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Overview

The humane alternatives to harmful animal use in teaching have been designed by scientists and educators, and their educational efficacy is clearly demonstrated by the fact that nearly every comparative study conducted has shown that alternative students perform at least as well as students trained via harmful animal use. At least 30 studies sourced primarily from the biomedical and educational literature covering all educational levels and disciplines have examined the ability of humane alternatives to impart knowledge or clinical or surgical skills. 36.7 % (11/30) of these studies demonstrated that alternative students achieved superior learning outcomes, or achieved equivalent results more quickly, allowing time for additional learning. 56.7 % percent (17/30) demonstrated equivalent educational efficacy, and only 6.7 % (2/30) demonstrated inferior educational efficacy of humane alternatives. The design of one of the latter studies has been substantially criticized. Thirteen other studies are also listed in which comparison with harmful animal use did not occur, demonstrating staff time and cost savings and other important advantages of humane alternatives.
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Studies demonstrating superior educational efficacy of humane alternatives

Fawver, A.L., C.E. Branch, L. Trentham, B.T. Robertson & S.D., Beckett.. 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.

Fowler, H.S. & E.J. Brosius. 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.

Griffon DJ, Cronin P, Kirby B, Cottrell DF. Evaluation of a hemostasis model for teaching ovariohysterectomy in veterinary surgery. Vet Surg 2000 Jul-Aug;29(4):309-16. Department of Veterinary Clinical Studies, Easter Bush Veterinary Centre and the School of Cognitive Science, The University of Edinburgh, Scotland. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10917280&dopt=Abstract.

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.

Henman, M.C., & G.D.H. Leach. An alternative method for pharmacology laboratory class instruction using biovideograph videotape recordings. British Journal of Pharmacology 1983. Vol. 80: 591P. 

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

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. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11166850&dopt=Abstract.

[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.

Johnson, A.L. & J.A. Farmer. Evaluation of traditional and alternative models in psychomotor laboratories for veterinary surgery. Journal of Veterinary Medical Education. 1989. 16(1): 11–14. 

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.

Leonard, W. H. 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.

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

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. 

More, D. & C.L. Ralph. 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.

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

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.

Samsel, R.W., G.A. Schmidt, J.B. Hall, L.D.H. Wood, S.G. Shroff & P.T. Schumacker. 1994. Cardiovascular physiology teaching: computer simulations vs. animal demonstrations. Advances in Physiology Education 11: S36–S46. 

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

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. Vet Surg 1991 Nov-Dec;20(6):373-8.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=1369518&dopt=Abstract.

[Although the abstract does not specify the source of the cadavers, use of ethically-sourced cadavers, from animal that have been euthanased for medical reasons, or died naturally or in accidents, is possible.]

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.

Cohen, P.S. & M. Block. 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.

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. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=7998619.


[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, D.G. & A.S. Meehan. 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.

Downie, R. & J. Meadows. 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.

Greenfield CL, Johnson AL, Schaeffer DJ, Hungerford LL. Comparison of surgical skills of veterinary students trained using models or live animals. J Am Vet Med Assoc 1995 Jun 15;206(12):1840-5. Department of Veterinary Clinical Medicine, College of Veterinary Medicine, University of Illinois, Urbana 61801, USA. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7790294&dopt=Abstract.

Surgical skills of veterinary students were evaluated following training with dogs and cats, or soft tissue organ models; performance of each group was equivalent.

Guy, J.F. & A.J. Frisby. 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.

Jones, N.A., R.P. Olafson, & J. Sutin. 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.

Kinzie, M.B., R. Strauss & J. Foss. 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.

Leathard, H.L. & D.G. Dewhurst. 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.

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

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

Olsen D, Bauer MS, Seim HB, Salman MD. Evaluation of a hemostasis model for teaching basic surgical skills. Vet Surg 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.

Pavletic, M.M., A. Schwartz, J. Berg, & D. Knapp. An assessment of the outcome of the alternative medical and surgical laboratory program at Tufts University. JAVMA 1994. 205(1): 97–100. 

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. 

Prentice, E.D., W.K. Metcalf, T.H. Quinn, J.G. Sharp, R.H. Jensen & E.A. Holyoke. 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. 

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

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

White, K.K., L.G. Wheaton & S.A. Greene. Curriculum change related to live animal use: a four-year surgical curriculum. Journal of Veterinary Medical Education 1992. 19: 6–10. 

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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Matthews, D. 1998. Comparison of MacPig to Fetal Pig Dissection in College Biology. The American Biology Teacher, 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.]

Smeak DD, Hill LN, Beck ML, Shaffer CA, Birchard SJ. Evaluation of an autotutorial-simulator program for instruction of hollow organ closure. Vet Surg 1994 Nov-Dec;23(6):519-28. Department of Veterinary Clinical Sciences, Ohio State University College of Veterinary Medicine, Columbus. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7532882&dopt=Abstract.


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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Dewhurst, D.G. & L. Jenkinson. The impact of computer-based alternatives on the use of animals in undergraduate teaching. 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. 

Devitt P, Palmer E. Computer-aided learning: an overvalued educational resource? Med Educ 1999 Feb;33(2):136-9. Faculty of Medicine, University of Adelaide, Australia. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10211264&dopt=Abstract.

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.

Erickson, H.H. & V.L. Clegg. Active learning in cardiovascular physiology. In Modell, H.I., & Michael, J.A. (Eds). Promoting Active Learning in the Life Science Classroom. Annals of the New York Academy of Sciences Vol. 701. New York, NY. 1993. 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.

Holt RI, Miklaszewicz P, Cranston IC, Russell-Jones D, Rees PJ, Sonksen PH. Computer assisted learning is an effective way of teaching endocrinology. Clin Endocrinol (Oxf) 2001 Oct;55(4):537-42. Department of Medicine, Guy's, King's & St Thomas' School of Medicine, St Thomas' Hospital, Lambeth Palace Road, London, UK. righ@soton.ac.uk. 

Http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11678838&dopt=Abstract.

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.

Huang, S.D. & J. Aloi. 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.

Lilienfield LS, Broering NC. Computers as teachers: learning from animations. Am J Physiol 1994 Jun;266(6 Pt 3):S47-54. 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.

Modell JH, Cantwell S, Hardcastle J, Robertson S, Pablo L. Using the human patient simulator to educate students of veterinary medicine. J Vet Med Educ 2002 Summer;29(2):111-6. 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.

Pinckney Rhonda D., Martha J. Mealy, Chester B. Thomas, Peter S. MacWilliams. Impact of a Computer-Based Auto-Tutorial Program on Parasitology Test Scores of Four Consecutive Classes of Veterinary Medical Students. J Vet Med Educ 2001 Fall. 28(3).

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.
Rogers DA, Regehr G, Yeh KA, Howdieshell TR. Computer-assisted learning versus a lecture and feedback seminar for teaching a basic surgical technical skill. Am J Surg 1998 Jun;175(6):508-10. Department of Surgery, Medical College of Georgia, Augusta 30912-4070, USA. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Display&dopt=pubmed_pubmed&from_uid=7532882

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.

Specht PC. Computer graphics interface to a complex simulation. P R Health Sci J 1988 Aug;7(2):184-8. 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.
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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.
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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.

