INTRODUCTION

This poster (originally written as a presentation) is arranged as follows:

· An overview of  the role of laboratories in medical school and pathology education

· The traditional pathology laboratory and its disadvantages

· The cost savings of using computers to replace the traditional  microscope laboratory
· The design of the computer assisted laboratory at the Brody School of Medicine

· Examples of the laboratory computer materials and how they have evolved over the past few years as a result of changes in technology and student input.
· Student acceptance of the pathology laboratory at the Brody School of Medicine
OVERVIEW
The role of laboratories in medical and pathology education:
In the pre-Flexner Report era (1910) there was very little laboratory instruction. Most medical schools were money making proprietary institutions. Laboratories were expensive and affected the bottom line. Post Flexner Report, laboratories are introduced as the cornerstone of a “scientific medical education.”  Recently in the past 10 – 20 years there has been a sharp drop in the number of hours in the medical curriculum devoted to laboratory-based education, much of it due to financial constraints and demands on faculty time.

Changes in pathology laboratory education:

The sharp drop in laboratory instruction in medical education has affected the anatomically based disciplines (anatomy and pathology), but probably less than in other medical school disciplines.
Historically pathology has been the major course in the 2nd year of medical school. The typical pathology course in the US in 1999 consisted of an average of 196 total curriculum hours of which 46 hours (24%) were laboratory instruction (Group for Research in Pathology Education). This is down from the 1970s and 1980’s when total pathology hours were 250, with an average of 93 hours (37%) devoted to laboratory instruction. 
THE TRADITIONAL PATHOLOGY LABORATORY and ITS DISADVANTAGES
Pathology is the study of disease. The traditional pathology laboratory is a combination of exercises in which the student is exposed to diseased tissues at both the gross and microscopic level. The principle object is to enable the student to appreciate the appearances of abnormal anatomy and to understand how this leads to altered function and disease. This was primarily done by faculty demonstrations of gross specimens stored in the institution’s medical museum specimen collections and by study of slides prepared from pathological tissues and observed by the medical student under the microscope. Disadvantages of the traditional pathology laboratory format are enumerated below. 

The gross tissue laboratory:
Maintaining a gross specimen collection is costly in terms of space and upkeep. At the BSOM we still maintain a museum collection of pathological tissues available for study (see below), but we also offer computer image representations of the same lesions for study and review. Advantages of a digitized library of images over the traditional forms of presentation and photographs are: the digitized images do not fade like photographs; there are almost insignificant costs to their duplication; and the better images are easily exchanged between instructors at other institutions.

The microscopic laboratory:

The greatest change in the pathology laboratory at the Brody School of Medicine has been the replacement of the microscope by the computer. This has been primarily due to the cost of the microscopic-based laboratory.  However changes in teaching methods and student preferences have also influenced the introduction of computers.
THE COST SAVINGS OF USING COMPUTERS TO REPLACE THE TRADITIONAL MICROSCOPE LABORATORY

The cost of a microscopic pathology laboratory at the Brody School of Medicine is estimated (guesstimated) at approximately $350,000 for the first year and more than $50,000 annually for subsequent years. By contrast, a computer-based microscopic laboratory probably costs $20-30,000 for the first year, with relatively negligible costs for subsequent years. This latter estimate is relatively low since medical students are required to supply their own computer, and the fact that the computer teaching materials are placed on a university server (BlackBoard). 
Cost of a traditional microscopic laboratory for year 1: 

$3,000 per microscope X 72 students = $216,000.

$6 per slide X 300 slides X 72 students = $130,000 
Total: Approximately $350,000  

Cost of a traditional microscopic laboratory for subsequent years: 

Subsequent years the cost is estimated at $50-100,000/ year due to the need for three months labor for inventory, inspection, maintenance and replacement of the 22,000 slides used. Annual microscope maintenance adds additional cost. 

Cost of a computer-based microscopic laboratory for year 1: 

By contrast the initial first year cost for a computer based microscopic laboratory is estimated at approximately $15,000 for a high quality microscope, CCD camera and computer. Additional funds are required for technical assistance. 

Cost of a computer-based microscopic laboratory for subsequent years: 

Cost is close to negligible. Additional images and computer-based teaching materials are added as received from collaborators around the country (usually at no cost).

THE DESIGN OF THE COMPUTER-ASSISTED LABORATORY AT THE BRODY SCHOOL OF MEDICINE
Why did we go to a computer based or computer assisted laboratory? Cost was a major reason (as illustrated above). But it also gave us an opportunity to change the way in which pathology was being taught in the laboratory. We were able to shift much of the teaching effort away from the instructor, and place more active participation on the student in the learning process.  By a redesign of the laboratory we enabled the students to teach each other, hopefully encouraging more active participation and self-directed learning.
Comparisons of the teaching/learning dynamics in the traditional pathology laboratory and in the Brody School of Medicine pathology laboratory are given in the schematics below:
The Traditional Pathology Laboratory
Students work independent of each other at their individual microscopes. Instructors are called over to the microscope to answer questions. Four or more faculty are busy answering the questions generated by the 72 students. Additional faculties are engaged in demonstrating gross pathological specimens. Multiple presentations are required because groups of more than 15-20 students prevent the entire group from seeing the lesions being demonstrated.
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The New Pathology Laboratory - A Modular Approach
Teaching materials including gross specimens, pictures of patients, gross lesions, and photomicrographs, and/or computers are displayed at individual stations (or teaching modules). Students learn in groups and move from one station to another. Students question, challenge, and teach each other. Only questions the students are unable to answer or they are unsure of, are directed towards the instructor. Peer to peer student center learning is encouraged. This improves the quality of the learning experience, and reduces the number of instructors required in the laboratory. We find that two instructors can adequately cover the 72 students participate.
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EXAMPLES OF THE LABORATORY COMPUTER MATERIALS

Format 1
Initially the laboratory syllabus was designed as text and multiple hotlinks. An example is attached below as FORMAT 1. This was enthusiastically accepted by the students. The links were required because of the relatively slow exchange of image information and the relatively low amounts of memory available. To keep the size of images low, the images were small and often highly pixilated.
Students did have difficulty preparing hard copies of the laboratory exercises due to the necessity of loading and printing each individual web page. Some enterprising students would cut and paste each page together and then print the exercise as one unit. 

Format 2
Over time, the laboratory materials evolved in response to evolving technology and student input. The introduction of higher speed links on campus and at home resulted in lower down load times and less of a need to keep the learning materials small. Memory and speed have become less of a factor, and quality and student needs more of a priority. 

In the present model, the student down loads the pathology lesson in one step. Gone are all the links. This facilitates the ability of the student to print the material in one step (The first think a medical student does with a computer generated lesson is to download and print it out). This allows the student to easily and mark it up, take notes on it, and to highlight it. 
This format also saves instructor time. The instructor no longer has to keep up all of the links. In a modern program, images are easily updated by cutting and pasting. Note that it is still important to add the file name to captions for inventory purposes.

STUDENT ACCEPTANCE OF THE PATHOLOGY LABORATORY
Student response to the computer based teaching materials and the laboratory format is excellent. In the past 9 out of 10 years, the pathology course has been rated by graduating seniors as the best course of the first two years in medical school. The laboratory has been rated the best part of the pathology course. See the ratings below taken for the semester ending December of 2003.
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