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ABSTRACT 

The process of up-dating a health professional's 

education can be depicted as an anachronistic delineation 

of information which seldom accommodates those personnel 

who are remotely located from an educative center. The 

problem is accentuated with practicing pharmacists, in 

addition to their diverse degree of formal education. The 

dissertation describes an educative technique which provides 

for individualized instruction, while diagnosing academic 

areas of weaknesses of health personnel, in any geographical 

locale. The author's investigation of computer-assisted 

instruction disclosed opportunities for employment of com

puter technology in the pharmacy curriculum, with special 

emphasis on continuing education in pharmacy. 

An intrinsic programmed text, discussing the para

sympathetic nervous system and the use of appropriate drugs, 

was designed and prepared, A randomly selected repre

sentative sample of practicing pharmacists in the state of 

Arizona was used to measure the effectiveness of the text. 

Tests were administered to this group before and after they 

had studied the programmed text. Test score means of both 

the pretest and posttest were subjected to statistical 

analyses and found to be significantly different. 
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The branching text was then transferred to Time-

Sharing Code forms encompassing BASIC computer language (an 

author language found suitable for branching computer-

assisted instruction programs) and programmed on the com

puter terminal. The branching computerized text can be 

completed in a series of sessions, allowing the student 

to "sign off" and pursue the remains of the program at a 

later date. The computerized course utilized the teletype 

print-out as the mode of output for demonstrable purposes 

associated with the study. The computer-assisted course 

provides background material, illustrations, and areas of 

reinforcement for concepts and topics which the student may 

not understand. If a student answers a question incorrectly 

the computer will automatically present pertinent subject 

material to diagnose the incorrect response. The com

puterized course also accumulates and tallies the student's 

number of correct responses on the posttest. 

An economic comparison of computer-assisted instruc

tion versus traditional instruction deemed CAI feasible 

for the pharmacy curriculum, especially a continuing educa

tion program. A scientific information retrieval system 

of specific subject titles was also proposed for pharmacists 

and related health personnel on a time sharing basis. 



INTRODUCTION 

With the growth of modern technology and research 

techniques, scientific journals are contributing more pages 

to new innovations in health sciences. The reader finds it 

arduous, if not impossible to devote sufficient time to 

comprehend and include the essential information in his 

background of knowledge. 

The problem is accentuated when new developments 

entail basic understandings alien to the reader's back

ground. If keeping up-to-date in one's respective profes

sion is tedious one can understand why probing through the 

literature for fundamental understandings proves despairing. 

The above situation is absymal with practicing 

pharmacists. The daily intercourse of services and tasks 

a pharmacist performs allots little, if any time for devo

tion to journals and academic media. The health profes

sional soon becomes obsolete in his own milieu. 

Numerous educative methods have been investigated 

in attempt to answer the dire need for a continuing educa

tion program in pharmacy. The traditional lecture presenta

tion is deemed impractical outside a metropolitan area. 

Other methods of delineating information, such as 

1 
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correspondence courses, magnetic tapes, educational tele

vision, and prepared articles have been employed with some 

merit. 

It is generally agreed that traditional methods of 

academic presentation cannot fulfill the needs of pharma

cists with varying academic backgrounds, and those in 

sparsely populated geographical areas. In recognition of 

this problem the author has investigated various educative 

techniques which, hypothetically, confer a knowledgeable 

background while delineating new information to the prac

ticing pharmacist. 

Results of this study indicate that computer tech

nology can be utilized to help accommodate the academic 

needs of an individual, offering a valuable assistance for 

successful continuing education programs in pharmacy. 

It was the author's objective to investigate 

computer-assisted instruction and evaluate its application 

to continuing education in pharmacy. 

Background 

Computer-assisted instruction may be thought of as 

a means to enhance the effectiveness of the teaching process 

through technology. In order to arrive at a basic under

standing of computer-assisted instruction, it is important 

to clarify the distinctions between the terms 
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auto-instruction, programmed instruction, individualized 

instruction, and computer-assisted instruction. Auto-

instruction, quite simply and basically, means that the 

materials are in such a form they can be self-administered 

and worked on at the student's own rate of speed. The 

other forms of instruction incorporate this aspect in their 

actual practice. Programmed instruction is the process 

of arranging materials to be learned in a series of steps 

designed to lead a student through self-instruction, pro

gressing from the known to the unknown of new and more 

complex knowledge and principles. Programmed instruction 

implies a deliberate attempt to incorporate within the 

materials certain learning principles of active responding 

on part of the student, immediate reinforcement to the 

response, and an appropriate remedial feedback to the 

response. The programming technique dates back to 400 B.C. 

when Socrates used its principles in his missions (Lysaught 

and Williams 1963). 

Individualized instruction is differentiated from 

programmed instruction, as used in mechanical teaching 

machines or booklets. The freer response situation created 

for the student is evaluated and responded to by indi

vidualized instruction. Individualized instruction also 

utilizes "sufficient history" of the individual, combined 
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with the present response, in the decision of branching the 

subject in the program. Practical dissimilarities between 

programmed and individualized instruction exist in other 

related areas, which are basic, intrinsic differences. 

An instrument designed for individualized instruc

tion must possess three attributes which form the core of 

the interactive process: (1) response recognition is in

herent; (2) an evaluation and scoring technique is a pre

requisite for tallying the subject's responses and other 

pertinent information; (3) complex branching is a necessity, 

both for a feedback and a remedial program, which can be 

administered in conjunction with the student's ability and 

level of performance. 

The traditional one-to-one human tutorial inter

action is generally regarded as a model of individualized 

instruction. This method is not feasible as a mass educa

tion technique. Certain educators indicate that human 

tutors do not represent a completely individualized in

structional situation since it is not possible for the 

tutor to utilize the student's pertinent history in eval

uating responses. 

It is becoming evident that a computer-assisted 

instructional system is one of the few processes which 

offers any feasible promise of implementing large scale 

individualized instruction. The computer-assisted 
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instructional system is the only method which potentially 

offers the technological possibility of fulfilling all 

three essential functions of individualized instruction 

which are: (1) response recognition, (2) scoring and 

evaluation, and (3) complex branching. 

Various terminology has been associated with the 

general area of dealing with interactive uses of computers 

in education (Zinn 1968). Computer-assisted instruction 

(CAI), or computer-aided instruction (CAI), adopted by 

International Business Machines in their early writing about 

instructional systems, is probably the most commonly used 

to date. System Development Corporation, Stanford Uni

versity, and Record Company of America have used the term 

computer-based instruction (CBI). Other acronyms used to 

describe computer technology in education are, computer-

assisted learning and computer-augmented learning (CAL). 

Computer-managed instruction (CMI) has been used with the 

intent of including a broad range of instructional ob

jectives, The acronyms described all refer to the same 

computer-student interaction. The term computer-assisted 

instruction (CAI) was chosen by the author and will be 

used throughout this study. 
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Definitions 

The following definitions are designed to assist 

the reader throughout the dissertation. 

Hardware - the mechanical, electronic, magnetic, 

and electrical components of a computer system. 

Software - includes the paperware, command and in

formation statements coordinating the program, plus the 

computer programming language. 

Programming language - is a set of instructions 

learned by the programmer (person) and utilized to com

municate with the computer. 

Time-sharing - the process of renting a computer 

terminal for one's personal use. 

Program - is simply a set of instructions which the 

computer executes. 

Compiler - that part of the computer hardware which 

transfers the programming language to numerical entities 

which the central computer understands. There is a com

piler for every programming language. 

User number - a number issued to the person who 

will interact with the computer terminal. Upon typing the 

user number the central computer will recognize the ter

minal participant. 

Computer terminal - a device utilized for conversing 

with the time-sharing system. The terminal resembles a 
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desk teletypewriter with tape-punch or card-punch accom

modations, and may be located where electrical and telephone 

facilities are accessible. 

History 

Educational devices employing the feedback principle 

have been patented over a hundred years (Pressey 1964). 

Pressey has written ( p. 354), 

It seems generally recognized that systematic work 
on "teaching machines" began some forty years ago 
with the exhibition of such a device by the writer 
(Pressey) at the 1925 meeting of the American Psy
chological Association. 

Pressey's device embodies a teach-test principle 

and provided for scoring and recording of student responses, 

in addition to rewarding the student at specified levels of 

performance. Pressey's efforts failed to exert significant 

inherent influence, and the notion of teaching machines 

was neglected for approximately 30 years. 

Traditionally, psychology treated learning as a 

subsidiary to sensory and perceptual problems. But pro

ceeding from the stimulus-response theories of behavioral 

psychologists like Watson and Thorndike, Pressey added an 

element which transformed the objective-type examination 

into teaching machines. Pressey's work did not warrant 

proper recognition until B. F. Skinner in the 1950'i com

bined "operant conditioning" and a crusading personality 



in a campaign to make teaching machines accepted in educa

tional circles. In 1954 Skinner published the first of 

.two salient articles which initiated the innovative field 

of programmed instruction (Skinner 1954). Computer-

assisted instruction is closely related to programmed in

struction; but, the unique capabilities of the digital 

computer in regard to information storage, analysis, man

ipulation, and retrieval have significantly influenced the 

development of computer-assisted instruction. Teaching 

machines employ a linear type format while the majority 

of computers utilize intrinsic type programs (Dick 1965). 

Zinn, Bundy, Coulson, and Mitzel elaborate on the 

unique difficulties encountered in attempting to review 

the literature pertinent to computer-assisted instruction 

(Zinn 1967a; Bundy 1967a; Coulson 1962; Mitzel 1966). The 

changing nature of computer systems and diverse nature of 

current research efforts account for many of these unique 

vicissitudes. 

Loughary (1967) has identified the period between 

1959-1963 as the time when both educators and computer 

manufacturers recognized the educational implications of 

computer technology. Research and development in the field 

of computer-assisted instruction initiated its serious 

momentum approximately a decade ago (Hansen 1966a). 
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Initially, computers in education are predominantly 

utilized for administration and accounting purposes. 

In 1961,the Office of Naval Research and the System 

Development Corporation co-sponsored the "Conference on 

Applications of Digital Computers to Automated Instruc

tion". In 1962,John Wiley and Sons, Inc. published 

Programmed Learning and Computer-Based Instruction. The 

text was edited by Coulson (1962) and contains several 

papers presented at the 1961 conference. Bushnell pro

claimed the conference and ensuing publication as a sig

nificant contribution to the growing interests of many 

educators in computer-assisted instruction (Bushnell 1962). 

A pioneer project which led to more extensive research and 

development was the PLATO (Programmed Logic for Automated 

Teaching Operations) project at the University of Illinois, 

originated by Dr. Donald L. Bitzer (1962) , and with various 

colleagues (1965, 1966, 1967). 

The PLATO system does not guide the student through 

a determined sequence of lesson material, but rather allows 

the student to be an active participant in the learning 

process. This system allows the student to select his own 

data, work at his own pace, analyze and synthesize the data 

in whatever method he desires. The PLATO system projects 

a unique system which allows the student- to experiment and 

manipulate conditions without being involved in programmed 



10 

laboratory experiments or expensive laboratory equipment 

(Hickey 1969; Computer-assisted Instruction Guide 1969). 

In 1964 project SOCRATES was launched at the Uni

versity of Illinois by Dr. Lawrence M. Stolurow (1965, 1967; 

Stolurow and Davis 1965). The SOCRATES project has two 

basic goals: (1) building a psychological model of instruc

tion and (2) ascertaining the requirements for effective 

computer teaching systems. The work conducted at Stanford 

by Suppes (1966af 1967a, 1967b) and Atkinson (1967a) is a 

prime specimen of on-line computer programs currently used 
% 

in school instruction. The work of Suppes and Atkinson at 

Stanford was fundamentally concerned with "drill and 

practice" materials for lower grade children in the basic 

skills involved in mathematics (Atkinson 1967b; Suppes 1965, 

1966b; Suppes, Jerman and Groen 1966). 

Earlier studies, which involved the testing of 

specific hypotheses about the learning situation, gave way 

to more informal tutorial situations. These studies pro

jected a continual process of computer and instruction 

interaction with the students for the purpose of developing 

hypotheses about programming strategies (Coulson et al. 

1961; Coulson, Melarango and Silberman 1965; Carter and 

Silberman 1965). In 1966 Hansen (1966b) reviewed some 

of the CAI studies conducted at Stanford University 

and concluded that computer-assisted instruction could be 
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effectively employed at any grade level for the automation 

of precisely defined practice requirements. 

Although most of the problems of computer hardware 

and related physical accessories have been solved, the 

crucial problem is the development of good programming mate

rials to use with these systems. Suppes states (p. 208),"In 

fact, the principle obstacles to computer-assisted instruc

tion are not technological but pedagogical" (Suppes 1966c). 

Kroop (1967) and other authorities believe computer-

assisted instruction has progressed beyond the basic re

search stage. 

Several writers imply that potentialities of avail

able hardware exceed the ability to effectively use these 

capabilities. There is a general consensus that current 

software is inadequate for the tasks at hand. 

Most computer-assisted instruction (CAI) program

ming languages are difficult to learn and adapt to one's 

mode of application. This places severe restrictions on 

both the programmer and author of the instructional pro

gram, as well as the student. Zinn (1967b) contends that 

an adequate programming language should permit the author-

instructor to code an instructional program without neces

sitating an extensive study of the language. Bundy (1967b) 

emphasized computer languages which possess qualities to 

"Permit the student to use his own natural spoken or 
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written language for interfacing with the computer and 

freely construct his responses and inquiries" (p. 347). 

Numerous programming languages are being developed and 

utilized by universities and computer companies. In June, 

1967/ Zinn (1967c) provided an elaborate review of program

ming languages. 

Computer compilers designed to accommodate modern 

programming languages utilize the cathode ray oscilli-

scope (CRO) as a means of communicating with the student, 

instead of conventional print-out method. The CRO is being 

used successfully by larger time-sharing companies and 

universities. Newer innovations include the light-pen 

which can be utilized for drawing lines or responding to 

questions on the CRO. This process eliminates the oper

ator's traditional method of using the teletypewriter when 

responding to the CRO output (Wilson 1967). Feurzeig 

(1964) and Swets and Feurzeig (1965a) conducted extensive 

research on computer languages, developing a program in

volving conversational participation with the computer. 

Another recent programming language designed to aid con

versational interaction with the computer is PILOT, the 

acronym for Programmed Inquiry, Learning Or Teaching. PILOT 

was developed by Dr. Starkweather (1967), at the University 

of California Medical Center at San Francisco. 
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PLANIT, a computer language exclusive to System 

Development Corporation, requires minimal training for 

interaction with the computer (Feingold 1967, 1968). 

PLANIT was designed to assist a lesson designer in deriving 

objective material in mathematics, history, psychology, 

and similar subjects. For example, PLANIT permits the 

author to state statistical problems for which the computer 

generates data and determines the correct answer. The 

PLANIT system also prompts the student for information 

needed to complete the type of parameter he chooses. 

Kiviat, Villanueva and Markowitz (1969), in a 

recently published book, described a new computer program

ming language designed to introduce programming concepts 

to nonprogrammers. Readers interested in new and future 

work in CAI are referred to Entelek's publication of 

"CAI-AMI", No. 33, 34, and 35 (1970). 



COMPUTER TECHNOLOGY IN CLINICAL MEDICINE 

Computer-assisted instruction has been heralded by 

some as a panacea for educational ills. The incorporation 

of computers into educational health science media is in the 

embryonic stage of development. Computer technology was 

originally, and is predominantly used for administrative 

purposes, such as hospital record keeping and statistical 

studies. Illustrations of the various applications of 

computer technology in this field are found in the following 

references: Medcomp 1965; Hisley 1966; Emmanuel and Daul-

phinais 1968; Detweiler 1967; Love 1969; Abbott 1969; Hodes 

1969; Mayne 1969, A recent innovation is the inclusion of 

computer technology in medical libraries, such as the MEDLAR 

(Medical Literature Analysis and Retrieval) system. This 

system, developed in 1964, automated the bibliographic 

citation file of Index Medicus. The MEDLAR file contains 

over 750,000 citations with 7000 subject headings to arti

cles from approximately 2400 selected medical journals 

(Brown, Keenan and Miller 1967a; Conference on the Use of 

Computers in Medical Education 1968). The MEDLAR project 

is not a time-sharing network. A particular subject title 

is relayed to the MEDLAR center and appropriate information 

is returned to the center in 7-10 days. 

14 
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The advent of time-sharing in medical diagnosis was 

a substantial development devised by Dr. Wallace Feurzeig 

and colleagues (1964). A physician or technician programs 

the patient's symptoms and laboratory results into a com

puter terminal. The computer processes the input informa

tion, compares it with various information in the computer 

program, and lists the probable diagnosis for the ailing 

patient. Refinements and applications have been reported 

by Acheson et al. (1968), Harless (1967), Linn (1969), 

Navarro (1966), Hall (1969), Ohler (1969) , and Kelso (1969). 

Computer-Assisted Instruction in the 
Academic Media of Clinical Medicine 

The introduction of computer-assisted instruction 

into the academic environment of clinical medicine entailed 

problem solving and simulation techniques. Pioneering work 

in the field of medical education was explored by Feurzeig 

(1963), Hoffman et al. (1968), Shurdak (1967), Entwisle 

and Entwisle (1963), Kirsch (1963), Schorow (1967), and 

Jason (1968a). We are indebted to these people for their 

demonstration of the applicability of CAI. 

Feurzeig et al. (1965) and Swets and Feurzeig 

(1965b) were very instrumental in utilizing the "socratic" 

system as a teaching technique in clinical medicine. The 

socratic system, not to be confused with project SOCRATES, 

is a question-answer interaction process. The socratic 
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system directs the computer to state problems and provide a 

framework for the student, enabling him to derive a solu

tion. The student does not merely generate responses on 

cue; he can ask, as well as answer, questions. 

The potentials of computer-assisted instruction in 

clinical medicine were recognized and elaborated at the 

Summer Study of Information Networks at Boulder, Colorado 

(Brown, Keenan and Miller 1967b). The need for computer-

assisted instruction in medical colleges was underscored 

by Abrahamson (1968), Jason (1968b), Harless (1968), Lind-

berg (1968), and Shulman (1968) at a conference on the use 

of computers in medical education. 

Dr. George Miller (1968) accentuated the necessity 

for an efficient continuing education program in clinical 

medicine. Miller emphasized the unique advantages of 

computer-assisted instruction and categorized four general 

areas as criteria for fulfilling a continuing education 

program. The four functions computer technology would 

achieve are: (1) Library function. The retrieval of 

medical abstracts via the "MEDLAR system" is a major effort 

to provide medical information to all health professionals. 

(2) The computer can serve a consultive function. The best 

continuing education occurs when a consultant and practi

tioner work together in solving a perplexing problem. The 

computer would bring a special body of information, or 

particular skill in applying both familiar and new knowledge, 
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to the problem at hand. (3) The tutorial function lends 

itself to discrete course packaging, and to systematic 

consideration of highly important clinical concepts. 

(4) The simulation function can extract a critical and 

planned segment of an often complex and unpredictable 

world; to control the evolution or sequence of important 

variables; to provide learners with opportunity for in

dependent action without doing harm to either subject or 

object; and through this dynamic mechanism to provide im

mediate feedback of consequences of an intervention, not 

merely information about what might transpire. 

Dr. James Miller (1968) reiterated the future 

prospects of a computer-based continuing medical education 

program. He suggested an interconnection of computers at 

colleges and universities, comprising an educational net

work. 

Dr. Harless and coworkers (1969) projected their 

views on employing computer technology in continuing medical 

education. Harless's continuing education setting consists 

of computer terminal accessibility to physicians remote 

from a learning center. The terminal is ideally located 

in a clinic or hospital, convenient to many physicians and 

related medical personnel. Since the physician's time is 

of essence, the computer program is constructed to allow 

the participant to sign-off at any time desired. The 
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physician may return at his convenience, resuming instruc

tion at the point where he left off. The computer cost is 

significantly reduced by time-sharing among users. A single 

computer could serve several pedagogical purposes and 

simultaneously be utilized for other conventional applica

tions related to fiscal and research functions. 

Recent publications in scientific journals reveal 

a panorama of literature on successful utilization of CAI 

in closely associated scientific disciplines such as 

pathology (Bowden 1967), dental education (Collins et al. 

1967; Conference on Computer Applications in Dental Educa

tion 1969), physiology (Boserholtz 1968), renology (Loken 

et al. 1969), chemistry (Rodewald and Lagowski 1970; 

Leonard 1970; Ewig, Gerig and Harris 1970), and surgery 

(Fonkalsrud, Hammidi and Maloney 1967; Reading et al. 1969). 

Dr. Lawrence Stolurow describes computer-assisted 

instruction at 33 medical and dental schools in his 

neotoric publication of CAI in the Health Professions 

(1970). 



COMPUTER TECHNOLOGY IN THE 

PHARMACEUTICAL SCIENCES 

The introduction of computer technology into 

pharmaceutical sciences followed a pattern similar to the 

advent of hardware utilization in education and clinical 

medicine. Many software programs adapted for pharmacal 

sciences were bequeathed from established library programs. 

The employment of computer technology in hospital 

pharmacy and pharmaceutical research eliminated numerous 

man-hours of tedious work. In 1963, the U.S. Public Health 

Service supported a study which entailed computerized 

prescription recording (McEvilla 1967; Woods 1967). This 

study is recognized as the pioneer project for practical 

utilization of software in pharmacy. 

Incorporation of Computer-Assisted Instruction 
into the Pharmacy Curriculum 

Computer-assisted instruction, per se, is not 

presently employed in pharmacy curriculums. However, the 

University of Illinois Computer-Based Research Laboratory, 

has developed a CAI program in nursing pharmacology, a 

curricular course with similarities to pharmacology taught 

in pharmacy schools (Maryann Bitzer 1969). Miss Bitzer 

(1966, 1968a) has conducted research related to CAI in 

19 
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nursing for several years. She emphasized her ultimate 

goal of research as follows (Maryann Bitzer 1968b, p. 4): 

Today we are considering some giant steps which 
can be taken to provide the quantity and quality 
of personnel needed to meet national health care 
goals. 

Pharmacy curricula offer immense opportunities for 

computer-assisted instruction. Prime candidates for soft

ware development are: pharmaceutical mathematics, pharmacy 

laboratories where simulation techniques are applicable, 

numerous pharmacy courses which require rote memorization, 

and courses which require drill and practice techniques. 

Upon reviewing the course candidates for software develop

ment it becomes evident that computer technology can serve 

as an adjuvant to all pharmacy courses. Also, computer 

technology could offer equal, if not greater, possibilities 

in a pharmacy continuing education program. 

Employment of Computer-Assisted Instruction 
in a Pharmacy Continuing Education Program 

It is generally agreed that continuing education 

is fundamental to our professional responsibilities. Our 

predegree education suffers a steady erosion after it is 

deposited in the student's mind. More importantly, new 

knowledge and skills can be so essential that failure to 

possess and make them available is truly a moral infirmity. 

Continuing education is mandated not only to refurbish the 
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pharmacist's knowledge but also to keep him attuned to his 

most effective participation on the health care team. No 

health professional, therefore, can hope to maintain his 

competence-—the capacity for the optimal solution of a 

patient's problem—without continuing education. 

In his daily practice the pharmacist is frequently 

confronted with new problems created by advances in the 

medical sciences. He must choose the way of rational 

therapeutics against pragmatic considerations of working 

as an entrepreneur. There is ultimate agreement that an 

all purpose education is no longer available. An objective 

of continuing education should be an infusion of new in

formation as well as reinforcement of existing knowledge 

into a failing cerebral cortex. 

The emphatic need of a continuing education program 

in pharmacy was accentuated over a decade ago by Masters 

and Benson (1959), Huyck (1960), and Strommen (1960). New 

innovations in the health sciences are occurring at an 

epidemic rate, as previously mentioned. McCowan (1967) 

states that continuing education programs in pharmacy 

would insure the safety and welfare of the public health, 

plus, the standards of pharmacy would be raised. 

Pellegrino (1967) emphasizes the need for a pharmacy 

up-dating program by extrapolating the pharmacist's role 

on the future health care team. More recently, in expanding 



on this theme, Pellegrino (1969) indicated pharmacy con

tinuing education as a moral responsibility, and not to 

be viewed as a luxury. 

Numerous writers such as Rodowskas and Evanson 

(1964), Thurman White (1966a), Allen White (1966), Rising 

(1966), Franke (1968), Swafford (1968), Meltzer (1968), 

Schieve (1969), Roeschlaub (1967), and Dowling (1969), 

discuss the subject material, objectives, and goals for 

effective continuing education programs. Paging through 

recent issues of "Pharmaceutical Abstracts" (1968-1970) 

reveals a plethora of publications accentuating the needs 

for continuing education in pharmacy. 

Blockstein (1969) provides a conclusive criterion 

for an effective pharmacy continuing education program. 

His goals are as follows (p. 769): 

1. Keeping abreast of recent developments in the 
profession. 

2. Present summaries of fundamental theory and 
background material related to pharmacy for 
the purpose of reviewing long-forgotten educa
tion and training. 

3. Providing opportunities in formal subjects 
which can be used by individuals in any segment 
of the profession and industry. 

4. Serves as a forum for exchange of information 
drawn from successful day-to-day practices and 
experience. 

5. To provide answers to problems presented for 
discussion, whether they come as a result of 
program design or separate research. 
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6. Bring representatives together of various seg
ments of the profession and promote cooperation 
among them to the resulting mutual benefit of 
the profession and society. 

Constructing a program which makes continuing 

education merely "continuous" will not suffice as a cri

terion for tomorrow's health care needs. The health pro

fession of today has outmoded the historic role of the 

pharmacist as a compounder of prescriptions. 

The vast majority of pharmacists now practicing 

were educated in a drug-oriented environment. Emphasis 

was placed on the chemistry of drug products, the physics 

of drug incompatibilities, the memorization of drug sources, 

the preparations of elixers and extracts, and the making 

of pills, suppositories, and other extemporaneous dosage 

forms. Although this knowledge and these skills still have 

a place in the practice of pharmacy they no longer are 

recognized as the primary ingredients for the preparation 

of today's pharmacist. The emerging pharmacist is trained 

to place his ultimate concern on the patient who is taking 

the drugs. Therefore, there exists a noticeable "gap" 

between the drug-oriented practicing pharmacists and the 

patient-oriented graduates presently emerging from pharmacy 

colleges. 

Devising an effective continuing education program 

will entail not just "continuing education" in the accepted 
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sense but a redirection in philosophy and preparation to 

fit into this enlarged role as a drug and health consultant. 

The practicing pharmacist must be prepared to dispense 

knowledge as well as medications. 

Essentially all pharmacy colleges throughout the 

country employ some degree of continuing education programs. 

The author examined pharmacy continuing education programs 

and concluded that numerous pharmacy schools did not provide 

adequate opportunities for new and effective programs (NARD 

1967; Wedemeyer 1969; Thurman White 1966b). The majority 

of continuing education programs employ the traditional 

lecture method. Even at best, lectures are of questionable 

value as means of continuing education. Further, they are 

deemed impractical to pharmacists geographically distant 

from a metropolitan or educative center. Several colleges 

are offering correspondence courses in pharmacy disciplines 

(Barnes 1967, 1969). The application of audio-visual media 

(Grupp 1969) and teleconference technique (Blockstein and 

Durant 1968) offer some enlightening opportunities. A 

recent innovation is the use of closed-circuit television 

(Hodapp and Walker 1968), which provides numerous ad

vantages over traditional lecture methods. 

Pharmacists of today realize they are functioning 

with an anachronistic education, while collaborating with 

the public and health professionals (Simmons 1967). Studies 



conducted on pharmacists by the following investigators 

contend needs of continuing education programs (Best and 

Lemberger 1969; McDonnel 1969; Turner 1967; Hartman and 

Watkins 1963; Daniels 1969; Cain 1969; Rosinski 1968). The 

expressed needs vary from scientific disciplines to manage

ment and bookkeeping. One must realize pharmacists should 

not be incriminated for becoming obsolete in their profes

sion. Pharmacy colleges cannot find the time, personnel, 

and funds to support effective continuing education programs 

under the existing financial structure (Hartman 1969). 

Pharmacy colleges cannot place the continuing education 

responsibility on the already over-worked faculty members 

(Salisbury 1967). It is disheartening to learn that ef

fective programs in continuing education could not be launch

ed at this time even if adequate funds were available. The 

shortage of trained personnel renders it unfeasible to de

velop and execute programs for working pharmacists. As 

pharmacy colleges, working in cooperation with colleges of 

education, continue to address themselves to this problem, 

it is anticipated this discrepancy will be erased. 

In answer to the need for up-dating a pharmacist's 

professional knowledge, continuing education by coercion 

has been suggested by Leuallen (1969), and McCowan (1966). 

Two states, Kansas and Florida, have mandated continuing 

education as a prerequisite for state licensure (McLain 



1969; Anderson 1968). A candid observation reveals a 

shortage of continuing education courses required to ful

fill the needs of mandatory pharmaceutical education. 

Furthermore, the difficulty of assembling and disseminating 

educational materials still exists. In fact, continuing 

education by coercion amplifies these antiquious dilemmas. 

The broad variation in the age and preparation of pharma

cists supports evidence for individualized instruction as 

a method of information dissemination. Appendix K 

disclose the variations in age and professional training 

of resident pharmacists throughout the United States 

(NABP 1969). 

Defining educational objectives for practicing 

pharmacists establishes the criteria for "effective con

tinuing education programs". tfhe educational objective of 

greatest significance is individualized instruction. Present 

modes of information dissemination to pharmacists incorporate 

only one level of difficulty. A pharmacist who completed 

formal training 50 years ago is unable to comprehend in

formation presented in a seminar intended for recently 

graduated health professionals. Therefore, an effective 

continuing course must operate on various levels of dif

ficulty, determine each student's level of difficulty, 

capitalize on the present knowledge of the individual 

student, allowing the student to progress to more complex 



material. Another educational objective which is a problem 

in all states, is, developing dissemination techniques 

accessible to all pharmacists. Most educative dissemina

tion techniques are directed toward metropolitan regions. 

A third objective is, presenting methods for accessibility 

of specific information to working pharmacists. 

Upon investigation of various educational tech

niques the author concluded.that computer technology could 

help solve the educational problems of up-dating a phar

macist's professional knowledge, provide individualized 

instruction, and serve as an information retrieval system 

for specific information. 



DEVELOPMENT OF A COMPUTER-ASSISTED 

INSTRUCTION COURSE FOR 

CONTINUING EDUCATION IN PHARMACY 

The CAI course tailored for continuing education 

in pharmacy advanced through various sequels prescribed by 

the author. The format was comprised of the following 

objectives: (1) determining the pharmacist's academic 

area of need, (2) outlining course objectives for the pro

grammed text and transferring the objectives to flow 

diagrams for the computer, (3) developing and testing the 

programmed text, (4) selecting and learning an appropriate 

computer language, (5) transferring the programmed text to 

computer language and programming the course material on 

the computer, (6) "debugging" the software, (7) testing 

the software material on subjects. 

Selection and Development of Programmed 
Material for Computer-Assisted Instruction 

Course material adopted for the computer-assisted 

instruction program was selected on the basis of the great

est subject area need. Bernardi and Rodowskas (1967) con

ducted a study determining the greatest subject area need 

for pharmacists employed in the state of Connecticut. Six 

subject preferences were sampled and pharmacology/physiology 
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was indicated as the predominate academic area of need, 

Kerr (1969) and Bernardi (1969), in separate studies, also 

indicated pharmacology as the subject area preference for 

practicing pharmacists. Dr. Lloyd Burton (1969), director 

of pharmacy extension services, University of Arizona, also 

indicated pharmacology as the subject area preference for 

pharmacists throughout the state. The aforementioned 

surveys provided overwhelming evidence in selecting phar

macology as course material for a CAI program. 

Pertinent physiology of the parasympathetic nervous 

system combined with the pharmacology of certain drugs af

fecting the parasympathetic nervous system was selected as 

appropriate subject material from pharmacology. Specific 

course content was obtained from physiology (Adolph 1968; 

Guyton 1965; Ruch and Fulton 1960), biochemistry (Conn and 

Stumpf 1963; Fruton and Simmons 1961; Karlson 1963), anatomy 

(Jacob 1965; Best 1963; Gray 1966; Netter 1962), and phar

macology texts (Paton 1968; Garattini and Shore 1968; Burn 

1956; Grollman 1965; Dale 1953; Goodman and Gilman 1965; 

DiPalma 1965; Goth 1966; Oldham, Kelsey and Geiling 1955). 

The pharmacology course material selected for con

tinuing education displays unique characteristics for 

computer-assisted instruction. The pharmacology of certain 

drugs affecting the parasympathetic nervous system requires 

understandings in related areas of pharmacology, physiology, 
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pathology, biochemistry, and anatomy. The necessity of 

appreciations in related sciences provides prime oppor

tunities for an intrinsic branching program. Also, levels 

of difficulty can be concisely established since one must 

possess basic understandings of the text material in order 

to progress to a new area. 

Flow diagrams were constructed following completion 

of the instructional objectives. Original intentions en

tailed a representative sample of pharmacists from Arizona 

participating in the CAI course by utilization of the 

computer terminal. However, an intrinsic programmed text 

was devised to remain within the realms of the limited 

budget. Construction and testing of the programmed text 

eliminated numerous time-sharing and program storage costs. 

The intrinsic programmed text alternately chosen 

incorporates the branching technique, which simulates a 

branching program on a computer (Green 1962; Fry 1963; 

Richmond 1966; Deterline 1962). A correct response chosen 

from a multiple-choice statement allows a student to pro

ceed directly to the next step of a program. An incorrect 

response will "branch" or "sidetrack" the student to sup

plementary material designed to correct the particular 

error made, A branching statement may entail a whole sub

program, which may lead to further branching. An illustra

tion of this process is shown in Appendix A. Each response 



31 

in the intrinsic program is associated with a page and 

statement number. The intrinsic text appears in scrambled 

form utilizing the format described by Mager (1962), 

Kaufman (1963), and Taber, Glaser and Schaefer (1965). 

The intrinsic text devised for this study begins 

with a general discussion of the autonomic nervous system, 

reviews the physiology of the parasympathetic nervous system, 

and discusses the pharmacology of drugs which potentiate 

or inhibit parasympathetic nerves. The intrinsic text is 

displayed in Appendix B, The text material is supplemented 

with illustrations and tables to promote clearer compre

hension of concepts. A pretest and posttest was constructed 

to evaluate the student's comprehension of the subject 

material (see Appendix C). 

Pilot Study 

Upon completion of the intrinsic text, five sub

jects were chosen to take the pretest, progress through the 

book, and take the posttest. The purpose of the pilot 

study was to critically evaluate and detect any subject 
i 

area weaknesses, ambiguities, or alternate methods of 

presentation and reinforcement. Questionnaires and personal 

interviews resulted in several alterations in the text 

content. A major change to consider in the CAI course was 

the addition of a fifth response stating "Don't Know". 



The pilot study warranted such an insertion necessary since 

choosing correct responses serendipidly deprives the student 

of background material needed to progress to another area. 

Selection of Participants for 
the Programmed Text 

Resident pharmacists in the state of Arizona, 

registered in a retail, clinical, or hospital pharmacy, 
\ 

comprised the total population of employed pharamcists 

for this study. Information pertaining to identification 

and location of pharmacists was secured from the annual 

report of the Board of Pharmacy to the Governor of Arizona 

(Arizona Pharmacist 1969). 1006 pharmacists were within 

the parameters ascertained for participation in the pro

grammed text. 

Seventy subjects were randomly selected from the 

total derived population of pharmacists. A personalized 

introductory letter explaining the intrinsic programmed 

text was mailed to each randomly selected pharmacist. A 

return addressed postcard indicating "participation, or, 

not interested in participation", was inserted with each 

introductory letter. Of this group, 50 subjects indicated 

Willingness to participate in the study. 

Following return of the postcards the author mailed 

a programmed text, a pretest and posttest, including a 

stamped, return addressed envelope, to each participant. 
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A letter of appreciation was mailed to each subject im

mediately after completion of the programmed course. 

Interpretation of the Programmed 
Test Results 

Completion of the programmed course varied between 

one and three weeks. However, return of the programmed 

course was somewhat slower, varying between 4 and 18 weeks. 

The questionnaire attached to the posttest (Appendix D) 

revealed favorable attitudes towards the intrinsic text. 

The pretest and posttest consisted of 14 questions. 

Tabulation of results and statistical analysis are found in 

Appendix E. Calculation of correct responses of the pre-

and posttest means were 2.94 and 11.92 respectively. A 

posttest mean of 11.92 from a total of 14 possible correct 

responses establishes evidence that essentially all in

structional objectives under consideration were measured. 

The number of correct pretest responses ranged from 0-9 

(S.D, = 2.00) while correct responses on the posttest 

ranged from 9-14 (S.D. = 1.37). 

A "t" test for significance between means of de

pendent variables was found appropriate for this study 

since both pre- and posttests were administered to the 

same subjects (VanDalen 1966; Freund 1962; Edwards 1967; 

Garret 1958; Johnson and Jackson 1959). The difference 
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between pre- and posttest means was greater than 0.005 

(P >0.005), displaying a high level of significance. 

A critical evaluation of individual posttest ques

tions disclosed a high degree of content validity. The 

content of the posttest was compared to the content of the 

course, verifying that the instructional objectives of the 

course were adequately delineated (Lennon 1956; Ebel 1956). 

All incorrect posttest responses were listed, 

tallied, and transformed to graphical form. The frequency 

of incorrect responses dispersed within the range of wrong 

answers did not divulge evidence for a modal tendency, 

insuring that no individual question was deemed more dif

ficult than others (Gronland 1966; Cronbach 1960). 

Further investigation of incorrect responses within 

a multiple-choice question failed to provide evidence for 

any particular incorrect response being chosen from other 

answers. Such an observation evidenced uniformity in writing 

multiple-choice responses and eliminated the possibility 

of any answers distracting or mis-informing the student. 

Selection of the Hardware and Software 
Language for the CAI Course 

As stated in a previous chapter, a programming 

language utilized for CAI should be versatile enough for 

minimum training on the part of the programmer and student. 

Numerous programming languages were investigated and found 
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acceptable for the project under study. However, the 

accessibility of time-sharing in the immediate vicinity 

limited the type of hardware and selection of programming 

languages. Every time-sharing company provides compilers 

for one or more programming language, and occasionally 

incorporates a programming language exclusive to that 

company. 

The BASIC language was selected for utilization in 

this study. BASIC is the acronym for Beginners All-

purpose Symbolic Instruction Code and is described in the 

Basic Mark I and II Reference (1969) and Mark I and II 

Command manuals (1969). BASIC was developed by Kemeny and 

Kurtz (1965) at Dartmouth College. The BASIC language 

(Appendix F) is exclusive to General Electric Company and 

can be manipulated in a conversational manner. This 

language is versatile and simple enough for manipulation 

by the amateur programmer. 

The teletype terminal utilized for this study is a 

model 33 ASR (see Appendix H), and employs a standard 

teletype print-out as the mode of output. A cathode-ray 

oscilliscope (CRO) is available and was intended for this 

study. However, the limited budget rendered the CRO im

practical as a means of output for demonstrable purposes. 

A thorough understanding of computers is found in the 

following references for the convenience of the reader 
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who wishes to learn about computer technology: Raychman 
v 

1967; Wang 1965; Scientific American 1966. 

A distinct feature of the 33 ASR terminal is the 

perforated punch tape. The perforated tape can be option

ally obtained while programming software into the terminal, 

either off or on-line. One can retain the punched tape for 

use in the terminal at a later date, eliminating the tedious 

problem of programming a second time. 

The teletype terminal (33 ASR) communicates with the 

central computer via an ordinary phone line. A Datanet 

30 communications controller accepts the incoming phone 

data and stores the programs in the disc memory. Informa

tion is retrieved via the dual-access controller which 

transfers information from the memory unit to the 235 

central processor and auxiliary arithmetic unit. The 

retrieval information is then stored in the memory unit 

until it can be transferred back to the teletype terminal. 

Appendix H illustrates the interconnection of hardware 

components. 

Conversion of the Programmed Text to a 
Computer-Assisted Instruction Course 

Programming of a CAI course involves three basic 

procedures: (1) comprehending the author language and 

subsequent conversion of the intrinsic text to time-sharing 
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code forms, (2) programming the coded forms on the computer, 

and (3) "debugging" the CAI program. 

Accommodations for revision and up-dating the 

subject material at a later date are provided in the coded 

programmed text. Sentences and paragraphs were coded with 

"print" command statements. The resultant print-out was a 

statement free of coding numbers and command statements. 

Appropriate instructions for student operation of the 

computer terminal preceded the CAI course and is illustrated 

in Appendix J. 

Since the teletype print-out was the principle 

mode of terminal output, illustrative plates were devised 

to supplement the printed subject material. Print-out 

information refers the student to appropriate illustrations 

which are conveniently placed adjacent at the terminal. 

The CAI program statements and questions utilize 

multiple-choice answers identical to the intrinsic programmed 

text. However, the tedious and sometimes monotonous prob

lem of turning pages in an intrinsic text is eliminated when 

interacting with the computer. After a multiple-choice 

statement is answered on the computerized course the rein

forcement or corrected response is automatically printed. 

The CAI course is divided into several segments, enabling 

the student to complete the course in several sessions. 
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Appropriate command statements will terminate one program 

and "chain" another program, providing convenient sign-

off intervals. 

Upon completion of the computer-assisted instruc

tion course the computer presents the student with an 

examination identical to the posttest programmed text exam. 

By the use of appropriate command statements the computer 

automatically tallies the number of exam questions answered 

correctly. After the examination is completed the computer 

prints the student's final score, prints "goodbye", and 

terminates communication. 

Following conversion of the intrinsic text to time

sharing code forms, the course was programmed on the off

line teletype terminal. A perforated punch tape was 

simultaneously secured for future usage. Examples of the 

perforated punch tape, time-sharing code forms and teletype 

print-out are provided in Appendix G. 

The record punch tape was passed through the tape 

detector on-line 33 ASR terminal when storage of the program 

was desired. A typed print-out of the recorded CAI course 

can be obtained by proceeding through the appropriate 

computer patter and the typing of the word "list". The 

print-out of the CAI course was inspected for typing errors, 

mis-information, and nonsense statements. 



Program debugging with a 33 ASR terminal entails 

a unique process. For example, line 894 may contain mis

information material which may lead to a non-terminating 

loop. Line 894 can be debugged by retyping line 894 cor

rectly, anywhere in the program. Subsequent storage of the 

new addition to the program will automatically delete the 

first line 894. A new, corrected program and perforated 

punch tape is then obtained by activating the tape punch 

mechanism and typing the word "list", while the teletype 

terminal is on-line. 



DISCUSSION AND IMPLICATIONS 

Incorporation of computer technology into the 

pharmacy curriculum has progressed to the thought provoking 

stage. Computer-assisted instruction is not intended as a 

cure-all for a pandemic of educational ailments. Instead, 

it should enhance the effectiveness and efficiency of the 

instructional process. 

Undergraduate, graduate, and continuing education 

in pharmacy possess a multitude of opportunities for CAI. 

There are seven principle modes where computer assistance 

will enhance the pharmacy curriculum. These modes are: 

(1) drill, (2) simulation, (3) author controlled tutorial 

mode, (4) dialogue and tutorial mode, (5) retrieval and 

information reorganization, (6) design and composition, 

and (7) problem solving. 

The CAI drill technique may be utilized for rote 

memorization, generalization, and discrimination. The 

student's history of performance may be accumulated, as 

well as timed. The drill process is relatively inexpensive 

since simple learning behaviors require a basic software 

format. The automation of individualized drill is more 

efficient than group drill and is unlikely to be opposed 

by the student. Numerous health science courses requiring 

40 
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mathematical drill, rote memorization of plants, drugs, 

reactions, and concepts employ the drill technique. 

The simulation technique possesses considerable 

merit in health science subjects which entail application 

and association. The CAI designer creates an artificial 

situation with the software format. A student must recall 

associated information from his repertoire to fulfill the 

simulated milieu. The thought provoking process of associa

tion and application deems learning more meaningful and 

promotes long term retention. The simulation technique 

is also beneficial in research by providing artificial 

situations for testing a new hypothesis under controlled 

variables, 

Individualized versions of lectures and situations 

where specific behavioral outcomes are proposed with CAI 

are termed "author-controlled tutorial mode". The technique 

possesses utility in subjects where a constructed response 

is desired. This mode provides a flexibility of control 

and allows for branching strategy. 

The dialogue-tutorial mode allows for greater 

student control over the selection and sequencing of events 

in the CAI program. The author provides various stages of 

discussion and facts upon request. The computer relies on 

the history of the conversation in prompting the student 

toward the instructional objectives. The dialogue-tutorial 
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mode has great potential in physiological and pharmacolog

ical situations where a problem is stated and lists of 

information, tables, and graphs are available upon inquiry. 

The socratic technique (inquiry and response) is included 

in the dialogue-tutorial process. 

A wide range of information can be stored and re

called upon request with the retrieval and reorganization 

of information technique. The retrieval process may be 

implemented for students and staff members as well as 

administrational functions. This process can be utilized 

effectively in continuing education where specific informa

tion is sought. Scientific information arranged under 

subject titles from pharmaceutical and related health 

science journals could be programmed into a computer for 

retrieval. The information retrieval program would operate 

similar to the MEDLAR system except pharmacists and re

lated personnel could obtain specific information on a 

topic at any time via computer terminal located nearby. 

The design and composition mode is utilized in 

situations where various abstractions and functions are 

warranted. The computer can serve as a tool to carry out 

repetitive details of creative expressions and serve as a 

stimulus for new ideas. The technique is beneficial where 

a magnitude of facts or expressions are stated and the 

student is prompted to derive a conclusion. 
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The problem solving mode has broad applications in 

the health sciences. The obvious use of computational 

instructional systems can be employed at all levels of 

education. Student calculation of mathematical problems, 

graduate statistical operations, diagnostic problems, and 

graphics display are a few of the many applications of the 

problem solving technique. 

Implications of how computer technology can be 

employed in the instructional situation are invalid unless 

the use of CAI is justified. An obvious advantage of CAI 

is individualized instruction. A factor of equal importance 

is the time element involved in learning concepts or sub

jects with CAI. Hough (1962) stated that learning time is 

significantly decreased with CAI as compared to traditional 

lecture method. Recent studies conducted at Florida 

(Procter 1968) and Pennsylvania State Universities (Com

puter-Assisted Instruction Laboratory 1967) comparing 

traditional instructional methods versus CAI reveal con

clusive evidence that computer-assisted instruction de

creases learning time to approximately one third of the 

traditional instructional method. These studies also 

indicated that long term retention with CAI is equivalent, 

if not greater than the traditional instructional method. 

Numerous educational journals accentuate the lack 

of subject preparation and absence of immediate and long 



term instructional objectives in teaching science courses. 

Designing a CAI program allows for extensive involvement 

of in-service teachers. The authors or teachers thereby 

become engaged in the consideration and evaluation of 

various instructional strategies. A CAI program utilizes 

instructional objectives as a blueprint for developing 

the subject. 

Benefiting from CAI in a health science program 

could not be managed unless the economic aspects of hard

ware and software operation were feasible. Several 

studies have been conducted to compare the hourly cost of 

teaching a student via the traditional lecture method 

versus CAI. It must be recognized that such studies can 

be challenged because traditional instruction and CAI 

are viewed as alternatives with one or the other carrying 

all the instructional load. Nevertheless, studies estimate 

the cost of teaching a student in a university by tradi

tional instruction at $2,75 per hour (Feldhusen and Szabo 

1969; Kopstein and Seidel 1968). The cost of a 32 station 

CAI course is approximately $3.73 per student-hour. The 

above cost estimation includes hardware and equipment, 

curriculum development, professional and technical per

sonnel, and maintenance for traditional and computer-assisted 

instruction. 
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It should be noted that a CAX course with 500 

stations at various locations costs approximately $0.75 

per student-hour. Several recent articles predict the 

cost of CAI to drop to one half the cost of traditional 

instruction in 10-12 years (Nations Schools, 1968). 

The extrapolations of CAI and traditional instruc

tion costs are altered when applied to the pharmacy con

tinuing education program. The hourly cost per student 

in pharmacy continuing education is considerably higher 

than the undergraduate university situation. Budgets 

for guest lecture honoraria, transportation to meetings, 

food, lodging, renting meeting rooms, and mail publicity 

increase the cost of a continuing education program. 

Renting a CAI terminal at various locations throughout 

the state costs no more than installation in a classroom. 

Computerized instruction eliminates the difficult 

problem of scheduling available times for a seminar or 

meeting. With CAI a practicing pharmacist or a related 

health professional will receive a user number from the 

information service department. The health professional 

may schedule a session for computerized instruction which 

coincides with his work hours. The computer terminal may 

be utilized any hour of the day or night. Also, the 

student may choose his particular subject of interest or 

need from a library of programs. A subject may be completed 
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in a series of sessions. The computer will progress from 

any point where the user signed off. 

Another prime goal of CAI in continuing education 

in pharmacy is the creation of a process similar to the 

MEDLAR program. Pharmaceutical and related health profes

sional journals would be collected and programmed under 

specific subject headings. Information on any topic could 

be retrieved immediately by the user requesting a subject 

title in the information library program. 

With the economic aspect of CAI being feasible 

one can foresee utilization of computer technology in con

tinuing education in pharmacy. Computer terminals con

veniently placed at hospitals, pharmacies, or clinics 

could be jointly used by pharmacists and related health 

personnel, decreasing the cost of CAI to a greater degree. 

The seven procedures of CAI along with information retrieval 

would be implemented and, finally, the anachronistic 

problem of up-dating a pharmacist's education could be 

solved. Continuing education is continuous, and the 

university without walls could thus become a reality. 



APPENDIX A 

REPRESENTATIVE FRAMEWORK OF A PROGRAMMED TEXT 

The following diagram illustrates the branching 

technique associated with construction of an intrinsic 

text. 
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(Question referring to drugs 
which are used to treat glaucoma) 

INCORRECT VERY GOOD 

INCORRECT ANSWER YOUR ANSWER WAS CORRECT 

INCORRECT RESPONSE INCORRECT RESPONSE 

YOUR RESPONSE WAS CORRECT 

(Information relating to 
the anatomy and physiology 
of the eye) 

Present information re
lating to the effects of 
acetylcholine on the eye. 
(Question) 

Lets review the physiology and 
pharmacology of drugs affecting 
the eye before progressing to 
a new topic. 

Lets discuss the pharmacol
ogy of drugs affecting the 
eye in greater detail. 
(Question relating to 
mechanics of cycloplegia) 

Now, let us progress to 
another area of pharmacol
ogy. (Information relating 
to acetylcholine analogues 
and question) 

Anatomy of the eye, 
physics of convex lens, 
and focal length are dis
cussed. (Question relating 
to physiology of the eye) 

(Information relating to 
glaucoma is presented, 
along with another ques
tion relating to ocular 
mechanics associated with 
eleviation of high intra
ocular pressure) 



APPENDIX B 

INTRINSIC PROGRAMMED TEXT 

The numbers at the bottom of the programmed text 

pages refer to the intrinsic program. Numbers appearing 

at the top right hand corner identify manuscript pages. 
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The contents of this book concentrate on the para

sympathetic portion of the autonomic nervous system and the 

drugs which pertain to this area of study. It is important 

for the student to take the pretest prior to becoming in

volved in the programmed text. The pretest will provide 

an indication of how well versed the student is with the 

programmed text material. 

This programmed text is written in intrinsic form. 

The student should progress through the text at his own 

pace. The answers which a student responds to are not used 

as a basis for scoring. THEREFORE IT IS IMPOSSIBLE TO FAIL 

THIS SUBJECT. 

Please indicate your answer in pencil or ink at the 

end of each statement in the programmed text. If you are 

referred to the same question twice place your second answer 

after the first. DO NOT ERASE THE FIRST ANSWER. By indi

cating your selection of answers the author of the programmed 

text can determine the validity of the material presented 

to the student. It is important that the student take the 

posttest no later than twenty four hours after the course 

has been completed. In conclusion: 

1. Take the multiple-choice pretest and place it in en
velope number one prior to delving into the programmed 
text. 

2. Seal envelope number one and set it aside. 

(1) 
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3, progress through the programmed instruction material 
at your leisure, 

4, Take the posttest and place the completed exam in ev-
velope number two. The posttest should be taken no 
later than twenty four hours after completion of the 
programmed text. 

5, Seal envelope number two and place the programmed 
text, envelope number one, and two, in the addressed 
and stamped manila envelope and drop it in the mail. 

(2) 



52 

We will begin the course with a general discussion of the 
autonomic nervous system and then progress to a more con
fined subject area. Read each statement, select a response 
you believe is correct and write A, B, C, or D (your re
sponse) in the space provided after each statement. Be 
sure to follow the directions written after the response 
selected. These directions will refer you to another state
ment which indicates if your selection of response was cor
rect or not. Remember, you don't have to worry about a 
grade. The objective of this text is to help you learn the 
subject material. Begin with statement number one. 

1. There are two main nervous systems which innervate 
the human body. These nervous systems are called 

• 
h~. The sympathetic and parasympathetic nervous 

system. (go to statement number 5, page 4) 
B. The autonomic and somatic nervous system. (go 

to statement number 9, page 7) 
C. Myelinated and unmyelinated nerves. (go to state

ment number 31, page 21) 
D. The brain and spinal cord. (go to statement 

number 50, page 20) 

2. Good thus far. What are some of the other names 
given to the autonomic nervous system? 
A. Involuntary, vegatative, and visceral"! (go to 

statement number 4, page 7) 
B. Voluntary, striated, and autonomic. (progress 

to statement number 30, page 22) 
C. Involuntary, striated, and cerebral. (go to 

statement number 47, page 4) 
D. Voluntary, vegatative, and cerebral. (go to 

statement number 53, page 10) 

7. Does the sympathetic division of the autonomic nervous 
system cause a thick mucoid secretion or a thin watery 
secretion of saliva? 
A. Thick mucoid secretion of saliva. (to to number 

108, page 48) 
B. Thin watery secretion of saliva. (go to number 6, 

page 11) 

8. If the parasympathetic division of the autonomic 
nervous system were stimulated would we expect A.) 
inhibition, or B.) potentiation, of gastrointestinal 
secretions? 
A, Continue to statement number 6, page 10. 
B. Progress to statement number 10, page 12. 

(3) 
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12, Below are the names and chemical structures of the 
primary neurotransmitters concerned with the autonomic 
nervous system. 

Cholinomimetic neurotransmitter 

0 
II + 

CH3-C-O-CH2-CH2-N(CH3)3 

Acetylcholine 

Adrenergic neuroeffector transmitters 

HO ̂  
/=\ H H H 

H0-<. /> -C-C-N 
OH H A 

Norepinephrine 

(go to statement number 13, page 10) 

5. You are wrong. The body is innervated by the somatic 
nervous system and the autonomic nervous system. The 
autonomic nervous system is subdivided into the sympa
thetic and parasympathetic division. Return to state
ment 1, page 3 and select the correct response. 

47. The autonomic nervous system is the name given to that 
part of the nervous system which controls unstriated 
or involuntary muscle. The autonomic nervous system 
is, as the name implies, self governing, since it is 
independent of voluntary control. The autonomic 
nervous system is concerned with involuntary processes 
such as digestion, cardiac muscle, perspiration. Other 
names for the autonomic nervous system are: visceral 
nervous system, involuntary nervous system, vegatative 
nervous system. The diagram on page 5-6 illustrates 
the sympathetic and parasympathetic innervations with 
various organs. Note that sympathetic nerves synapse 
soon after leaving the spinal cord. While para
sympathetic nerves which have long preganglionic nerve 
tracts which synapse with the postganglionic fibers 
near, or in the effector organs. The autonomic 
nervous system consists of nerve fibers which travel 
from the organs to the spinal cord (afferent pathway) 

(4) 



SYMPATHETIC 

head 

Upper limbs 

Sweat gland 

Stomach 

Note that sympa
thetic fibers arise 
from the thoracic-
lumbar region of the 
spinal cord and synapse 
adjacent to the spinal 
cord. 

Intestine 

Anal sphincter 

Lower limbs Genitalia 
U1 
•u 



PARASYMPATHETIC 

Eye 

Note the para
sympathetic fibers 
originate from the 
cranio-sacral por
tion of the spinal 
cord and synapse 
near or in the organ. 

Lacrimal gland 

Heart 

Bronchi 
Stomach 

idne 

Bladde 
Liver 

y Rectum 
Pancreas 

Genitalia 

The somatic nervous system is concerned with higher cerebral functions as 
thought and voluntary movements of skeletal muscles. 
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and certain parts of the brain and, nerve fibers which 
travel from the brain stem and spinal cord to the 
organs (efferent pathways). (continue to statement 
number 3, page 7) 

4. Very Good. Indicate whether the following statement 
is true or false. The sympathetic division of the 
autonomic nervous system is mainly concerned with 

• 
Al Excitatory actions as increased metabolism. 

(go to number 55, page 21) 
B. Enhancement of digestion by secretion of digestive 

juices. (go to statement number 57, page 21) 

3. As you now know the autonomic nervous system consists 
of the sympathetic and parasympathetic nerves. The 
basis for dividing the autonomic nervous system into 
the sympathetic and parasympathetic portions are sev
eral fold. Note in diagram on page 8 that the 
sympathetic portion has a short preganglionic fiber 
and a long postganglionic nerve fiber. The para
sympathetic nerve fiber has a long pre and a short 
postganglionic nerve. Also, the sympathetic portion 
may have numerous postganglionic fibers synapsing 
with one preganglionic fiber (see diagram B also on 
page 8 ). This will result in a diffuse effect where 
one sympathetic preganglionic nerve may innervate 
several effector organs. The parasympathetic pre
ganglionic nerve will usually synapse with only one 
postganglionic nerve fiber (a 1:1 ratio which will 
result in a more descrete action of effector organs. 
Study the diagram on page 8 and you will observe the 
anatomical features just mentioned. Return to page 5-
6 if you would like to see a diagram of the sympa
thetic and parasympathetic nerve tracts. 

9. You are off to a good start. Now, the autonomic 
nervous system is anatomically and physiologically 
divided into two sections. Can you name the two 
divisions which comprise the autonomic nervous system? 

and . 
A. The lumbar and cerebellum. (go to statement 

number 46, page 22) 
B. The sympathetic and parasympathetic. (go to 

statement number 2, page 3) 
C. The caudal region and medulla oblongata. (go to 

statement number 28, page 20) 
D. The golgi and mitochondria. (go to statement 

number 42, page 21) 

(7) 



CHEMICAL AND ANATOMICAL FEATURES OF SYMPATHETIC AND PARASYMPATHETIC NERVES 

(A) 

SYMPATHETIC 
acetylcncixne 

•o % w*sZ-X.9JlI 
' ^ i r*J 

myelinated 
smoctn 

ganglion muscle 

?ARASYMPATKETI ( 

insted striatea 
acetylcholine muscle 

tvi 

* v & c c»' o r; 

neuromuscular In
junction 

MCTCR NERVE 
(contrcl/ici by the central 

vgoo system) 

(B) 

SYMPATHETIC 

POSTGANGLIONIC 

PREGANGLIONIC 

-if 

PARASYMPATHE TIC 

= norepinephrine storage vesicles 
• = norepinephrine receptor sic:3s 
• = acetylcholine receptor sites 
o = acetylcholine storage vesicles 

Progress to statement number 109, 
page 48. 



CHEMICAL AND ANATOMICAL FEATURES OF A PARASYMPATHETIC NERVE ENDING 

Neuroeffector Junction 

Parasympathetic nerve 

ace u 
ganglion 

receptor \ 
(smooth muscle) 

/ 
Enlarged receptor site 

Esteratic site Anionic site 

/+G-H \ protein ̂ -H3 
"" VM I I I I nil 1 + P.. . . . . 

C-O-CH CH2-N -CH3 

\ 
CH3 / CH: 

ACETYLCOLINE 

Proposed mechanism for acetylcholine 
binding to the receptor site. 

Statement number 13. 

ui 
00 
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A. Acetylcholine 
B. Norepinephrine 
C. Acetylcholine 
D. Acetylcholine 

At this time you should be progressing to state
ment number 12, page 4. 

13. If you would like to take a break this would be a good 
place to do so. From this point we will be concen
trating on the parasympathetic portion of the auto
nomic nervous system. Acetylcholine is the primary 
neurohumoral transmitter at the neuroeffector junction 
of the parasympathetic nerve. The illustration on 
page 9 is a schematic of the parasympathetic nerve 
ending and the proposed effect of acetylcholine on 
the receptor site. 

From the diagram on page 9 we can conclude that 
acetylcholine initiates its action in a receptor 
organ by . 
A. Stimulation of the receptor organ by electrical 

current. (turn to page 13, statement number 14) 
B. Chemical synthesis of a compound which causes 

electrical stimulation in the receptor organ, 
(progress to statement number 33, page 24) 

C. Chemical irritation of the receptor resulting in 
stimulation and immediate response. (go to state
ment number 14, page 13) 

D. Release of acetylcholine from the nerve ending 
following nerve stimulation and immediate com
bination of acetylcholine with the receptor site, 
(go to statement number 16 t page 14) 

53. Your answer is wrong. Turn to statement number 47, 
page 4. 

6. The following is a diagram which lists the actions of 
autonomic nerves on various effectors. Note that many 
responses initiated by sympathetic and parasympathetic 
nerves are opposed. 

(10) 
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Organ 

Eye: Pupil (iris) 

Ciliary 
muscle 

Gastrointestinal 
glands 

Salivary glands 

Sweat glands 

Heart; Muscle 

Coronaries 

Conduction 

Systemic blood 
vessels; 
Abdominal 

Muscle 

Skin 

Bronchi 

Gut: Lumen 

Sphincters 

Effect of 
sympathetic 
stimulation 

Dilated (mydri
asis) contraction 
of radial muscle 

No effect 

Vasoconstriction 
and promotion of 
thick scanty 
secretions 

Same as above 

Copious sweating 
(cholinergic) 

Increased activity 

Vasodilated 

Increased conduc
tion activity 

Constricted 

Dilated 
(Cholinergic) 

Constricted or 
dilated 
(Cholinergic) 

Dilated 

Decreased per
istalsis and tone 

Increased tone 

Effect of 
parasympathetic 
stimulation 

Contracted (miosis) 
contraction of the 
circular muscle. 

Contraction for 
near vision. 

Stimulation of thin, 
copious secretions 
containing digestive 
enzymes. 

Same as above. 

No effect. 

Decreased activity. 

Vasoconstriction. 

Decreased conduction. 

No effect. 

No effect. 

No effect. 

Constricted. 

Increased peristalsis 
and tone. 

Decreased tone. 

(11) 
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Organ 

Effect of 
sympathetic 
stimulation 

Effect of 
parasympathetic 
stimulation 

Liver Glucose released No effect. 

Kidney Decreased output No effect. 

Bladder: 
Body (fundus) Inhibited Excited. 

Sphincter Excited (causing 
closure) 

Inhibited. 

Basal metabolism Increased up to 
150% 

No effect. 

Blood glucose Increased No effect. 

Mental activity Increased No effect. 

(Progress to statement number 7, page 3 ) 

10. Your answer was correct. The following is a diagram 
of a sympathetic and parasympathetic nerve. Note 
that the sympathetic nervous system is more diverse 
in action while the parasympathetic portion usually 
has a 1:1 ratio of pre to postganglionic nerves. 
Therefore, stimulation of a sympathetic nerve may 
effect several effector organs while parasympathetic 
stimulation is concerned with more discrete responses. 
Can you identify the chemical transmitters emitted 
at the nerve junctions in the diagram below at points 
A, B, C, and D? 

SYMPATHETIC NERVE 

postganglionic 
(A) 

Preganglionic 

(B) 

(12) 
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PARASYMPATHETIC NERVE 
(C) (D) 

Preganglionic ^ ̂  

postganglionic 

Hint: The neurohumoral transmitters involved are 
acetylcholine and norepinephrine. Write your 
answers in the spaces provided below. 

A. 

B. 

C. 

D. 

To check your answers turn to page 10, statement 
number 11. 

14. Your answer was incorrect. Acetylcholine combines 
with the receptor initiating a response. The follow
ing is a review of the parasympathetic nerve ending 
emitting the neurohumoral transmitter and the receptor 
which is sensitive to the emitter. (Continue on 
statement 15, this page.) 

15. Autonomic nerve endings which release acetylcholine 
are called cholinergic. Acetylcholine is synthesized 
and stored in vesicles located in cholinergic nerve 
endings. As a nerve impulse approaches the nerve 
ending acetylcholine is liberated from the nerve 
ending. The receptor which is in close proximity 
responds to the chemical stimulus. 

A receptor is a portion of a cell which responds to a 
chemical stimulus, which in this case is acetylcholine. 
Remember, the receptor is geometrically similar to the 
neurohumoral transmitter. The closer the structure of 
the receptor to the emitter (acetylcholine), the more 
tenacious the binding of the emitter to the receptor 
site. And, the more tenacious the binding of the 
neurohumoral transmitter (acetylcholine) to the re
ceptor the more profound the response. Turn to page 
14 for an example of a cholinergic nerve ending and 
a receptor. 

(13) 
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ILLUSTRATION OF A CHOLINERGIC NERVE ENDING 

Presynaptic 
membrane 

Cholinergic 
nerve 

Postsynaptic membrane 

Acetylcholine is considered to act first at terminals 
from which it is liberated, to activate release of 
additional quanta of acetylcholine, which produces 
the response. The following is a structure of 
acetylcholine and a diagram of how acetylcholine 
binds to a sensitive receptor site. 

CH3 
CH3-C-0-CH2-CH2~N-9H3 

CH3 

Acetylcholine 

Esteratic Site Anionic Site 

retain 
. . . . . . . . . . > 7  I  .  V I I I I I I I H I I K  

Covalent 
bond 

O-C-O-CH2-CH2 N-CH3 

CH3 CH3 

Acetylcholine receptor 

Strong 
positive 
charge 

Turn to page 15, statement number 16. 

(14) 
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16, Very good thus far. Assume you are in a laboratory 
situation and just injected acetylcholine into a test 
animal I.V. With the appropriate laboratory equipment 
what responses would you expect to record from the 
heart? 
A. Bradycardia (slowing of the heart). (go to state

ment number 18, page 18) 
B. Cardioacceleration. (go to number 23, page 15) 
C. No change (go to number 39/ page 24) 

25. Wrong. Check the diagram on page 11 and you will find 
that the parasympathetic nervous system is concerned 
with involuntary functions such as aiding digestion, 
decreasing heart rate, etc. Acetylcholine stimulates 
the parasympathetic nerves and increases intestinal 
motility and increases the secretion of gastroin
testinal digestive juices. (go to number 20, page 15) 

29. The diagrams on page 16 illustrate the anatomy and 
parasympathetic influence upon the eye. 

The chief function of the iris is to control the 
brightness of the retinal image. Any increase in 
intensity of illumination brings about reflex con
traction of the pupil thus protecting the retina from 
over stimulation. On the other hand in dim light the 
pupil is dilated to its maximum. Go to page 16. 

23. Your answer is incorrect. Acetylcholine causes a 
prompt slowing of the heart by stimulating the vagus 
nerve. The vagus nerve is parasympathetic in origin. 
Remember, the sympathetic nerves are concerned with 
stimulation of cardiac functions and parasympathetic 
stimulation has opposite effects on the heart. (Try 
number 18, page 18) 

20. Fine. You are again in a laboratory situation and 
just injected acetylcholine into your test animal. 
What effect would you expect to observe on the 
bronchi? 
A. Relaxation of bronchioles. (go to statement 26, 

page 20) 
B. No effect. (go to statement number 17, page 22) 
C. Rhythmic movements of bronchial tissue. (go to 

number 26, page 20) 
D. Constriction of the bronchioles (go to number 19 

page 18) 

(15) 
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ILLUSTRATION OF PARASYMPATHETIC INFLUENCE UPON THE EYE 

Sclera 

Pupil 

Irxs 

IRIS 

Circular 
muscle 

Radial 
muscle 

Pupil 

The iris is controlled by the circular and radial 
muscles. The radial muscle is innervated by sympa
thetic nerves and when stimulated causes contraction 
of the muscle allowing more light to enter into the 
eye (mydriasis). The circular muscle is innervated 
by parasympathetic nerves and when stimulated will 
allow for a contraction of the pupil, resulting in 
less light to enter the eye (miosis). 

Another muscle which is innervated by the autonomic 
nervous system is the ciliary muscle. The ciliary 
muscle is concerned with the accommodation for near 
and far vision. This is accomplished by varying the 
thickness of the lens. The ciliary muscle is not to 
be confused with the radial and circular muscles 
which vary the diameter of the pupil allowing more 
or less light to enter the eye. Continue on to page 
17. 

(16) 
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focal length 

A thicker lens results 
in a shorter focal 
length. 

The above diagram illustrates the change in focal 
length which occurs when the thickness of the lens 
is varied. 

Pupil 

The ciliary muscle is only innervated by parasympa
thetic nerves. Stimulation will allow for a thicken
ing of the lens resulting in accommodation for near 
vision. (go to number 60^ page 19) 

(17) 
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21. Very good. Now, acetylcholine would influence the 
gastrointestinal movements in the following manner? 

A. No effect. (go to statement number 32, page 19) 
B. Relaxation of the smooth muscles. (go to number 

44, page 26) 
C. Contraction of smooth muscles. (go to number 22, 

page 20) 

27. Your answer is wrong. The action of acetylcholine is 
terminated immediately by an enzyme called acetyl
cholinesterase . Return to statement number 24, page 
19 and answer the question correctly. 

41. Incorrect. Dilution could not account for the rapid 
termination of acetylcholine action. Acetylcholine 
is broken down by an enzyme called acetylcholin
esterase which is also present in the parasympathetic 
nerve ending. Acetylcholine is broken down to choline 
and acetic acid. Return to statement number 24, page 
19 and answer the question correctly. 

18. You're doing ok. Again, acetylcholine is injected 
I.V. into the laboratory animal. What effect would 
one expect to observe in the gastrointestinal tract? 

Increased peristaltic activity along with in
creased secretion of digestive juices. (go to 
number 20/ page 15) 

B. Decreased peristaltic activity along with de
creased secretion of digestive juices. (go to 
statement number 25, page 15) 

19. Acetylcholine has several effects on the eye. What 
effect would acetylcholine have on the muscles of the 
iris? 
Hint; The iris is that part of the eye which opens 

and closes the pupil allowing more or less 
light to enter the eye. 

A. Contraction, resulting in less light entering 
the eye. (go to statement number 21, page 18) 

B. Relaxation, resulting in more light entering the 
eye. (go to statement number 29, page 15) 

C. No effect. (turn to statement number 64, page 
24) 

(18) 
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60. The parasympathetic nervous system exerts several 
effects on the eye. What effect would acetylcholine 
have on the ciliary muscle? 
A. No effect. (go to statement number 68, page 25) 
B. Contraction resulting in accommodation for far 

vision. (go to statement number 29, page 15) 
C. Contraction resulting in accommodation for near 

vision. (go to statement number 29, page 15) 
D. The ciliary muscle is only innervated by the 

sympathetic nerves. (go to statement number 36, 
page 26) 

32, Wrong. About 75% of all the parasympathetic nerve 
fibers are distributed to the gastrointestinal tract, 
which indicates that by far the most important func
tion of this entire system is regulation of gastro
intestinal activities. Parasympathetic stimulation 
increases peristalsis and at the same time decreases 
the tone of the sphincters. Peristalsis propels the 
food forward while the open sphincters between "the 
different segments of the gastrointestinal tract allow 
the food to move forward with ease. During extreme 
parasympathetic stimulation, food can actually pass 
all the way from the mouth to the anus in approxi
mately 30 minutes, though the normal transmission 
time is about 24 hours. Return to statement number 
21r page 18 and answer the question correctly. 

24. Your answer was correct. Very good. 

A nerve impulse travels down the parasympathetic 
nerve fiber initiating release of acetylcholine at 
the nerve ending. Acetylcholine in turn initiates 
a response in the effector organ. When a receptor 
organ is stimulated by acetylcholine a normal response 
is terminated by a series of precise events. Which 
of the following would be your explanation for this 
mechanism? 
A. Electrical equilibrium of positive and negative 

ions. (turn to page 18, statement number 27) 
B. Fatigue of the receptor. (Find if you were cor

rect by turning to page 20, statement number 40) 
C. Enzymatic degradation of acetylcholine. (go to 

statement number 34, page 20) 
D. Dilution of the acetylcholine by surrounding 

media. (go to statement number 41, page 18) 

(19) 
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26. Acetylcholine has the ability to cause a profound 
constriction of the bronchi. (go to statement number 
29/ Page 15) 

22. Fine thus far. Intravenous injection of acetyl
choline would have the following effect upon the 
sweat glands of the skin? 
A. No secretion of sweat. (go to statement number 

35, page 21) 
B. No effect. (progress to statement number 48, 

page 25) 
C. Increased secretion of sweat. (progress to 

statement number 24, page 19) 

34. Correct. Now, you indicated an enzyme was responsible 
for biodegradation of acetylcholine. The name of that 
enzyme is? 
A. Chymotripsin. (check your answer by turning 

to page 20, statement number 28) 
B. Acetylcholinesterase. (go to statement number 

45, page 53) 
C. Monoamineoxidase. (go to statement number 38, 

page 22) 
D. Angiotensin. (go to statement number 37, page 

21) 

40. Wrong. The response of acetylcholine is normally 
terminated by an enzyme called acetylcholinesterase. 
This enzyme degrades acetylcholine into choline and 
acetic acid. A receptor may become fatigued if it 
is stimulated rapidly over a considerable length of 
time. The receptor will then have a decreased 
ability or be unable to respond to acetylcholine. 
Return to statement number 24, page 19 and answer 
the question correctly. 

50. Your answer was wrong. The body is innervated by the 
somatic nervous system and the autonomic nervous 
system. The autonomic nervous system is subdivided 
into the sympathetic and parasympathetic division. 
Return to statement number 1, page 3 and select 
the correct response. 

28. The medulla oblongata is that part of the brain 
closest to the spinal cord. Caudal refers to the 
lower portion of the spinal column. The autonomic 
nervous system is anatomically and physiologically 
divided into the sympathetic and parasympathetic 

(20) 
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portion. Turn to statement number 47» page 4 and 5 to 
learn more about these subdivisions of the autonomic 
nervous system. 

28, Your answer is wrong. Chymotripsin is an endopep-
tidase enzyme (breaks down protein) found in pan
creatic juice. The enzyme responsible for biodegra-
dation of acetylcholine is acetylcholinesterase. 
Return to statement number 34, page 20 and answer 
the question correctly. 

37. Wrong. Angiotensin is an enzyme found in the blood. 
Upon release of renin (a substance found in the 
kidney) angiotensin is released by the blood. 
Through a series of reactions another form of angio
tensin causes a profound vasoconstriction. This 
results in a sharp rise of the systemic bloodpres-
sure. Return to statement number 34, page 20 and 
select the correct response. 

31. You are incorrect. The body is innervated by the 
somatic nervous system and the autonomic nervous 
system. The autonomic nervous system is subdivided 
into the sympathetic and parasympathetic portions. 
Return to number 1, page 3 and select the correct 
response. 

42. Golgi and mitochondria are parts of a cell concerned 
with production and storage of energy. The autonomic 
nervous system consists of the sympathetic and 
parasympathetic portions. (progress to statement 
number 47, page 4) 

55. Your answer was correct. Very good. Progress to 
question number 7, page 3. 

57. Your answer is wrong. Turn to page 11 and find your 
answer in the diagram presented. 

35. Your answer was incorrect. Injection of acetyl
choline will cause a generalized sweating. 

At this point lets take time out to make a clarifica
tion. Parasympathetic nerve fibers do not innervate 
the skin. The skin is innervated by sympathetic 
nerve fibers. It should be noted that the post
ganglionic sympathetic fibers which innervate the 
sweat glands do liberate acetylcholine. This is 
confusing because it was previously understood that 

(21) 
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postganglionic sympathetic nerve fibers liberate 
norepinephrine. One could ask the question as to 
why aren't these particular nerve fibers classified 
parasympathetic instead of sympathetic? The reason 
is several fold. First of all, the nerve fibers in
nervating the sweat glands have the anatomical 
features of sympathetic nerves (short pre and long 
postganglionic fibers). Another reason why the 
nerves innervating the sweat glands are classified 
sympathetic is because of their origin. Sympathetic 
nerves originate in the thoracic-lumbar region of 
the spinal cord and the parasympathetic nerves have 
their origin in the cranio-sacral portion of the spinal 
cord. Diagram 47, page 4 will give you visible 
evidence of these features. Therefore, we must make 
the clarification that sympathetic nerves of the 
sweat glands do liberate acetylcholine instead of 
norepinephrine. This has been substantiated by 
laboratory evidence. (continue on to statement 
number 24, page 19) 

46. The cerebellum is that part of the brain located at 
the rear of the cranium. Lumbar refers to those 
vertebrae located approximately at the center of the 
back. The autonomic nervous system is anatomically 
and physiologically divided into the sympathetic 
and parasympathetic portions. To learn more about 
this topic turn to page number 47, statement 4. 

30. Wrong. You will find your correct answer in statement 
number 47, page 4. 

17. The bronchi are innervated by sympathetic and para
sympathetic nerves. Stimulation of parasympathetic 
nerves results in a constriction of the bronchioles. 
Therefore, acetylcholine administration would result 
in a profound constriction of the bronchi allowing 
less air to pass to and from the lungs. 

The diagram on page 23 is an illustration of the 
bronchi including sympathetic and parasympathetic 
innervations. 

38. You are dead wrong. Monoamineoxidase is an enzyme 
which is responsible for degradation of epinephrine 
and norepinephrine, which are neurohumoral trans
mitters associated with the sympathetic nervous 
system. Return to statement number 34, page 20 and 
answer the question correctly. 

(22) 
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SYMPATHETIC AND PARASYMPATHETIC INNERVATION OF THE BRONCHI 

Sympathetic ,' 

Thyroid cartilage 

Parasympathetic 
nerves 

(progress to statement number 29, page 15 ) 

(23) 
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39. Your answer was wrong. Acetylcholine causes a prompt 
slowing of the heart by stimulating the vagus nerve. 
The vagus nerve is parasympathetic in origin. Re
member, the sympathetic nerves are concerned with 
stimulation of cardiac functions and parasympathetic 
stimulation has the opposite effects on the heart, 
(try statement number 18, page 18) 

64. Your answer was wrong. Turn to statement number 29, 
page 15. 

43. Wrong. The skin is only innervated by sympathetic 
nerves. Therefore parasympathetic nerve stimulation 
would have no effect. 

At this point lets take time out to make a clarifica
tion, Parasympathetic nerve fibers do not innervate 
the skin. The skin is innervated by sympathetic 
nerve fibers. It should be noted that the post
ganglionic sympathetic fibers which innervate the 
sweat glands do liberate acetylcholine. This is 
confusing because it was previously understood that 
postganglionic sympathetic nerve fibers liberate 
norepinephrine. One could ask the question as to 
why aren't these particular nerve fibers classified 
parasympathetic instead of sympathetic? The reason 
is several fold. First of all, the nerve fibers 
innervating the sweat glands have the anatomical 
features of sympathetic nerves (short pre and long 
postganglionic fibers). Another reason why the nerves 
innervating the sweat glands are classified sympa
thetic is because of their origin. Sympathetic 
nerves originate in the thoracic-lumbar region of 
the spinal cord and the parasympathetic nerves have 
their origin in the cranio-sacral portion of the 
spinal cord. Diagram 47, page 4 will give you 
visible evidence of these features. Therefore, we 
must make the clarification that the sympathetic 
nerves of the sweat glands do liberate acetylcholine 
instead of norepinephrine. This has been substanti
ated by laboratory evidence. Please return to page 
18, statement number 21 and answer the question cor
rectly. 

33. Your answer was wrong. Acetylcholine combines with 
the receptor initiating a response. Turn to page 
number 13, statement 15 to learn more about this 
topic, 

(24) 



74 

68, Your answer was incorrect. Progress to page 15, 
statement number 29. It is important that you learn 
about the parasympathetic influence upon eye function. 

61. Hydrolysis by another enzyme system is very unlikely. 
Logically speaking the action of acetylcholine should 
persist as long as the neurotransmitter acetylcholine 
is combining with the receptor site. One method of 
accomplishing this would be preventing acetylcholin
esterase from attacking acetylcholine. 

There are a group of drugs whose mechanism of action 
is complexing with acetylcholinesterase rendering 
the enzyme inactive. These group of drugs are 
called anticholinesterases and they have a greater 
affinity for the enzyme acetylcholinesterase than the 
neurohumoral transmitter acetylcholine. Therefore 
the net result of anticholinesterase administration 
would be a complexing with acetylcholinesterase 
rendering the enzyme inactive. This would allow 
for acetylcholine to persist at the receptor site-
unaffected by acetylcholinesterase. Return to state
ment number 62, page 27 and answer the question 
correctly. 

48. Your answer was wrong. Injection of acetylcholine 
will cause a generalized sweating. 

At this point lets take time out to make a clarifica
tion. Parasympathetic nerve fibers do not innervate 
the skin. The skin is innervated by sympathetic 
nerve fibers. It should be noted that the post
ganglionic sympathetic fibers which innervate the 
sweat glands do liberate acetylcholine. This is 
confusing because it was previously understood that 
postganglionic sympathetic nerve fibers liberate 
norepinephrine. One could ask the question as to 
why aren't these particular nerve fibers classified 
parasympathetic instead of sympathetic? The reason 
is several fold. First of all, the nerve fibers 
innervating the sweat glands have the anatomical 
features of sympathetic nerves (short pre and long 
postganglionic fibers). Another reason why the 
nerves innervating the sweat glands are classified 
sympathetic is because of their origin. Sympathetic 
nerves originate in the thoracic-lumbar region of 
the spinal cord and the parasympathetic nerves have 
their origin in the cranio-sacral portion of the 
spinal cord. Diagram 47, page 4 will give you 
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visible evidence of these features. Therefore, we 
must make the clarification that the sympathetic 
nerves of the sweat glands do liberate acetylcholine 
instead of norepinephrine. This has been substan
tiated by laboratory evidence. Return to page number 
20, statement number 22 and answer the question 
correctly. 

36. The ciliary muscle is only innervated by parasympa
thetic nerves. Progress to page 15, statement number 
29 for further information on this topic. 

44. You are incorrect. About 75% of all the parasympa
thetic nerve fibers are distributed to the gastro
intestinal tract, which indicates that by far the 
most important function of this entire system is 
regulation of gastrointestinal activities. Para
sympathetic stimulation increases peristalsis and 
at the same time decreases the tone of the sphincters. 
Peristalsis propels the food forward while the open 
sphincters between the different segments of the 
gastrointestinal tract allow the food to move forward 
with ease. During extreme parasympathetic stimula
tion, food can actually pass all the way from the 
mouth to the anus in approximately 30 minutes, though 
the normal transmission time is about 24 hours. 
Please return to page number 18, statement 21 and 
answer the question correctly. 

59. Wrong. Logically speaking the action of acetylcholine 
should persist as long as the neurotransmitter 
acetylcholine is combining with the receptor site. 
One method of accomplishing this would be preventing 
acetylcholinesterase from attacking acetylcholine. 
There are a group of drugs whose mechanism of action 
is complexing with acetylcholinesterase rendering 
the enzyme inactive. These group of drugs are called 
anticholinesterases and they have a greater affinity 
for the enzyme acetylcholinesterase than the neuro
humoral transmitter acetylcholine. Therefore, the 
net result of anticholinesterase administration 
would be a complexing with acetylcholinesterase 
rendering the enzyme inactive. This would allow 
for acetylcholine to persist at the receptor site 
unaffected by acetylcholinesterase. Return to 
statement number 62, page 27 and answer the question 
correctly. 
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71. The answer should be anticholinesterase. It is a 
logical name since this class of drugs render the 
enzyme acetylcholinesterase inactive. (progress 
to statement number 52, page 29) 

62. If you feel like taking a break this would be an 
ideal time to stop. 

It is interesting to note that there are other 
cholinesterases present in the body which act like 
acetylcholinesterase. These cholinesterases are 
called "nonspecific" or "pseudocholinesterases". 
The nonspecific cholinesterases may react on sub
strates identical or similar to which acetylcholin
esterase attacks. 

Drugs which stimulate the parasympathetic portion 
of the autonomic nervous system are called "cholin
ergic" or "muscarinic" type drugs. They are also 
called parasympathomimetic type drugs, meaning they 
mimic the responses of the parasympathetic nerve 
stimulation. Lets take a look at some of the 
cholinergic drugs and how they act. You will recog
nize some of the compounds in the drugs which you 
work with. 

Muscarine is the active alkaloid obtained from the 
mushroom, Amanita muscaria. The action of muscarine 
on parasympathetic nerves is more potent than the 
action of acetylcholine. The term "muscarinic" is 
obtained from the alkaloid muscarine. 

Methacholine has an action similar to acetylcholine 
with the exception methacholine is only hydrolyzed 
by the specific enzyme acetylcholinesterase, while 
acetylcholine may be hydrolyzed by most any cholin-
esterase type enzyme. Other acetylcholine type 
drugs (cholinomimetic) are: 

Bethanacol (Urecholine) 
Carbacol 
Pilocarpine 

We have already mentioned that hydrolysis of acetyl
choline is accomplished by the enzyme acetylcholin
esterase. If the enzyme were inactive the action of 
acetylcholine on the receptor organ would be con
tinuous, right? Now, suppose we prevented acetyl
cholinesterase from hydrolyzing acetylcholine. This 
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can be accomplished by use of an anticholinesterase 
drug which renders acetylcholinesterase inactive. 
What would be the typical action of acetylcholine 
if acetylcholinesterase were rendered inactive? 

Al A self degradation of acetylcholine resulting in 
rapid recovery of the receptor. (go to statement 
number 49, page 28) 

B. Hydrolysis of acetylcholine by another enzyme, 
(go to statement number 61, page 25) 

C. Continuous activation of the effector organ re
sulting in fatigue. (go to statement number 51, 
page 28) 

D. No reaction. (go to statement number 59, page 
26) 

49. Your answer was not correct. Logically speaking the 
action of acetylcholine should persist as long as the 
neurotransmitter acetylcholine is combining with the 
receptor site. One method of accomplishing this 
would be preventing acetylcholinesterase from at
tacking acetylcholine. 

There are a group of drugs whose mechanism of action 
is complexing with acetylcholinesterase rendering 
the enzyme inactive. These group of drugs are 
called anticholinesterases and they have a greater 
affinity for the enzyme acetylcholinesterase than 
the neurohumoral transmitter acetylcholine. There
fore, the net result of anticholinesterase administra
tion would be a complexing with acetylcholinesterase 
rendering the enzyme inactive. This would allow 
for acetylcholine to persist at the receptor site 
unaffected by acetylcholinesterase. Return to 
statement number 62, page 27 and answer the ques
tion correctly. 

51. You're doing fine. Suppose we wanted to slow the 
heart to eliminate tachycardia (increased heart 
rate). Or maybe we want to increase the secretion 
of gastric juices to aid digestion. This can be 
accomplished by stimulation of the parasympathetic 
nerves, right? It would be unfeasible to administer 
acetylcholine because its action only lasts several 
minutes due to the rapid hydrolysis by the enzyme 
acetylcholinesterase. Also, acetylcholine is very 
thermolabile (not heat stable) and is degraded 
rapidly at the PH of the blood. It would be bene
ficial to administer acetylcholine like drugs which 
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are relatively stable and still achieve the desired 
action of bradycardia and increased gastric secre
tion. 

There is another method of achieving the results 
desired in the previous paragraph. We could prevent 
the hydrolysis of acetylcholine by inactivating the 
enzyme acetylcholinesterase. You are already familiar 
with this process. Rendering the hydrolytic enzyme 
inactive would result in a prolonged acetylcholine 
like action. Now, can you name the class of drugs 
which terminate the action of cholinesterase? 

(to check your answer turn to 
number 71, page 27) 

63. In the last question it was mentioned that Phospholine 
iodide was used in opthalmic preparations. This 
opthalmic preparation is used to treat glaucoma. 
Can you indicate what glaucoma is? 
A. Loss of accommodation for distant vision. (go 

to statement number 84, page 30) 
B. Protein deposit on the lens of the eye. (go to 

statement number 79, page 33) 
C. Blurred vision. (turn to statement number 56, 

page 33) 
D. High intraocular pressure resulting in damage 

to the optic nerve. (turn to statement number 
80, page 33) 

82. Wrong. Since organic phosphates are irreversible the 
enzyme acetylcholinesterase would be rendered in
active for a considerable length of time. This would 
result in a continuous therapy, which is an advantage 
because phospholine iodide would have to be admin
istered only once every 12 hours. (go to statement 
number 58, page 33) 

52. The anticholinesterase drugs have a greater affinity 
for acetylcholinesterase than acetylcholine. The 
net result is a complexing which produces an inactive 
acetylcholinesterase. It is interesting to note that 
certain anticholinesterase drugs were used as "war 
gases", and are currently being used as insecticides. 
It is also important to note that there are reversible 
and irreversible types of anticholinesterase drugs. 
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Names of some reversible anticholinesterases are: 
Neostigmine 
Physostigmine 
Edrophonium (Tensilon) chloride (continue to 
Statement 54 below) 

54. The difference berween a reversible and irreversible 
anticholinesterase compound is the binding strength 
of the anticholinesterase drug to the enzyme acetyl
cholinesterase. A compound which binds to cholin-
esterase tenaciously produces an inactive cholinesterse 
complex which is irreversible. A compound loosely 
bound to cholinesterase would produce a complex which 
is reversible. The reversible anticholinesterases 
have a short duration of action which lasts minutes 
to several hours. The irreversible anticholinester
ases have a duration of action which may last from 
several days to a month or even longer. 

Physostigmine is a reversible anticholinesterase 
drug. It is an alkaloid extracted from the calabar 
bean. The net result of physostigmine administra
tion is a profound stimulation of the parasympathetic 
nervous system. This is obvious because acetyl
choline would accumulate at the nerve endings un
harmed by the inactive cholinesterase complex. 

Neostigmine is also a reversible anticholinesterase 
drug whose action is similar to physostigmine. Neo
stigmine was developed as a result of synthetic work 
on physostigmine analogues. Neostigmine has a dura
tion of action which lasts only several minutes. It 
is interesting to note that neostigmine has an 
acetylcholine-like effect, besides being a reversible 
anticholinesterase. Laboratory results provide evi
dence that neostigmine does combine with the acetyl
choline receptor, thus accounting for the acetyl
choline-like effect. Progress to statement number 
72, page 31. 

84. Wrong answer. We talked about loss of power of accom
modation in an earlier statement. You remember we 
talked about the eye and the ciliary muscle. Loss 
of power of accommodation could come about if the 
ciliary muscle were paralyzed. This could be ac
complished by administration of an anticholinesterase 
drug. (progress to statement number 90, page 31) 
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90. Glaucoma is a condition in which the fluid pressure 
in the eye is abnormally high, often high enough to 
cause blindness. Go to page 32, 

90. As mentioned before glaucoma is a condition in which 
the pressure in the eye is abnormally high. If fluid 
is not absorbed rapidly into the canal of Schlemm, 
the pressure begins to rise. Infection or inflam
mation may also result in a high intraocular pressure, 
(return to statement number 63, page 29 and answer 
the question correctly) 

72. The irreversible anticholinesterases were used in 
chemical warfare, and are currently being used as the 
active ingredient in certain insecticides. These 
group of compounds are called the organophosphorus 
anticholinesterases. Some organophosphorus insecti
cides are parathion and malathion. Ingestion of 
these compounds usually result in death due to ex
treme depression of respiration. Phospholine iodide 
is a medicinal organophosphorus compound used in 
certain ophthalmic preparations. 

The organophosphorus agents have the following gen
eral formula: 

RI 0(S) 

P 
/ \ 

R2 X(acidic group) 

The R^ and R2 contain or
ganic groups as methyl, 
isoprophyl, methoxy, etc. 
"X" contains an acidic 
group as, fluoride, cyan
ide, etc. 

The diagram below is an illustration of organo
phosphorus anticholinesterase binding to the enzyme 
acetylcholinesterase. Irreversible inactivation 
comes about by covalent bonding of the phosphorus 
group to the active group on the enzyme. Stated in 
other terms, the enzyme is phosphorylated by the 
organophosphorus agents. Progress to statement number 
63 t page 29. 

Active site 

acetylcholinesterase 2 
enzyme 
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Aqueous humor 

1/ Vitreous 
V humor 

Flow of 
fluid 

Canal of Schlemm 

Optic nerve 

Filtration of intra 
ocular fluid at 
retinal vessels 

Ciliary body 

Extracellular fluid continually flows into and out of 
the eye. This fluid, called the aqueous humor, enters 
the eye mainly from the ciliary body. The ciliary 
body is very much like the choroid plexus located in 
the ventricles in the brain, for it contains a large 
number of arterial capillaries. The pressure in 
these capillaries is very high, so that fluid leaks 
out all the time but is never reabsorbed. Part of 
the fluid diffuses into and out of the vitreous humor, 
but the larger proportion flows around the lens into 
the anterior chamber in front of the lens. After the 
aqueous humor passes to the front of the lens, it 
flows into the angle between the iris, the structure 
that forms the pupil of the eye, and the cornea, and 
from there through small openings called the spaces 
of fontana into the canal of Schlemm. The canal of 
Schlemm is a small venous sinus that extends all the 
way around the eye. It has a very thin and porous 
wall that allows relatively free diffusion of fluid 
from the spaces of fontana into the blood. Progress 
to page 31, second paragraph 90. 
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79, Your answer was not right. A protein deposit on the 
eye could cause a cataract like condition. Continue 
to statement number 90, page 31 and learn something 
about glaucoma. 

80. Now that we know something about glaucoma lets go 
further. Can you find a reason why an irreversible 
organophosphorus compound as phospholine iodide 
would be used in glaucoma treatment? Is there any 
practical value? Which of the following explanations 
seems probable for use of phospholine iodide? 
A. Is isotonic with lacrimal secretions. (go to 

statement number 87, page 35) 
B. Anesthetizes the canal of Schlemm enabling drain

age of aqueous humor. (go to statement number 
82, page 29) 

C. Has a long duration of action resulting in con
tinued therapy. (go to statement number 65, 
page 36) 

D. Is nontoxic in any dose. (go to statement number 
81, page 35) 

66. Lets see what we have learned about cholinergic drugs 
thus far. What ultimate effect would pilocarpine 
(acetylcholine-type drug) have upon respiration? 

h~. Stimulate and increase breathing rate. (go to 
statement number 85, page 36) 

B. Slow respiration. (go to statement number 76, 
page 35) 

C. No effect. (go to statement number 94, page 35) 

86. Your answer was wrong. To find your answer study the 
chart on page 36, statement number 101. Review all 
the actions of acetylcholine and related drugs upon 
the parasympathetic nervous system before progressing 
to the next statement. 

56. Blurred vision is not the answer. Turn to statement 
number 90, page 31 and learn about glaucoma. 

58. Some of the drugs used to treat organophosphorus 
poisoning are: 
diacetylmonoxime (DAM) 
monoisonitrosoacetone (MINA) 
N-methylpyridinium-2-aldoxime(pralidoxime,protopam) 
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The mechanism of action of the drugs used to treat 
organophosphorus poisoning appear in the diagram 
below. 

c Cholinesterase CH-^O „ S 
enzyme ̂  J + ^ P/" 

J \ )\_y CH3O'" S-CHCOOC2H5 
(A) CH2COOC2H5 

Irreversible anti
cholinesterase (Malathion) 

ji ' 
.H3C - C - C 

CH: 

NOH 

Diacetylmonoxime (DAM) 

'P-l 
H3C-C=NO'/ 
H3C-C (OCH3) 2 

0 

CH^O-P-S(_) 

OCH3 

Phosphorylated enzyme 
(inactivated enzyme) 

9CH3 
H3C-C=NO-P=S 
0=C OCHO 
6H3 

Inactivated 
Malathion 
(DAM complexed 
with malathion) 

In the diagram above we observe the free cholinesterase 
enzyme which has the capability of attacking acetyl
choline. An irreversible anticholinesterase drug 
(Malathion) is administered which has a greater af
finity for the enzyme than acetylcholine. In step 
(B) the enzyme cholinesterase is inactivated. DAM 
is subsequently administered. Step (C) is the forma
tion of a complex of DAM with the phosphorylated 
enzyme. Step (D) reveals a free enzyme again and 
also the inactivated irreversible cholinesterase 
drug, malathion. 
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The high reactivity of DAM, and similar products, has 
been attributed to their ability to combine with a 
negatively charged group on the enzyme and to a high 
degree of molecular fit between the malathion (and 
related drugs) and the phosphorylated enzyme. 

In summary, it appears that DAM and related drugs 
may, both invitro and vivo, (1) react directly with 
the inhibitor (malathion), converting it to a harm
less compound; (2) react directly with the enzyme, 
thus protecting it from inhibition by malathion; 
(3) reactivate the inhibited enzyme, both in blood 
and tissues. (progress to statement number 66, 
page 33) 

87. You were incorrect. Since organic phosphates are 
irreversible the enzyme cholinesterase would be 
rendered inactive for a considerable period of time. 
This would result in a continuous therapy, which is 
an advantage because phospholine iodide would have 
to be administered only once every 12 hours. (turn 
to page 33, statement number 58) 

81. Wrong. Since organophosphates are irreversible the 
enzyme cholinesterase would be rendered inactive for 
a considerable length of time. This would result in 
a continuous therapy, which is an advantage because 
Echothiophate (phospholine iodide) would only have 
to be administered once every 12 hours. (progress 
to statement number 58, page 33) 

76. Absolutely right. Continue on to statement number 
83, page 38. 

94. Incorrect. Remember that acetylcholine and related 
drugs as pilocarpine will slow respiration and heart 
rate. Acetylcholine will also increase gastroin
testinal secretions and peristaltic activity. (pro
gress to statement number 92, page 38) 

100. Wrong. Remember that acetylcholine and related drugs 
stimulate the production of saliva and gastroin
testinal secretions. (progress to statement number 
101, page 36) 
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Organ 
Effect of parasympathetic 

stimulation 

Eye: Iris 
(circular muscle) 

Eye; Ciliary muscle 

Digestive glands 

Salivary glands 

Heart muscle 
Coronary vessels of 

heart 
Heart conduction 
Bronchi 
Body of the bladder 
Sphincter of 

bladder 
Lumen of the gut 

Sphincters of gut 
Systemic blood 

vessels 
Sweat glands 
Kidney 
Basal metabolism 

Miosis (contraction of the 
circular muscle) 

Contraction (accommodation 
for near vision) 

Stimulation of secretions 
and enzymes 

Increase of salivary pro
duction 

Decreased activity 
Vasoconstriction 

Decreased conduction 
Constricted 
Stimulated 
Relaxed for urination 

Increased peristalsis and 
tone 

Relaxed 
No effect 

No effect 
No effect 
No effect 

(progress to statement number 83, page 38) 

65. Your answer was quite right. Progress to statement 
number 58, page 33. 

85. Wrong, Remember that acetylcholine and acetylcholine-
like drugs will slow respiration and heart rate. 
Acetylcholine will also increase gastrointestinal 
secretions and peristaltic activity. (go to state
ment number 92, page 38) 

67. Continued from page 42. 

The effect of atropine on the heart is an increase 
in heart rate. It should be noted that there is an 
initial slowing of the heart rate. This decrease 
has been attributed to a stimulation of the cardio-
inhibitory center in the medulla. The slowing of the 
heart is succeeded by a definite cardiac acceleration. 
This is due to the interference with the transmission 
of tonic vagal impulses to the cardiac muscle. The 
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maximum elevation of heart rate produced by atropine 
is an indication of the degree of control normally 
exerted by the vagus nerve on the sinoauricular node. 

Atropine has only minor effects on the central nervous 
system. Atropine is a weak respiratory stimulant and 
is not considered to be effective in counteracting 
the respiratory depression in poisoning by barbiturates 
or morphine. Atropine docs depress the reticular 
activating system to a slight extent. The reticular 
activating system is located in the lower portion of 
the brain. Depression of the reticular activating 
system results in drowsiness and sleep. It should be 
noted that scopolamine, an analogue of atropine, is 
about a hundred times as'potent as atropine in de
pressing the ret.icu.lrir activating system. This .is 
the reason why scopolamine is found in numerous over-
the-counter sleeping preparations. 

Atropine and related compounds reduce the tone, 
motility, and secretions of the alimentary tract. The 
relaxant effect on smooth muscle of the biliary tract 
induces an increased flow of bile through the biliary 
tract. 

Atropine and its analogues diminish the tone of the 
fundus of the bladder and increase the tone of the 
vesical sphincter. In consequence, atropine may con
tribute to the retention of urine which is often 
troublesome after surgical operations. 

The exocrine sweat glands of the human skin are sup
plied by cholinergic nerves of the sympathetic por
tion of the autonomic nervous system. This was 
mentioned previously. Accordingly, sweating is 
diminished or abolished by small doses of atropine. 
One of the most obvious effects of ordinary doses of 
atropine and related compound', is the dryness of the 
mouth. These drugs are very effective .in preventing 
the flow of saliva. An old t; . d.ieval trick was to give 
a hungry person a glass of .;ine containing belladonna. 
The person was then placed before a tasty meal and 
was unable to eat because of the loss of hunger and 
the extreme dry mouth. Continue this topic on page 
46, statement number 67 -.'gain. 
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87 

92, In what way would administration of neostigmine 
effect the flow of saliva? 
A. No effect. (go to statement number 100, page 35) 
B. Decrease secretion with resultant thick mucoid 

saliva. (go to statement number 86, page 33) 
C. Increased thin watery flow of saliva. (go to 

statement number 78, page 39) 

83. If you care to take a break this would be an ideal 
time to do so. 

Thus far we have talked about drugs which enhance 
the effects of the parasympathetic nervous system. 
From this point we will be concentrating our efforts 
on another aspect of pharmacology which concerns the 
parasympathetic nervous system and drugs which 
inhibit or decrease the effect of the parasympathetic 
nervous system. The group of drugs responsible for 
attenuating the effects of the parasympathetic 
nervous system are called parasympatholytics. Below 
you will find a list of some parasympatholytic drugs. 
You may recognize some of the drugs as ingredients 
in pharmaceutical preparations. 

Atropine Oxyphenonium (Antrenyl) 
Homatropine Methantheline (Banthine) 
Scopolamine Isopropamide (Darbid) 
Pipenzolate (Piptal) Hexocyclium (Tral) 
Piperidolate (Dactil) Propantheline (Pro-banthine) 

In order to explain the mechanism of action for these 
parasympatholytic drugs we will use the classical 
drug atropine as an example. If you know the mechan
ism of action of atropine in inhibiting the para
sympathetic nervous system please choose the correct 
answer below. If you do not know the mechanism of 
action for the parasympatholytic drugs turn to page 
41, statement number 67. Your answer . 
A. Atropine causes enzymatic degradation of acetyl

choline. (go to statement number 99, page 44) 
B. Atropine competes with acetylcholine for the 

receptor site thus preventing acetylcholine from 
combining with the receptor. (go to statement 
number 73, page 45) 

C. Atropine causes partial destruction of the re
ceptor site causing the receptor to be insensitive 
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to acetylcholine. (go to statement number 88, 
page 39) 

D. Atropine increases the concentration of acetyl
cholinesterase which results in rapid destruction 
of acetylcholine. (go to statement number 97, 
page 43) 

78. Absolutely right. Progress to statement number 83, 
page 38. 

88. Wrong. Turn to statement number 67, page 41 and learn 
something about atropine and its mechanism of action. 

69. Your response to the question was wrong. When 
atropine is administered to human subjects the pulse 
rate usually shows a temporary and moderate decrease. 
This decrease has been attributed to a stimulation 
of the cardioinhibitory center in the medulla. The 
slowing of the heart is succeeded by a definite 
cardiac acceleration, because of interference with 
the transmission of tonic vagal impulses to the 
cardiac muscle. Progress to statement number 89, 
page 43. 

91. Wrong. Turn to statement number 105 to learn about 
the parasympatholytic drug atropine and its influence 
on the urinary bladder. (statement number 105 is on 
page 45) 

Your response to the question was incorrect. Depres
sion of the reticular activating system is a definite 
advantage in sleeping preparations. Progress to 
statement number 96, page 3 9 and learn something 
about the reticular activating system. 

96. This statement is reserved for a review of the 
reticular activating system and its functions. 

Stimulation of portions of the brain stem and thalamus 
greatly increases the activity of the cortex. Stimula
tion anywhere along the arrows shown in the diagram on 
page 4 0 will cause impulses to spread upward and 
eventually to excite the cortex. This system is 
called the reticular activating system, and it is 
divided into two separate parts, the mesencephalic 
and the thalamic part. Turn to page 40 for an 
illustration of the reticular activating system. 
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THE RETICULAR ACTIVATING SYSTEM 

The reticular acti- f 
vating system, show- V 
ing by the arrows 
passage of impulses 
from the reticular 
substance to all parts 
of the cortex. 

Progress to page 43, statement number 96 again. 
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Atropine is one of the "older" drugs used in various 
galenical preparations. Atropine is extracted from 
the plant Atropa Belladonna, better known as "deadly 
nightshade". Atropine, the drug extracted from 
Atropa Belladonna, was named after Atropos, the eldest 
of the three Fates of Greek Mythology and the one 
whose duty it was to cut the thread oi" life. Bella
donna is actually an Italian name meaning "beautiful 
lady". Atropine and belladonna were used by Venetian 
ladies to give them sparkling eyes. Belladonna has 
had many other uses and its potency was recognized 
by many medieval people. 

Atropine and related drugs are important pharmacologic 
tools and have widespread therapeutic uses. They are 
potent blocking agents of the muscarinic actions of 
acetylcholine and consequently prevent the tonic 
activity of cholinergic fibers at some sites. In 
addition, some of the drugs of this series have 
central nervous system actions which are important 
in the treatment, of Parkinson's disease and poisoning 
due to alkyl phosphate compounds and in the preven
tion of motion sickness. Because of.' their muscarinic 
blocking effect, drugs of the atropine series find 
wide application in preventing reflex vagal slowing 
of the heart, as antispasmodics of the gastroin
testinal tract, and as mydriatics (drug which dilates 
the pupil) and cycloplegios (a drug which causes 
paralysis of accommodation). 

According to current hypothesis, atropine combines 
revex's.ib,'y with receptor groups on effector cells, 
probably the same receptors to which molecules of 
acetylcholine normally attach themselves. The atro
pine molecule cannot initiate the sequence of events 
which causes excitation (or inhibition, as the case 
may be), but they prevent the molecules of acetyl
choline from exerting their normal function. Atropine 
is thought to compete wi >. h acetylcholine for attach
ment to the receptor,?.. it does not prevent the 
l iberation of acetyl chc no at nerve endings, nor 
does it combine chcmica1ly with acetylcholine. In 
conclusion, atropine an related drugs in normal 
doses compete with acetylcholine for the receptor 
site at the postganglionic parasympathetic nerve 
endings. Observe the diagram on page 42. 
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PARASYMPATHETIC NERVE 

fiiffflgraUiraiifi 

Ganglion 

i 

/ 

Postgangli' Organ sensitive 
to stimulation 
by acetylcholine 

Injection of atropine results in attachment of atro
pine to the receptor site sensitive to stimulation by 
acetylcholine. A nerve impulse travels down the 
parasympathetic nerve with subsequent liberation of 
acetylcholine from the nerve ending. Acetylcholine 
is now prevented from attaching to its receptor site 
because of preoccupation by atropine. Acetylcholine 
is then hydrolyzed by cholinesterase in the usual 
manner. Continue on page 36, statement number 67. 
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89, What effect would administration of atropine have on 
the urinary bladder? __ 
A. Stimulation of the bladder fundus and relaxation 

of the sphincter, causing urination. (go to state-
ment number 91, page 3 9) 

B. Relaxation of the bladder fundus and stimulation 
of the sphincter, causing urinary retention. (go 
to statement number 102, page 44) 

C. No effect. (go to statement number 70, page 41) 

97. Incorrect, Turn to page number 67, statement 41 and 
read about the parasympatholytic drug atropine and 
its mechanism of action. 

95, Your response to the question was not correct. De
pression of the reticular activating system is a 
definite advantage in sleeping _preparations. Progress 
to statement number 96, page 39 and enlighten your
self about the reticular activating system. 

96. This statement is continued from page 39. 

The mesencephalic part of the reticular activating 
system is composed mainly of. the reticular substance 
in the mesencephalon and the reticular substance of 
the upper pons. Stimulation of this region causes 
very diffuse flow of impulses upv/ard through wide
spread areas of the thalamus and thence to widespread 
areas of the cortex, causing generalized increase in 
cerebral activity. 

The thalamic portion of the reticular activating 
system differs from the mesencephalic system in that 
stimulation here activates localized region.?, of the 
cerebral cortex. Stimulation posteriorly in the 
thalamus activates posterior parts of the cerebral 
cortex while stimulation anteriorly activates anterior 
parts of the cortex. Tims, signals from specific 
parts of the thalamus can cill forth activity in 
specific parts of the corte>: rather than activating 
the entire cortex. 

The reticular activating system itself must be stim
ulated to action by inpuI signals from other sources. 
When an animal is cisleep, the reticular activating 
system is in an almost totally dormant state, yet 
almost any type of sensory signal, can immediately 
activate the system. For instance, pain stimuli 
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from any part of the body, or propioceptor signals 
from the vestibular apparatuses, from the joints, 
and so forth can all cause immediate activation of 
the reticular activating system. This is called the 
arousal reaction, and it is the means by which 
sensory stimuli awaken us from deep sleep. Progress 
to page number 47, statement 96 again. 

104. Your response to the question was wrong. Turn to 
page number 44, statement 103 and enlighten yourself 
about the mechanism of action for .hemicholinium. 

102. Atropine and other parasympatholytic drugs depress 
the reticular activating system. Scopolamine, an 
alkaloid with similar influences on effector organs 
is about 100 times as potent as atropine in depressing 
the reticular activating system. What practical 
is made of scopolamine in pharmaceutical prepara- . 
tions? 
A. Cough suppressant. (turn to statement number 

74, page 39) 
B. Emetic preparations. (turn to statement number 

95, page 43) 
C. Sleeping preparations. (turn to statement num

ber 96, page 39) 
D. Anticonvulsant. (turn to statement number 75, 

page 45) 

99. Your answer was incorrect. Turn to page 41, statement 
number 67 to enlighten yourself about atropine and 
other parasympatholytic drugs. 

103. Hemicholinium is very interesting because it interferes 
with the release of acetylcholine. Hemicholinium is 
a synthetic compound which blocks the transport 
system by which choline accurrurmlates in the terminals 
of the cholinergic fiberr. The result is a limitation 
of synthesis of acetylcholine available for release 
from the synaptic vesicios. The mechanism for hemi
cholinium action is shc.-.n in the diagram below. 
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Synaptic gap and 
rec ptor site. 

/, 

vesicles where synthesis 
of acetylcholine takes 
place ,t, 

-------.... "D1'~ ... ...._ ,. .. ,.(~...:.0,.. 

: 
Acetylcholine + cl! . .:).~ :; n·· i 
e terase ~ CHOLINE + I 
Acetic acid. 1 

Acetyl CoA + Choline = 
acetylcht. line. 

Choline is normal J._.; ·: ... ::· z:.: .. ·~.:-~ __ :··) rted to the sy1 apt.ic 
vesicles by a mec .. :..dlL!. .·· Hl :·~P.·t. led the choline trans
port system. ThercfoJ:(~ ;~·:.r-- tylcholine cannot be 
synthesize~, which dcc:o~:~s or elimjnates the 
amoun·t of free ace· .y J cJ: .. ) ... i .. 1e availab .. e for attach
ment to the recep·tor ~:-: :i .. t 1.:. 

Hemicholinium 
syc·tem 

CHOLINE from breaku'l'vl: u ~: 
sysJceme r---- choline transpor·t 

Progrecs to statement nurn:ber 77, page 50. 

73. From the knowled~e we hav~ gained from the study o f 
ace-ylcholine and o ther cholinergic drugs what ul
t imate effect would adninistration of atropine have 
on heart rate? 
A. No effect. (go io statement number 69, age 39) 
B. In'tial increase of heart rate ~ith c onsequent 

slowing of heart rate. (go to statement numbe~ 
98, page 47 ) 

C. In 'tial slowing of heart rate with consequent 
i ncrease f heart r~tc. (go to statement number 
89, page 43) 

10 5 . Atropine and its analogues aecrease the motor effects 
o f the setcral nerves supplying the bladder. Thera
peut.ic ~oses are ·thought. 1.1 diminish t he tone of the 
fundus of the bladder a d ~o increase the tone of 
t he vesical sphinc·ter . IJ.'Le result is a prompt urinary 
r etenti n . Note lhat the parasynpatholytic drugs 
h ave the exac opposite =~ffecJcs that acetylcholine 
would ins t il . (P r ogrc3s to statement number 102, 
page 44) 

7 5. Your response ·o the que s tion was not corrcc'·. D=-
p :r: ,ssion o f the reticul~ T actj vatj i.;g sy .... rem is a 
d efini e advantage in · .1 ~ ·· eping :;r(;iJarations. Progress 
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to statement number 96, page 39 and learn something 
about the reticular activating system. 

93, Hemicholinium is a very interesting drug which in
hibits the cholinomimetic action of parasympathetic 
nerve endings. Which of the following statements 
explains the mechanism of action for hemicholinium? 

h~. Biodegradation of acetylcholine rendering it in
active. (go to statement number 103, page 44) 

B. Attachment to the receptor site preventing acetyl
choline from exerting its action. (go to state
ment number 106, page 47) 

C. Attachment to the synaptic vesicles preventing 
acetylcholine from being released from the 
vesicles. (go to statement number 104, page 44) 

D. Prevention of the synthesis of acetylcholine re
sulting in lack of cholinomimetic action. (go 
to statement number 77, page 50) 

67. Continued from page 37. 

The secretions of the nose, pharynx, and bronchi are 
greatly reduced by ordinary doses of atropine and 
related products. The smooth muscles of the bron
chioles are slightly relaxed by the blocking of 
constrictor effects of the vagus nerve. 

The interdigestive secretion, i.e., the secretion 
when no food is in the stomach, may be caused by 
vagal stimulation, and atropine does block this. 
The secretion of pepsinogen is markedly reduced 
following the injection of atropine, and there is a 
concomitant accumulation of pepsinogen in the gastric 
mucosa. Atropine also blocks the secretion of pan
creatic juice. 

The circular smooth muscles of the iris, which con
strict the pupil, are innervated by cholinergic 
fibers. Fibers from the cholinergic nerves also 
cause contraction of the ciliary muscles, thus 
slackening the suspensory ligament of the lens and 
allowing the lens to become more convex. Atropine 
and related drugs block the effects of acetylcholine 
at both locations, causing mydriasis (dilation of 
the pupil) and cycloplegia (paralysis of accommoda
tion) . Mydriasis is due to the unopposed action of 
the radial fibers of the iris which are controlled 
by adrenergic nerves. Relaxation of the ciliary 
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muscle by atropine tends to occlude the angular space, 
and dilation of the pupil caur.es the iris to crowd the 
angular space and thus obstruct the access of fluid 
to the venous sinus. The result is aggravation of 
the increased ocular pressure of glaucoma. Atropine 
and other cycloplegics and mydriatics SHOULD NOT be 
used in the eyes of patients with glaucoma. Pro
gress to statement number 73, page 45. 

98. Your response to the question was incorrect. When 
atropine is administered to human subjects the pulse 
rate usually shows a temporary and moderate decrease. 
This decrease has been attributed to a stimulation of 
the cardioinhibitory center in the medulla. The 
slowing of the heart is succeeded by a definite 
cardiac acceleration, because of interference with 
the transmission of tonic vagal impulses to the 
cardiac muscle. Continue on to statement number 89, 
pao e 4 3. 

70. Your response to the question was not correct. Go 
to sLatement number 105, page 4 5 and learn about the 
parasympatholytic effect of atropine on the bladder. 

106. Your response to the question was incorrect. Turn to 
page number 44, statement 103 and learn about the 
meclicinism of action for hemicholinium. 

96. Activation of the reticular activating system in
tensifies the degree of activity of the cerebral 
cortex, and in turn, increased activity .in the cerebral 
cortex increases the degree of activity of the re
ticular iictivating system, thus setting up a cycle 
that causes continued intense excitation of both 
these regions. 

The reticular activating system is also involved in 
another feedback loop as follows: It sends impulses 
down the spinal cord to increase the tone in all the 
muscles of the body. In trim, the .increased tone 
excites muscle propioceptors that send sensory im
pulses upward to excite 1.h.3 reticular activating 
system. 

One can readily see, therefore, that either or 
both of these feedback .loops involving the reticular 
activating system would stiniu] ate all other parts of 
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the brain, thereby creating a state of wakefulness. 
Progress to statement number 93, page 46. 

109, This statement is continued from page number 7, 
statement 3. 

It should be noted that several nerve centers in the 
brain influence or control autonomic functions. The 
greatest area of importance is the hypothalamus, which 
is concerned with regulation of body temperature and 
metabolism. The diagram on page 49 illustrates the 
autonomic centers in the brain. 

77, This statement is continued from page 52. 

There are many analogues which have the parasym-
pathomimetic characteristics of acetylcholine. 

The action of acetylcholine and similar drugs can be 
enhanced and prolonged by drugs which inactivate the 
enzyme cholinesterase. These drugs are called anti
cholinesterases and they are broken down into two 
groups. These two groups consist of: (1) reversible, 
and (2) irreversible anticholinesterases. 

There are drugs which can prevent acetylcholine from 
stimulating the parasympathetic effector organs. 
These drugs are called parasympatholytics and they 
occupy the receptor site preventing acetylcholine 
from combining with the receptor site. Atropine is 
a classical parasympatholytic drug. 

Another method of preventing acetylcholine from 
stimulating the parasympathetic effector organs is 
to actually prevent the synthesis of acetylcholine 
in the synaptic vesicles. Hemicholinium is a drug 
which prevents the synthesis of acetylcholine. 
Progress to statement number 107, page 48. 

This concludes the programmed text of the para
sympathetic portion of the autonomic nervous system. 
Review any of the material if you desire. After you 
have completed this text set it aside and take the 
posttest on page 56. 

108. Absolutely right. Progress to statement number 8, 
page number 3. 

107. 

/ 
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THE MAJOR AUTONOMIC CENTERS IN THE BRAIN STEM 

Sympathetic center Heat control 

Urinary bladder control Parasympathetic 
center 

Pneunotaxic center 
•Water balance 

Cardiac acceleration 
and vasoconstriction Appetite control 

Hypothalamus 

Anterior 
pituitary 

Expiratory center 
Medulla 

Vasodilation 

Inspiratory center 

Progress to statement number 6, page 11. 
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77. You're doing fine. This is a good time to take a break 
if desired, This statement is reserved for a general 
review of the material, covered in this text. If you 
feel weak in any of the areas covered., page through the 
text and review the material. 

The human body is innervated by two nervous systems: 
(1) the somatic nervous system, and (2) the autonomic 
nervous system. 

THE AUTONOMIC NERVOUS SYSTEM 

This is the para
sympathetic portion 
of the autonomic 
nervous system (ivNS) , 
It originates in the 
cranial and sacral 
segment of the spinal 
cord. 

e—-a-

This is the sympathetic 
portion of the autonomic 
nervous system (ANS). 
It originates from the 
thoracic and lumbar por
tion of the spinal cord, 
called th • thoracic-
lumbar outflow. 
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Sympathetic and parasympathetic nerves differ in 
several ways. See below. 

SYMPATHETIC NERVE 

Postganglionic fiber (long) nil 
Preganglionic j 
nerve (short) / 

Liberates 
acetylcholine at 
the nerve ganglion. 

Can have many postganglionic 
nerves attached to one pre
ganglionic fiber. 

/ < 
/ 

Liberates norepinephrine 
at the postganglionic site 

Smooth muscle 
or gland. 

Continue on the next page. 

(51) 



101 

This is continued from page 51. 

PARASYMPATHETIC NERVE 

Postganglionic nerve (short) 
Preganglionic nerve fiber (long) ^ 

c> 

/ 
Acetylcholine is liberated here. 

Acetylcholine is liberated here. 

The parasympathetic portion of the ANS liberates acetyl
choline at the pre and postganglionic sites. Acetylcholine 
is synthesized and stored in the vesicles at the nerve 
endings. A nerve impulse liberates acetylcholine which 
combines with the receptor site on the effector organ. 
Acetylcholine is then destroyed by an enzyme acetylcholin
esterase, an enzyme which is also synthesized and stored 
in the nerve ending. 

Effector organ 

Acetylcholine is synthesized and 
stored in the nerve ending. A 
nerve impulse initiates liberation 
of acetylcholine which travels across 
the synaptic gap and combines with 
the receptor site on the effector 
organ. 

Acetylcholinesterase attacks acetylcholine and breaks it 
down to CHOLINE and ACETIC ACID. Go to statement 77, 
page 48. 
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You'xe doing fine. The next two pages are reserved 
for a general review of synthesis and breakdown of 
acetylcholine. If you are familiar with this par
ticular topic skip these pages and progress to state
ment number 62, page 27. 

nucleus 

O—Jl 

endoplasmic reticulum 

mitochondria -

cytoplasm 

TYPICAL CjZLL 

— golgi body 

nucleolus 

Active acetate -l CO-A 

(enzyme) 
0 

(CH3-C) 

Acetyl-COA + Choline 
O 

(CH3-C-COA) 

Choline acetylase 
(important enzyme) 

0 + 
CH3-D-0-CH2-CH2-N(C13 3) 
(acetylcholine) 

MITOCHONDRIA 
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Synthesis of acetylcholine is an intracellular 
process which occurs in the mitochondria of a cell. 
Acetylcholine is then stored in the synaptic vesicles 
of a nerve ending. 

Synapse 

EasiiSangl ionic Preganglionic 

Calcium has been hypothesized to play a role in the 
release of acetylcholine by nerve endings. Influx 
of calcium into the synaptic space results in a 
less viscous ana more permeable synaptic vesicle. 
Laboratory evidence has shown that a decrease in 
the concentration of calcium in the sy -..ptic space 
results in a decrease of acetylcholine release from 
the nerve ending. 
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Acetylcholine con ine~ with the receptor c ' te. 

Acetylcholinesterase attacks acetyJcholine 

.. 

0 
II + 

cr 3 C;..COOH + (CH3 ) 3 .... N-CH 2-cH 2-oH 

,Acetic acid Choline and produces 

Acetylcholinesterase is also synthecized and stored 
' n nerve endings. As a nerve impulse approaches the 
n rve ding ac~tylcholine is releaseJ fr om synaptic 
v esicles and combines wi h receptor ~; .... s on the 
J.. ostgang·lionic nerve or effec-tor o:t.. y <. · - At ·this 
t ' me acetylcholinesterase{ the hydro l J ;·ing enzyme, 
COll binns with i ts substrate acety ch ·J ine. Th __ net 
r esult is a formation of holine and acetic ac id 
( s _e above reaction). By me c- hanism o·c a choline 
transport system choline if- <.Y.'dl1sfcr ~ "-d to the 
mi·tochondria and is again ·. ··. ~ ·:·c l for sy::i. hesis of 
· c e ty choline. (progresc t· o stateme -1·t number 62, 
nage 27) 

( 55) 



APPENDIX C 

PRETEST AND POSTTEST 

105 



106 

Date 

This is a multiple choice test. After all the questions 
have been answered insert the exam into the enclosed en
velope and seal it. 

1. The two main nervous systems which innervate the body 
are . (indicate your answer by selecting the 
proper letter) 
A. Single and Compound nervous system. 
B. Striated and Nonstriated nervous system. 
C. Somatic and Autonomic nervous system. 
D. Parasympathetic and Sympathetic nervous system. 
E. Don't know. 

2. One of the features which distinguish a parasympathetic 
nerve from a sympathetic nerve fiber is . 
A. Sympathetic nerves have a long preganglionic and 

short postganglionic nerve fiber. 
B. Parasympathetic nerves have a long preganglionic 

and a short postganglionic nerve fiber. 
C. Sympathetic nerves are myelineated while para

sympathetic nerves are nonmyelinated. 
D. Parasympathetic nerves only have a postganglionic 

nerve fiber, 
E. Don't know. 

3. The primary parasympathetic neurotransmitter stimu
lates the appropriate effector organ by . 
A. Release of positive ions near the receptor organ. 
B. Causing chemical irritation in the receptors on 

the effector organ. 
C. Inducing electrical stimulation of the effector 

organ. 
D. Combining with receptor sites on the effector 

organ. 
E. Don't know. 

4 .  Parasympathetic nerve stimulation is terminated in a 
unique manner. The process by which the neurotrans
mitter abates its influence of the parasympathetic 
effector organ is . 
A. Enzymatic biodegradation of the neurotransmitter 

rendering it inactive. 
B. Emission of another neurotransmitter which exerts 

a contradictory action. 
C. Termination of impulses by cerebral nervous 

control. 
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D. Degradation of the receptor site preventing the 
neurotransmitter from exerting any influence on 
the effector organ. 

E. Don't know. 

Parasympathetic nerve stimulation causes of 
digestive juice secretion. 
A. No decrease. 
B. No effect. 
C. An increase. 
D. An increase followed by an immediate decrease. 
E. Don't know. 

Drugs which potentiate or prolong the action of para
sympathetic nerve stimulation are called . 
A. Parasympathomimetic drugs. 
B. Parasympatholytic drugs. 
C. Adrenolytic drugs. 
D. Autonomic drugs. 
E. Don11 know. 

The neurohumoral transmitter emitted at postganglionic 
parasympathetic nerves is . 
A. Norepinephrine, 
B. Serotonin. 
C. Acetylcholine, 
D. Gamma amino butyric acid. 
E. Don't know. 

There are two types of drugs which prevent termination 
of parasympathetic nerve stimulation by preservation 
of the neurotransmitter. The name given to these 
drugs are . 
A. Long and short acting parasympatholytics. 
B. Reversible and irreversible anticholinesterases. 
C. Adrenolytic and adrenergic anticholinesterases. 
D. Saturated and unsaturated parasympathetic re-

juvinators. 
E. Don't know. 

Certain drugs prevent stimulation of parasympathetic 
receptor organs. An example of such a compound is 
A. Reserpine. 
B. Atropine. 
C. Alpha methyl dopa. 
D. Digitalis. 
E. Don't know. 
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10. Parasympathetic nerve stimulation influences the pupil 
diameter of the eye. The observed effect is . 
A. Dilation of the pupil. 
B. Constriction of the pupil. 
C, Ko change, 
D, Don't know. 

11. A disease of the eye which can be treated by a para
sympathomimetic drug is . 
A. Pheochromocytoma. 
B. Nystagmus. 
C. Miosis. 
D. Glaucoma. 
E. Don't know. 

12. The drug hemicho.linium has an .interesting mechanism of 
action whose ultimate effect is . 
A. Prevention of the synthesis of the parasympathetic 

neurotransmitter. 
B. A profound potentiation of parasympathetic nerve 

stimulation. 
C. Selective potentiation of parasympathetic nerve 

stimulation. 
D. Sensitizing the receptor site to the parasympa

thetic nerve transmitter. 
E. Don't know. 

13. Recent evidence indicates an ion necessary for release 
of the parasympathetic neurotransmitter from the nerve 
ending. The ion is . 
A. CU++ 
B. MG++ 
C. CA++ 
D. CL~ 
E. Don11 know. 

14. If you had intestinal cramping and had a choice of 
two drugs which drug would you take to eleviate the 
cramping? 
A. A parasympathomimetic drug. 
B. A parasympatholytic drug. 
C. Don't know. 
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se answer the following questions. 

I received my pharmacy degree by 
A, Attending a college oi' pharmacy. 
E. Fulfilling an internship program v/ithout attending 

pharmacy school. 

I w:i'j enrolled in a (2,3,4,5,6) year curriculum. 

I am in the field of . 
A. Retail pharmacy. 
B. Hospital pharmacy. 
C. Clinical pharmacy. 
D. "Other, Specify 

X graduated from the college of pharmacy in year 

My opinion is that the programmed text material was 

A. Too simple. 
B. Too difficult. 
C. Adequate. 
D. No opinion. 

The programmed text statements 
A. Could have been explained better. 
B. Were poorly worded. 
C. Were adequate. 
D. No opinion. 

Progressing through the programmed instructional 
material . 
A. Was boring to me. 
B. Became tiresome after a while. 
C. Kept me interested. 
D. No opinion. 

If I had the opportunity to take another continuing 
education course I would suggest . 
A. Another programmed text. 
B. A correspondence course. 
C. Reading the appropriate book. 
D. No opinion. 



Ill 

9, After completing the programmed text X feel , 
A, That X have gained nothing. 
B, I have learned something. 
C, There is no advantage to a programmed text. 
D, No opinion. 

10. I ( ) have, ( ) have not, participated in a continuing 
education program. List dates of participation below. 

THANK YOU FOR YOUR COOPERATION 
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E-l. List of pretest and posttest scores indicating the 
number of correct responses. (There are a total 
of 14 items on the pretest and posttest.) 

Pretest Posttest 2 Pretest Posttest 2 
score score D D score score D D 

5 13 8 64 1 9 8 64 
1 14 13 169 1 13 12 144 
7 11 4 16 2 10 8 64 
9 14 5 25 5 13 8 64 
3 12 9 81 4 11 7 49 
2 13 11 121 2 13 11 121 
2 13 11 121 1 12 11 121 
3 13 10 100 1 13 12 144 
5 12 7 49 6 14 8 64 
1 13 12 144 4 13 9 81 
6 12 6 36 2 12 10 100 
1 11 10 100 5 13 8 64 
4 10 6 36 0 12 12 144 
0 9 9 81 3 13 10 100 
2 13 11 121 3 12 9 81 
2 12 10 100 3 12 9 81 
2 13 11 121 2 13 11 121 
4 12 8 64 0 9 9 81 
3 11 8 64 2 10 8 64 
6 11 5 25 4 13 9 81 
1 10 9 81 2 11 9 81 
2 12 10 100 6 13 7 49 
4 10 6 36 3 12 9 81 
6 13 7 49 2 13 11 121 
0 9 9 81 2 11 9 81 

N = 50 N = 50 

E = 147 E = 596 E = 449 E = 4231 

X = 2.94 X = 11.92 15 = 8.98 

S.D. = 2.00 S.D. = 1.37 
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E-2, Calculation of "t" test for difference between means. 

t = 

\i 

•4 

t = Jo 

E d 
N(n-l) 

8.98 

199 
2450 

8.98 
.0468 

d2 = E D2 - E (D)2 

N 

= 4231 - 201/601 
50 

E d= 199 

t = 41.478 

49 df at 0.005 = 2.629 

P >0.005 
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BASIC PROGRAMMING LANGUAGE 

ILLEGAL CONSTANT 

ILLEGAL RELATION 

ILLEGAL LINE NUMBER 

ILLEGAL INSTRUCTION 

ILLEGAL VARIABLE 

INCORRECT FORMAT 

END IS NOT LAST 

NO END INSTRUCTION 

NO DATA 

UNDEFINED FUNCTION 

More than nine digits or incorrect 
form in a constant number, or a 
number out of bounds ( 5.78960E76). 

Something is wrong with the rela
tional expression in an IF-THEN 
statement. Check to see if you 
used one of the six permissible 
relational symbols. 

Line number is of incorrect form, 
or contains more than five digits. 

Other than one of the 16 legal 
BASIC instructions has been used 
following the line number. 

An illegal variable name has been 
used. 

The format of an instruction is 
wrong. See especially IF-THEN's 
and FOR's. 

Self-explanatory, it also occurs 
if there are two or more END 
statements in the program. 

The program has no END statement. 

There is at least one READ state
ment in the program, but no DATA 
statements. 

A function such as FNF () has been 
used without appearing in a DEF 
statement. Check for typographical 
errors. 
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UNDEFINED NUMBER 

TOO MUCH DATA 

TOO MANY LOOPS 

FOR WITHOUT NEXT 

OUT OF DATA 

SUBSCRIPT ERROR 

TELEPHONE DIAL 

ORIG (Originate) 

CLR (Clear) 

LCL (Local) 

BUZ-RLS 
(Buzzer Release) 

The statement number appearing in 
a GOTO or IF-THEN statement does 
not appear as a line number in the 
program. 

There is too much data in the 
program. 

There are too many FOR-NEXT com
binations in the program. The 
upper limit is 26, 

A missing NEXT statement. This 
message can also occur in conjunc
tion with the previous one. 

A READ statement for which there 
is no DATA has been encountered. 
This may mean a normal end of your 
program, and should be ignored in 
those cases. Otherwise, it means 
that you haven't supplied enough 
DATA. In either case, the program 
stops. 

A subscript has been called for 
that lies outside the range speci
fied in the DIM statement, or if 
no DIM statement applies, outside 
the range 0 through 10. The 
program stops. 

For dialing telephone numbers. 

Button is depressed to obtain a 
dial tone. 

Button is depressed to turn off 
teletypewriter. 

Button is depressed to perform 
local off-line work such as tape 
punching. During local operation, 
you cannot connect with the system. 

Buzzer sounds when paper supply is 
low. Depress key to silence buzzer, 
then replace paper roll. 
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NORMAL-RESTORE 

ANS and TST 

BRK-RLS 
(Break Release) 

Loudspeaker 

Letters 

SHIFT and Control 
keys 

RETURN 

LINE FEED 

REPT (Repeat) 

RUBOUT 

Should always point to NORMAL. 

Not used by the system. 

Depress to free keyboard after a 
break signal. (Break signal 
causes keyboard to lock) 

Usually located under the keyboard 
at the right. A volume control 
knob permits you to adjust the 
volume. When knob is turned fully 
counterclockwise the dial tone 
will not be audible. 

Letters of the alphabet are 
printed in capital letters only. 

These keys are non-locking and 
must be held depressed when typing. 

Returns the carriage to the left 
margin. 

Moves the paper up one line at a 
time. 

To repeat a teletypewriter char
acter, you must hold this key de
pressed while you strike the 
desired character key. Release 
the latter and hold the REPT key 
until the desired number of char
acters have been typed. (If 
it is an upper case character, 
the SHIFT key must be held along 
with the REPT key) 

Use this non-printing key, follow
ing operation of the RETURN key, 
to end a program line of paper 
tape input. You may also use it 
in conjunction with the backspace 
button on the tape punch to delete 
errors in punching tape. 



ALT MO.DE or ESCAPE 
or CONTROL with ~ 

HERE IS 

L ENGTH 

LIS'r 

NE 

OLD 

RENA1'1E 

RUN 

RUN (typed during 
a c omp ta.ti n) 

SAVE 

SCRATCH 
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Tb. ~_;-; .:.c. ·:s you delete ~he line cur
;:t:·:.;y~~ J y 1.:~ -:-:.' ng entered i 1to the time~ 
~:,hd r·:i !·1·:~ system. iihis key is some 
ti1 ~ 1 c! ·· n:2.rkcd ESC .. 

Tr a n.f_"·:·:~ - ~- ,~ and prir·t:s whatever is 
on t}~ ~.:: ;::,. r S\"'er· ... bac:~. drum o 

i · e :.:.: t l:! e , ser orne idea of the 
J.c· ·~gt'2 cf the prog .... ar to the 
nca:r· t: E~ ·-. 2 0 0 charac t ers. A max
.;_r. t1.J.:J'. .L ~~ ;· ... ~rth of 6 4 0 0 characters 
is p o x-r.d. t-'ced in any one program 

Causes ··n up-to-date l is ing of 
the program to be typed out . 

: ·-.ses the program currently being 
or ked on and asks f o x a · NE~\1 

PI o · )LEM NAME. 

Era~es · . h~ program currently be ·.ng 
wor~~d on and asKs for an OLD 
P H.OBLEr'.i NAl'1E ~ 

Permits you to change the problem 
name o~ the program currently 
being worked on, but does no · 
destroy he programe 

Begins the c omputation of a 
p rogram 

Gives an indication tha _ a program 
i running ar.. ho 1 much machine 
.J.me h as elapsed since the r 1:tn 

begane 

SaveQ t he program intact for later 
u se. (To retrieve saved programs, 
t ype OLD) 

Destroys t~·; ~ ~ probl m currently 
being \'-or\ '...:: d on, but leaves the 
user nun1.Ler and problem nam 
int -<·: ! ~ ~ It gives the user a 
., clc· .!': sheet'' to work en. 
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STOP 

SYSTEM 

TTY 

UNSAVE 

CONTROL;SHIFT 
(Pressed 
simultaneously 

RETURN 

ARROW («-) or 
UNDERLINE ( ) 
or (with ShiftKey) 

BYE or GOODBYE 

HELLO 

EDIT DELETE 

EDIT LIST 

Stops the computation at once. 
It can be typed even when the tele
typewriter is typing at full speed. 

Permits the user to change systems 
(BASIC, ALGOL, etc.) without going 
through the sign-on sequence 
again. 

Supplies the following information: 
teletypewriter number, user number, 
language being used, program being 
used, and status of teletypewriter. 

Erases a saved program from memory. 
The memory of the computer is 
finite and this command should 
be used to free space in memory 
for programs of other users. 

Stops program execution and type-
outs. 

Terminates a program line, causes 
the system to take action based 
upon input provided, and acts 
as a normal carriage return. 

Erases the last character(s) 
typed, one for each arrow or 
underline. 

Disconnects terminal from the 
system. 

Allows changes in user number 
without disconnecting terminal 
from the system. 

Removes portions of a program. 

Provides a listing of specified 
portions of the current program. 
If portions are not specified, the 
listing proceeds from the last 
statement to the first. 
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EDIT PAGE 

DSM 

KEY 

TAl'E 

DIM 

LET 

DATA 

END 

REM 

INPUT 

PRINT 

TAB Function 

READ 

RESTORE 

GOTO 

Lists up to nine programs on se
quentially numbered pages. 

Enters data storage mode (input). 

Enters keyboard mode (input). 

Enters page tape mode (input) . 

DIM letter (integer) or DIM letter 
(integer, inteqer) 5 DIM A(17) 
or 10 DIM B (3,"20) 

LET variable - expression 
5 LET X1=Y+Z+(Z/A-B1D1) 

DATA number, number,..., number, 
string, string. 

5 END 

REM any string of characters what
soever 
5 REM THIS IS THE END OF APPENDIX C 

INPUT variable, variable...., 
variable 5 INPUT X,Y,Z,A1,Q, 
(1,J),C$ 

PRINT label or PRINT label expres
sion or PRINT expression 
5 PRINTLINE" or 5 PRINT "X=" * 
X(I,K) or 5 PRINT A+B*COS(Y). 

TAB (terminal carriage placement) 
5 PRINT TAB (31) 

READ variable, variable...., 
variable. (must be accompanied 
by DAT-'k otaternent) 

10 RESTORE (allows data to be 
reread). 

GOTO line number 
5 G070 17 
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IF-THEN 

STOP 

FOR 

NEXT 

RETURN 

FILES 

+ PLUS 

/ 

+ or ( ) 

0 

IF expression relation expression 
THEN line number 5 IF X+Y>0 THEN 
419 

10 STOP 

FOR unsubscripted variable=expres-
sion TO expression STEP expression 
5 FOR Xl+0 TO 7 STEP 0.5 or 
5 FOR 1=1 TO 17 (STEP of 1 assumed) 

NEXT unsubscripted variable 
10 NEXT X 

10 RETURN 

Saved file designation, must be 
first statement 5 FILES A;B;C 

Plus 

Minus 

Multiply 

Divide 

To the power 

Parenthesis 

Is equal to 

Is less than 

Is less than or equal to 

Is greater than 

Is greater than or equal to 

Is not equal to 
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Each line of a program begins with a number. The 

line numbers serve to identify the lines, each of which is 

called a statement. Line numbers also serve to specify 

the order in which the statements are to be performed by 

the computer. 

Spaces have no significance in a BASIC program. 

However, spaces may be used to "pretty up" a program and 

make it more readable. 

A READ statement is always followed by a DATA 

statement. When the computer encounters a READ statement 

while executing the program, it will cause the variables 

listed after the READ to be given values according to the 

next available numbers in the DATA statements. All numbers 

appearing after the DATA statement are always read in the 

order they are presented, irrespective of what was intended. 

the LET statement serves as a command to equate one 

value with another. In general, the LET statement directs 

the computer to set a variable equate to the formula on 

the right side of the equals sign. 

If a RUN statement is typed followed by a carriage 

return, the computer will store the program and do nothing 

more with it. Therefore, it is beneficial to type a RUN 

statement after the last line number. 

A PRINT statement followed by a quotation mark 

directs the computer to PRINT-OUT information inside 



quotations~ 

which are: 

B To print~o t ve .:-bat· .. ··m. c:. t r.e~sage ix.cluded in the 
r rogrnm. 

C. T·· forrn a combin.:~-t: ~:-/n o~~ A and B .. 

· To ·kip a line·-·-::.ts ::~.r:::c·(.J:.:.'~ whe l in·:·icatil g pa_ a
graph~""". 

A GO'I'O s atem .... nt dj rcc·t~:~ the computer to anothe1:: 

part of J-he prog -am. Such n .s tatement is }.>.::;ne£3 ia l when 

writing b:r,:-ar1ching progran. 'I1 ~ ~'" · GOTO ;::)-'- -}.t ·:·ment may also 

be used to diJ:ect t.he compu-~-E .. r- through a 1 ;Op of calcula-

- · ons befox·e encountering an Ei.1I., statement. 

The If'- 'riiEN ctateme··yL· is used \~The! :he programmer 

is interes - er· in jurnpin_; t.hc normal se ucnce of commands 
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if a certain relationshir ho ds Such a cc·nmand s-f-a·tem r ·t 

.'_s sometimes "Lerrned n 11 condit'onal Gorro st<i.t.ernent.", and is 

de2i able ·n probability situations and br~nching programs. 

FOR and NEXT statemen· s used at t.; entrance and 

exit of loo~, directing the com uter back to th . n.r~nce 

again. 

Every program must have ~n EJD s~atement, and i 

ust be the statement wi · 1 the hlghest 1' ne number in ·t c 

program. 

When a p-- i,ular nart of a prcgram is t be per-

form d mor. than one time, nr po::siLdy at scv ;i~·11 iff .rcnL. 



124 

places in the overall program, it is most efficiently pro

grammed as a subroutine. The subroutine is entered with a 

GOSUB statement, where the number is the line number of the 

first statement in the subroutine. The last line of the 

subroutine should be a RETURN command directing the com

puter to return to the earlier part of the program. Upon 

encountering a RETURN command the computer will go back to 

the first line greater than the GOSUB line number. 

An INPUT statement is highly desirable when a pro

grammer designs a program for another person who will 

supply data to the computer. The INPUT statement serves as 

a READ statement but does not draw information from the 

DATA statement. Instead, information is supplied by the 

person interacting with the computer. The INPUT command 

is beneficial in a CAI branching program when responses 

of the student are necessary for execution of the program. 

When debugging a program the computer will indicate 

various error messages. The interested reader is referred 

to a Mark I or II BASIC manual for more detailed informa

tion about correcting error messages. 

A program is available for utilization after it is 

stored on the memory discs. When a program is recalled 

for execution there is a definite "pattern" which the user 

must be familiar with when addressing the computer. First 
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of all, the computer is dialed via phone line, The computer 

then asks for a user number, a number exclusive to each 

user. Upon typing one's user number, the computer will 

type "system", which asks for the type of computer language 

the user will employ. In this case, one types either 

BA3IC or FORTRAN, Upon identifying the programming language 

the computer will ask, "new or old?", A new program is one 

which the user is to start on, while an old program was 

saved in memory for future use. Finally, the computer will 

type "file name", which the user supplies. The computer 

then types "ready", indicating the program is ready to 

start or continue where the user last left off. 



APPENDIX G 

SAMPLE OF TIME-SHARING CODE FORMS, PERFORATED 

PUNCH TAPE, AND TELETYPE PRINT-OUT 
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G E N E R A L  0  E L E C T R I C  T I M E  S H A R I N G  
I n f o r m a t  i on S e r v i c e  Deo t  

7 7 3 5  O l d  G e o r g e t o w n  R d .  
B e t h e s d a ,  M a r y l a n d  2 0 0 1 4  

PROGRAM \1 
•VJ 

ft" PROGRANMLR 0 

SL'QULriCt 
NUMBER 

0 to 5 Col s.) 

1 | 2 3 4 S 6 8 9 10 n i 
121 n U 15 16 17 IB 19 20 21 2? 2) 24 25 J', 27 21 29 30 31 37 33 34 35 X 37 

"1 
3? j« 

1 ,l ,0,/f, P v, i J + 
u 

i rJ rr i h i Cj L, ft, srt S.-4 I O ,hJ VJ A Si 

lil id i (at P, *-|"l r\JT » . O.J _j <1 f. 111 ft r U,S,C_,d, 
« 

rJ n .?.T, W,A L m 1 r. 

I, P r ti.TM ,P, r c-. 9 , A r A ,+• 1 O 1 1 ,S ,u, s,e.,d TT. o T V* A t .  

f, J / 0, P t- ; fJ,+ C, fl, A1 V n ij 
» 

1 ti i e 
• 
fl C, A l-K C- UJ. In lA 4-, (V I flu c 0 f 

1 , 1  1 P.V-il /J, + U 1 ,. ,L D r> A () F A c o o d.,A.+ / 0 A/ To . 

1 , 1 , 1  V, i Nrl M .j ,? *• o,+ ,e. i 14 f T ti ,3 i ,+ i ,f\tl .Diil J kj 

1, 1 *• i w, i 
U 3, • ,"RL u.r ,t- r.. 1 I ft KJ • 

i/ 

/ ,  /  / fl, ?,t- i #),+ u 
,« 4 • H 1 *\ h 1 ,M; + *• ,A o r. t,A, c ,? V) 

1 .r ,2. 0, ? t* I rt,+ , O ,P 1+ *1 r4 T V p. fl i 

1 , 1 , 2 , a ,  ? \ , ri \ a O, o.iJ • + K it 0 uj i; 

11 •tl f/, i N f u ,+ , fl, 1 i 

I I I  I t ,  ov ft &,*S, . I fi5, 1 1 3,(, 1 1 a I 1 1 (Oi 

I < i  X, L, ? V- i tli + Vl U1 M i CLL 

9 
A. iJi s i in Cj V ft + ft L K e id fib n i 

I , l ,3 ,S , ? f, 1 rM" A c c .  
d 

OiMM n J lA ,+Li 1 / fi, A M e _ A  h ,1 
• 
1 e. r • '  

? 1- i a ,T, ft, 1- K c_ tl ,AJ V», ft.u,-#- rr.K e.i e. V^. T  K  , t .  

1 .  i . ^ a .  ? ,  K / , f /  f  
U 

A , t , t  ft #A/rt n J, A-, 4-
• 

1 It C Aid 1 d it, h, /t\ C-i , 

1 . 1  ? f* I A/ f Ui e. r. ? , f l  r A L, V 1- e-ti IT Hi L llA c. O U 1 ,d i 

M u t ? f i ,M-r •• fl ,d ,irt r H i  ̂ .+i»- i* A JJ OiF 1 h 0| 

/ , /  V ,  Tr / a / T .  | i 1 

M STo, *P r 
« 
/  A/.+ M 

Q L .A u tiO M, 0 i a fl, c A/ .cJ 
• « Q A/ l 1 i fJ Ui 

i.i.s.a. ? tr, 1 fj -f u 
1 1 £ A-, b,*l Oi»> iit\i A L.L iV iK 

« k LO e... 

V 
r P r 

• 
1 fV r 

a 
i t5, U.i TJ A 5 S 

II 
0 y 

1 1 ? I « ! 5  A 7 8 9 10 M I2| 13 i« „ H 17 IB 19 70 21 21 73 
1 

141 23 >« 27 21 29 30 J1 .. » 34 1 J5 36 17 31 Jf 

107038 



TIME SHARING CODE FORM 

D A T E  

COMPUTER P A G E  

} }  n 74 75 nj 2i 
__ j 

3a 2? 30 JI 3? 33 34 15 36 J7 31 35 40 
1 

"i 
« | <J 44 j 45 16 47 4. 49 50 52 3? 54 55 56 57 58 s? 60 4' | 67 1 6, 65 66 67 

—r 
681 

1 
1 S9 7 
I 

t iGu f Q N W, A s _M e. ti + 
• 

1 ft ti i- V) Pi •V ,?,K 0 s,9>,k h V 1 N V .—I 

• U.S.CL d, 
• 

o •T.T In, A « L m, ir r v t P ft V A + 
• 
1 0 MS T, Vk > tJ P:+ ft. L,n c. 

U 

1/ i ,S ,u, s,c.,d T o T v- e. ft t I ft u, t O ft • 
ii 

I* 
• 
1 i C,A W in lA Qr L JVu c 

d « 

\ s r 
•i 

.i. 

F A , t c., Oi M.rt, o d,A.+ i 0:A/ To I V + A,rf -t ,v 
• 

» s, r 0 tl 
H 

i i+ , i n t) O : >4 7T K , £ L t hi s ft F + h r, Y e. • 
// 

k \J 1 Si 1 ft Ki • 
it 

i 
' 

tiA O .C., <L L.A, f ,? 4 r ft UL S .a L,+ i rl A A A, «n. A- ff t li & 
00 

L 

e. r,V •1 . 
0 0 

1 

K rt.o ,i» » 
1 i 

i a 0 L. 1 a I ,-a 1 2 1 la i 1 11 

ej ir, it /ft L K C cl, flit n lI) ,+ L o s s  a F ? o \ki c., r- 0,F it 
' i 

> OJIJ ; m, ft C..A h \ 
• 
i V 5 + A .+ r nvie »/ + v A II (J AV fe. M P »- u in e. H 1 

u,+ V\,e.i e. vr. T K r ,r • , L *l . A ,*• ,V m. u. S 

L-r-
<; Lc. Lfc,s,? ft P. ? o uj e. 

j, A-,4-, r A i tt A ill 1 ft C rv me A ti iti + • .  
• 
1 ,P +, U ,e_ f, | L i A v y /rt li & V i 

i "U rr. h ill A O lU ( r\ t>, & A-  ̂ /• t r, A f 

+ I A Ji ,©,F ,11 \hJ /!,«/ ,f i c K o,L i fl.Ĉ S +iCLt,B.SJt // L _ 1 1 
0 

& fl CIDIAI i TV / i A A/ i N) 01 h ,i c' h «+, We. F L ui i ? V" e. ss u. r e. r NT e 

o.t- /n A L,L,v ih 
• 
q /> o.F,+ e., J h ) o,U A/ft •i q tj_6 C,A ,U ef" 

a 
/ & 0 

u ? )  a is 2̂ 77 21 29 >0 31 .. » 34 35 16 17 31 3* 40 ! • >  
'T 
al, 11 44 ! 4S 46 47 

— 
41 4f so 31 32 53 54 5S 54 17 91 5» 60 1 67 63 64 65 66 67 61 69 



CODE FORM mmw 
• SERVING CUSTOMER i 
' NEEDS , 
^ WORM) WIDE j 
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DATE 

COMPUTER P A G E  

! ! 
41 «}|4) 44 45 47 SOI SI 52 5? SS St 59 60 61 >3 64 itS 66 67 61 6? 70 71 n 

M O O  3 5  

I T T Y  )  
\ Q N L Y I  

73 74J 75 

NOTES 

I C.. H/.+. I . o.tf • ,P, K fe.S.Pk I j iNi ̂ .v 

r v .  t - f t v r f t . - f i  o , h ) , S , . ,  i T ,  k  i x  ILfit A, L 

I A.U C OJVN ft „ . -J L-

L&. 1 & r " 1 a * ' 1 

A i -f fliU rf V ,i S, »' 0 d. . , 
L e. M £ . ,p> F l i t. .<* y.g. . ", 

t I I 

g.* Sa.l-i*! i Mi 

-1 1 • 1 » » • 1 

/ l I I 

1 1 1 ' • ' 1 ' ' ' i' 

i, t • 3. t> 

jrfr, ,lo,S,Si ,o F. 

u* c.r»\i OiU 

iC. I i V, I i A iV ,y, m. u.s c. L<» 

b t>.u ,i ,P. -h.U.e, i 

LSa—.A-iĈ g-.O, , L,l 

,11 fl.c.s +,c-Y,ft S.c., d-.Ki 

' • 1 ' ' i • i j 

111 c-: hi iHKlvfc, -Fi L. lilt .d. 

.j i_ 

m ^ » t. a, ±. 

1 I I I I, 

f i l l  

«-• .t.vr.u 
ig e./ytfe Ai c> et-, u i ui 

Le>i 4 i o.F.. 

L. »' ft v- y. ffltf ifr ,S.i (• 

i by, 

3 
u M I l l I . 

J l_ -I I L-

£6x1 

K fti 

S.u_ 

iV.tt. 5.5,11, <" e-. I | '. */—I± 

L—h.l .ii ,ir>. i4-. ft ,c,A.u,< 

ith 

10, 4| SO 52 5) SS 541 57 60 | 6? 6) 64 6) 66 67 61 69  70 71 72 74  73  
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The strips of perforated punch tape illustrated 

below can be obtained while programming either off-line 

or on-line. 

«••••••• •••••••••••©•• •©©•••©•••oo •••©•••»••••••••• ••<»•• 
••••«••••• ••••••* <>•••• •••••«••• ••• ••••• 

ft • • • ••• « • • •• 0  0  0 0  0  •  •  •  • • « » » • • •  
•o • ••©•»•»« • •• •• ©• 
• • •  •  • • • • •  • • • • • *  • • • •  •  
• •• •• • • •• • • & •••»• • • • • • • 00 • •• •• •• • •• •• <*• •• • • • ••• • 

Combinations of the eight possible vertical per

forations on the paper strip code every number and letter 

of the alphabet. All teletype commands as paper feed, 

carriage return, and space bar are also coded. 

•••••«• ••••« •••»••••• «•» ••• 00000 
• • 0 • ••• • f • •• 

•  • • • •  •  •  •  • •  • • • • • • •  
•9 0 •• 00 0 00 0 0 00 00 00 

0 00 0 0 0 0 0 0 00 0 0 0 0 00 00* 0 
0 00 00 0 0 000 00 0 0 0 00000 0 0 0 0 0 

0 00 0 00 00 00 0 00 00 00 00 0 0 0 000 0 

The small hole (9th perforation) located at the 

lower half of the paper strip guides the paper through the 

terminal tape detector. 
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1242 INPUT A 
UN A GU T0 1125# 1254* 1326# 1254 

1254 pRIi\il"YUU ARE INCURRECT. SINCt. 0RGANIC PHUSPHA1 ES" 
1256 PR IN 1 "Aftt IRREVERSIBLE THE ENZYME CHULINESIERASE" 
1258 PRINI"WtfULU BE RENDERED I NAG 1 I VE FUR A CUNSI WkR-" 
1260 PRINI"ABLE Pfc.RIUD 0F 1 IK fc. - THIS wUULD RESULT IN" 
1262 PR IN T"A C0NriNUUUS THERAPY > WHICH IS AN ADVAN1AGE" 
1264 PR I NT"BECAUSE PHUSPHULINE IUDIDE WUULD.WAVE 10 BL" 
1266 PRINI"AL>MINISIERED 0NLY 0NCE EVERY 12 HOURS." 
1268 PRIM 
12/0 PRI.MI"SUKE OF T HH U--E DRUGS USED 10 TREAT URGANIC" 
12/2 PR I NT"PHUSPHA i E PUISUNING AKE+-:" 
1274 PRINT "DIACEIYLM0N0XIME (DAM)" 
12/6 PRINT "MUN0I SUN Ii R0SUACET0NE CMINA) 
1278 PRINT "N-METHYL -PYRIDINIUM-2-ALD0XIME CPR0T0-" 
1280 PRINT "PAM, PRALID0AIME)" 
1282 PRIN1 
1284 PR IN1"SEE DIAGRAM 11 IN Y0UR B00KLET• " 

122-86 INPUi A 
1288 PRI NT"IN THE DIAGRAM WE OBSERVED THE FREE CH0LIN"-" 
1290 PRI.\T"ESTERASE ENZYME WHICH HAS THE CAPABILITY " 
1292 PR I NT"0F AT IACKI NG ACE'I YLCHULI NE • AN IRREVERSIBLE" 
1229--94 PRINT"ANTICH0LINESTERASE DRUG CMALATHI0N)" 
1296 PR I NT"IS ADDM--MINISTEKED WHICH HAS A GREATER" 
1298 PRINT"AFFINITY F0R THE ENZYME CH0LINESTERASE" 

The printing above illustrates the off-line tele

type print-out. The arrows located in the printing direct 

the computer to eliminate the letter or number immediately 

to the left. Depressing the "arrow" teletype key is a con 

venient method for correcting printing errors. 



APPENDIX H 

DIAGRAM OF COMPUTER HARDWARE COMPONENTS 
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H-l. Computer Teletype Terminal (33 ASR). 

o o 

o o 

o o 
0 o 

o o 

o o 
ooooooooooooo 

oooooooooooooo 

ooooooooooooo o 

ooooooo ooooo 

I 1 

o o 
0 o 

• • 
• • 
• • 

ooooooooooooo 

oooooooooooooo 

ooooooooooooo o 

ooooooo ooooo 

I 1 

••• • •• 
••a • 

o o o o o 0 



H-2. Summary of Hardware Components. 

Telephone 
lines 

<l=4> 

Teletype Terminals 

<M> 

- ̂  * • 
<1= 

Disc Memory 
Unit 

Dual-Access 
Controller 

c (EZ> 
DATANET 30 
Communications 
Controller 

Auxiliary 
Arithmetic 
Unit 

=> <I=J> 

¥ J 
GE 235 
Central Processor 



APPENDIX I 
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- III*-. COLLEGE OF PHARMACY 

T H E  U N I V E R S I T Y  O F  A R I Z O N A  
T U C S O N ,  A R I Z O N A  8 5 7 2 1  

October 21, 1969 

Dear 

You are one of the pharmacists who has been randomly 
selected as being representative of the working pharma
cists of Arizona. Before telling you why you have been 
selected let me introduce myself and the type of work I 
am pursuing. 

I am a registered pharmacist of Arizona and am working 
towards an advanced degree in pharmacy education. I have 
been vitally interested in continuing education in pharmacy 
for some time. The Department of Pharmacy Education is in 
the process of developing methods of presentation in con
tinuing education for the pharmacists of Arizona. With 
the supervision of Dr. Burton, my advisor, I have developed 
a short programmed text which can be utilized by pharma
cists with varying backgrounds in pharmacy. 

Since I am an employed pharmacist, I realize the problems 
a pharmacist is confronted with, as, lack of leisure time 
for up-dating one's profession. The programmed text I 
have designed concentrates on an area of the nervous system 
and the drugs involved. The program is a "branching type" 
course which can be utilized by persons with varying back
grounds. The course is concise and to the point. Every 
person progresses through the course at his leisurely pace, 
eliminating the problem of being too complicated for some 
people while being too simple for others. The branching 
program diagnoses the person's area of weakness in the sub
ject involved. The person who remembers will be progressed 
to a different topic while the person who is weak in this 
specific topic is branched off to another area for a "boning 
up" on this subject. 



135 

October 21, 1969 
Page 2 

Several pharmacists in the Tucson area have already par
ticipated in the course and the time involved in completing 
the course was 1-3 hours actual studying time. Participat
ing in the programmed text costs the participants absolutely 
nothing except sacrificing several hours of their time. The 
text is not based on a pass-fail merit. Therefore, the 
student (you) cannot fail the course. The primary objective 
of the course is to teach the student the subject material. 

Enclosed with this letter is a postcard. If you would like 
to participate in the program, simply indicate by placing 
an "X" by the appropriate statement on the back of the card 
and drop the card in the mail. 

I do hope you will participate since your interest will 
mean more and better future programs plus an enriched 
education for yourself and other pharmacists throughout 
the state. 

Sincerely, 

Brian Dieterle 
Department of Pharmacy Education 
College of Pharmacy 
Tucson, Arizona 85721 

BD:kp 



APPENDIX J 

SAMPLE OF INTRODUCTORY INSTRUCTIONS FOR 

INTERACTION WITH TELETYPE TERMINAL 

Upon sitting down at the teletypevrritfcr, the student 

dials the computer and waits for the dial tone. The student 

then pushes the button labeled ORin. The computer answers 

with a "BEEP" tone, indicating the teletypewriter is turned 

on. The computer will then type USER NUKJ.UR -— (on the 

next line). The student is now ready to type his user 

number. The RETURN key is then depressed., 

The computer will type SYSTEM and one should type 

the programming language BASIC before hitting the RETURN 

key next. 

The computer then types NEW OR OLD. Type NEW if 

one is to type a new problem and OLD if one wants to re

cover a problem which has been stored in the computer's 

memory. 

The computer then asks NEW .'ILE NAME — (or OLD 

FILE NAME, as the case may be) ar :1 the student types the 

combination of letters, cliax icters, or digits comprising 

the program title. 

The computer then types READY and should begin to 

type the stored program. 
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K-l. Age distribution o£ resident pharmacists engaged in practice: January 1/ 
1969. 

Resident 
pharmacists Under 65 and 

Location in practice 30 30-39 40-49 50-59 60-64 over 

Ala. 2,057 467 798 578 113 51 50 
Alaska 92 14 25 16 16 12 9 
Ariz. 1,016 65 188 268 220 149 126 
Ark. 995 190 237 234 82 90 162 
Calif. 11,640 3,000 2,300 2,450 2,400 932 558 
Colo. 1,643 108 347 408 428 177 175 
Conn. 2,524 377 707 580 250 256 354 
Del. 233 25 74 40 50 20 24 
D.C. 595 80 141 121 146 64 43 
Fla. 4,432 523 1,418 1,042 713 359 377 
Ga. 2,504 518 771 551 338 153 173 
Hawaii 202 7 77 49 42 16 11 
Idaho 490 82 180 128 50 30 20 
111. 5,756 1,036 1,284 961 1,203 599 673 
Ind. 3,097 606 690 735 479 412 175 
Iowa 1,787 434 370 33-7 313 167 18S 
Kansas 1,285 165 268 263 230 169 190 
Ky. 1,542 277 411 356 223 135 140 
La. 2,223 715 483 450 340 135 100 
Maine 436 42 87 79 97 44 87 
Md. 2,242 303 604 485 489 202 159 
Mass. 4,699 723 1,184 985 1,127 361 319 
Mich. 5,420 1,140 1,338 1,047 1,072 380 443 
Minn. 2,221 380 562 428 402 225 224 
Miss. 1,087 188 242 259 154 84 160 



Location 

Resident 
pharmacists 
in practice 

Under 
30 30-39 40-49 50-59 60-64 

65 and 
over 

Mo. 2,518 302 493 427 570 401 325 
Mont. 426 39 110 128 86 44 19 
Nebr. 1,009 281 260 139 162 36 81 
Nev. 323 15 60 85 93 50 20 
N.H. 338 33 100 91 81 14 19 
N.J. 4,208 898 1,029 842 781 380 278 
N.Mex. 564 65 110 117 139 77 56 
N.Y. 12,493 1,449 2,574 1,900 3,141 1,922 1,507 
N.C. 1,973 326 515 584 260 98 190 
N.Dak. 354 88 81 79 60 25 21 
Ohio 6,495 1,866 1,559 1,175 1,321 308 266 
Okla. 2,122 583 467 388 347 253 84 
Ore. 1,321 191 344 307 221 126 132 
Pa. 9,605 1,787 2,152 1,825 1,883 1,008 950 
Puerto Rico 948 232 209 236 124 50 97 
R.I. 746 117 241 178 118 56 36 
S.C. 1,375 341 351 350 180 79 74 
S.Dak. 458 54 139 92 70 41 62 
Tenn. 2,351 534 646 445 326 285 115 
Tex. 6,084 1,528 1,379 1,178 781 555 663 
Utah 697 74 236 214 81 31 61 
Vt. 208 31 49 37 51 21 19 
Virginia 1,860 305 544 423 271 129 188 
Virgin I. 26 4 9 10 0 3 0 
Wash. 2,450 279 691 698 417 196 169 
W. Va. 710 101 185 154 92 72 106 
Wis. 2,344 303 559 473 345 329 335 
Wyo. 262 28 71 54 35 35 39 
Totals 124,486 23,319 29,949 25,459 23,013 11,896 10,850 



K-2. Education of resident pharmacists engaged in practice: January 1, 1969. 

Resident 4, 5, 
pharmacists or 6, 3 2 Non-

Location in practice years years years graduate 

Ala. 2,057 1,945 29 43 40 
Alaska 92 88 3 0 1 
Ariz. 1,016 662 49 110 215 
Ark. 995 642 33 105 224 
Calif. 11,640 7,177 2,689 1,550 588 
Colo. 1,643 787 100 168 245 
Conn. 2,524 1,678 330 271 40 
Del. 233 143 30 20 24 
D.C. 595 428 100 43 233 
Fla. 4,432 3,463 333 403 238 
Ga. 2,504 1,972 134 160 23 
Hawaii 202 152 19 8 10 
Idaho 490 426 34 20 437 
111. 5,756 3,732 861 726 123 
Ind. 3,097 2,489 227 258 90 
Iowa 1,787 1,199 24 474 343 
Kansas 1,285 808 60 74 59 
Ky. 1,542 1,198 133 152 150 
La • 2,223 1,625 233 215 185 
Maine 436 191 28 32 10 
Md. 2,242 1,716 339 177 355 
Mass. 4,699 3,171 833 340 118 
Mich. 5,420 4,142 146 1,014 58 
Minn. •2,221 1,853 160 150 123 
Miss. 1,087 764 77 123 386 
Mo. 2,518 1,493 287 352 26 
Mont. 426 360 24 16 59 



Location 

Resident 
pharmacists 
in practice 

4, 5, 
or 6, 
years 

3 
years 

2 
years 

Non-
graduate 

Nebr. 1,009 690 132 128 63 
Nev. 323 172 30 58 38 
N.H. 338 228 36 36 113 
N.J. 4,208 2,597 848 650 142 
N. Mex. 564 363 25 34 241 
N.Y. 12,493 6,474 2,842 2,936 98 
N.C. 1,973 1,628 122 125 2 
N.Dak. 354 258 75 19 207 
Ohio 6,495 4,995 538 755 257 
Okla. 2,122 1,552 105 208 34 
Ore. 1,321 1,102 117 68 221 
Pa. 9,605 6,522 1,633 1,229 11 
Puerto Rico 948 820 80 37 1 
R.I. 746 568 151 26 70 
S.C. 1,375 1,064 8 233 18 
S.Dak. 458 377 27 36 405 
Tenn. 2,351 1,046 600 300 669 
Tex. 6,084 4,650 248 517 39 
Utah 697 602 32 24 57 
Vt. 208 108 28 15 104 
Virginia 1,860 1,438 191 127 3 
Virgin I. 26 21 2 0 0 
Wash. 2,450 2,077 209 106 58 
W. Va. 710 578 58 63 11 
Wis. 2,344 1,606 152 180 406 
Wyo. 262 207 0 5 50 
Totals 124,486 86,047 15,604 14,919 7,916 
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