who are at different levels of university education? Does a psychology student differ in attitude toward animal experimentation from a student reading for a degree not related to research on animals? These were the issues explored in the present study.

Two statements, together with a Likert-type scale ranging from strongly agree (1), agree (2), no opinion (3), disagree (4), to strongly disagree (5) were presented to students at the University of Luton, who were asked to rate each statement on whether they felt that animals should be used for the purpose of medical and psychological research.

Participants were 332 students, 96 of whom were in 1st-year psychology classes (M age, 20.1; SD, 2.8) and 73 of whom were 2nd-year psychology students (M age, 20.5; SD, 3.67); the remaining 163 were students of engineering, geology, and business (M age, 21.2; SD, 3.6).

Mean ratings for each of the two statements and their corresponding standard deviations were as follows: First-year psychology students scored 2.5 on the medical statement (SD, 0.9) and 2.8 on the psychological statement (SD, 1). Second-year psychology students scored 2.5 on the medical statement (SD, 1) and 3.3 on the psychological statement (SD, 1.1). The nonpsychology students scored 2.7 (SD, 1.07) on the medical statement and 2.7 (SD, 0.9) on the psychological statement.

The mean ratings showed that students were generally more in favor of using animals for medical research than for psychological research. An independent groups t test confirmed this claim, t(331) = 3.16, p < .001. There was, however, a stronger disagreement among 2nd-year psychology students on the issue of using animals for psychological research than for 1st-year psychology students and nonpsychology students. A 3 x 2 (Field of Study x Statement) mixed analysis of variance (ANOVA) was conducted on the ratings, resulting in a main effect for field of study, F(2, 329) = 3.56, p < .02, a main effect for statements, F(1, 329) = 10.54, p < .001, and an interaction effect, F(2, 329) = 9.98, p < .0001. The significant interaction effect occurred because of the change in attitude toward psychological research on animals by 2nd-year psychology students.

The students were generally less in favor of research on animals in a psychological setting than in the field of medicine, in line with Furnham and Gunter's (1989) finding. We found it interesting that 2nd-year psychology students were less in favor of such research than 1st-year psychology students. Perhaps 2nd-year students had had more time to consider the issue and the pros and cons of animal experimentation, and had decided that it is probably not necessary to harm animals for psychological research.

There was, however, no difference in attitudes toward animal experimentation in a medical setting among any of the students. Moreover, there was no indication that being a psychology student, as opposed to reading for a degree in engineering, geology, or business, makes a difference in how research on animals in a medical setting is regarded.
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Chairs at 262 prominent U.S. and Canadian colleges and universities (75% response rate) completed a questionnaire about animal use, student choice policies, and alternatives to the use of animals in undergraduate psychology education. Results indicated that a majority of institutions used animals in teaching, only a minority had choice policies within animal-based courses, and most schools used alternative learning methods, either as a substitute for or adjunct to live animal laboratories. This article discusses the educational policy implications of practices in the undergraduate psychology animal-based curriculum at "America's best" colleges, especially the common practice of advising reluctant students away from animal course work. 
Dewhurst D. How can we encourage teachers to use computer-based alternatives: the UK higher education experience. ATLA 2004;32 Suppl 1:565-567.

Downie R, Meadows J. Experience with a dissection opt-out scheme in university level biology. Journal of Biological Education 1995 Sep 01;29(3):187-195. 

http://omega.library.uu.nl/cgi-bin/omega_secure/omega9/dialogserver?lang=en&QUERY03=Downie,%20R.&PROP03=p%3dAU&SAVEDB=omega9&SAVEMAXHITS=10&action=searchresult&STYPE=advanced.

This paper reports on a scheme where first-year university biology students are given a choice between dissecting a rat or opting out and doing an equivalent laboratory exercise using a model, Over five years, around 10 per cent of students have chosen to opt out of the dissection. Their examination results, even on questions related to the dissection, have not been significantly different from other students. An overwhelming majority of students in the class support the opt-out scheme. The decision on whether or not to opt out involves a discussion of the issues with peers and class demonstrators, and therefore acts as a valuable exercise in practical bioethical decision-making. This scheme may have useful lessons for all university biology course organizers.

Eldridge JJ, Gluck JP. Gender differences in attitudes toward animal research. Ethics and Behavior 1996;6(3):239-256. http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11654977.

Although gender differences in attitudes toward animal research have been reported in the literature for some time, exploration into the nature of these differences has received less attention. This article examines gender differences in responses to a survey of attitudes toward the use of animals in research. The survey was completed by college students and consisted of items intended to tap different issues related to the animal research debate. Results indicated that women were more likely than men to support tenets of the animal protection movement. Likewise, women were more likely than men to favor increased restrictions on animal use and were more concerned than men about the suffering of research animals. Analysis of item contents suggested that women endorsed items reflecting a general caring for animals, were more willing than men to make personal sacrifices such as giving up meat and medical benefits in an effort to protect animals, and were more likely than men to question the use of animals in research on scientific grounds. Men, on the other hand, tended to emphasize the potential benefits arising from the use of animals in research.

Furnham A, Heyes C. Psychology students' beliefs about animals and animal experimentation. Personality and Individual Differences 1993 Jul;15(1):1-10.
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Glick S. Medical students' attitudes about the use of animals for teaching purposes. Academic Medicine 1994 Sep;69(9):736-737. http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=8074770.

Glick SM. Animals for teaching purposes: medical students' attitude. Medical Education 1995 Jan;29(1):39-42. Center for Medical Education, Faculty of Health Sciences, Ben-Gurion University of the Negev, Soroka Medical Center, Beer-Sheva, Israel. 
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Animal rights movements have increased the scope and intensity of their activities over the past decade. While it is generally assumed that doctors and other members of the health care professions favour the use of animals for science, few data are available. Student protests in various medical schools against use of animals in teaching laboratories indicated further need for objective data. A questionnaire about attitudes to the use of animals for teaching purposes was distributed to all the medical students at the Ben-Gurion University of the Negev, present during classes on a given day. All students present (200) returned the questionnaire (70% of the student body). Also queried were attitudes towards related subjects. A high percentage of medical students surveyed had significant reservations about animal experimentation for teaching purposes and about the preferential priority for human life over that of animals. These attitudes, if confirmed, have serious implications for educators both in the health fields and otherwise.

Hagelin J, Hau J, Carlsson HE. Attitude of Swedish veterinary and medical students to animal experimentation. The Veterinary Record 2000 Jun 24;146(26):757-760. Department of Physiology, Uppsala University, Sweden. 
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Nearly all veterinary and medical students (94 per cent) found it morally acceptable to use animals in research and believed it to be a necessity in order to treat human diseases. In contrast with the medical students a substantial proportion of veterinary students (40 per cent) considered themselves animal rights activists. Unlike the medical curriculum, the veterinary curriculum contains a two-week course in laboratory animal medicine, and a higher proportion of the students who had not been through this course was opposed to the use of animals in research than of the students who had completed the course. The course modified the views of half the students; more than 26 per cent of them became more positive towards animal use in research after the course, whereas 3 per cent became more negative.

Hedlund CS, Hosgood G, Naugler S. Surgical education: attitudes toward animal use in teaching surgery at Louisiana State University. Journal of Veterinary Medical Education 2002 Spring;29(1):50-55. School of Veterinary Medicine, Louisiana State University, Baton Rouge, LA, 70803, USA. chedlund@mail.vetmed.lsu.edu. http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11932841.


Concerns over the use of animals in teaching have lead to a reduction in the number of live animal laboratories. A survey of 275 students and faculty was conducted to characterize their attitude toward the use of animals in teaching surgery. Respondents favored live animal use. They believed that model laboratories were helpful in learning aseptic technique and suturing skills but less helpful in learning tissue handling, dissection, hemostasis, or anesthesia.

Jukes N. Are animals necessary in biological education? ATLA 2004;32 Suppl 1:753-754.

Keith-Spiegel PC, Tabachnick BG, Allen M. Ethics and academia: Students' views of professors' actions. Ethics and Behavior 1993;3(2):149-162.

A survey of 482 undergraduates found that 62% felt that it would be unethical for their professor to require them to use electric shock on rats.

King LA, Ross CL, Stephens ML, Rowan AN. Biology teachers’ attitudes to dissection and alternatives. ATLA 2004;32 Suppl 1:474-484.

Lock R. Animal use in secondary schools in England: some comparisons with Australian high schools. Australian Science Teachers Journal 1994 Apr;40(1):21-23.

Lock R. Dissection as an instructional technique in secondary science: Comment on Bowd. Society and Animals 1994;2(1):67-73.

A review of comparative studies on dissection practices finds that dissection and vivisection should be discussed in the classroom.

Lord T, Moses R. College students' opinions about animal dissections. Journal of College Science Teaching 1994;23(5):267-270.

Of 200 undergraduates surveyed, 56% objected to performing live animal procedures and more than half said they would refuse to participate in the dissection of cats, rabbits or monkeys if the situation arose.

Mayer VJ, Hinton NK. Animals in the Classroom: Considering the Options. The Science Teacher 1990;57(3):27-30.

McKernan R.A.  Student opinions about the use of dissection in science classes. Planning, Research and Accountability report. Albuquerque Public Schools. 1991. 21 pp.

Of 972 respondents to a survey of high school students, 72% felt that students should be allowed to use dissection alternatives.  About 15-16% reported that they and/or other students asked for alternative lessons or to be excused from performing the dissection.

Orlans FB. NABT Policy "a Breath of Fresh Air". The American Biology Teacher 1992;54(3):134.

Orlans FB. Guest Editorial: Should students harm or destroy animal life? The American Biology Teacher 1988a;50(1):6-12.

Tsuzuki Miho, Asada Yukiko, Akiyama Shiro, Macer Nobuko, Macer Darryl RJ. Journal of Biological Education. 1998;32:119-126. http://www.biol.tsukuba.ac.jp/~macer/Papers/animalexpt.html (full article).

Attitudes to, and the practice of, animal experiments were surveyed in Australia (A), Japan (J), and New Zealand (NZ) in 1993. Mail response questionnaires were sent to a biology (b) and a social studies (s) teacher at randomly selected schools. The number of respondents and response rate were: NZb 206 (55%), NZs 96 (26%), Ab 251 (48%), As 114 (22%), Jb 560 (40%) and Js 383 (27%). Open questions looking at the images of bioethics, and the reasons why about 90% of teachers thought bioethics was needed in education, found more teachers expressed concerns about animal rights or experiments in New Zealand, then Australia, and least in Japan. Among the biology teachers, 90% in New Zealand use animals in class, 71% in Australia and 69% in Japan. About two thirds of all the samples said that they had had ethical concerns about animal experiments, which were examined in responses to open questions. The concept of humane use was expressed less in Japan than Australasia. 72% of biology teachers in NZ, 63% in Australia and 12% in Japan said there were guidelines at their schools for using animals in class. The impact of animal welfare guidelines is discussed, together with the general attitudes to animal use. Full results of the survey are available on Internet: <http://www.biol.tsukuba.ac.jp/~macer/BHS.html>

Millett K, Lock R. GCSE students' attitudes towards animal use: some implications for biology/science teachers. Journal of Biological Education 1992;26(3):204-208.

In a survey of 468 14 and 15-year-old students, 72.5% felt that it is wrong to breed animals for dissection, 83.5% felt that alternatives to animal experimentation should be found, and 38% "would object to any animal material being used for dissection."

Navarro JF, Maldonado E, Pedraza C, Cavas M. Attitudes toward animal research among psychology students in Spain. Psychological Reports 2001 Oct;89(2):227-236. Department of Psychobiology, Faculty of Psychology, University of Malaga, Spain. navahuma@uma.es. 
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Animal research plays a central role in psychology, and its use, prevalence and quality depends on the attitudes of students who enter psychology in Spain. Attitudes among psychology students about the use of laboratory animals are not known, so the aim of this work was to analyze the attitudes of Spanish psychology students toward animal research. An attitude questionnaire of 15 items was given to 661 undergraduate students of the School of Psychology at the University of Malaga, Spain. Several results were found: (a) 65.7% of the respondents strongly agreed or agreed with animal research. General support for animal research was significantly higher by men than by women. (b) Support for animal research was higher for senior students, suggesting that the psychology curriculum or self-selection to remain in the program might influence students' attitudes. (c) Attitudes toward animal research were similar among students independent of the type of animal being used for research in biological or psychological studies. (d) 58% considered that laboratory animals never or almost never are inappropriately handled. (c) 55.6% indicated that research in psychology on animals could be generalized to humans. Overall, these results suggest that among Spanish psychology students animals research is considered important for the advancement of the science. Likewise, a majority of students displayed positive attitudes toward animal research.
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Padmavathi R, Maruthy KN, Borghona S, Vaz M. The perceptions of first-year medical students on animal and human experiments in physiology. Indian Journal of Physiology and Pharmacology 1998 Jan;42(1):127-130. Department of Physiology, St. John's Medical College, Bangalore. 
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This study was conducted to ascertain the attitudes of first year medical students to human and animal experimentation, while undergoing a course in Muscle and Nerve experimental Physiology. At the time of administration of the questionnaire, students had been exposed to both human as well as animal experiments. Approximately 81% of the students preferred human experiments (P < 0.05). This preference, however, was related more to the issue of enjoyability rather than the extent to which the experiment contributed to overall understanding and learning. 55% of students identified ethical issues related to laboratory experimentation. Gender and academic performance were not determinants of student's attitude to animal and human experimentation, although ethical insight was. The results suggest that while students recognize the importance and value of animal experiments, they would prefer the introduction of a larger number of human experiments.

Paul ES, Podberscek AL. Veterinary education and students' attitudes towards animal welfare. The Veterinary Record 2000 Mar 4;146(10):269-272. Department of Psychology, University of Edinburgh. http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=10749039.
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Veterinary students at two British universities in their first preclinical, first clinical and final years of study, completed questionnaires designed to assess their attitudes towards the welfare of animals. These attitudes were divided into their two constituent components: emotional (emotional empathy with animals) and cognitive (belief in the sentience of animals). Analyses of variance revealed that the year of study was significantly related to the perceived sentience of dogs, cats and cows, with students in their later years of study rating them as having lower levels of sentience. The female students rated themselves as having significantly higher levels of emotional empathy with animals than did the male students. There was also a significant interaction between sex and year of study, the female students maintaining relatively high levels of empathy throughout the three years, whereas the male students showed lower levels of empathy in their later years.

Schillo KK. Teaching animal science: education or indoctrination. Journal of Animal Science1997 Apr;75(4):950-953.

Smith W. Use of animals and animal organs in schools: Practice and attitudes of teachers. Journal of Biological Education 1994;28(2):111-117.

In a survey of 106 Australian schools, 34 preferred observational or behavioral studies to animal experimentation, and natural habitats to classroom settings.  Over half of the respondents reported ethical objections to dissection, and students nauseated by it.

Solot D, Arluke A. Learning The Scientist's Role: Animal Dissection in Middle School. Journal of Contemporary Ethnography 1997:26(1):28-54.

This study of the responses of sixth graders to fetal pig dissections concluded that the exercise risks fostering callousness towards animals and nature, and that it may dissuade students, especially girls, from pursuing careers in scientific fields.

Stanisstreet M, Spofforth N, Williams T. Attitudes of undergraduate students to the uses of animals. Studies in higher education 1993 Jun 01;18(2):177-196.

This article reports the results of a questionnaire study of the attitudes of university undergraduate students to various uses of animals. The majority of students objected to the killing of animals to make luxury clothing, but accepted the killing of animals for food. Many students disapproved of circumstances which confine animals. About one-sixth of biology students objected to animal dissection; about two-thirds disapproved of animal experimentation in general terms. However, students apparently employ the idea of `necessity' in making judgements, so that fewer students objected to animal experimentation for medical research.

Stanisstreet M, Spofforth N, Williams TR. Attitudes of children to the uses of animals. International Journal of Science Education 1993;15:411-425. 

Welsford IG, Flamm AE, Barr J, Fenton B, Wright JR, Kellerman LR. Investigative approach to frog gastrocnemius laboratory: potential impact on animal use in teaching laboratories. The American Journal of Physiology 1995 Dec;269(6 Pt 3):S42-S49. Department of Biology, Bradley University, Peoria, Illinois 61625, USA. 
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With growing concern over the use of animal experimentation in the teaching of physiology, many biology departments are reassessing the use of animal experiments in the teaching lab. However, it may be just as important to assess how animal experimentation is used in the undergraduate teaching laboratory rather than simply assessing if animal experimentation should be used at all. In our study, sophomore-level life science students enrolled in a core organismal biology course undertook a laboratory exercise designed to elucidate properties of muscles and neuromuscular communication following two protocols: 1) a standard demonstrational model wherein students were told to undertake the exercise as a means to understand physiological processes that they had been exposed to previously in lecture or 2) an investigative model wherein the use of the gastrocnemius preparation was a logical next step in an ongoing investigation, the content of which was driven by student-generated hypotheses. We have observed a significant decrease in a number of the negative comments concerning the use of animals in experimentation (25.6 vs. 3.6%) since the implementation of the investigative approach to the laboratory, suggesting that curricular approaches to the use of animals in the teaching laboratory may have an impact on student attitudes concerning animal experimentation.

Willis LR, Besch HR. Effect of experience on medical students' attitudes toward animal laboratories in pharmacology education. Academic Physician and Scientist 1994 March;11-13.

A survey of 144 medical students showed that while most students found dog-labs to be helpful, 22% felt that this use of animals is morally wrong.
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BACKGROUND. Medical students' attitudes toward the use of animal laboratories in pharmacology courses may form a useful source of evaluative information about the laboratories' educational effectiveness. METHOD. In 1992-93, 144 second-year students at the Indiana University School of Medicine were surveyed--before and after completing four hands-on laboratories using dogs--for their assessments of educational and moral aspects of animal laboratories. Statistical analysis involved chi-square and Student's t test. RESULTS. Of the 144 students in the course, 143 responded to the first survey and 86 responded to the second. From before to after the lab experiences, the percentage of students who agreed that the labs would reinforce/had reinforced the lecture material increased from 38% to 69%. In both surveys, 10% of the students objected to the use of any animals in labs, and 24% (before) and 21% (after) objected to the use of dogs. Whereas the percentage agreeing that the labs involved a morally wrong use of animals rose from 11% to 22%, the percentage disagreeing with that notion rose from 53% to 61%. Between 50% and 60% of the students in both surveys opposed doing the labs by computer simulation or videotaped demonstration. CONCLUSION. Most students indicated that the laboratory experiences enhanced their understanding of the actions of drugs, were preferable to alternatives that did not use animals, and did not involve an immoral use of animals. On the other hand, the results suggest that the number of students who have negative feelings about the use of animals in laboratories, though small, tends to be larger than the number who express these feelings to faculty.
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Carrington J M, Thompson MP. CAL in the biochemical laboratory. Biochemical Education 1992;20:32-34.

Marino A, Fedriani JR. ENZEDUC 1.0: a user-friendly software package for computation of hyperbolic enzyme kinetic data in biochemical education. Computer Methods and Programs in Biomedicine 1996 Mar;49(2):131-135. Department of Biochemistry and Molecular Biology, Faculty of Sciences, University of the Basque Country, Bilbao, Spain. 
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ENZEDUC 1.0 is a software package developed in Microsoft QuickBASIC v7.1 for computation of hyperbolic enzyme kinetics. The educational focus of the package is laboratory practical teaching. The program can manage a maximum of 18 substrate concentration values and 72 reaction rate values for each substrate concentration (1296 pairs of values). Samples can also be of unequal sizes. More than one reaction rate value for each substrate concentration can be handled. Real-time screen plots are obtained for the Michaelis-Menten function and the most popular linear transformations. Printer outputs are available. Hardware requirements are minimum 640 Kb RAM, EGA graphics card and 80286 processor.

Pancrazio JJ. Ion channel events simulated with the program SIMSTATE. Computer Methods and Programs in Biomedicine 1995 Feb;46(2):165-174. Department of Anesthesiology, University of Virginia Health Sciences Center, Charlottesville 22908, USA. 
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Ion channel transitions between conducting (open) and non-conducting (closed) states are often described in terms of a chemical kinetic model, where the rate constants describing the transitions between states can be derived by analysing a data record and measuring channel dwell times. In this paper, a menu-driven program for IBM-compatible microcomputers, SIMSTATE, is described which permits simulations of one or more channels according to a user-specified set of transition rates. Rates can be constant, voltage- or ligand-activated, exhibit co-operativity, or dependent on the calcium concentration resulting from the opening of one or more nearby Ca channels. To illustrate the functionality of SIMSTATE, open and closed events are simulated for a well-known Ca channel model and an example of co-operative gating is examined. Furthermore, the control of a Ca-dependent K channel by a nearby Ca channel, which also opens and closes according to a user-specified transition rates, is described. Potential uses for SIMSTATE as a tool for theoretical analysis, education and experimental design are discussed.
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Knight A. 2002. Educational memorials: Lessening the grief. Updated from Knight A. Educational Memorials: a way to ease the grief. The Veterinarian. 2001 Sep.:27. www.LearningWithoutKilling.info.

Introduces the Educational Memorial Program (EMP) (body donation program) concept, outlines its benefits for conscientiously objecting students, clients and veterinary schools, and describes the benefits of EMPs in helping to reduce the documented desensitization of veterinary students that occurs during their training. It introduces the topic of simulated surgeries on ethically-sourced cadavers, and gives the www.educationalmemorial.org website for further, detailed information on EMPs. 

Kumar Amarendhra M, Murtaugh Robert, Brown Donald, Ballas True, Clancy Elizabeth, Patronek Gary. Client donation program for acquiring dogs and cats to teach veterinary gross anatomy. Journal of Veterinary Medical Education 2001;28(2):73–77.
This excellent paper describes the educational memorial program (EMP) (body donation program) at Tufts Uni vet school, which successfully supplies all cadaver needs for teaching gross anatomy (donated cadavers are also used in teaching medical procedures and clinical skills). The euthanasia brochure and client consent forms are given, as are detailed technical embalming instructions. Tables of student opinions (90% in support) and comments (strongly supportive) are given, and rebuttals of common objections by academics to setting up EMPs (e.g. too labour intensive) are given, based on the Tufts experience. This article excellently supports the establishment of an EMP.
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Kraft SL, Hoskinson JJ, Mussman JM, Michaels WE, McLaughlin R, Gaughan EM, Roush JK. Development of interactive patient-based multimedia computer programs in veterinary orthopedic radiology. Veterinary Radiology and Ultrasound 1998 Mar-Apr;39(2):98-104.

Phillips C, Henderson PJ, Mandel L, Kim S, Schaad D, Cooper M, Bien C, Orkand A, Wener MH, Fine JS, Astion ML. Teaching the microscopic examination of urine sediment to second year medical students using the Urinalysis-Tutor computer program. Clinical Chemistry 1998 Aug;44(8 Pt 1):1692-1700. Department of Laboratory Medicine, University of Washington, Seattle 98195, USA. 

Abstract: http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9702957&dopt=Abstract. 

Full Text: http://www.clinchem.org/cgi/reprint/44/8/1692.pdf.

The microscopic examination of urine sediment is a common diagnostic tool taught to medical students, medical technologists, and others. The urine microscopic exam is difficult to teach because supervised instruction and textbook-based teaching suffer from numerous drawbacks. Here, we describe Urinalysis-Tutor, a computer program that uses digitized microscope images and computer-based teaching techniques to systematically teach the urine microscopic exam. In addition, we report the results of a 2-year study that evaluated the effectiveness of the program in 314 second year medical students who were required to use the program. The program contained two, 20-question exams. In the first year of the study (1996), one of the exams was chosen as the pretest and the other as the posttest; the pretest had to be completed before the students viewed the contents of the program, and the posttest was taken after finishing the tutorial. In 1997, the order of the two exams was reversed. In 1996, 159 students completed the study. The mean pretest score was 34% (SD, 14%), the mean posttest score was 71% (SD, 13%), and the improvement was significant (P <0.001, paired t-test). In 1997, 155 students participated. The mean pretest score was 41% (SD, 11%), the mean posttest score was 71% (SD, 13%), and the improvement was significant (P <0.001, paired t-test). The study shows that Urinalysis-Tutor helps medical students learn to interpret the microscopic appearance of urine sediment and that it is feasible to implement this tutorial in a medical school class.

Reid JDS, Vestrup JA. Use of a simulation to teach central venous access. Journal of Medical Education 1986;61:196-197.

Wood AK, Lublin JR, Hoffmann KL, Dadd MJ. Alternatives for improving veterinary medical students' learning of clinical sonography. Veterinary Radiology and Ultrasound 2000 Sep-Oct;41(5):433-436. Department of Veterinary Clinical Sciences, University of Sydney, NSW, Australia. 
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With the widespread clinical use of sonography there is a need to introduce the topic into the curriculum. A new problem-based course in clinical sonography without lectures was developed to emphasise experiential learning, and engage students actively in individual and collective acts of discovery. Four different approaches were used to deliver the new course to 141 veterinary medical students over four semesters. The physical principles of sonography were taught by computer-assisted instruction and a practical class, clinical examinations were introduced during a session with a tutor, and finally each student wrote an essay on a sonographic topic of their choice. To evaluate the new course, students' responses to a questionnaire were analyzed. Students gained reasonable understanding of the physical principles of sonography and had some confidence in conducting a sonographic examination of an animal. Of most use to student learning was discussion with the teachers. Surprisingly, half the students thought the topic should also be taught by lectures. The students learned the material and acquired the sonographic skills through processes which required more independence and self-responsibility than traditional teaching methods. The teachers' interaction with students on an individual basis, as they encountered individual problems, was the most important resource in learning about sonography. The continued request for lectures suggests an insecurity in some students caught between two different paradigms of teaching and learning (experiential, problem-based learning versus lectures).
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Balcombe J. Medical training using simulation: toward fewer animals and safer patients. ATLA 2004;32 Suppl 1:553-560.

Bergeron BP, Sato L, Rouse RL. Morphing as a means of generating variation in visual medical teaching materials. Computers in Biology and Medicine 1994 Jan;24(1):11-18. Decision Systems Group, Brigham and Women's Hospital, Boston, MA 02115. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7515775&dopt=Abstract

In computer-based medical education, there is frequently a need to present students with pictorial data representative of the natural variation associated with disease presentations as well as the progression of disease within an individual. Because of the difficulty in acquiring such data, image acquisition is often the most resource-intensive phase of multimedia courseware development. In light of the resource demands associated with image content, many courseware designers do not make opportune use of image data, but rely instead upon text descriptions to provide variation in content. The resulting lack of adequate pictorial content often lessens the overall impact of the courseware. To overcome constraints imposed by the difficulty in acquiring pictorial content of sufficient richness, a methodology of generating variation in visual teaching materials has been developed through the use of morphing. These techniques have general applicability in creating variation in pictorial teaching materials in a variety of image-intensive domains.

Bettenworth V, Abbott A. Virtual laboratory will recreate classic biology experiments. Nature 2000 Dec 14;408(6814):761. 
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Davis A. Technological advances that enhance teaching using animals, and the application of the 3 Rs. ATLA 2004;32 Suppl 1:561-563.

Devitt P, Palmer E. Computer-aided learning: an overvalued educational resource? Medical Education 1999 Feb;33(2):136-139. Faculty of Medicine, University of Adelaide, Australia. 
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AIM: The aim of this study was to evaluate the place of computer-aided learning in a basic science course in the undergraduate medical curriculum at the University of Adelaide. METHODS: A software program was written which would allow students to study the anatomy and physiology of the liver and biliary tree in three different styles. Identical content was produced, matched for each style (problem-based, didactic and free text response) and students randomly allocated to one of four groups (three computer and one control). Students were tested before and after access to the program. RESULTS: Ninety second-year students completed the study. Those students who had access to the material in the problem-based and free text response styles did no better in the post-study test than the controls, whilst the group who had studied the didactically presented computer material performed significantly better than the other three groups. All three computer groups accessed the material on a similar number of occasions, but the group who had access to the free text entry program spent significantly less time on computer study. CONCLUSIONS: If computer materials are to be provided as a learning resource for the basic medical sciences, provision must be made for the style of teaching of the course and the style of learning of the students attending that course.

Dewhurst DG, Brown GJ, Meehan AS. Com​puter simulations - an alternative to the use of animals in teaching. Journal of Biological Education 1988;22:19-22.

Dewhurst DG, Jenkinson L. The impact of computer-based alternatives on the use of animals in undergraduate teaching. Alternatives to Laboratory Animals: ATLA 1995;23:521–530. 

Use of computer packages saved teaching staff time, were less expensive, were an effective and enjoyable mode of undergraduate biomedical student learning, and significantly reduced animal use. 

Erickson HH, Clegg VL. Active learning in cardiovascular physiology. Annals of the New York Academy of Sciences 1993;701:107–108.

Of fourteen learning methods for basic cardiac teaching and ECG interpretation, computer-based active learning was rated the highest in veterinary student evaluations.

Franklin S, Peat M, Lewis A. Traditional versus computer-based dissections in enhancing learning in a tertiary setting: a student perspective. Journal of Biological Education 2002 Summer;36(3). School of Biological Sciences, The University of Sydney, Australia. 

http://www.iob.org/editorial_display.asp?edname=1141.htm&cont_id=13#3
This paper describes a study investigating both the use and usefulness of laboratory dissections and computer-based dissections, in a tertiary, first-year human biology course. In addition student attitudes to dissection were investigated. Data were collected from enrolled students using quantitative and qualitative survey instruments. Students were questioned about their usage and perceptions of the usefulness of the resources provided, and their attitudes towards the use of dissections for learning in human biology. 


The real dissection was used as a learning resource by 80% of the student cohort while only 15% used the computer-based dissection material. In addition 5% of students reported that they did not use either the real dissection material or the computer-based dissection. Of those students who did use the computer-based dissections, two thirds of them found it useful for learning both structure and function of body systems. Of those students who used the real dissection, 72% found it useful for learning structure but only 62% found that it helped in learning function. Of the entire cohort surveyed, 90% agreed that biology students should dissect an animal to help learn about anatomy. These outcomes reinforce the need to offer a variety of learning experiences that target different styles of learning.
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10902528&dopt=Abstract

This study evaluates the effectiveness of delivering the core curriculum of an introductory neuroscience course using a software application referred to as a virtual learning interface (VLI). The performance of students in a virtual learning environment (VLE) is compared with that of students in a conventional lecture hall in which the same lecturer presented the same material. This study was not designed to determine whether grades are improved by augmenting a lecture with other information. The VLI takes advantage of audio, video, animation, and text in a multimedia computer environment. Our results indicate that raw average scores on weekly examinations were 14 percentage points higher for students in the VLE compared with those for students in a conventional lecture hall setting. Moreover, normalized test scores were over 5 points higher for students in the VLE. This analysis suggest that a core curriculum can be effectively presented to students using the VLE, thereby making it possible for faculty to spend less class time relaying facts and more time engaging students in discussion of scientific theory.

Hughes IE. Do computer simulations of laboratory practicals meet learning needs? Trends in Pharmacological  Sciences 2001 Feb;22(2):71-74. School of Biomedical Sciences, University of Leeds, LS2 9JT, Leeds, UK. i.e.hughes@leeds.ac.uk. 
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[The academic performance of students doing wet practicals (where students set up and manipulated their own tissue preparations, prepared their own solutions and calculated and prepared the drug doses and concentrations to be used) was compared with the performance of students using computer simulations. Academic performance was assessed by a laboratory report that assessed theoretical knowledge of the practical. In each of five separate laboratory exercises, the performance of the students who used computer simulations was statistically significantly superior to that of the students who participated in the wet labs.] 


There is a variety of pressures on pharmacology teachers to replace real laboratory practicals with simulations but do they help students achieve the required learning objectives? In this article, the marks obtained by students in a variety of assessments using 'wet' or simulated practicals are analysed. Poorer performance in practical write-ups by students doing 'wet' practicals compared with those doing simulations can be explained by the quality of the data that the students obtain. In examinations, students perform equally well except with questions that are related to the experimental details of 'wet' practicals; students taught using such 'wet' practicals perform better in response to these questions.

Issenberg SB, Gordon MS, Gordon DL, Safford RE, Hart IR. Simulation and new learning technologies. Medical Teacher 2001 Jan;23(1):16-23. Center for Research in Medical Education, University of Miami School of Medicine, Florida. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11260734&dopt=Abstract.


Changes in medical practice that limit patient availability and instructors' time have resulted in poor physical diagnosis skills by learners at all levels. Advanced simulation technology, including the use of sophisticated multimedia computer systems, helps to address this problem. For many years 'Harvey', the Cardiology Patient Simulator, and the UMedic Multimedia Computer system have proven to be effective tools to teach and assess bedside cardiovascular skills when they are integrated into the required curriculum of medical school and postgraduate training. In the future, virtual reality technology, based initially on data from the Visible Human Data set, will provide the majority of simulation-based training. Models that provide a high level of visual fidelity and use sophisticated haptic devices that simulate the 'touch' and 'feel' of a procedure or examination are now being used in selected medical centers. The presence of these tools is not enough. Evidence-based outcomes must show these systems to be effective instruments for teaching and assessment, and medical educators must be willing to effect change in medical education to ensure the appropriate use of these systems in the next millennium.

More D, Ralph CL. A test of effectiveness of courseware in a college biology class. J. Educational Technology Systems 1992;21:79–84.   

Biology knowledge of about 92 undergraduate biology students using computer courseware increased more than did that of approximately 92 students using traditional animal-based laboratories.


Smith A, Fosse R, Dewhurst D, Smith K. Educational Simulation Models in the Biomedical Sciences. ILAR J. 1997;38(2):82-88. Laboratory Animal Unit, Norwegian College of Veterinary Medicine, Oslo, Norway. 

St Aubin H. Implementing a virtual reality paradigm in human anatomy/physiology college curricula. Studies in Health Technology and Informatics 2001;81:475-478. Central Arizona College, Superstition Mountain Campus, Apache Junction, AZ 85222, USA. hstaubin@msn.com. 
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Modes of instruction in the college course called Human Anatomy/Physiology are changing. Due to ethical concerns and the ever-increasing source of new physiological data, there is a need for enhancements to assist the instructor and student. The computer science of virtual reality (VR) provides a method to electronically educate, train, prototype, test and evaluate new enhancements to the college curricula. This study detailed the modeling and simulation of a skeletal human hand with degrees of freedom of movement, which provided the students with a physiological representation of some of the movements of the hand. The primary objectives of the study were to assess the use of the VR simulation by college students and to assess the potential learning outcomes of students in their use of the VR simulation. The simulation was implemented into classes of Human Anatomy/Physiology as an adjunct enhancement for the students' use. The expectation centered on the constructivist theory that students develop an analytic outlook to the various articulations of the human skeleton. Positive results were shown based on the answers to the questionnaire, summary and post-test taken by the students, after their use of the VR simulation. The results supported the constructivist theory that critical thinking took place. The results showed that the virtual reality simulation enhanced the learning ability of the students. The recommendations of the study include future experimentation to be done on increasing the number of VR simulations, incorporating the VR simulations into undergraduate courses, testing the outcomes, and following the progression of students into graduate programs that are using VR simulations. Faculty and administration are advised to consider implementing the paradigm of VR simulations in undergraduate courses of Human Anatomy/Physiology.

Thalmann NM, Thalmann D. Towards virtual humans in medicine: a prospective view. Computerized Medical Imaging and Graphics 1994 Mar-Apr;18(2):97-106. MIRALab, Centre Universitaire Informatique, Geneva, Switzerland. 
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In this paper, we first explain how we create virtual humans today and how we simulate their movements. Then we explore the impact of computer-generated humans on medical research and education. In the area of orthopedics, we discuss the simulation of motion with joint illness and prosthesis. We then explain the simulation of effects of plastic surgery and facial deformations on facial motion and speech. In surgery, a graphics database of organs, combined with the impact of virtual reality, may lead to surgical interventions in a virtual world. Psychiatry research may also find important new tools in behavioral and knowledge-based animation research. Finally, we explain the next generation of patients: virtual people with real virtual bones and soft tissues.

Van Wilgenburg H. Computer simula​tions in education. In van Zutphen L.F.M. & Balls M. (Eds.). Animal Alternatives, Welfare and Ethics. Amsterdam, The Netherlands: Elsevier. 1997:469-475. 

Van Wilgenburg H, Van Schaick Zillesen PG, Krulichova I. Experimental design: computer simulation for improving the precision of an experiment. ATLA 2004;32 Suppl 1:607-611.
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Hartmann AC, Cruz PD Jr. Interactive mechanisms for teaching dermatology to medical students. Archives of Dermatology 1998 Jun;134(6):725-728. Department of Dermatology, The University of Texas Southwestern Medical Center, Dallas 75235-9069, USA. 
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OBJECTIVES: To develop interactive teaching mechanisms for an "Introduction to Dermatology" course for medical students and to compare the effectiveness and impact of these mechanisms on learning. DESIGN: Survey and before-after trial. SETTING: Medical school. PARTICIPANTS: Second-year medical students (approximately 200 per year). MAIN OUTCOME MEASURES: The teaching mechanisms were evaluated through responses to questionnaire-based course evaluations (survey). The impact of the CD-ROM program was assessed by performance in Kodachrome slide-based multiple choice examinations (before-after trial). RESULTS: Overall the course was highly rated and among its components, the live-patient sessions, the CD-ROM program, and the poster exhibit were rated most effective. There was no difference in the examination performance of students who took the course before and after inclusion of the CD-ROM program. High-scoring students attended a significantly greater number of lectures in comparison with low-scoring students. CONCLUSIONS: The 3 teaching mechanisms judged by students to be most effective were also the most visual and interactive, suggesting that these attributes are critical to learning dermatology. On the other hand, addition of the CD-ROM program failed to produce differential improvement in short-term cognitive skills.
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Holt RI, Miklaszewicz P, Cranston IC, Russell-Jones D, Rees PJ, Sonksen PH. Computer assisted learning is an effective way of teaching endocrinology. Clinical Endocrinology 2001 Oct;55(4):537-542. Department of Medicine, Guy's, King's & St Thomas' School of Medicine, St Thomas' Hospital, Lambeth Palace Road, London, UK. righ@soton.ac.uk. 
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OBJECTIVES: Computers are a part of everyday life and offer an exciting way of learning. The aim of our study was to determine the effectiveness of teaching undergraduate endocrinology using a Computer Assisted Learning (CAL) programme. DESIGN AND SUBJECTS: One hundred and eighty-five first year clinical medical students were randomly assigned either to attend a series of conventional lectures (n = 77) or to have the same material available through a CAL programme. MEASUREMENTS: A multiple choice question examination was performed before and after the course. Lecture attendance and individual usage of the computer system were recorded. Students were asked to fill in an evaluation form at the end of the study. RESULTS: There was no significant difference in the first examination scores between the groups. Both groups improved their scores after the course. Students spent longer performing CAL than attending lectures. Those who scored lowest in the first examination spent the most time on the CAL course. Those who spent the most time on the CAL course showed the largest improvement in examination score. Thirty-six out of the 42 students, who completed an evaluation of the CAL programme, rated it better than the standard lectures. CONCLUSIONS: Computer assisted learning is an effective way of increasing knowledge in teaching undergraduate endocrinology. The course was easy to run and was valued more highly than conventional lectures. The module is now running routinely in the year 3 clinical firms at St Thomas' and has resulted in an increase in knowledge in the end of firm assessment.
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Ferrari G, De Lazzari C, Mimmo R, Tosti G, Ambrosi D. A modular numerical model of the cardiovascular system for studying and training in the field of cardiovascular physiopathology. J Biomedical Engineering 1992 Mar;14(2):91-107. Istituto di Tecnologie Biomediche CNR, Rome, Italy. 
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A modular numerical model of the cardiovascular system has been developed to reproduce the most important circulatory phenomena in terms of pressure and volume relationships. It is an easy tool to use, designed to be used with a friendly approach on any IBM or compatible personal computer: it offers a wide selection of graphical and numerical outputs and can be rearranged easily for a particular experiment. A set of subroutines related to different circulatory phenomena has been developed; they can be assembled easily together and communicate with each other by two variables. A full description of the existing subroutines is presented in this paper with three different application examples resulting from the rearrangement of the existing software modules: the first concerns the behaviour of the natural ventricle model itself and can be regarded as a ventricle stand-alone characterization test in terms of preload and afterload sensitivities, the second is related to the use of a pneumatic ventricle instead of the model of the natural ventricle, and the third is a full model of the cardiocirculatory system.


Nguyen AN, Uthman MO, Johnson KA. A web-based teaching program for laboratory diagnosis of coagulation disorders. Archives of Pathology and Laboratory Medicine 2000 Apr;124(4):588-593. Departments of Pathology and Laboratory Medicine, University of Texas Health Science Center at Houston, Houston, Texas 77030, USA. http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10747318&dopt=Abstract.

OBJECTIVE: To implement an interactive program for teaching coagulation disorders on the World Wide Web. DESIGN AND RESULTS: The core materials in this program were derived from a personal computer software program previously designed by the authors. Three modules were developed in this program: (1) a coagulation profile to display typical results of coagulation screening tests for each disorder; (2) a differential diagnosis module to generate a list of diagnoses that fit the test results in a given case; and (3) a synopsis of coagulopathy and therapy to provide essential information on disorders and therapeutic options. A total of 41 coagulation disorders were included in the knowledge base. CONCLUSIONS: Since the World Wide Web is increasingly more accessible to computer users, it has become an ideal medium for teaching purposes. Our experience with this program in teaching medical students and pathology residents at our institution has been very encouraging.

Parker MJ, Seifter JL. An interactive, web-based learning environment for pathophysiology. Abstract Acad Med 2001 May;76(5):550. Program in Medical Education, Harvard Medical School, Brookline, MA 02446, USA.   
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Takeuchi A, Ikeda N, Nara Y, Miyahara H, Mitobe H. WinArrhythmia: a Windows based application for studying cardiac arrhythmias. Computer Methods and Programs in Biomedicine 1998 Mar;55(3):199-206. Department of Medical Informatics, School of Medicine, Kitasato University, Sagamahira, Japan. take@bme.ahs.kitasato-u.ac.jp. http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9617519&dopt=Abstract.

We have developed Windows-based software for ECG training as a tool in teaching physiology. A standard user interface allows the user to choose which arrhythmia to review. The arrhythmia is drawn in real time with sound beeps synchronized to R waves. The system also presents a brief summary or multiple choice question corresponding to the arrhythmia. A ladder diagram shows how simulate the conduction system, which consisted of 4 modules characterized by 4 parameters: automaticity, refractory period, antegrade- and retrograde-conduction time. This system has proved both useful and effective for training medical students in ECG interpretation of arrhythmias.
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Dewhurst D. Computer-based alternatives to using animals in teaching physiology and pharmacology to undergraduate students. ATLA 2004;32 Suppl 1:517-520.
[Repeated under physiology.]

Dewhurst DG, Howells C. A computer simulation of the cat nictitating membrane preparation (in vivo) for teach​ing undergraduate pharmacology students. Alternatives to Laboratory Animals: ATLA 1990;17:291-300.

Dewhurst DG, IJllyott RT. Computer-simulated demonstration of the actions of drugs on the isolated perfused mammalian heart. Alternatives to Laboratory Animals: ATLA 1991;19:316-322.

Henman MC, Leach GDH. An alternative method for pharmacology laboratory class instruction using biovideograph videotape recordings. British Journal of Pharmacology 1983;80:591P. 

Undergraduate pharmacology students using biovideograph performed significantly better on post-laboratory tests than those participating in the organ-based laboratories.

Hummel T, Lotsch J, Brune K, Kobal G. Computer-assisted teaching in pharmacology. ALTEX: Alternativen zu Tierexperimenten 1993:10(1):45-60. Institut fur experimentelle und klinische Pharmakologie, Universitat Erlangen-Nurnberg, D-Erlangen. 
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Computer-assisted teaching has become a valuable alternative to experimental animals in the training of medical students. The available software may be classified as follows: 1.Computerised textbooks, which include text, graphics, animations, videoclips and sound. 2.Programmes prompting the student to make decisions which may be commented by the programme. 3.Interactive simulations of biological processes. 4.Computer-based, interactive engineering of experiments which include the processing of off-line recorded data. Within the last ten years, programmes fitting all of these categories have been developed at the Department of Experimental and Clinical Pharmacology and Toxicology at the University of Erlangen-Nurnberg. Although both, development and maintenance are time-consuming processes, these programs have been introduced most successfully to medical students in pharmacology which, in turn, emphasises the growing importance of computer-based teaching.

Le Normand Y, Drugeon HB, Potel G, Kergueris MF, Raffi F, Milpied N, Douet MC, Caillon J, Roze JC. Teaching individualized antibiotic dosage regimens by means of two computer-assisted learning programs. International Journal of Biomedical Computing 1994 Jun;36(1-2):117-119. Faculte de Medecine, Nantes, France. 
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We developed two multidisciplinary tutorial programs (TOBRA-DIDACT and VANCO-DIDACT) for teaching the basic principles of antibiotic drug monitoring by simulation of repeated administrations to fictitious patients whose physio-pathologic characteristics were pre-defined in the programs. To illustrate the two types of bactericidal kinetics, we have chosen one time-dependent (vancomycin) and one concentration-dependent (tobramycin) antibiotic. These computer-assisted programs operate on an interactive mode. In each of them, three main steps are connected: (1) Various types of clinical cases are submitted to the student: for each of them, case report includes clinical characteristics, location of infection, bacterial strain and minimal bactericidal concentration. These data must be taken into account during the following steps. (2) The student has to establish the treatment schedule: route of administration, dose for each injection, intervals between injections and duration of infusion. (3) The result of the dosage scheme proposed by the student is represented by a simulation of plotting antibiotic plasma concentrations vs. time during the first 4 days of treatment. These curves are obtained by a monoexponential (TOBRA-DIDACT) or biexponential (VANCO-DIDACT) pharmacokinetic model. Peak and trough concentrations are calculated at steady-state. An expert system provides a commentary with each result to evaluate the efficacy of the treatment and to assist the student in improving his prescription. TOBRA-DIDACT and VANCO-DIDACT illustrate the influence of age, obesity, renal impairment, location of infection and bacterial strain on antibiotic therapy. They also show the role of route of administration, dosing and intervals between injections on therapeutic response.(ABSTRACT TRUNCATED AT 250 WORDS)
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Brown G, Collins G, Dewhurst D, Hughes I. Computer simulations in teaching neuromuscular physiology--time for a change from traditional methods? Alternatives to Laboratory Animals: ATLA 1998;16:163-174.

Bulyalert D. Computer simulation for teaching synaptic potential. International Journal of Biomedical Computing 1994 Oct;37(2):181-187. Department of Internal Medicine, Chiang Mai University Faculty of Medicine, Thailand. 
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An interactive simulation of neuronal synaptic potential is presented. The set-up comprises of two synaptic terminals and one postsynaptic membrane from which the intracellular potential is recorded. Certain parameters are interactively changeable by the user. For example, each synaptic terminal may cause changes in the membrane conductance to sodium, potassium, or chloride ions, or some combinations of them. One synaptic terminal may be turned on/off to allow study of the spatio-temporal summation of postsynaptic potentials with adjustable delay. The postsynaptic membrane may also be set at various values in order to study the effects of membrane potentials on the direction and magnitude of postsynaptic potentials. This simulation has been used with some success as an aid for teaching cellular neurophysiology.

Chorney KM. Visualizing physiological concepts and research hypotheses: a hypermedia module of the drainage of the cerebrospinal fluid by lymphatics. The Journal of Biocommunication 998;25(3):25-32. 
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Hypermedia, animation and color coding were used to develop a module to visualize the lymphatic drainage of the cerebrospinal fluid and the research procedures that quantitate this drainage, to help researchers present their findings to a variety of audiences. Basic and clinical science evaluators found the method successful. Suggested uses for the module included teaching, conference and Web presentation, and liaising with research sponsors. Respondents emphasized that researchers need private investment to afford the cost of hypermedia modules. A thorough literature review, formative feedback, and post-evaluation proved fundamental to the development of this hypermedia program.

Clarke KA. The use of microcomputer simulations in undergraduate neurophysiology experiments. Alternatives to Laboratory Animals: ATLA 1987;14:134-140.

One undergraduate student cohort (group) performed a physiological frog experiment on an isolated sciatic nerve preparation, while another cohort used a computer simulation of the same experiment. There was no significant difference between student cohorts in marks derived for the laboratory report, the standard form of assessment for a wet lab.

Clarke KA. Microcomputer simulations of mechanical properties of skeletal muscle for undergraduate classes. Alternatives to Laboratory Animals: ATLA 1988;15:183-187.

Davis MJ. Basic principles of synaptic physiology illustrated by a computer model. Advances in Physiology Education 2001 Dec;25(1-4):1-12. Department of Medical Physiology, Texas A&M University System Health Science Center, College Station, Texas 77843, USA. 
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A computer model is described that simulates many basic aspects of chemical synapse physiology. The model consists of two displays, the first being a pictorial diagram of the anatomical connections between two presynaptic neurons and one postsynaptic neuron. Either or both of the presynaptic cells can be stimulated from a control panel with variable control of the number of pulses and firing rate; the resulting presynaptic action potentials are animated. The second display plots the membrane potential of the postsynaptic cell versus time following presynaptic stimulation. The model accurately simulates temporal and spatial summation when the presynaptic cells are arranged and stimulated in parallel and simulates presynaptic inhibition when they are arranged and stimulated in series. Excitatory and inhibitory postsynaptic potentials can be demonstrated by altering the nature of the ionic conductance change occurring on the postsynaptic cell. The effects on summation of changing length constant or time constant of the postsynaptic cell can also be illustrated. The model is useful for teaching these concepts to medical, graduate, or undergraduate students and can also be used as a self-directed computer laboratory exercise. It is available for free download from the internet.

Davis MJ, Gore RW. Determinants of cardiac function: simulation of a dynamic cardiac pump for physiology instruction. Advances in Physiology Education 2001 Dec;25(1-4):13-35. Department of Medical Physiology, Texas A&M University System Health Science Center, College Station, Texas 77843, USA. http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11824189&dopt=Abstract

A computer model is described that simulates the cardiac cycle of a mammalian heart. The model emphasizes the pressure-volume plot as a teaching tool to explain the behavior of the heart as a pump. It exhibits realistic responses to changes in preload, afterload, contractility, and heart rate while displaying time-dependent changes in pressure and volume in addition to the pressure versus volume plot. It differs from previous models by graphing these parameters on a beat-to-beat basis, allowing visualization of the dynamic adaptation of the pumping heart to various stimuli. A system diagram is also included to further promote student understanding of the physiology of cardiac function. The model is useful for teaching this topic to medical, graduate, or undergraduate students. It may also be used as a self-directed computer laboratory exercise.

Dewhurst D. Computer-based alternatives to using animals in teaching physiology and pharmacology to undergraduate students. ATLA 2004;32 Suppl 1:517-520.
[Repeated under pharmacology.]

Dewhurst DG, Brown GJ, Meehan AS. Microcom​puter simulations of laboratory experiments in physiology. Alternatives to Laboratory Animals: ATLA 1988;15:280-289.

One undergraduate student cohort (group) performed a physiological frog experiment on an isolated sciatic nerve preparation, while another cohort used a computer simulation of the same experiment. There was no significant difference between student cohorts in marks derived for the laboratory report, the standard form of assessment for a wet lab.

Dewhurst DG, Hardcastle J, Hardcastle PT, Stuart E. Comparison of a computer simulation program and a traditional laboratory practical class for teaching the principles of intestinal absorption. Am J Physiol. 1994 Dec;267(6 Pt 3):S95-104. Faculty of Health and Social Care, Leeds Metropolitan University, United Kingdom. 
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[Six undergraduate students working independently with a computer program gained equal knowledge, at one-fifth the cost, as eight supervised students using freshly killed rats.]

Here we describe an evaluation of the effectiveness, compared with a traditional laboratory, of an interactive computer-assisted learning (CAL) program, which simulates a series of experiments performed using isolated, everted sacs of rat small intestine. The program is aimed at undergraduate students of physiology and is designed to offer an alternative student-centered learning approach to the traditional laboratory-based practical class. The evaluative study compared two groups of second-year [UK] undergraduate students studying a module on epithelial transport: one group worked independently using the CAL program and associated learning materials, and the other group followed a conventional practical class approach, working in the laboratory under supervision. Knowledge gain of each group was measured by means of a test consisting of a range of question types (e.g., short-answer factual, calculation, interpretation) given to students before and after the module. Student attitude to both approaches was assessed by questionnaire, and the resource requirements were also compared. It was found that the knowledge gain of both groups of students was the same [and interestingly, the tutors who ran this teaching session did not identify laboratory/animal skills as primary learning objectives], that students had a positive attitude toward using CAL programs of this type [students using the CAL program became more positive about the experience after using it], and that the cost of the conventional laboratory-based approach was five times greater [the computer program was used with a printed workbook but no tutor support, whereas the wet lab required full tutor and some technical support]. The potential for integrating CAL programs into the undergraduate curriculum is discussed.

Dewhurst DG, Hardcastle J, Hardcastle P, Williams A. An interactive computer simulation of experi​ments to teach the principles of nutrient transport in the small intestine. Alternatives to Laboratory Animals: ATLA 1992;20:529-535.

Dewhurst DG, Meehan AS. Evaluation of the use of computer simulations of experiments in teaching undergraduate students. British J. Pharm. Proc. 1993;Suppl.108:238.  

Undergraduate students using computer simulations performed equally well as students using traditional approaches in physiology and pharmacology laboratories.

Dewhurst DG, Wdliams AD. Frog skin: a computer simulation of experiments performed on frog skin in vitro to investigate the epithelial transport of ions. Alternatives to Laboratory Animals: ATLA 1993;21:350-358.

Dwyer TM, Fleming J, Randall JE, Coleman TG. Teaching physiology and the World Wide Web: electrochemistry and electrophysiology on the Internet. The American Journal of Physiology 1997 Dec;273(6 Pt 3):S2-S13. Department of Physiology and Biophysics, University of Mississippi Medical Center, Jackson 39216-4505, USA. 

Abstract: http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9435741&dopt=Abstract. 

Full Text: http://advan.physiology.org/cgi/reprint/273/6/S2.pdf.


Students seek active learning experiences that can rapidly impart relevant information in the most convenient way possible. Computer-assisted education can now use the resources of the World Wide Web to convey the important characteristics of events as elemental as the physical properties of osmotically active particles in the cell and as complex as the nerve action potential or the integrative behavior of the intact organism. We have designed laboratory exercises that introduce first-year medical students to membrane and action potentials, as well as the more complex example of integrative physiology, using the dynamic properties of computer simulations. Two specific examples are presented. The first presents the physical laws that apply to osmotic, chemical, and electrical gradients, leading to the development of the concept of membrane potentials; this module concludes with the simulation of the ability of the sodium-potassium pump to establish chemical gradients and maintain cell volume. The second module simulates the action potential according to the Hodgkin-Huxley model, illustrating the concepts of threshold, inactivation, refractory period, and accommodation. Students can access these resources during the scheduled laboratories or on their own time via our Web site on the Internet (http./(/)phys-main.umsmed.edu) by using the World Wide Web protocol. Accurate version control is possible because one valid, but easily edited, copy of the labs exists at the Web site. A common graphical interface is possible through the use of the Hypertext mark-up language. Platform independence is possible through the logical and arithmetic calculations inherent to graphical browsers and the Javascript computer language. The initial success of this program indicates that medical education can be very effective both by the use of accurate simulations and by the existence of a universally accessible Internet resource.

Euliano TY. Small group teaching: clinical correlation with a human patient simulator. Advances in Physiology Education 2001 Dec;25(1-4):36-43. Department of Anesthesiology, University of Florida College of Medicine, Gainesville, Florida 32610-0254, USA. tammy@anest4.anest.ufl.edu. 
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The popularity of the problem-based learning paradigm has stimulated new interest in small group, interactive teaching techniques. Medical educators of physiology have long recognized the value of such methods, using animal-based laboratories to demonstrate difficult physiological principles. Due to ethical and other concerns, a replacement of this teaching tool has been sought. Here, the author describes the use of a full-scale human patient simulator for such a workshop. The simulator is a life-size mannequin with physical findings (palpable pulses, breath/heart sounds, blinking eyes, etc.) and sophisticated mechanical and software models of the cardiovascular and pulmonary systems. It can be connected to standard physiological monitors to reproduce a realistic clinical environment. In groups of 10, first-year medical students explore Starling's law of the heart, the physiology of the Valsalva maneuver, and the function of the baroreceptor in a clinically realistic context using the simulator. With the use of a novel pre-/postworkshop assessment instrument that included student confidence in their answers, student confidence improved for all questions and survey items following the simulator session (P < 0.0001). The students give these laboratory exercises uniformly superior evaluations with > 85% of the students rating the workshop "very good" or "excellent".

Fawver AL, Branch CE, Trentham L, Robertson BT, Beckett SD. A comparison of interactive videodisc instruction with live animal laboratories. American Journal of Physiology 1990;259 (Advances in Physiology Education 4):S11–S14. 

Use of interactive videodisc simulations yielded equivalent test performance and greater time efficiency in teaching cardiovascular physiology compared with instruction in a live animal laboratory.

Gersting JM, Rothe CF. Cardiovascular interactions tutorial: architecture and design. Journal of Medical Systems 2002 Feb;26(1):29-38. Department of Computer Science, University of Hawaii at Hilo, USA. johng@Hawaii.edu. 
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This work examines the design and architecture of a delivery system for a computerized, interactive tutorial on the physiology of the cardiovascular system. Emphasis in this paper is on the mechanisms used to coordinate the user's Lab Workbook, subject-oriented Information file, and the cardiovascular interaction (CVI) simulation model. Techniques described are sufficiently generic to allow for different tutorial content and/or different simulation models. Implementation uses Visual Basic and deployment is CDROM-based.

Greenspan JD. A laboratory exercise in somesthesis that is expeditious, inexpensive, and suitable for large classes. The American Journal of Physiology 1993 Dec;265(6 Pt 3):S2-S9. Department of Neurosurgery, State University of New York Health Science Center at Syracuse 13210. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8279583&dopt=Abstract

A teaching laboratory is described that demonstrates two principles of the somatosensory system: 1) the "spot-like" nature of skin sensitivity and 2) tactile acuity. This laboratory has been used for a large medical school class (140-160 students). One reason for the success of this laboratory is the ability to provide a sufficient number of stimulating apparatuses. The two-point discrimination device used to measure tactile acuity can be made easily and cheaply. In addition, two other demonstrations are described that are suitable for smaller classes or that students can do on their own. Although this lab was designed for medical students, the content makes it suitable for undergraduate or high school students.

Habashi NM, Borg UR, Reynolds HN. An in vitro physiologic model for cardiopulmonary simulation: a system for ECMO training. The International Journal of Artificial Organs 1994 Jul;17(7):399-407.

Hammer P, Litvack D, Saul JP. Interpreting open- and closed-loop transfer relations between cardiorespiratory parameters: lessons learned from a computer model of beat-to-beat cardiovascular regulation. Methods of Information in Medicine 1997 Dec;36(4-5):237-240. Boston University, Children's Hospital, Department of Cardiology, Harvard Medical School, MA, USA. hammer_p@al.tch.harvard.edu. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9470367&dopt=Abstract.

A computer model of cardiovascular control has been developed based on the response characteristics of cardiovascular control components derived from experiments in animals and humans. Results from the model were compared to those obtained experimentally in humans, and the similarities and differences were used to identify both the strengths and inadequacies of the concepts used to form the model. Findings were confirmatory of some concepts but contrary to some which are firmly held in the literature, indicating that understanding the complexity of cardiovascular control probably requires a combination of experiments and computer models which integrate multiple systems and allow for determination of sufficiency and necessity.

Hudson JN, Buckley P, McMillen IC. Linking cardiovascular theory to practice in an undergraduate medical curriculum. Advances in Physiology Education 2001 Dec;25(1-4):193-201. Department of Physiology, Adelaide University, Adelaide, South Australia 5005, Australia. nicky.hudson@adelaide.edu.au. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11824198&dopt=Abstract
Case-based teaching (CBT) tutorials were introduced by the Physiology Department at Adelaide University to bridge the gap between theory and practice in the early years of undergraduate medical education. With the use of a clinical case-based environment, CBT aimed to achieve integration of structure-function relationships and an increase in students' capacity to apply a physiological understanding to clinical observations/symptoms and data. With peer-peer interactions in small groups, students could trial history taking and examination skills, interpret common investigations, and relate their findings to an understanding of structure and function. Here, the cardiovascular tutorials highlight the centrality of an understanding of structure and function in the evaluation of a case of syncope. An independent evaluation of the students' learning experience demonstrated that CBT tutorials were successful in their aims. The "hands-on" experience was highly rated, with students reporting that the CBT approach gave relevance to structure and function. Whatever the curriculum learning style, underpinning practice with an understanding of theory remains a desirable feature of medical education

Leathard HL, Dewhurst DG. Comparison of the cost effectiveness of a computer-assisted learning program with a tutored demonstration to teach intestinal motility to medical students. ALT-J 1995;3(1):118–125. 

No significant difference was found in the performances of preclinical medical students who used a traditional live animal laboratory and those who used a computer simulation on intestinal motility.

Lilienfield LS, Broering NC. Computers as teachers: learning from animations. The American Journal of Physiology1994 Jun;266(6 Pt 3):S47-S54. Department of Physiology and Biophysics, Georgetown University Medical Center, Washington, District of Columbia 20007. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8017519&dopt=Abstract

The effectiveness of an interactive multimedia computer program, the "Electronic Textbook in Human Physiology," in improving the knowledge of students studying cardiovascular physiology was determined from scores on tests given before and immediately after completion of a two-hour animation program on the Cardiac Cycle and Introduction to Electrocardiography and by comparison of performance on a final examination taken later with their unexposed (control) classmates. Unsigned comments on the use of the program were obtained from all participants and were universally laudatory. A marked and significant improvement in the immediate posttest compared with the pretest scores was found. More importantly, the students who had used the computer program achieved a significantly higher grade in the cardiovascular section of the final exam than their (control) classmates. Several possible explanations of the results are offered; the most likely one is that the use of the computer program facilitated learning. The implications of this, especially for curriculum planning, are discussed.

Maw S, Frank J, Greig G. A spinal circuitry simulator as a teaching tool for neuromuscular physiology. The American Journal of Physiology 1996 Jun;270(6 Pt 3):S50-S68. Division of Neuroscience, University of Alberta, Edmonton, Canada. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8712255&dopt=Abstract

Many concepts in neuromuscular physiology can be difficult for instructors to teach and for students to understand. The behaviors of various components in neuromuscular systems do not always interact in obvious ways, and the function of hundreds of components can be very different from the function of just one or two "representatives." In this paper, a simulator is presented that can model both small and large spinal circuitry systems thus allowing students to explore the dynamic functional implications of the static circuitry diagrams that are common in many neuroscience textbooks. The simulator brings to life many concepts in neuromuscular physiology and permits students to explore such concepts without extensive supervision. The benefits and drawbacks of using this kind of simulator in the classroom are discussed, based on initial field tests with undergraduate and graduate students as well as input from the literature. It was found that such a simulation can be very useful as a teaching tool if it is used properly with the right audience

Modell HI. Computer software for physiology education. American Journal of Physiology 1992;262:S29-S33.

Modell HI. How to help students understand physiology? Emphasize general models. Advances in Physiology Education 2000 Jun:23(1):101-107. National Resource for Computers in Life Science Education, Seattle, Washington 98115, USA. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10902534&dopt=Abstract

Students generally approach topics in physiology as a series of unrelated phenomena that share few underlying principles. In many students' view, the Fick equation for cardiac output is fundamentally different from a renal clearance equation. If, however, students recognize that these apparently different situations can be viewed as examples of the same general conceptual model (e.g., conservation of mass), they may gain a more unified understanding of physiological systems. An understanding of as few as seven general models can provide students with an initial conceptual framework for analyzing most physiological systems. The general models deal with control systems, conservation of mass, mass and heat flow, elastic properties of tissues, transport across membranes, cell-to-cell communication, and molecular interaction.

Nicol S, Narkowicz C. Learning physiology from cardiac surgery patients. The American Journal of Physiology 1998 Jun;274(6 Pt 2):S74-S83. Department of Anatomy and Physiology, University of Tasmania, Hobart, Tasmania 7001, Australia. 

Abstract: http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9841569&dopt=Abstract 

Full Text: http://advan.physiology.org/cgi/reprint/274/6/S74.pdf.

A number of pressures have led to a very great reduction or complete abandonment of the use of animals in the teaching of physiology in most medical schools. Often animal experiments have been replaced by computer simulations, but a simulation is only as good as the model or algorithm on which it is based and can never contain the depth of information or unpredictability displayed by real animals or patients. We used a computer-based system to collect cardiovascular data from patients instrumented for cardiac surgery, allowing students to "replay" an operation. These recordings were annotated with notes, diagrams and video clips, and a student workbook was written. The resulting package contained a wealth of physiological data and was perceived by students to be very clinically relevant. The very wealth of information, however, tended to overwhelm students, and so a series of introductory Computer tutorials were written to provide students with the background necessary to cope with the clinical data.

Nosek TM, Bond GC, Ginsburg JM, Godt RE, Hofman WF, Jackson WJ, Ogle TF, Porterfield SP, Stoney SD Jr, Wiedmeier VT, Work JA, Lewis LA, Levy M. Using computer-aided instruction (CAI) to promote active learning in the physiology classroom. Annals of the New York Academy of Sciences 1993;701:128-129. 

Pankiewicz PR. Software review: The DynaPulse 200M. The American Biology Teacher 1995;57(2):121-122.

Phelps JL, Nilsestuen JO, Hosemann S. Assessment of effectiveness of videodisc replacement of a live animal physiology laboratory. Distinguished Papers Monograph, American Association for Respiratory Care. 1992.

Nursing students who studied using an interactive video program on cardiac output principles performed better on a post-test than did students taught by lecture and live animal physiology laboratory.

Rupnik M, Runovc F, Sket D, Kordas M. Cardiovascular physiology: simulation of steady state and transient phenomena by using the equivalent electronic circuit. Computer Methods and Programs in Biomedicine 2002 Jan;67(1):1-12. Institute of Pathophysiology, Faculty of Medicine, University of Ljubljana, 1104, Ljubljana, Slovenia. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11750943&dopt=Abstract.

By using commercially available software it is readily possible to design electronic circuits and to analyze them. By introducing the concept of equivalent quantities a simulation of various physiological phenomena is possible. This includes the steady state as well as various complex transient phenomena. This paper describes the use of an equivalent electronic circuit in simulating the cardiovascular system. It allows a stepwise upgrading. The first step is a one-ventricle circuit similar to the Starling heart-lung preparation. The final step is an equivalent circuit allowing simulation of various normal as well as pathological states (e.g. effects of heart rate, negative intrathoracic pressure, exercise, hemorrhage, heart failure, and hypertension). The degree of disturbance can be set by adjusting the value of single components. Following this, the optimal type of compensation (e.g. the increase in blood volume in failure of the right ventricle; systemic venoconstriction in failure of the left ventricle) of the basic disturbance can be searched for, activated and the consequences studied. The described approach has been found a useful tool in teaching physiology and pathophysiology for postgraduate medical students.

Samsel RW, Schmidt GA, Hall JB, Wood LDH, Shroff SG, Schumacker PT. Cardiovascular physiology teaching: computer simulations vs. animal demonstrations. Advances in Physiology Education 1994;11:S36–S46. 

Medical students used both computer demonstrations and animal (dog) demonstrations, and rated the former higher for learning cardiovascular physiology.

Smith AM. A model circulatory system for use in undergraduate physiology laboratories. The American Journal of Physiology 1999 Dec;277(6 Pt 2):S92-S99. Department of Biological Sciences, Butler University, Indianapolis, Indiana 46208, USA. ansmith@butler.edu. 

Abstract: http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10644265&dopt=Abstract 

Full Text: http://advan.physiology.org/cgi/reprint/277/6/S92.pdf

The cardiovascular system is a central topic in physiology classes, yet it is difficult to provide undergraduates with quality laboratory experiences in this area. Thus a model circulatory system was developed to give students hands-on experience with cardiovascular fluid dynamics. This model system can be constructed from readily available materials at a reasonable cost. It has a realistic pressure drop across the different vessels. Using this system, students can investigate the effect that blood volume, vessel compliance, vessel construction, and heart activity have on blood pressure and flow. The system also demonstrates the effect of vessel diameter on resistance and fluid velocity. This model may give students a more concrete, intuitive feel for cardiovascular physiology. Another advantage is that it allows dramatic and easily controlled manipulations with quantitative results. Finally, its simple construction allows students to interchange components, giving them greater flexibility in experimentation.

Specht PC. Computer graphics interface to a complex simulation. Puerto Rico Health Sciences Journal 1988 Aug;7(2):184-188. Pharmacology Department, School of Medicine, University of Puerto Rico, San Juan. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3186919&dopt=Abstract.

The program "Cardio VascularCat" is a simulation of a laboratory experiment on the cardiovascular system of the cat, for students of physiology or pharmacology. There are two important innovations in this version, utilizing the "Macintosh environment": 1) The functioning of the program is highly interactive with the student. Any manipulation almost immediately produces some result in the (simulated) experimental animal. 2) The input from the student, and the output to the student, are handled in simple and intuitive ways. The mouse and menu system are utilized to simplify the control of the program. The keyboard is eliminated. The Macintosh graphics capabilities provide for an output display that is easily and quickly interpreted by the student. The program has been tested with a small sample of medical students. As measured by an objective test, the results are equivalent to learning from a textbook. An attitude survey revealed that the Macintosh program is clearly superior for reinforcement and review.

Return to Top
Studies: Pound and Shelter Animals

Bellenger C. The use of pound dogs in teaching and research. Australian Veterinary Journal 1996 Dec;74(6):473-475. 

Pro-pound dog usage in veterinary education. Includes some statistics re: the numbers of animals killed in Australian pounds and shelters and the numbers of dogs used in teaching and research at the University of Sydney in 1994.
Knight A. 2002. The use of pound dogs in veterinary surgical training. In Knight A. (Ed.) 2002. Learning Without Killing: A Guide to Conscientious Objection. Unpublished. www.LearningWithoutKilling.info. 2 pp. 

A summary of the arguments against the use of pound dogs in veterinary surgical training, and of the elements ideally comprising an alternative veterinary surgical program. 

Quain A. 2000. The real thing: A discussion on the use of pound dogs in the veterinary science curriculum. In Knight A. (Ed.) 2002. Learning Without Killing: A Guide to Conscientious Objection. Unpublished. www.LearningWithoutKilling.info. 12 pp. 

Provides the cases for and against the use of pound dogs in veterinary surgical training, and an examination of the extent to which both traditional and alternative surgical programs can provide satisfactory training. The author concludes that the use of pound-sourced or purpose-bred animals is neither necessary nor desirable. 

Return to Top
Studies: Psychology

Cohen PS, Block M. Replacement of laboratory animals in an introductory psychology laboratory. Humane Innovations and Alternatives 1991;5:221–225. 

Undergraduate students who studied feral pigeons in a city park scored equally well on evaluations as did students who studied operant conditioning with rats in a traditional lab.

Return to Top

Studies: Surgery
Aboud E, Suarez CE, Al-Mefty O, Yasargil MG. New alternative to animal models for surgical training. ATLA 2004;32 Suppl 1:501-508.

Waste organ perfusion simulators.

Anonymous. Still more on Tufts' student surgery program. Journal of the American Veterinary Medical Association 1990 Apr 01;196(7):1002-1003, 1006.

Auer JA. Veterinary surgery education performed on models. ALTEX: Alternativen zu Tierexperimenten 1994;11(1):44-46. Veterinar-Chirurgische Klinik der Universitat Zurich. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11178367&dopt=Abstract. 


At the Veterinary Surgery Clinic of the University of Zurich models were developed in cooperation with a surgery professor from the United States. These models allow to practice manual dexterity of the students in basic surgical techniques. Additionally, proper assisting in these basic surgical techniques can also be practiced using these models. A further advantage represents the facts that these models do not have a scent because they are manufactured from a special polyurethane facilitating easy transport of these models to allow additional practicing at the students leisure at home. The result of this education, which was initiated three years ago, is better manual dexterity in surgical techniques, a dexterity which is achieved without sacrificing laboratory animals. This represents a big advantage for the students and later the veterinarian.

Awwad AM. A training card for microsurgery. Microsurgery 1984;5:160.

Bate M. 2000. Practical experience with DASIE (Dog Abdominal Surrogate Instructional Exercise). In Bate M. (Ed.). Australian Veterinarians in Ethics, Research & Teaching (AVERT) Proceedings of the Annual Conference held at Rendezvous Observation City, Perth, 27 – 28 June 2000; Artarmon, NSW, Australia: AVERT. 2001:51 - 56. 

Good article on the usefulness of the DASIE, advantages and disadvantages, and its use in teaching animal experimenters basic surgical skills at the University of Newcastle, NSW, Australia. Has 5 great photos of the DASIE in use.

Bauer MS. A survey of the use of live animals, cadavers, inanimate models, and computers in teaching veterinary surgery. Journal of the American Veterinary Medical Association 1993 Oct 01;203(7):1047-1051. Department of Clinical Sciences, College of Veterinary Medicine and Biomedical Sciences, Colorado State University, Fort Collins 80523. 
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A questionnaire, designed to gather information regarding the use of live animals, cadavers, inanimate models, and other innovative methods to teach veterinary surgery, was mailed to individuals in the surgery sections of all 31 veterinary schools in the United States and Canada. Of the 31 questionnaires mailed, 27 (87%) were completed and returned. Mean number of total, general, small-animal, and large-animal surgery laboratory sessions were 22, 5.9, 11, and 7.4, respectively. At 7 of 26 (27%) schools, animals were euthanatized prior to recovery from anesthesia in all teaching laboratories; in 18 schools (69%), small animals were euthanatized prior to recovery from anesthesia. In 4 (20%) of the 20 schools that offer large-animal laboratory courses, large animals were euthanatized prior to recovery from anesthesia. In 24 schools (88%), cadavers, models, or both were used in at least 1 laboratory session in their surgery training program. Models were used most frequently to teach suturing, knot typing, and hemostasis. Plastic bones were used in 8 (30%) schools to teach fracture repair. In several schools, models were used to teach other general psychomotor skills, and at several schools, models were available for sale to other teaching institutions. At 16 (59%) of the 27 veterinary schools, some type of program has been developed with local humane societies. At 13 (81%) of the 16 schools with such a program, small animals were euthanatized prior to recovery from anesthesia in their traditional laboratories. At 10 (37%) of the schools, some process was used to evaluate students in the laboratory, and at 5 (19%), course evaluations were completed by students taking the laboratory

Bauer, M.S., N. Glickman, L. Glickman, J.P. Toombs & P. Bill. Evaluation of the effectiveness of a cadaver laboratory during a fourth-year veterinary surgery rotation. Journal of Veterinary Medical Education 1992. 19(2): 77–84. 

Learning outcomes were similar between two groups of fourth-year veterinary students, one who were taught surgery using a terminal and cadaver laboratory format, the other taught using survival laboratories.

See also: Bauer MS, Glickman N, Salisbury SK, Toombs JP, Prostredny JM. Surgical vs terminal animal laboratories to teach small animal surgery. Journal of Veterinary Medical Education 1992;19(2):54-58.

Block GI. Student's opinion on surgery alternative program. Journal of the American Veterinary Medical Association 1990 Jul 01;197(1):12-13, 16.

Block EF, Lottenberg L, Flint L, Jakobsen J, Liebnitzky D. Use of a human patient simulator for the advanced trauma life support course. The American Surgeon 2002 Jul;68(7):648-651. Department of Surgery, Orlando Regional Medical Center, Florida, USA. 
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A highly anticipated and rewarding component of the Advanced Trauma Life Support (ATLS) program is the surgical skill station. Logistic, societal, and economic issues have resulted in development of human patient simulators (HPSs) as an alternative to the animal model. We studied initial student reaction to a simulator designed for this skill station. Fourteen participants in an ATLS Provider course completed the standard surgical skill stations and an experimental station using the Simulab Trauma Man HPS. After completion of the stations the students were asked to complete a 13-point satisfaction survey using a modified Likert scale (1 = strongly negative/dissatisfied, 5 = strongly positive/satisfied). Overall response was favorable. Students found the HPS to be superior to the animal model in teaching surgical airways [mean 3.64; standard deviation (SD) 0.93] and for management of pneumothorax (mean 3.86; SD 0.77). The students felt the HPS would be useful in ATLS and should be included as an option in training (mean 4.07; SD 0.92). Preliminary experience with an interactive HPS to teach the ATLS surgical skill station is well received by students when compared with standard methods. This strong acceptance supports inclusion of simulators in teaching ATLS skills.
Brown MJ, Pearson PT, Tomson FN. Guidelines for animal surgery in research and teaching. AVMA Panel on Animal Surgery in Research and Teaching, and the ASLAP (American Society of Laboratory Animal Practitioners). Am J Vet Res. 1993 Sep;54(9):1544-59. http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=8239147, 15 Aug 2004.


The direct or delegated authority for activities involving animals used in research and teaching programs lies with the attending veterinarian. These duties and responsibilities cannot be abrogated by others in the organization. The veterinarian is the single individual with the broadest range of knowledge of animals used in biomedical research, testing, and teaching. Federal regulations and policy require that the Institutional Animal Care and Use Committee (IA-CUC) ensure that the use of animals will be ethically justifiable and humane and that all individuals who perform surgery on animals will be appropriately qualified and trained. The attending veterinarian also has specific responsibilities under law and must take an active role in providing this assurance. In recognition of this, the Council on Research of the AVMA created a Panel on Animal Surgery in Research and Teaching to develop a report on guidelines for performing animal surgery in a research or teaching setting. Drafts of the panel report were sent through an extensive review process that included representative groups in veterinary medicine, human health, government, biomedical research, and animal welfare. The report of the panel was referred to the American Society of Laboratory Animal Practitioners (ASLAP). As an organization, the major focus of which is the role of the veterinarian in research using animals, it is appropriate that the ASLAP further refine this report into a set of guidelines for the research community. The ASLAP committee wishes to acknowledge the AVMA for recognizing the need for these guidelines and providing the financial support to convene the initial panel. This document was compiled with expectations for change in future revisions. Intended to complement other pertinent guidelines and regulations on animal surgery, these guidelines are designed to help individuals charged with the stewardship of animals used in research and teaching.

Buyukmihci N. 2002. Non-violence in surgical training. Unpublished. www.avar.org. 

 

This excellent essay by Veterinary Professor Buyukmihci argues that it is possible to teach veterinary surgery without harmful animal usage; suggests possible means of doing so; and examines the use of cadavers and of pound dogs. Additional useful information and quotations are given in the reference list. 

 

Carpenter LG, Piermattei DL, Salman MD, Orton EC, Nelson AW, Smeak DD, Jennings PB Jr, Taylor RA. A comparison of surgical training with live anesthetized dogs and cadavers. Veterinary Surgery 1991 Nov-Dec;20(6):373-378.Department of Clinical Sciences, College of Veterinary Medicine and Biomedical Sciences, Colorado State University, Fort Collins, USA. 
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Cadavers were compared with live anesthetized dogs for their effectiveness as models for surgical training of veterinary medical students. One group of students was trained using cadavers, and a peer group was trained using live anesthetized dogs. Both groups then performed an intestinal anastomosis using a live subject. The time to completion of the procedure was recorded. The anastomoses and celiotomy closures were evaluated. Each anastomosis was isolated and pressure tested. Reviewers blindly scored each surgical team's performance based on actual inspection of the surgical site and on viewing videotapes of the procedure. The participants' attitudes toward the use of live animals in teaching and research were documented before and after training. No statistically significant differences could be detected between the two groups. The results suggest that some substitution of cadavers for live dogs in surgical training might be feasible.

Crosby NL, Clapson JB, Buncke HJ, Newlin L. Advanced non-animal microsurgical exercises. Microsurgery 1995;16(9):655-658.

da Costa PM, Santos J, Maio R, Santos A, Paredes F. The role of a basic surgical skills laboratory as viewed by medical students (6th year) Medical Teacher 2001 Mar;23(2):176-180. Cirurgia 3 - Faculdade de Medicina de Lisboa. 
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In the last academic year, a training period in a surgical skills laboratory, using plastic models, was included as a part of the 'Cirurgia 3' ('Surgery 3', 6th year) programme of Faculdade Medicina Lisboa. To evaluate the training period, a structured, anonymous questionnaire was administered at the end, seeking students' responses on their satisfaction in attending the course. A global view of the answers points out students' favourable opinion of the laboratory-training period: concerning students' perceived goals for attending the course, a high degree of satisfaction was reported (globally 73% of computed scores were rated as 'good' or 'very good'); the teaching/learning environment and the delivered content got 90% 'very good' and 'good' ratings; teaching staff performance got the highest percentage of rating scores 'very good' and 'good' (95%). These ratings were dependent on variables that are unlikely to be a reflection only of glamour and seduction (clear explanations and clear demonstration of each component of the skill) and were less dependent on other variables such as 'enthusiasm for teaching' and 'relationship with students', which could be expected to be influenced by the charisma of the tutors. Helping students learn and train in surgical skills in a laboratory is challenging and our results affirm that the environment and the content were valuable for the understanding of the subject, while sessions planning and appropriate teaching technique are essential when practical skills are to be taught and learned.
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DeYoung DJ,  Richardson DC. Teaching the principles of internal fixation of fractures with plastic bone models. Journal of Veterinary Medical Education 1987;14:30-31.

Dunayer E. More on Tufts' student surgery program. Journal of the American Veterinary Medical Association 1990 Jan 15;196(2):184.

Fanua SP, Kim J, Shaw Wilgis EF. Alternative model for teaching microsurgery. Microsurgery 2001;21(8):379-382.

Describes the use of medical grading tubes and surgical gloves to practice suturing, end-to-end, end-to-side and side-to-side anastomoses and free graft placement. 

Greenfield CL, Johnson AL, Schaeffer DJ, Hungerford LL. Comparison of surgical skills of veterinary students trained using models or live animals. Journal of the American Veterinary Medical Association 1995 Jun 15;206(12):1840-1845. Department of Veterinary Clinical Medicine, College of Veterinary Medicine, University of Illinois, Urbana 61801, USA. 
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Surgical skills of veterinary students were evaluated following training with dogs and cats, or soft tissue organ models; performance of each group was equivalent.

Greenfield CL, Johnson AL, Smith CW, Marretta SM, Farmer JA, Klippert L. Integrating Alternative Models into the Existing Surgical Curriculum. Journal of Veterinary Medical Education 1994;21(1):23-27. http://scholar.lib.vt.edu/ejournals/JVME/V21-1/Greenfield.html
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OBJECTIVE: To evaluate the efficacy of a reusable plastic model mimicking the anatomy and hemodynamics of the canine female genital tract for teaching basic surgical skills and ovariohysterectomy. SAMPLE POPULATION: 40 veterinary students of the class of 1998. STUDY DESIGN: Prospective study. METHODS: Students' confidence level and experience in private practice was evaluated via questionnaire before training. Students in 2 groups performed an ovariohysterectomy on cadavers (group C, n = 20) or on the model (Group M, n = 20) for 2 hours. Students' psychomotor and basic surgical skills were objectively assessed by the following tests: ligation of a foam cylinder, passing a needle through the eyelets of an electronic suture board, and ligating latex tubing. Results were compared before and after training and within and between groups. The ability of students to perform an ovariohysterectomy in a live dog after training was compared between groups with a scoring system. RESULTS: Students in both groups had similar surgical experience and basic skills before training. The results of the psychomotor and basic surgical skills tests were better in group M after training than group C. The improvement of each student in performing these tasks also increased when students were trained with the model. Scores assigned to students performing an ovariohysterectomy in a live dog were higher in group M (31.45 +/- 1.15) than in group C (20.7 +/- 1.42). CONCLUSION: The model was more effective than cadavers in teaching basic surgical skills and ovariohysterectomy in dogs.
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Inanimate models effectively taught basic psychomotor skills, and had the advantage over live animals that they could be used repeatedly, enhancing the acquisition of motor proficiency.
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CONTEXT: Basic surgical skills are needed throughout the medical profession, but current training is haphazard and unpredictable. There is increasing pressure to provide transparency about training and performance standards. There is a clear need for inexperienced learners to build a framework of basic skills before carrying out surgical procedures on patients. Effective learning of a skill requires sustained deliberate practice within a cognitive framework, and simulation offers an opportunity for safe preparation. OBJECTIVES: This paper presents a new approach to basic surgical skills training, where tuition using a specially designed computer program is combined with structured practice using simulated tissue models. This approach to teaching has evolved from practical experience with surgical skills training in workshops. METHODS: Pilot studies with 72 first-year medical students highlighted the need for separate programs for teaching and for self-directed learning. The authors developed a training approach in the light of this experience. Subsequent in-depth observational and interview studies examined (a) individual teaching sessions between surgical teachers and learners (five consultant surgeons and five senior house officers) and (b) group teaching sessions with general practitioners (14 participants in three group interviews). Further work has resulted in a self-directed learning program. CONCLUSIONS: Qualitative analysis of observational and interview data provides strong preliminary support for the effectiveness of this approach. The response of teachers and learners was extremely positive. The combination of information (presented by computer) and practice of psychomotor skill (using simulated tissue models) could be extended to other surgical and practical skills.
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A goal of this work is proposal and construction of simulation methods of haptic reproduction and interactive visualization of a beating heart in cardiovascular surgical training and education. The data for the beating heart model was obtained from ECG-gated 3D MRI of a normal volunteer. The elastic information was assumed as a uniform value with clinically experienced elasticity. Using a real-time 3D graphics and a haptic device, a simulation environment of the beating heart was designed and implemented. After the construction, some cardiovascular surgeons evaluated the implemented system. Its visualization and haptic expression were scored excellent, but some details in haptic interface were remained to be improved. Finally, for more realistic cardiovascular surgical simulation, future development of the method is discussed.

Olsen D, Bauer MS, Seim HB, Salman MD. Evaluation of a hemostasis model for teaching basic surgical skills. Veterinary Surgery 1996 Jan-Feb;25(1):49-58. Department of Clinical Sciences, College of Veterinary Medicine and Biomedical Sciences, Colorado State University, Fort Collins, USA. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8719086&dopt=Abstract.

The need for alternative methods of teaching veterinary medicine and surgery has increased in recent years because of increasing costs and changing public opinion. For these reasons a hemostasis model was developed that mimics the arteries and veins of the peripheral vascular system, and can be used to teach the basic skills involved in blood vessel ligation and division. This study evaluated the effectiveness of the fluid hemostasis model compared with using live animals for teaching these skills. Forty sophomore veterinary students participated in the study. Two groups of 20 students each received identical instruction in the basic techniques required for vessel ligation and division. The students then completed various exercises using inanimate models to objectively evaluate their psychomotor skills. Both groups then practiced the techniques for equal time periods; one group used the hemostasis model and the other performed a splenectomy on live dogs. After the practice session, the students were videotaped (for later evaluation), as they performed vessel ligations and divisions. The students then repeated the exercises using the inanimate models for evaluation of skills improvement. Questionnaire responses before and after the project were obtained to determine the students' views on the need for inanimate models for teaching purposes. Results of this study indicate that the hemostasis model was as effective as live animals for teaching the basic skills involved in blood vessel ligation. The students' opinions regarding the use of properly designed inanimate models for teaching these skills were dramatically changed.
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No difference was found in surgical confidence or ability of veterinary graduates who had participated in an alternatives course of study versus those who had participated in a conventional course of study. 
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BACKGROUND: Rapid improvements in computer technology allow us to consider the use of computer-assisted learning (CAL) for teaching technical skills in surgical training. The objective of this study was to compare in a prospective, randomized fashion, CAL with a lecture and feedback seminar (LFS) for the purpose of teaching a basic surgical skill. METHODS: Freshman medical students were randomly assigned to spend 1 hour in either a CAL or LFS session. Both sessions were designed to teach them to tie a two-handed square knot. Students in both groups were given knot tying boards and those in the CAL group were asked to interact with the CAL program. Students in the LFS group were given a slide presentation and were given individualized feedback as they practiced this skill. At the end of the session the students were videotaped tying two complete knots. The tapes were independently analyzed, in a blinded fashion, by three surgeons. The total time for the task was recorded, the knots were evaluated for squareness, and each subject was scored for the quality of performance. RESULTS: Data from 82 subjects were available for the final analysis. Comparison of the two groups demonstrated no significant difference between the proportion of subjects who were able to tie a square knot. There was no difference between the average time required to perform the task. The CAL group had significantly lower quality of performance (t = 5.37, P <0.0001). CONCLUSIONS: CAL and LFS were equally effective in conveying the cognitive information associated with this skill. However, the significantly lower performance score demonstrates that the students in the CAL group did not attain a proficiency in this skill equal to the students in the LFS group. Comments by the students suggest that the lack of feedback in this model of CAL was the significant difference between these two educational methods.
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Closed-chest thoracostomy with tube drainage is recognized as a necessary skill for primary care physicians. The usual teaching methods used to train medical students and resident physicians involve either instruction on patients or the use of costly animal models. An inexpensive model using commonly available materials to teach this skill is described.
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Twenty first-year veterinary students with no prior participatory experience in surgery were randomly paired and assigned into two study groups. Ten students (group V) viewed a hemostatic technique video tape until they thought they could competently perform and assist in performing a hand-tied ligature on a blood vessel in a live animal. Ten students (group VS) were also given a simulator for technique practice. Paired students were video recorded and blindly evaluated on their ability to perform and assist proper ligation of a bleeding vessel. Inexpensive hemostasis models were very helpful for teaching students essential surgeon and assistant skills involved in hand-tied ligature placement. Students who practiced with simulators performed significantly better as surgeon and assistant, and in total psychomotor skill evaluation, then students watching the video only. Students using simulators performed ligation with significantly more accuracy and tended to be more expeditious at this task. Further training is needed for students to acquire skills necessary for efficient bleeding vessel exposure and isolation.

Smeak DD, Hill LN, Beck ML, Shaffer CA, Birchard SJ. Evaluation of an autotutorial-simulator program for instruction of hollow organ closure. Veterinary Surgery 1994 Nov-Dec;23(6):519-528. Department of Veterinary Clinical Sciences, Ohio State University College of Veterinary Medicine, Columbus. 
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Forty students were randomly assigned into two study groups (traditional, T; and simulator, S) of 20 students each for a core operative practice laboratory. Students were randomly paired and their group assignment and identity remained anonymous to the evaluators throughout the study. Questionnaires were distributed to students to evaluate prior surgical experience and obtain learning resource use information. Before the evaluation sessions, both groups were given identical learning resource opportunities except students in Group S received hollow organ simulators and practice materials for gastrotomy closure. All students were forewarned that surgical instruction would not be available during the evaluation sessions. In the first live animal evaluation session, all student pairs were videotaped after which stomachs were harvested for gross evaluation of the surgical site. Group T performed an additional gastrotomy for video and gross evaluation 2 weeks later. Questionnaire, and gross and video evaluation results were compared statistically between groups and sessions. The hollow organ model did not suitably simulate live stomach tissue; the material was more fragile and stiff and suture cut-out was a problem even with appropriate suture tension and technique. The model was effective for teaching needle placement, instrument usage, creating proper tissue inversion, and methods to minimize instrument handling of tissue during gastrotomy closure. Prior practice with models did not boost student confidence during their live gastrotomy session. The autotutorials (ATs) were well received by students but did not sufficiently address how to manage mucosal eversion, suture tension, and bleeding encountered during live gastrotomy. AT viewing time positively correlated with mean total video score for Group T during both sessions. None of the students had prior experience performing hollow organ closure and no significant difference in experience level was evident between groups. Mean closure time was not significantly different between groups for session one (Group T, mean, 31.5 minutes, range, 18.4 to 53.4; Group S, mean, 28.2 minutes, range, 16.8 to 36), but was significantly reduced for session two (Group T, mean, 21.3 minutes, range, 13.9 to 31). This AT/simulator program does not significantly influence students' overall gastrotomy closure technique; gross and video evaluation scores were not significantly different between groups. Without instructor supervision, an additional gastrotomy experience did not improve surgical technique appreciably for Group T; however, these students performed the second procedure with more confidence and speed.
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As the body of knowledge concerning human anatomy and physiology continues to grow, new techniques must emerge to convey it more efficiently to future health care professionals. Computer simulation, interaction and visualization technologies are now being used in the development of virtual training environments. This paper presents a real-time virtual surgical simulator that integrates scientific visualization tools into a surround-screen projection-based (SSPB) immersive environment. This environment focuses on procedures for the lower limbs; however, the techniques described can be applied to other portions of the body. The research consists of three phases: environment modeling, volume visualization and immersive surgical simulation. Environment modeling involved modeling an operating room with all of the relevant elements. The volume visualization phase required the application of marching cubes and decimation techniques to the Visible Human Project (VHP) dataset to generate models of the lower limbs. The simulator integrated modeling and volume visualization to facilitate the rehearsal of medical procedures and interaction with medical information. Interactive cutting, suturing and X-Ray CT placement over the virtual patient's legs were used to probe underlying structures. The simulator is intended to aid medical students in learning anatomy, physiology and radiological analysis without jeopardizing patient care.
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BACKGROUND: Although computer-based training (CBT) can enhance didactic instruction, few studies have assessed the efficacy of CBT for basic surgical skills training. This study compares CBT with traditional methods of basic surgical skills training. METHODS: Sixty-nine naive medical students were randomized into 3 treatment groups for basic surgical skills instruction: didactic, videotape, or CBT. All instructional material contained the same pictures, text, and audio. With use of a multiple-choice question examination and a series of performance stations, students were objectively assessed before, immediately after, and 1 month after skills instruction. Raters were blinded to treatment modality during the follow-up evaluation. RESULTS: There were no significant differences among the groups before treatment. After treatment, the didactic group scored higher on the multiple-choice question examination. In contrast, the videotape and CBT groups demonstrated statistically significant (P < .01) enhancement of technical skills compared with the didactic group. After 1 month, a calculated performance quotient revealed statistically significant (P < .01) improvement only in the CBT group. The amount of time students spent practicing their skills was not significantly different among the groups. CONCLUSIONS: CBT is as effective as, and possibly more efficient, than traditional methods of basic surgical skills training for medical students.
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Evaluation of eye-hand coordination skills in relation to experiential human factors may lead to improved instruction for videoendoscopic surgical skills acquisition. Twenty-nine subjects (medical students or residents in surgical specialties) volunteered to perform three exercises of increasing complexity in an "inanimate" trainer system that simulated the eye-hand coordination tasks inherent in a laboratory videoendoscopic surgical environment. Fourteen subjects participated in a biweekly practice program of 4 weeks duration using an inanimate trainer. Fifteen subjects had no practice on the laparoscopic trainer during the 4 weeks. Both groups were tested after demonstration on three exercises at the beginning and end of a 4 week period and all performed the procedures in solitude. Both groups of subjects increased performance levels (time and accuracy) over the four weeks, but improvement was significantly greater for the practicing subjects. After eight sessions, convergence of performance levels was observed, but plateauing of performance levels was not evident, even with the simple paradigms evaluated. To investigate what factors contribute to learning, subjects were assessed with respect to their surgical experiences, personality, and self-evaluated motor skills. Subjects with prior endoscopic surgical experience, interest in mechanical activities (as measured by the Strong Interest Inventory), or regular engagement in video game play tended to be more skillful initially, but demonstrated less improvement in performance levels after practice than subjects who had lower levels of experience, interest, or video game play. Manual dexterity (as measured by the Purdue Pegboard Manual Dexterity Test) was positively related to the degree of observed improvement. We conclude that "inanimate" videoendoscopic paradigms offer relatively inexpensive and useful training exercises for acquiring basic eye-hand coordination skills. Relevance for animate laboratory skills requirements are probable but can only be inferred. Subjects with manual dexterity skills used in video games may perform better initially in the inanimate videoendoscopic situation but this advantage is shortlived.
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After hesitancy in their first live tissue surgery, veterinary students from an alternative surgical laboratory program performed on par with students with a standard laboratory experience.
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Jukes N. Replacement of harmful animal use in life science education: the approach and activities of InterNICHE. ATLA 2004;32 Suppl 1:511-515.

Describes various types of educational alternatives.

Knight A. 2002. Alternatives to harmful animal use in tertiary education. Updated from Knight, A. Alternatives to Laboratory Animals. 1999;27:967-974. www.LearningWithoutKilling.info.

Introduces humane educational alternatives, some of the courses worldwide where they’re successfully used, and the reasons given for and against their use. The author wrote it as a reference paper for students campaigning for humane alternatives in their education. 

Leonard WH. A comparison of student performance following instruction by interactive videodisc versus conventional laboratory. Journal of Research in Science Teaching 1992;29(1):93–102. 

In the use of videodisc or traditional laboratories, no significant difference was found for biology undergraduate students' laboratory grades. However, the videodisc group required one-half the time.

McInerney JD. Animals in education: are we prisoners of false sentiment? The American Biology Teacher 1993 May;55(5):276-280. 
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Miller-Spiegel C. The use of animals in national high school student science fair projects in the United States. ATLA 2004;32 Suppl 1:495-500.

Orlans FB. Use of animals in education: Policy and practice in the United States. Journal of Biological Education 1991 Mar 01;25(1):27-32.
Attitudes and recent policy developments in the USA on the use of animals in education are reviewed, and the present legislative position outlined. The influence of science competitions and national teacher associations on practice is discussed. The still common invasive experimentation on sentient animals by young and inexperienced students is provoking increasing pressure for change and a more compassionate attitude towards animals.

In the United States, national policy to govern the use of animals in education (as distinct from the use of animals in research) is in its infancy.[1] Indeed, the use of animals in education has been left largely uncontrolled by legislation that is backed up with any enforcement. There are two intermeshing federal laws that govern the humane use of laboratory animals: the Animal Welfare Act 1966 and its amendments, administered by the US Department of Agriculture (subsequently referred to as the AWA); and the Health Research Extension Act of 1985 which gives legal status to the Public Health Service policy (see references). This policy is administered by the Office for Protection from Research Risks at the National Institutes of Health (subsequently referred to as the PHS policy).

The AWA specifically exempts elementary and secondary schools from its provisions and, historically, has barely touched the use of animals at the college level. Although, strictly speaking, colleges which use any of the regulated species (nonhuman primates, dogs, cats, hamsters, guinea pigs, and rabbits) do fall within the province of the law, the lack of an enforcement mechanism for control of animals in education has meant that no meaningful oversight has occurred. Furthermore, many colleges fall outside the province of the law because they do not use any of the regulated species, that is, they use only rats, mice, birds, and cold-blooded species--the species most commonly used for educational purposes.

The PHS policy governs only animal experiments financed by PHS government funds, the purpose of which is to support biomedical research, not education (Federal funds for education come from non-PHS sources). Thus, virtually all educational use of animals at the elementary, secondary, and college levels of instruction falls outside the purview of the law.

The structure of the United States' system is quite different from that of the United Kingdom. In the United Kingdom, controls exist on who can conduct animal experiments and where they can be done. Researchers and teachers who use animals have to be licensed, and locations authorized. All other persons and locations are banned. In the United States, no such restrictions apply. The result has been that any individuals, however junior and unskilled in either science or knowledge of humane techniques, have been allowed to conduct any animal experiments they like in whatever locations they choose, including their homes. These uncontrolled conditions have resulted in considerable animal abuse.

The prevalence of high school science competitions in the United States, called science fairs, in which teenagers conduct extra-curricular projects for monetary awards and prestige, has been largely responsible for this sorry state of affairs. Abuses reached their peak in 1969 when a 17-year-old student won a $250 prize in a national science competition for blinding sparrows by removing their eyeballs and then starving them to death. Even though some progress has been made since those days, and monkey surgery is no longer conducted in high school students' homes, teenagers still commonly attempt highly invasive animal experiments that inflict severe animal pain. Obviously, such projects are outside the law in England, and indeed would be unthinkable.

Over the last decade, social pressures for changes in the use of animals at all levels of American education have mounted. Many people are questioning the extent to which students need to harm or destroy animal life in order to learn biology (Orlans, 1988). The need for study and observation of both live and dead animals for advanced biology students is usually not the issue, but legitimate questions are raised regarding the age at which students should be introduced to invasive animal experimentation, if at all, and whether or not alternative studies could be substituted that do not harm or destroy animal life.

Public protests, state laws, legal challenges, and voluntary codes have all played their part in this mounting social pressure. Protests about science fairs date back to their inception 40 years ago, and still continue. More recently, national media attention has been given to students who have refused to participate in experiments ranging from the 'dog labs' in colleges to dissection of frogs in high schools. A handful of states have enacted laws prohibiting the infliction of pain on animals by elementary and secondary school students. Several students have pursued court challenges to inflexible school administrations that would not permit the student to abstain on conscientious grounds from certain animal experiments. Voluntary codes have emerged from professional science teachers' associations that promote humane treatment of animals and the pursuit of alternatives to invasive animal experimentation where possible.

But the most important change of all regarding animals in education was announced in 1989 and has the effect of law (Federal Register, 1989). For the first time, college-level instruction involving animal experimentation became subject to review by institutional oversight committees. These committees, called Institutional Animal Care and Use Committees (IACUCs), are the major mechanisms by which the provisions of the AWA and PHS policy are applied.

In 1985, new strengthening amendments were made to the AWA and the PHS policy to give new authority to IACUCs. They became the responsible bodies under the law for ensuring compliance with laboratory animal welfare policies. Committee membership had to include at least three members of whom one was a veterinarian and another a person not affiliated in any way with the institution. Importantly, IACUCs were charged with reviewing the proposed protocols of the actual experiments in addition to overseeing the animals' care. At this point in the development of national policy, in practice the main effect of these revisions fell on protocols for the use of animals in research.

It was not until 1989, as previously mentioned, that AWA provisions were strengthened so that the use of animals in education would receive meaningful institutional review. New regulations announced in the Federal Register and effective from 31 October 1989, require that all activities including 'those elements of . . . teaching procedures that involve the care and use of animals' shall be reviewed by an institutional oversight committee for compliance with nationally accepted standards.

This new provision affects student use of animals in all facilities that fall under the AWA. Importantly, this means all major universities. But because of various gaps in the law, student training (involving non-regulated animals such as rats and mice, frogs, and other common species) that occurs in many smaller colleges, community colleges, industrial facilities, and secondary and elementary schools is excluded.

Despite these exclusions, this strengthening of the law will have important effects. The major universities have a dominant role in setting standards. Whatever changes universities effect regarding the use of animals in education will tend eventually to improve standards in all other educational establishments.
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A "Hard and Soft Tick" auto-tutorial that integrates basic knowledge of the parasite biology with practical aspects of tick identification, clinical presentation, pathology, disease transmission, treatment, and control was developed at the University of Wisconsin-Madison School of Veterinary Medicine. The purpose of this study was to assess impact of the auto-tutorial on parasitology test scores in four classes (1999, 2000, 2001, and 2002) of veterinary students. The analysis revealed a small but significant increase (p = 0.054) in mean percentage examination scores for students who used the tutorial over those who did not.
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Animals have been and will continue to be used in educational programs, but some concerns about the responsibility for assuring their proper care and humane use need to be discussed. Research animals have been regulated and monitored quite successfully by Institutional Animal Care and Use Committees (IACUC). These Committees are extending their responsibilities to cover animals used in educational programs. Three common roles of these IACUCs are described, including oversight, investigative and training responsibilities. Guidelines developed for faculty using animals at the University of Florida are presented and discussed.
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